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RESEARCH

Dysregulation of Long Intergenic
Non-Coding RNA Expression
in the Schizophrenia Brain

N3MeHeHna 3Kcnpeccumn AJINHHbIX Hekoaupyrowmnx PHK npu wusodppeHum
doi: 10.17816/CP219
Original research

Tuan Nguyen', Olga Efimova‘, Artem Tokarchuk?, TyaH HryeH', Onbra EpumMoBa’, Aptem Tokapuyk',
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Denis Andreyuk3, George Kostyuk3, JAenuc Angperok3, Neopruit Koctiok3,
Philipp Khaitovich' ®ununn Xantosuy!
V. Zelman Center for Neurobiology and Brain Restoration, T lleHmp Helipobuosozuu u Helipopeabuaumayuu umeHu
Skolkovo Institute of Science and Technology, Moscow, Russia Bnadumupa 3ensmara, AHOO BO «Ckoskosckuli uHcmumym
2 V. Serbsky National Medical Research Centre of Psychiatry Hayku u mexHoaoz2uli», Mockea, Poccus
and Narcology of the Ministry of Health of the Russian 2 @IbY «HayuoHansHsIl MeduyuHckuli uccredogamensckuli
Federation, Moscow, Russia yeHmp ncuxuampuu u Hapkosao2uu um. B.I1. Cepbckoz2o»
3 Mental-health Clinic No. 1 named after N.A. Alexeev, MuH3dpasa Poccuu, Mockea, Poccus
Moscow, Russia 3 TBY3 «lcuxuampuyeckas knuHuYyeckas 6oasHuya Ne 1
um. H.A. Anekceesa JlenapmameHma 30pa8ooXpaHeHuUs
20poda Mockesl», Mocksa, Poccus

ABSTRACT

BACKGROUND: Transcriptomic studies of the brains of schizophrenia (SZ) patients have produced abundant but
largely inconsistent findings about the disorder’s pathophysiology. These inconsistencies might stem not only from
the heterogeneous nature of the disorder, but also from the unbalanced focus on particular cortical regions and
protein-coding genes. Compared to protein-coding transcripts, long intergenic non-coding RNA (lincRNA) display
substantially greater brain region and disease response specificity, positioning them as prospective indicators of
SZ-associated alterations. Further, a growing understanding of the systemic character of the disorder calls for a more
systematic screening involving multiple diverse brain regions.

AIM: We aimed to identify and interpret alterations of the lincRNA expression profiles in SZ by examining the
transcriptomes of 35 brain regions.

METHODS: We measured the transcriptome of 35 brain regions dissected from eight adult brain specimens, four
SZ patients, and four healthy controls, using high-throughput RNA sequencing. Analysis of these data yielded
861 annotated human lincRNAs passing the detection threshold.

RESULTS: Of the 861 detected lincRNA, 135 showed significant region-dependent expression alterations in SZ
(two-way ANOVA, BH-adjusted p <0.05) and 37 additionally showed significant differential expression between HC
and SZ individuals in at least one region (post hoc Tukey test, p <0.05). For these 37 differentially expressed lincRNAs
(DELs), 88% of the differences occurred in a cluster of brain regions containing axon-rich brain regions and cerebellum.
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Functional annotation of the DEL targets further revealed stark enrichment in neurons and synaptic transmission
terms and pathways.

CONCLUSION: Our study highlights the utility of a systematic brain transcriptome analysis relying on the expression
profiles measured across multiple brain regions and singles out white matter regions as a prospective target for
further SZ research.

AHHOTAU WA

BBEAEHWE: VccnefoBaHWsA TPaHCKPMITOMA MO3ra NaumeHToB € AnarHo3om wsodppeHmn (LLU3) He fanv 04HO3HAYHOM
KapTUHbI MEXaHN3MOB, IeXaLLX B OCHOBE 3TOro pacCcTporicTBa. laHHas npobaema cBsa3aHa He TO/IbKO C BO3SMOXHOW
reTeporeHHocTbHo L3, HO Takke c HecbanaHCcMpoBaHHbLIM GOKYCOM UCCIeL0BaHWNI Ha OnpeseNieHHbIX 061acTsX KOpbl
NoAyLLapuin 1 3KCApeccun 6enoK-KOANPYHLLNX reHoB. 10 cpaBHEHUIO C 6eN0K-KOANPYIOLNMIM FreHamMu, ASIHHbIe
Hekoampytowme PHK (akPHK) AeMOHCTPUPYIOT 3HaUMUTENbHO 60bLUIYI0 CNeundUUYHOCTb U ANHAMUKY NaTTepHOB
3KCMPeccum, YTO NO3MLIMOHNPYET VX Kak NepcrnekTUBHbIE MapKepbl MOJIEKYNAPHbBIX M3MeHeHMin Mo3ra npwu LL3. Kpome
TOro, pacTyLlee NOHMMaHMe CUCTEMHOrO xapakTepa L3 TpebyeT 6onee cucTeMaTMYeckoro aHanmsa skcnpeccum
AKPHK, oxBaTbiBatoLL,ero MHOXeCTBEHHbIe PernoHbl Mo3ra.

LLE/Ib: NaeHTNdnLUMpoBaTb N MHTEPNPEeTUPOBaTh M3MeHeHMs npodunelt akcnpeccnmn akPHK npum LLU3 B 35 perroHax
Mo3sra.

METO/bl: Mbl npoBenu aHann3 TpaHckpunToMa 35 obnacteil Mo3ra YeTblpex NaLumMeHToB ¢ AnarHo3om L3 n veTbipex
yesioBeK 13 rpynrbl KOHTPO/IA, UCMOJb3YSA BbICOKOMPOU3BOANTEIbHOE cekBeHnpoBaHne PHK.

PESYJIbTATDI: M3 861 peTekTnpoBaHHOW AKPHK 135 npogeMOHCTpUpoBany rnobanbHO 3HaYMMble N3MEHEeHNS
ypoBHeW skcnpeccun npu L3 (4BYCTOPOHHWI AMCNEPCUOHHBIV aHaNn3, CKOPPEKTUPOBAHO METOAOM beHaxamuHm-
Xox6epra p <0,05). N3 Hux 37 akPHK nokasanu 3HauMMble U3MEHEHWS, 10Ka/IN30BaHHbIe B O4HOM U HECKObKIX
pervioHax mosra (tect Tetoku, p <0,05). N3 3Tnx nameHeHnin 88% Npour3oLunn B pernoHax 6ea1oro BeLecTsa Mosra
1 Mo3xeuke. PyHKLUMOHaNbHas aHHoTaums 37 AKPHK BbisiBMAa 3HaUMMYHO KOPPENSILMIO C FeHaMU HEMPOHOB 1 FreHaMu,
KOAVPYIOLMMUN 3N1eMeHTbI CUHANTUYeCKO nepejaydn curHana.

SAKNHOYEHWE: Hawe vccnefoBaHvie NogyepkmBaeT MoaesHoCTb CUCTeMaTUYECKOro aHaimsa TpaHCKpUnToMa Mo3sra
1 BblgenseT 061acTv 6e10ro BelLecTBa B KayeCTBe NepcrneKkTUBHOM Lenn 418 AaNbHenWmnx nccnegosannii LW3.

Keywords: schizophrenia; long intergenic non-coding RNA; lincRNA; white matter; transcriptome; brain
KnroueBble cnoBa: wu3zoppeHus, 0nuHHbsle Hekodupyrouwjue PHK; OkPHK; 6esoe seujecmeo;, mpaHckpunmom,
20/108HOU M032

INTRODUCTION

Schizophrenia (SZ) is a neurodevelopmental disorder
listed among the top 15 most burdening disabilities
worldwide [1]. Despite decades of research, the etiology
of the disease remains elusive due to its complexity,
heterogeneity, and polygenicity. Genomic abnormalities
may fractionally explain the substantial heritability
of SZ but show limitations as diagnostic markers and
etiology indicators due to a low fraction of explained
disorder risk probability, thus suggesting a substantial

role of epigenetic and environmental factors [2]. Gene
expression analysis can bridge the gap between genomic
and environmental risks, making it a promising approach
to studying the pathophysiology of the disease.
Multiple regions in the brains of SZ patients display
structural and functional abnormalities in neuroimaging
studies. Yet, current molecular analysis remains
restricced to a few selected brain areas. There
is widespread cortical thinning in SZ individuals, with
significant volumetric decreases in the frontal, temporal,
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and parietal lobes [3, 4]. Several subregions of these
lobes, namely the dorsolateral prefrontal cortex and
the superior temporal gyrus, are routinely selected for
the transcriptomic profiling of psychiatric diseases [5,
6]. Similarly, a large-scale imaging study of subcortical
structures revealed smaller hippocampus, amygdala,
and thalamus [7]. Consequently, multiple gene
expression studies have investigated particular locations
within these regions, particularly those with functional
relevance to cognitive and emotional functions, but
the findings have been surprisingly inconsistent [8].
Furthermore, most of the studies focused on a single
region, limiting our capability to unfold the molecular
networks underlying such a multiplex disorder like SZ.
Furthermore, SZ-associated transcriptome alterations
have been found in other “not-as-popular” parts of the
brain, such as the parietal lobe [9] and the cerebellum
[10, 11]. Yet, these regions are virtually neglected
in psychiatric research, leaving their mechanistic
involvement in SZ pathology unknown.

Long non-coding RNAs (IncRNAs) play a critical
role in gene expression regulation in the brain, with
disruption of this regulation implicated in various mental
disorders, including SZ [12, 13]. Even though IncRNAs
are usually synthesized by RNA polymerase I, similar
to the protein-coding transcripts, they vastly exceed
the mRNAs in terms of diversity, especially in nervous
tissue [14]. Nonetheless, most of the expression
analyses of post-mortem brains have focused on
protein-coding RNAs, leaving the non-coding component
of the transcriptome unexplored. Within the brain,
many IncRNAs are specifically expressed in particular
regions and at defined developmental stages [14, 15].
Therefore, alterations of INcRNA expression patterns
could be affiliated with the disrupted developmental
programming postulated by the neurodevelopmental
hypothesis of SZ. A growing number of IncRNAs are
documented to be regulators at multiple levels of gene
expression affecting biological processes encompassing
neuronal differentiation and the immune response
[15, 16]. Due to the widespread comorbidities and
substantial overlap of behavioral symptoms among
psychiatricillnesses, many candidate IncRNA regulators
could be connected to more than one disease [16].

The largest class of IncRNA is long intergenic non-coding
RNA (lincRNAs), which, in addition to the length and non-
translated requirement of IncRNA, do not overlap with

protein-coding sequences. Compared to mRNAs, lincRNAs
are less conserved, less efficiently spliced, and more tissue-
specific despite sharing similar biogenesis pathways [17].
Aside from the overlapping features, a few other aspects
support the distinction between lincRNAs and the other
intragenic INcRNAs [18]. Herein, we identified lincRNAs
associated with SZ and annotated their biological functions
by comparing the transcriptomes of 35 anatomical regions
corresponding to 10 anatomical sections in the post-
mortem brains of four healthy and four SZ-diagnosed
individuals (Figure 1, Table S1 in the Supplementary).

METHODS

Study design

A postmortem comparative study was conducted jointly
by the Mental-health Clinic No. 1 named after N.A. Alexeev
and Skolkovo Institute for Science and Technology. The
inclusion criterion particular to SZ patients was: paranoid
SZ (F20) diagnosed according to ICD-10. The inclusion
criteria particular to the healthy control (HC) group were:
no history of psychiatric or other brain-related disorders
and age and sex range matching that of the SZ patient
group. The inclusion criteria shared by both groups were:
written informed consent for the collection of postmortem
brain sample material for any type of noncommercial
biological studies and anonymized processing of socio-
demographic, medical, psychometric data; sudden death
with no prolonged agony state from causes not directly
related to brain function; and tissue collection interval
shorter than 24 hours postmortem.

Brain samples

Our study used samples dissected from eight frozen
human brains, four from healthy donors (HC), and four
from SZ-diagnosed ones (Table S2 in the Supplementary).
Post-mortem human brain samples were obtained
from the National BioService Russian Biospecimen
CRO, St. Petersburg, Russia. Informed consent for
the use of human tissues for research was obtained
in writing from all donors or next of kin by the tissue
provider bank. All HC subjects were defined as healthy
with respect to the sampled brain tissue by medical
pathologists at the Mental-health Clinic No. 1 named
after N.A. Alexeev. From each brain, we dissected
35 regions, listed in Table S1 in the Supplementary,
without thawing. The dissected specimens were then
preserved at —80°C until RNA extraction.
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Figure 1. Schematic representation of the 35 examined human brain regions.
Note: Colors indicate the anatomical areas containing the regions. Numbers within the colored regions indicate the corresponding

anatomical structures listed in Table S1 in the Supplementary.

RNA library preparation and sequencing data
assessment
From each sample, RNA was extracted from
an approximately 30-milligram block following the
manufacturer’s protocol of RNA extraction with QIAzol Lysis
Reagent with no modifications [19]. After RNA integrity and
concentration were measured, sequencing libraries were
prepared following the manufacturer's poly-A selection
protocol with no modifications [20]. The libraries were
sequenced using the Illlumina Hiseq 4000 platform.
FastQC [21] was used to assess the quality of raw
reads. We used Trimmomatic [22] to remove low-quality
reads and all adapters identified previously or provided
by Trimmomatic. We mapped the reads to the human
reference genome GRCh38 with HISAT2 [23]. The gene
count matrix representing gene expression values was
retrieved as transcripts per million (TPM) using Stringtie [24].

Gene annotations were obtained from Ensembl v91 [25].

Differential gene expression analysis

Genes identified as long intergenic non-coding RNAs
(lincRNAs) and protein-coding (mRNAs) according
to Ensembl annotation were chosen for downstream
analysis. For both the control and disease samples, we
only considered the genes with no more than two zero
coverage values among eight samples representing each
region (two-zero threshold). The TPM count data were

transformed to the logarithmic scale using the package
DESeq?2 [26]. We adjusted the expression levels for the
sample quality using the linear regression analysis with
RIN (RNA Integrity Number) values. Finally, we used
donor-centered normalization for each individual by
subtracting the means of log-transformed expression
values calculated based on expression of the 35 regions
of a given brain from the regional expression values
of the respective individual. We conducted the Principle
Component Analysis to visualize the variation among 280
examined brain samples using the donor-normalized
expression levels of 861 detected lincRNAs. Based on the
regional means of pooled HC and SZ groups, we identified
three clusters of brain regions using the hierarchical
clustering method, in which distances were calculated as
one minus Pearson correlation coefficients and clusters
were defined by the Ward's linkage function.

For the lincRNAs dataset, Levene's test was used
to exclude genes with high heteroscedasticity (the threshold
for exclusion was p <0.05) yielding 768 detected variation-
balanced lincRNAs. Two-way ANOVA including the effect
of region and conditions (diagnosis) conducted based on
donor-normalized RIN-corrected log,-transformed TPM
values was used to identify transcripts with significant
differences for the interaction terms (p <0.05 after
Benjamini-Hochberg correction). These transcripts
were chosen for the post hoc Tukey test. Differentially
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expressed lincRNAs (DELs) were defined as those with
significant difference between the two conditions in the
Tukey test in at least one brain region. The fold changes
within a region were measured by subtracting the mean
transformed expression of the control groups from that
of the SZ groups. We defined upregulated DELs as the
ones showing higher expression in SZ brains compared
to the controls and downregulated DELs as the ones
showing an opposite expression behavior.

Enrichment analysis

We calculated the Pearson correlation between the
donor-normalized RIN-corrected log,,-transformed
TPM expression values of DELs and all mRNAs passing
the two-zero threshold described above. Protein coding
genes with a correlation coefficient r 20.85 were defined
as potential targets of the respective DELs. DELs with
at least 10 targets were used for downstream analyses.
For each DEL, we analyzed the enrichment of its targets
using all coding genes passing the detection threshold
as the background set. Gene Ontology (GO) terms,
Kyoto Encyclopedia of Genes and Genomes (KEGG),
and Reactome pathways analyses for all groups were
implemented using the clusterProfiler R package [27].
Terms and pathways with an adjusted p-value <0.05 were
considered enriched.

We compiled a set of marker genes for each of the eight
main brain cell types based on published gene sets. For
excitatory and inhibitory neurons, we chose intersections
of the corresponding sets from the studies in [28, 29].

Similarly, other neuron markers, microglia, astrocytes,
and oligodendrocytes represented the respective
intersections of lists reported in [28, 30, 31]. Markers for
oligodendrocyte progenitor cells were reported in [28],
and the ones for endothelial cells were extracted from
[29]. We tested the overrepresentation of these markers
in the list of DEL targets using Fisher's exact test, followed

by Benjamini-Hochberg correction.

RESULTS

Region-dependent lincRNA expression differences
cluster in white matter regions of the brain
Previously, we published transcriptome data covering
33 regions of a healthy human brain [28]. Here, we
analyzed gene expression in the same 33 regions in four
individuals diagnosed with SZ, and two additional brain
regions, temporopolar cortex (BA38) and secondary
auditory anterior cortex (BA21a), in the diagnosed and
control groups (Figure 1, Table S1 in the Supplementary).
Based on these data, we detected the expression of 861
annotated human lincRNAs that passed the intensity
threshold. Visualization of expression variation using the
principal component analysis (PCA) showed substantial
overlap of HC and SZ samples (Figure 2A), while the
segregation of the samples with regard to anatomical
regions was more evident (Figure 2B).

Aligning with the PCA results, we identified three clusters
of brain regions produced by unsupervised hierarchical
clustering based on lincRNA expression levels, aligning
with the anatomical subdivision of the brain (Figure
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3, Figure S1 in the Supplementary). The first cluster
contains mainly the neocortical areas; the second —
all the connective nerve tracts and the cerebellum; and
the third — the diencephalon and most of the basal
ganglia. Substructures of the limbic system belong
to both clusters I and Ill, with the regions spatially related
within the clusters.

Out of 861 detected lincRNAs, the expression of
135 depended significantly on both conditions and brain
regions (two-way ANOVA, Benjamini-Hochberg (BH)-
adjusted p <0.05 for the interaction term, excluding
93 genes with unequal variance). Among these lincRNAs,
we identified 37 DELs showing differences between HC
and SZ individuals significant in at least one individual

brain region (Tukey test, p <0.05; Figure 4A, Table S3in the
Supplementary). Of them, four DELs were dysregulated
in two regions, while the rest were dysregulated in one.
Further, 31 of the 37 DELs showed a two-fold or greater
expression level difference between the two conditions
(Table S3in the Supplementary). Notably, these significant
differences were not distributed uniformly within the
brain but were associated with 10 out of the 35 examined
regions. Most of the associations were found in the
regions containing connective axonal tracks: cerebellar
white matter contained two down- with 14 up-regulated
lincRNAs and three regions of the cerebral white matter
contained 13 down- with seven up-regulated lincRNAs
(Figure 4B).
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cluster containing white-matter-rich regions.

The DELs showing the most significant difference
between SZ and HC expression in our study included
the following transcripts: MEG3, RP11-247.20.4, and
LINCO7252. These lincRNAs were all dysregulated in the
white matter of the cerebellum, and RP17-247120.4 was
also significantly downregulated in the cerebellar gray
matter. We illustrated the expression profiles of these
five genes in Figure 4C. Notably, MALATT was also the
gene with the biggest difference amplitude among

DELs, showing a 16-fold increase in the cerebellum of SZ
patients compared to HC individuals.

Re-analysis of published lincRNA data sets revealed
a positive and significant correlation of SZ-associated
fold changes between our data and published lincRNA
ones in the amygdala (two studies, Spearman correlation
test, p >0.45, p <0.03) [32, 33] but not in the dorsolateral
prefrontal cortex (one study, Spearman correlation test,
p=0.15, p=0.39) [34] (Table S4 in the Supplementary).
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Functional annotation of DELs links them

to neuroplasticity and neurotransmission

While human protein-coding genes tend to have
substantial functional annotation, this is not the case
for the vast majority of lincRNA. Nonetheless, the co-
expression of mRNA and lincRNA transcripts could
be an indication of the functional roles of non-coding
counterparts. To perform such an annotation, we defined
mRNAs strongly correlated with a DEL expression
difference profile as potential targets of the respective
DEL. Whilst most DELs had few or no targets, three DELs
correlated with outstanding numbers of mRNAs, which
altogether constituted 218 out of the 231 identified DEL-
mRNA correlations. These three DELs included RP77-
74E22.8lincRNA upregulated in the cerebellar white matter
and LINCO1963 and RP11-416/2.1, both downregulated
in the internal capsule, as well as a white matter region.
Furthermore, the profiles of RP11-74E22.8 and LINCO1963

were strongly positively correlated (Pearson r=0.76) and
they shared 17 common mRNA targets out of 71 and 105
targets, respectively.

The potential mRNA targets of the three DELs were
significantly associated with the neuronal activity terms
listed in the GO database (hypergeometric test, BH-
adjusted p-values <0.05). Specifically, mRNA targets
of RP11-416/2.1 were associated with voltage-gated
channels and neuroplasticity, while targets of the other
two DELs were linked to synaptic transmission and
signaling terms (Figure 5A, Figures S2A, S2B in the
Supplementary). Analysis of mRNA target enrichment
using another functional annotation database, the
KEGG [35], linked four pathways, including the “synaptic
vesicle cycle” and “metabolism of alanine, aspartate,
and glutamate”, with targets of LINCO7963 (Figure S2B
in the Supplementary). Functional annotation using
Reactome Knowledgebase [36] yielded similar results:

\
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Figure 5. Annotation of three lincRNAs with the highest number of correlated mRNAs.
Note: (A) Top GO biological process terms enriched in each target group. (B) Brain cell type markers enriched in each target group.
Ast: Astrocyte, End: Endothelium, Ex: Excitatory neuron, In: Inhibitory neuron, Mic: Microglia, Neu: Neuron, Oli: Oligodendrocyte,

OPC: Oligodendrocyte progenitor cell.
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the targets of RP171-416/2.1 were enriched in potassium
channels and G-protein-coupled receptors, while the
other two target groups shared mutual entries related
to the neurotransmitter release cycle (Figure S2D in the
Supplementary).

We further investigated the association of DEL target
mRNAs with eight main brain cell types by testing them
using a customized list of marker genes extracted from
publications. The analysis revealed an evident and
significant association between the targets of all three
target-rich DELs and general neuronal markers, as well
as markers of excitatory neurons (Figure 5B). This result
aligns with the functional annotation outcome dominated
by terms related to neuronal functionality. In addition,
the targets of RP171-74E22.8 overlapped significantly
with inhibitory neuron markers, which might be related
to their enrichment in the GABA, dopaminergic, and
norepinephrine pathways. These results suggest that the
three DELs could modulate a network of genes expressed
in neurons and involved in synaptic signal transduction.

DISCUSSION

Our analysis of lincRNA expression in the SZ patients’
brains revealed few alterations in the cerebral cortex and
basal ganglia regions commonly thought to be associated
with the disorder. Instead, it shows substantial lincRNA
dysregulation in the cortical white matter regions and the
cerebellum. Our study defers from most of the previous
SZ brain expression analyses in two substantial aspects.
First, by measuring gene expression in multiple regions
of the same brain, we based our analysis on the expression
profiles of the transcripts within the brain, thus minimizing
any interindividual variation. This approach allowed
us to focus on the expression differences particular
to specific brain regions, including the ones neglected by
previous studies. Interindividual variation poses a serious
problem in human studies due to uncontrollable and
diverse genetic and environmental factor effects, resulting
in the loss of biologically meaningful differences with
marginal to modest effect sizes [37]. Most existing gene
expression studies of the SZ brain focus on either a single
or a few regions of the cerebrum [8]. However, sporadic
omics screening of the neglected brain regions, such
as the transcriptome and proteome assessment of the
cerebellum [10, 11], have reported meaningful expression
alterations. In this study, focusing on the expression
alteration patterns recorded across the 35 brain regions,

we show that the white matter and the cerebellum might
warrant more attention in future SZ studies.

The main components of the white matter are
myelinated axons extending from the neuronal cell
bodies. Thus, it might seem unusual that the observed
lincRNA expression alterations were not accompanied
by changes in the corresponding gray matter. One
hypothesis is that the changes in the gene expression
of these regions arose mainly from local glial cells. This
notion, however, is unlikely to hold for the cerebellum
gray matter, given that the non-neuronal cells account
for less than one-fifth of the total cell population in this
structure [38]. Thus, gene dysregulations in glial cells
have to be substantial in order to explain the observed
differences. Another possible explanation of the
observed differences is the redistribution of transcripts
leading to the accumulation of the DELs in axons,
possibly due to molecular transport impairment. This
explanation aligns with the white matter pathology of SZ
[39] and could be linked to a transcriptomic study of the
cerebellum reporting dysregulation of the genes involved
in the Golgi function and presynaptic vesicular transport
in SZ [11]. Alternatively, the disconnected patterns
of white matter regions and the cerebellum from the rest
of the brain could be a consequence of cell-type-specific
expression. There are many nuclei in the cerebellar and
cerebral cortices, including all of the cerebellar granular
layer neurons, that do not project into the other brain
regions. Thus, the transcriptomes of such non-projecting
neurons might not be reflected in the white matter
transcriptome. Future experiments should investigate
the cellular locations of these molecules to uncover the
underlying mechanism and clarify these speculations.

The second particular aspect of our study is its focus
on non-coding RNA expression. Unlike mRNA, lincRNA
expression displays more pronounced tissue and
brain region specificity, as well as greater response
amplitudes, making them better perspective markers
of disorder-related alterations [40]. On the other
hand, the evident drawback of the lincRNA research
is an almost complete lack of functional annotation,
hindering results interpretation. In our study, however,
we were able to largely overcome this limitation by
taking advantage of a lincRNA-mRNA co-expression
analysis relying on the transcript profiles measured
across the 35 brain regions. The reliance on these
profiles, instead of the variation-prone inter-individual
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comparisons, allowed us to unambiguously assign co-
expressed lincRNA targets to neurons and neuron-
specific functions, such as synaptic signal transduction.
It is also noteworthy that a substantial fraction of the
DELs identified in our study overlapped with lincRNAs
previously reported by the few corresponding analyses.
At the level of individual lincRNA, MEG3 has been
previously reported to be differentially expressed in the
hippocampus [41], superior temporal gyrus [42], and
amygdala [32, 43] of SZ patients. Similarly, LINC07252 has
been reported to be upregulated in SZ in the amygdala
[33]. Two other DELs that have appeared in the related
literature included MEG9 dysregulation in the amygdala
[32] and MALAT1 — in the dorsolateral prefrontal cortex
[34]. The direction of effect reported for these lincRNAs
coincided with the one found in our analysis, with the
sole exception of the MEG3 expression difference in the
hippocampus, where the difference was not statistically
significantin our study. Besides particular lincRNAs, three
published studies contained lincRNA datasets: two from
amygdala and one from prefrontal cortex [32-34]. While
the agreement of our results with the reported amygdala
differences was significant, in the cortex we only detected
a positive correlation trend. The absence of a statistically
significant agreement in the prefrontal cortex could be
due to insufficient power of the comparison and, more
importantly, lack of substantiation of lincRNA expression
alterations in this region. Our general analysis, as well as
the expression profiles of the five selected DELs, shows
the concentration of large-amplitude SZ-associated
expression differences in white matter regions and
cerebellar gray matter, with some significant differences
also found in the amygdala, but none in the prefrontal
cortex. These preliminary findings support further
confirmative research focusing on disease-associated
non-coding RNA.

The main limitation of our work is the low count
of investigated brains per group. Although our study
included 35 regions from each individual and the
number of samples per group was balanced, we had
only four biological replicates in each group. This number
is certainly low for such a heterogeneous disease as SZ.
The clinical presentation of SZ is highly diverse, so whether
the subjective, behavior-based diagnosis of the disease
agrees with the pattern of molecular alterations remains
a topic of controversy [44]. However, this limitation
is universal and represents a problem largely unresolved

in most post-mortem brain studies [2, 8]. Unlike other
studies, our analysis minimizes inter-individual variation
by using the average expression level of each transcript
within a given brain as an internal control. As a result,
despite the limited sample size, we identified numerous
DELs whose involvements in SZ could be supported by
previous SZ studies, as well as their evident association
with the mRNA transcripts involved in neuronal-specific
functionality, suggesting biologically meaningful signals.

CONCLUSION

Our analysis of long, non-coding RNA expression
patterns across 35 diverse brain regions reveals the
clustering of SZ-associated expression alterations in brain
structures routinely neglected by transcriptome studies:
white matter and cerebellar brain regions. Further, the
identified lincRNA expression alterations were associated
with mRNA preferentially expressed in neurons and
involved in neuron-specific functions, such as synaptic
transmission. These results strongly indicate that further
studies of SZ molecular mechanisms should involve
a broad selection of brain structures, including the white
matter regions and cerebellum.
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ABSTRACT

BACKGROUND: Depression in patients with schizophrenia worsens the course of the disease by increasing the risk
of suicide, by complicating the clinical picture of the disorder, and by reducing the quality of the social functioning;
its treatment is difficult, since monotherapy, even when involving modern antipsychotics, does not always prove
successful. While the prescription of additional antidepressants (ADs) can improve the likelihood of a better outcome,
the effectiveness of such augmentation in many cases is yet to be proven. Therefore, it is still important that one weighs
the effectiveness of various combinations between most of the known ADs and some second-generation antipsychotic
(SGA) in the treatment of depression that occurs at different stages of schizophrenia. In previous studies, the use
of vortioxetine as an adjunct to an antipsychotic yielded a reduction in negative symptoms, a clinically significant
improvement in cognitive functions that differed from its antidepressant effect, and good tolerability, which affects
how committed to treatment a patient remains.

AIM: To study the changes that occur over time in the clinical manifestations of depression, negative and cognitive
impairment, as well as the social adequacy of patients receiving a combination therapy with second-generation
antipsychotics and vortioxetine, which were prescribed in real clinical practice at doses approved in the Russian
Federation.

METHODS: We performed a comparative analysis of the changes in depression symptoms and negative symptoms,
cognitive impairment, as well as function of 78 patients with severe manifestations of depression at the stage
of exacerbation reduction and subsequent remission of paranoid schizophrenia. Combination treatment with SGA
and vortioxetine was used in 39 patients, and 39 patients who had similar clinical manifestations received just SGA.
During the observation period, the mental disorder severity and depression symptom severity were assessed 3
times (before the start of treatment, after three months, and after six months) using the Clinical Global Impression
(CGlI) scale and Calgary Depression Scale for Schizophrenia (CDSS), respectively; patients were also assessed using
the Negative Symptoms Assessment-5 (NSA-5) scale, Perceived Deficits Questionnaire-20 items (PDQ-20) scale, and
Personal and Social Performance (PSP) scale.

RESULTS: According to the ANOVA results, by the end of the observation period, patients, regardless of their therapeutic
group, showed a statistically significant decrease in the level of depression on the CDSS scale, the severity of negative
symptoms on the NSA-5 scale, cognitive symptoms on the PDQ-20 scale, as well as an improvement in personality
and society, judging by the increase in the total PSP scores. There were also significant differences between the
compared main (SGA + vortioxetine) and control (SGA) groups in terms of the changes in the total score on the CDSS
and PSP scales. An interesting aspect of the changes in the clinical scores was a noticeable improvement in the SGA
+ vortioxetine group after 3 months of treatment, in the absence of a similar improvement in the control group, and
the achievement of approximately the same scores in both groups after 6 months. In particular, there were significant
differences between the SGA + vortioxetine and SGA groups in terms of the mean CDSS (p <0.001), NSA-5 (p=0.003),
PDQ-20 (p <0.001), and PSP (p=0.004) scores after 3 months. Analysis of the time before early withdrawal from the
study showed that significantly more patients in the SGA + vortioxetine group completed the study program (n=27,
69.23%) compared with the SGA group (n=13, 33.33%) (x2=14.618, df=1, p <0.001, log-rank test. The mean survival time
in the SGA group was significantly (p <0.001) less and amounted to 101.436 days (95% Cl: 81.518-121.354), and in the
SGA + vortioxetine group it amounted to 161.744 days (147.981-175.506). The relative risk of full study completion
in the vortioxetine + SGA group compared with that in SGA was 3.618 (1.871-6.994).

CONCLUSION: The addition of vortioxetine to the SGA therapy accelerates the reduction of the depression symptoms
that occur at the stage of psychosis regression and early remission, contributes to the accelerated reduction in negative
symptoms, positively affects the subjective assessment of cognitive impairment severity, and has a significant positive
effect on the level of psychosocial functioning.
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AHHOTALMA

BBEAEHME: [lenpeccus y 60nbHbIX WM30dpeHmeln yxyallaeT NCXoAbl 601e3HM, NOBbILWAas pUCK CaMOybUIACTB,
OC/TIOXHASA KINMHNYECKYH KapTUHY U CHKaA KadecTBO CoLManbHOro GyHKLMOHNMPOBAHWS; ee edveHne 3aTpyAHEHO,
Tak Kak MOHOTepanus axe CoBpeMeHHbIMY aHTUMCNXOTHKaMK He BCerja ycrneLlHa, a HasHaueHne JoMoNHUTeNbHbIX
aHTuAenpeccaHToB (AZl) MOXeT yayyllaTbe pe3ynbTaT, HO 3PPeKTUBHOCTb Takol ayrMeHTaLUmMm BO MHOMMX Cydasx
elle TpebyeT AoKasaTeNbCTB. [103TOMY A0 CMX MOP OCTaeTcs akTyasbHbIM aHann3 3GPeKTUBHOCTU KOMOUHAaLMIA
60nbLUVHCTBA AL 1 aHTUMNCMXOTMKA BTOPOro NokoneHus (ABI) npu neveHnmn genpeccuin, BO3HMKAKLLLEM Ha pasHbIX
3Tanax WwnsoppeHunm. B paHee npoBeAeHHbIX NCCNEA0BAHMAX Ha3HaUeHVe BOPTMOKCETMHA B KaYeCTBe AOMOHEeH S
K @HTUMCUXOTUKY MMOKa3ano YMEHbLUEHVEe BbIPaXEeHHOCTV HEeratmBHbIX CUMMTOMOB, K/IVHUYECKU 3Hadnmoe
yNny4lleHne KOrHUTUBHbIX GYHKLMIA, KOTOPOEe OT/INYaCA OT ero aHTUAENPeCcCMBHOrO AeNCTBUSA, a TakXKe XOPOLLYHo
NnepeHoCMOCTb, YTO BANSAET Ha NPUBEPXEHHOCTb JIeUEHUIO.

LLEJTb: V3yyeHme ANHaMNKN KTMHUYECKUX MPOSIBNEHUIA Aenpeccuii, HeraTUBHbIX I KOTHUTVBHbBIX HapyLUEeHWI, a Takxke
coumanbHOro GyHKLMOHMPOBAHWS NaLMEeHTOB Ha poHe KOMBVHMPOBAHHOW Tepanuu ABI 1 BOPTUOKCETUHOM, KOTOpbIe
Ha3Ha4anucb B YyCNOBUSAX peasibHOM KANHNYECKON MPaKTUKX B paspeLleHHbIx B Poccuiickon Pegepaumn fo3ax.

METO/DbI: TMpoBegeH CpaBHUTENbHbI aHann3 AUHAMUKMA AenpPeccUBHOM W HeraTMBHOW CMMMTOMAaTUKW,
KOTHUTUBHbIX HapyLleHWd, a TakXke JNYHOCTHOrO W COLUManbHOro ¢GyHKUMOHMPOBaHWA y 78 mnauueHToB
C BbIPaXEHHbIMW MPOSBAEHUAMN Aenpeccu Ha 3Tane pesykunm 060CTPeHna 1 NocieyoLLero CTaHoBAeHNS
peMmnccm napaHongHom WwnsodpeHun. JleyeHre KombrHaumein ABIM 1 BOPTMOKCETMHA Moay4Yann 39 YenoBek,
a 39 naumMeHToB, MEeBLUNX aHaNorM4YHble KNMHNYeckne NposBaeHNs, noay4ann MoHoTepanuto ABI. B nepuog
HabntogeHVA 3 pasa (40 Havana fledeHuns, CNycTs TP MecsaLa 1 LecTb MecsaLeB) MPOBOANIIaCh OLeHKa TAXeCTH
NCUXNYECKOro paccTporcTBa No Lwkane obuiero knnHudveckoro BnevatneHus (Clinical Global Impression, CGl),
BbIPa>K€HHOCTN AenpeccrBHOM CMMMTOMATUKM Mo wWkane genpeccun Kanrapw (Calgary Depression Scale for
Schizophrenia, CDSS), a Takxe naumeHTbl OLeHNBAaNNCL NO 5-MyHKTOBOW LLIKane HeraTMBHOM cuMaToMaTnkL (5-Items
Negative Symptoms Assessment, NSA-5), o 20-NyHKTOBOW LLUKane Cy6beKTUBHO BOCMPUHMMAEMOTO KOTHUTUBHOTO
aednunta (Perceived Deficits Questionnaire-20 items, PDQ-20) v no wkane AUMYHOCTHOIO U CouManbHOro
dyHkumoHnpoBaHus (Personal and Social Performance, PSP).

PE3YJIbTATBI: JaHHble npoBeseHHOro Tecta ANOVA CBMAETeNbCTBYIOT, UTO BHE 3aBUCMMOCTY OT TepaneBTNYeckoin
rpynnbly NaLYeHTOB K 3aBePLLEHWIO Nepnoja HabtogeHNa 0TMeYaNnCb CTaTUCTUYECKN 3HaUVMOE CHUDKEHE YPOBHS
Jenpeccun no wkane CDSS, BbIpaXXeHHOCTY HeraTUBHbIX CUMMTOMOB Mo LwKane NSA-5, KOTHUTUBHLIX CUMMTOMOB
no wkane PDQ-20, a Takxe yny4lleHne MMYHOCTHOMO 1 COLMaNbHOro GYHKLNOHNPOBAHNSA — NOBbLILLIEHNE UTOFOBOIO
6anna wkanbl PSP. BmecTe ¢ Tem, MeXAy CPaBHMBaeMbIM OCHOBHO (ABIT + BOPTMOKCETUH) 1 KOHTPObHOM (ABIT)
rpynnamu BbISiBAEHb! CTaTUCTUYECKM 3HaUMMBble Pa3nyms Mo AnHammnke cyMMapHoro 6anna no wkanam CDSS v PSP.
OCO6eHHOCTLIO ANHAMMKI MOoKa3aTenen KANHUYeCcKMX LWKaa CTano Hannyve 3aMeTHOro yny4lleHus B rpynne ABIM +
BOPTMOKCETUH Yepes 3 MecsLa IeHeH s Npu OTCYTCTBUM aHaIoMMYHOrO Y/y4LleHWs B rpyrne KOHTPOA 1 JOCTVXKEeHMe
NPUMEPHO OANHAKOBbIX 3HaYeHW LWKan B 0benx rpynnax yepes 6 mecsiues. B yactHocTu, yepes 3 mecsua Mexay
rpynnamu ABI + BopTUOKCETUH 1 ABI MMenucb CTaTUCTUYECKM 3HaYMMBbIe Pa3NYng CPeAHUX 3HAYEHUIA LKan
CDSS (p <0,001), NSA-5 (p=0,003), PDQ-20 (p <0,001) n PSP (p=0,004). AHann3 BpemMeHU [0 NMpexzaeBpeMeHHOro
3aBepLUeHnNs NccnefoBaHNSA NPOAEMOHCTPUPOBaA, YTo B rpynne ABI + BOPTUOKCETUH CTaTUCTUYECKN 3HAYMMO
60nbLUe NaLMeHTOB MOMIHOCTLIO 3aBepLUMIN NPOrpaMmy ncciesoBanHus (n=27, 69,23%) No cpaBHEHWUIO C rpymnnomn
ABIT (n=13, 33,33%) (x2= 14,618, df = 1, p <0,001, nor-paHk TekcT). KoadppuLMeHT BbiXMBaEeMOCTU (KO3PdULIMEHT
BpPeMeH, B Te4YeHVe KOTOPOro NnaLMeHT NpoAo/KaeT Ha3HAaYeHHYHO Tepanuio) B UcciefoBaHunm B rpynne ABIM 6b110
cTaTncTnyeckn 3Haurmo (p <0,001) meHbLue n coctasuno 101, 436 aHA (95% AW: 81 518-121 354), a B rpynne ABI
+ BopTMOKCceTUH — 161 744 aHs (147 981-175 506). MNokasaTesib OTHOCUTENIbLHOIO PUCKA AN MOAHOro 3aBepLUeHns
nccneoBaHms B rpynne sBopTriokceTnH + ABIM no cpaBHeHMto ¢ ABI coctaBun 3618 (1871-6994).
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SAKNOYEHME: MpucoesnHeHre BOPTNOKCETUHA K Tepanuu ABIT Mo3BosiseT yCKOPUTb PeayKLUo CMMNTOMOB
Jenpeccuy, BOSHMKAKLWMX Ha 3Tane 06paTHOro pasBUTUA MCMX03a U CTAaHOB/EHUS PeMUCCUK, crocobeTeyeT
YCKOPEHHOMY 0C1abNeHI0 HeraTUBHbIX CUMMATOMOB, MONOXUTENIbHO BAUSET Ha CyObeKTHYHO OLLeHKY BblpaXeHHOCTHU
KOTHUTMBHbLIX HapyLLUeHWN, OKa3blBaeT CyLLlecTBeHHOe MOI0XUTEbHOe B/IMSHME Ha YPOBEHb MCUXOCOLMaNbHOMO
DYHKLMOHNPOBAHMSA.

Keywords: depression; negative symptoms; cognitive impairment; exacerbation of schizophrenia; schizophrenia; second-

generation antipsychotic; psychopharmacotherapy; psychosocial functioning; vortioxetine

KnroueBble cnoBa: aHmMuncuxomuk 8MOpP0co NOKO/IEHUA, B0OPMUOKCEMUH, aenpeccw?; He2camueHble cCUuMnNmMomsl;

KO2HUMUBHbIe HapyuwleHus, ncuxod)ap/\/lakomepanu;?; ncuxocoyuaseHoe (].’)yHKL{UOHU{)OGGHUE‘,’ pemuccus wu3o¢peHuu;

wu3soppeHus

INTRODUCTION
Approximately 80% of patients with schizophrenia suffer
from depression or a history of depression [1]. Thus,
depression symptoms were recently included amongst
the main symptoms to watch for and added as one of the
telltale signs of schizophrenia spectrum disorders [1-
5]. Affective symptoms in schizophrenia are no longer
believed to be signs of a good prognostic, since patients
with a high level of affective disorders appear more at the
“bipolar” rather than the deficit/autistic extreme of the
psychosis continuum [6]. In fact, depression is associated
with worse outcomes in schizophrenia [7, 8]. It increases
the likelihood of a transition from a state of ultra-high
risk of psychosis to the first psychotic episode [9].
Patients with schizophrenia compounded by depression
tend to be more susceptible to drug abuse, complain
of poorer quality of life, mental condition, frayed family
relationships, and are less likely to stick to their treatment
regimen; they are significantly more likely to relapse and
threaten their own safety and that of others — including
through violence — be susceptible to arrest, victimization,
and suicide [10]. Depression in schizophrenia is a more
significant factor in determining whether a patient
is contemplating suicide than even the influence
of imperative hallucinations [11], with suicidal thoughts
occurring in 63% of such patients [7]. Depression in the
prodromal phase of psychosis appears to be the most
significant predictor of future depression and cases
of self-aggression [7]. The combination of even attenuated
psychotic experiences and a mild depressive disorder
is associated with suicidal behavior; i.e., a patient does
not need to suffer from severe depression or severe
psychosis to display suicidal behavior [12].
Depression not only complicates the
of schizophrenia, but it also creates additional difficulties

course

in differential diagnosis.

of depression in patients with schizophrenia are

In particular, symptoms

associated with cognitive impairment [13]. In practice,
manifestations of depression are difficult to distinguish
from negative symptoms [14, 15]. In particular, itis difficult
to determine whether such symptoms as anhedonia,
mental anesthesia, and emotional indifference, loss
of motivation, anergy, flattened affect, social isolation,
ideational retardation, and impoverishment of thinking
denote depression or are negative manifestations
of schizophrenia [1,15,16]. Itis often difficult to distinguish
between signs of depression and catatonia [17, 18].
It can be difficult to assess the nature of the relationship
between depressive and psychotic manifestations: on the
one hand, depression often occurs during an exacerbation
of schizophrenia; on the other hand, severe depression
is characterized by psychotic symptoms [13, 16].
Despite the fact that depression is recognized as one
of the aspects of the psychopathology of schizophrenia,
its treatment still presents challenges and is not always
scientifically justified [1, 19]. Thus, AD has been used
on a rather pragmatic basis for many decades [1] and
about a third of patients with schizophrenia are treated
with AD in an outpatient setting [20]. It has been over
20 years since Samuel G. Siris recommended switching
to SGA monotherapy for the treatment of depression
in schizophrenia [21], and it can already be argued that
the expectations placed in the strategy have not been fully
borne out. Despite the widespread use of SGAs, and the
proven antidepressant effects of many of them [21, 22],
the prevalence of depression in schizophrenia remains
high and suicide rates have not changed, indicating the
need for more treatment options [1]. The randomized
controlled studies (RCSs) conducted so far and a meta-
analysis of the effectiveness of AD in the treatment
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of depression in schizophrenia showed the following:
the combination of AD and SGA was moderately more
effective than SGA monotherapy in relation to depressive,
negative, and even positive symptoms, as well as quality
of life; the effect on depressive and negative symptoms
was more pronounced when the criterion for prescribing
AD was minimum severity of these symptoms; there
were no significant differences in the risk of psychosis
exacerbation, premature discontinuation of medication,
and the number of participants that continued therapy
between those receiving a combination therapy of AD
and SGA and a control group receiving SGA monotherapy
[23]. However, so far, the effectiveness of many ADs in the
treatment of depression associated with schizophrenia
remains unclear or unproven. Finally, despite the addition
of AD to the treatment regimen, depressive symptoms
persist in a large proportion of patients [19, 23].

Let's summarize the above: depression in patients
suffering from schizophrenia worsens the outcome of the
disease by increasing the risk of suicide, complicating
the clinical picture, and reducing the quality of the social
functioning; its treatment is difficult, since monotherapy,
even with modern antipsychotics, is not always successful
and prescription of AD can improve the outcome, but
the effectiveness of such augmentation in many cases
is yet to be proven. Therefore, it is important to analyze
the effectiveness of combinations of most ADs and SGA
in the treatment of the depression that occurs at different
stages of schizophrenia. Vortioxetine was chosen for this
study, because, in previous studies, the use of vortioxetine
as an adjunct to an antipsychotic showed a reduction
in negative symptoms [24], a clinically significant
improvement in cognitive functions that differed from
its antidepressant effect [25], the ability to improve the
condition of patients resistant to treatment [26], and
good tolerability, which affects adherence to treatment
[25]. In addition, even earlier, in numerous RCSs with
the inclusion of large samples of patients and in a meta-
analysis, vortioxetine, along with its antidepressant
effects, showed a direct pro-cognitive effect and,
according to some data, an associated beneficial effect
on social functioning and quality of life during treatment
of the major depressive disorder [27-40]. Its ability
to clearly improve a number of cognitive parameters
(quality of attention, concentration, orientation, executive
functions, speed of psychomotor reactions, delayed
recall) makes vortioxetine different from most ADs [33,

41-43]. The cognitive improvement is supposed to be
due to both a vortioxetine-induced increase in serotonin
(due to inhibition of the serotonin transporter) and
direct modulation of serotonin receptors, especially
the 5-HT; block, which causes an increase in the
hippocampal transmitters: glutamate, acetylcholine, and
norepinephrine [32, 41].

The aim of the study was to assess the changes in the
psychosocial functioning of schizophrenic patients with
early remission during vortioxetine therapy, which
was prescribed in addition to the main therapy with
one of the SGAs: quetiapine, olanzapine, paliperidone,
or risperidone.

The objectives of the monitoring program included:

- tracking the overall changes
accompanied by
manifestations of depression using the Clinical
Global Impression Severity (CGI-S) and Clinical Global
Impression Improvement (CGl-1) scales [44];

in schizophrenia

exacerbation symptoms

- determining the changes (reduction) in depressive
disorders on the CDSS scale [45, 46];

- determining the changes in negative symptoms
using the five-item NSA-5 scale [47];

- studying the changes in the subjective assessment of
cognitive impairment using the PDQ-20 questionnaire
[48]; and

- conducting a dynamic assessment of social functioning
using the PSP scale [47, 50-52].

METHODS

Study design

Observational cohort prospective study of the changes
in schizophrenia exacerbations occurring with a
combination of psychotic and depressive symptoms.

Clinical study conditions

The study was conducted at state budgetary institutions
in Moscow: Mental-health Clinic No. 1 named after
N. A. Alexeev and Mental-health Clinic No. 4 named
after P. B. Gannushkin. In the study, the sample included
men and women with a confirmed diagnosis of paranoid
schizophrenia who had completed the exacerbation relief
therapy and displayed depressive symptoms during early
remission (stabilization) and who, in the opinion of their
attending physicians, had indications for treatment with
a combination of one of the SGAs (quetiapine, olanzapine,
risperidone, or paliperidone) and the AD vortioxetine,
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all prescribed at the recommended doses. The attending
physician chose a treatment regimen for each patient
in real clinical practice based on the interests of the
patient, therapeutic indications, and safety.

The conduct of this study and data collection included
a total observation period for patients with schizophrenia
and comorbid depressive disorders from December 3,
2020, to September 1, 2022.

All the patients whose mental state and social
functioning were monitored received full information
about the study and gave written consent to participate
in it. The study protocol, patient information, and
informed consent form, as well as the case report form,
were reviewed, and the study was approved at a meeting
of the Ethics Committee of Mental-health Clinic No. 1
named after N. A. Alexeev (Minutes of meeting No. 3
dated November 19, 2020).

Study participants

Inclusion criteria for the observational study:

- written informed consent of the patient to the
collection of his/her socio-demographic and medical
data and answers to the questions in psychometric
scales, as well as to the processing of anonymized
personal socio-demographic and medical data;

- age of the patient from 18 to 60 years (inclusive);

- paranoid schizophrenia (F20) diagnosed according
to the ICD-10, including (F20.00 continuous; F20.01
episodic with a progressive defect; F20.02 episodic
with a stable defect; F20.03 episodic relapsing
(recurrent); F20.09 observation period of less than
ayear);

- the patient suffered schizophrenia exacerbation,
which caused a change in the organizational form
of the psychiatric care (treatment in a psychiatric
hospital or day hospital), completed the relief therapy
stage no more than a week prior and continues
treatment in a day hospital, or has just started
outpatient treatment aimed at stabilizing the disease;

- during early remission (stabilization), the patient
retains symptoms of depression that cannot be
eliminated by SGA monotherapy, and, therefore,
the physician made the decision to prescribe
a combination of SGA and the AD vortioxetine;

- quite effective, according to the physician, therapy
of psychotic symptoms with one of the common SGAs
(quetiapine, olanzapine, risperidone or paliperidone)

that should be continued in future pursuant to clinical
indications; and

- prescription of vortioxetine as an adjuvant treatment for
depression by the attending physician (the physician’s
decision to use this drug was not determined by the
program design and was made regardless of the goals
of this study).

Non-inclusion criteria:

- refusal of patients to participate in the observation
and examination using the psychometric scales;

- participation of patients in any other clinical or
observational study of the effectiveness of medicinal
products;

- contraindications to vortioxetine, which were
determined by the attending physician on the
basis of the clinical picture of the disease, existing
concomitant diseases, and other individual risks, as
well as contraindications specified in the instructions
for the use of vortioxetine approved by the Ministry
of Health of the Russian Federation;

- clinically significant medical diseases of the kidneys,
liver, cardiovascular system, respiratory system,
cerebrovascular disorders in the decompensation
stage, oncological and other progressive diseases;

- a history of epilepsy or convulsive states;

- a history of severe drug allergy or hypersensitivity
to vortioxetine or its ingredients; and

- dependence on a psychoactive substance (diagnosis
or clinical manifestations within 6 months prior
to inclusion in the study).

The patient was excluded from the program in the
following cases:
- withdrawn informed consent, refusal to take

medications prescribed within the program, or refusal
to follow the procedures of the observational
program;

- failure to take vortioxetine or an antipsychotic for 5
consecutive days;

- the need to stop one of the prescribed drugs
(vortioxetine or antipsychotics) due to side effects
or the risk of deterioration of the medical condition;
the need to stop one of the prescribed drugs
(vortioxetine or antipsychotics) due to a deterioration
of the mental state;

- if, according to the physician, there was a need to change
the treatment regimen, for example, changing the
antipsychotic, prescribing a second antipsychotic
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with a pronounced selective antipsychotic effect, the
apparent needed to prescribe another AD;

- any other situations where discontinuation, change
of therapy or the decision to terminate observation
was made by the attending physician or the patient
in the interests of the latter; or

- other circumstances interfering with proper treatment
and monitoring of the patient.

All patients received SGA and vortioxetine therapy
based on clinical need and in accordance with the Russian
Clinical Guidelines for the Treatment of Schizophrenia
and Depressive Disorders. The treatment regimen for
SGA and vortioxetine suggested the possibility of single
or double oral administration of the drug at doses
permitted by clinical guidelines and the approved
instructions for the drugs. Since the observed patients
had individually pronounced symptoms, course, and
history of schizophrenia, concomitant therapy was
allowed (mood stabilizers, tranquilizers and other
drugs with a predominantly sedative effect, correctors
of adverse neurological symptoms), which was prescribed
by the attending physician according to indications:
due to existing affective fluctuations, anxiety or the
side effects of the psychopharmacotherapy. Treatment
with SGA, vortioxetine, and other concomitant drugs,
their prescription, discontinuation, selection, and dose
modification were determined by the therapeutic
indications of these drugs and the doses recommended
in the instructions, clinical need, and the interests
of patients, but not the goals of the study.

The patients whose mental state changes were
monitored formed five observation groups:

1) Receiving combination treatment with quetiapine and
vortioxetine;

2) Receiving combination treatment with olanzapine and
vortioxetine;

3) Receiving combination treatment with risperidone
and vortioxetine;

4) Receiving combination treatment with paliperidone
and vortioxetine; and

5) Receiving monotherapy with one of the SGAs
(quetiapine, olanzapine, risperidone or paliperidone)
without AD.

The program is planned to include 250 patients. To
date, the analysis has included 160 patients who have
completed the observation program or have withdrawn
from the observation for various reasons.

A qualitative determination of psychopathological
manifestations and an ordinal assessment of the severity
of symptoms were carried out at baseline (before the
start of treatment, on Day 1, Visit 1) and then on Day 90
(Visit 2) and Day 180 (Visit 3) of outpatient treatment with
an acceptable interval of £ 10 days. Thus, the maximum
duration of the observation period for each patient was
180 days (25 weeks or 6 months).

Assessment tools
The main method of data collection was the clinical and
descriptive method, which included the study of the medical
history, clarification of patient complaints, monitoring
of the changes in their mental and physical state, and
clarification of the peculiarities of their social functioning.
A case report form was developed for the study,
which included depersonalized data on age, diagnosis,
concomitant therapy, the presence or absence of adverse
effects of therapy, and the predominant symptoms and
their severity. The time between the beginning and end
of the study was recorded, indicating the reasons for the
latter. Ordinal scales were used to quantify the changes
in psychotic, depressive, negative symptoms, and the
quality of social functioning at all visits:

1) The CDSS scale [45, 46] consisting of 9 items, each rated
on ascale of 0 to 3. The scale showed high internal and
inter-rating reliability in assessing depressive states
in schizophrenia. [46];

2) The CGI-S and CGlI-I scales, which allow for the most
general assessment of the severity of a mental disorder
based on the clinical impression of the physician [44,
53, 54];

3) The NSA-5 scale consisting of 5 items, each rated
on a scale of 0 to 4. The scale was developed and
tested for validity and reliability in determining
the severity of negative symptoms in patients with
schizophrenia [47];

4) The PDQ-20 questionnaire, consisting of 20 items, each
rated on a scale of 0 to 4, and the scale result being the
sum of the scores of all 20 items. The questionnaire
showed its effectiveness in studying the subjective
experience of deficiencies in cognitive functioning by
patients during remission of schizophrenia [48]; and

5) The PSP scale, developed as a result of integrating
the DSM-IV Social and Occupational Functioning
Assessment Scale (SOFAS) and the Global Assessment
Functioning (GAF) scale. PSP is a scale with a maximum
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score of one hundred, which is divided into 10
equal intervals with an ordinal designation [49].
The assessment takes into account four categories
of functioning: potentially rewarding activities,
relationships with loved ones and other social
relationships, self-care, and harassing and aggressive
behavior. The scale has proven to be a reliable and
fast way to measure personal and social functioning,
with a number of advantages over other tools [49, 50-
52, 55].

The main indicator of effectiveness in the observational
program was a significant increase in the average final
score on the PSP scale and an increase in its final score
of at least 10.7 (17.1%), which is consistent with the
calculated Minimum Detectable Change (MDC) [52].
Secondary efficacy endpoints were a decrease in the
manifestations of depression expressed as a decrease
of at least 1.3 points on the CDSS scale, which is consistent
with the calculated Minimum Clinically Important
Difference (MCID) [45], a significant decrease in the mean
CGI-S score and mean PDQ-2 total score.

Statistical analysis

Given that the general group of patients taking combination
therapy with SGA + vortioxetine and SGA monotherapy
had significant differences in the distribution of the
leading syndrome, a 1: 1 case-control match was created
according to the criteria for complete matching by sex
and the leading syndrome and an age limit of 2 years. The
final sample of the study consisted of patients from both
groups who met the criteria for the case-control search.
The primary endpoint was the treatment-induced change
in the total score on depression, assessed on the CDSS
scale, and secondary endpoints were the total scores on
the PDQ-20, NSA-5, and PSP scales, reflecting the severity
of negative disorders assessed by the clinician and the
patient and overall functioning, respectively. The time
to early withdrawal from the study in both groups was
studied as an exploratory endpoint.

The general characteristics of the population are
presented by the methods of descriptive statistics with the
presentation of continuous data in the form of mean and
standard deviations (SD) of medians and first and third
quartiles (Q1 and Q3). Categorical data are presented
as absolute and relative frequencies. Comparison of the
baseline parameters of the representation of various
clinical variants of schizophrenia and psychopathological

syndromes in independent samples was carried out
using Pearson’s x2 test.

The primary and secondary endpoints were examined
in a separate repeated measures ANOVA model with
a fixed group factor assessing between-group contrasts
by the changes in the respective scores between Visit 1
and Visits 2 and 3.

The last observation carried forward (LOCF) approach
was used to fill in the missing values. Differences in early
withdrawal times were analyzed using the Kaplan-
Meier survival curve analysis comparing the differences
between groups using the log-rank test, calculating the
mean duration of study participation for each group, and
the relative risk score for full study completion.

All analyses were performed using the GraphPad
software (GraphPad Prism version 9.3.1 for Windows,
GraphPad Software, San Diego, California USA, www.
graphpad.com), except for the survival analysis, which
was performed using the NCSS software (NCSS 2021
Statistical Software (2021)). NCSS, LLC. Kaysville, Utah,
USA, ncss.com/software/ncss).

The analysis included all patients who had completed
observation by September 1, 2022, including those who
withdrew from the study early. The LOCF approach was
used for patients who withdrew from the study early.

RESULTS

Participant characteristics

The analysis included 160 patients (Table 1) who
completed the observation program or withdrew from
the observation for various reasons.

Descriptive statistics for the total sample are shown
in Table 2. The total sample consisted of 110 patients
who received SGA + vortioxetine and 50 patients who
received SGA alone.

All patients participating in the observational program
were diagnosed with paranoid schizophrenia with various
course variants (Table 2). The mean age in the entire
sample and in patients of different sexes did not have
significant differences. There were no differences in the
level of education or employment rates. There were more
cases with schizophrenia characterized by an episodic
course with a progressive defect in the general sample
of patients included in the general observational arm with
combination therapy (SGA + vortioxetine), while the control
group (SGA monotherapy), on the contrary, included
more cases with recurrent schizophrenia (p <0.001).
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Table 1. Number of study patients by drug therapy regimen

No. | Compared groups of patients receiving Target Number of patients included in the Number of patients
different therapy options number analysis (who completed or withdrew | included in the case-
of patients | from the study by November 1, 2022) | control analysis
1. Combination treatment with one of the 200 110 39
SGAs and vortioxetine
1.1. Combination treatment with quetiapine 50 32 10
and vortioxetine
1.2. Combination treatment with olanzapine 50 28 9
and vortioxetine
1.3. Combination treatment with risperidone 50 17 12
and vortioxetine
1.4. Combination treatment with paliperidone 50 33 8
and vortioxetine
2. Monotherapy with one of the SGAs 60 50 39
(quetiapine, olanzapine, risperidone
or paliperidone) without AD
Total number of patients 250 160 78

Table 2. Descriptive data from the total sample of patients receiving combination therapy with SGA + vortioxetine and SGA
monotherapy

Vortioxetine Control [ALL]

n=110 n=50 n=160 I
Age'! 34.0 (26.2; 44.0) 36.0(31.2;42.8) 34.0 (27.8; 44.0) U=2455, p=0.277
Gender2: X?=0.357, df=1, p=0.550
Female 56 (50.9%) 28 (56.0%) 84 (52.5%)
Male 54 (49.1%) 22 (44.0%) 76 (47.5%)
Education?: X3=7.322, df=3, p=0.062
Incomplete secondary 7 (6.36%) 0 (0.00%) 7 (4.38%)

education

Secondary education 39 (35.5%) 11 (22.0%) 50 (31.2%)

Specialized secondary 26 (23.6%) 15 (30.0%) 41 (25.6%)
education
Postgraduate 38 (34.5%) 24 (48.0%) 62 (38.8%)
Occupation?: X2=4.355, df=3, p=0.226
Employed 26 (23.6%) 19 (38.0%) 45 (28.1%)
Student 6 (5.45%) 3 (6.00%) 9 (5.62%)
Student and employed 2 (1.82%) 0 (0.00%) 2 (1.25%)
Unemployed 76 (69.1%) 28 (56.0%) 104 (65.0%)
Living with2: X2=1.346, df=1, p=0.246
Alone 16 (14.5%) 4 (8.00%) 20 (12.5%)
With relatives 94 (85.5%) 46 (92.0%) 140 (87.5%)
Diagnosis*: X2=17.576, df=3, p <0.001
F20.00 19 (17.4%) 6 (12.0%) 25 (15.7%)
F20.01 72 (66.1%) 20 (40.0%) 92 (57.9%)
F20.03 13 (11.9%) 18 (36.0%) 31(19.5%)
F20.09 5 (4.59%) 6 (12.0%) 11 (6.92%)
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Table 2. Descriptive data from the total sample of patients receiving combination therapy with SGA + vortioxetine and SGA

monotherapy
Vortioxetine Control [ALL] p-value
n=110 n=50 n=160
Leading syndrome2: X2=18.729, df=5, p=0.002
Affective-delusional 17 (15.5%) 20 (40.0%) 37 (23.1%)
Apathic-abulic 15 (13.6%) 4 (8.00%) 19 (11.9%)
Depressive 36 (32.7%) 6 (12.0%) 42 (26.2%)
Hallucinatory-paranoid 22 (20.0%) 15 (30.0%) 37 (23.1%)
Neurosis-like 9 (8.18%) 3(6.00%) 12 (7.50%)
Psychopatic-like 11 (10.0%) 2 (4.00%) 13 (8.12%)

Disease duration’

7.00 [3.00; 15.0]

8.00 [4.00; 14.0]

8.00 [4.00;15.0]

U=2701, p=0,858

Number of hospitalizations®

3.00[1.00; 5.00]

2.00 [1.25; 5.00]

2.00[1.00;5.00]

U=2688, p=0.816

Disability grade2*:

X2=1.625, df=3, p=0.654

No disability 42 (38.2%) 23 (46.0%) 65 (40.6%)
The first group of disability 1(0.91%) 0 (0.00%) 1(0.62%)

The second group of disability 58 (52.7%) 22 (44.0%) 80 (50.0%)
The third group of disability 9 (8.18%) 5(10.0%) 14 (8.75%)

AntipsychoticZ ¥2=1.321, df=3, p=0.724

Olanzapine 32(29.1%) 17 (34.0%) 49 (30.6%)
Paliperidone 17 (15.5%) 7 (14.0%) 24 (15.0%)
Quetiapine 33(30.0%) 17 (34.0%) 50 (31.2%)
Risperidone 28 (25.5%) 9 (18.0%) 37 (23.1%)

Note: * Median (15t and 3rd quartile), Mann-Whitney U-test; 2 Frequency (Percentage), Pearson x2-test. (*) — the first group is the heaviest,

the third is the lightest.

Significant differences were also found in in relation
to what syndrome was detected at the time of inclusion
of patients in the study: the general sample of combination
therapy included more patients with a predominance
of depression, while the control group included more
patients with an affective-delusional syndrome (p=0.002).

Case-control matching was conducted for sex
(full match), leading syndrome (full match), and age
(2 years tolerance) to obtain comparable groups.
As a result, in each compared cohort (the cohort
receiving combination therapy with SGA with the
addition of vortioxetine and the cohort receiving SGA
monotherapy), 39 cases were selected with established
syndromes reflected in the medical documentation:
affective-delusional syndrome in 15 (38.5%) cases,
hallucinatory-paranoid syndrome in 13 cases (33.3%),
depressive syndrome in 6 cases (14.4%), apathetic-abulic
syndrome in 3 cases (7.7%), neurosis-like syndrome

in 1 cases (2.6%), and psychopathic syndrome in 1 case
(2.6%) in each group. Thus, the two cohorts did not differ
in terms of predominant psychopathological symptoms
and dominant syndrome (p=1.0). Their detailed
characteristics are presented in Table 3. Significant
differences in the established diagnostic codes remained
between the groups; however, all diagnoses were within
the F20.0 section and differed only in the course type,
but not in the leading syndrome. In all other parameters,
both groups were comparable. All subsequent analyses
of observed changes in depression scores in patients
with schizophrenia treated with SGA + vortioxetine
and SGA monotherapy were performed in equivalent
case-control groups. At the interim analysis stage, due
to the small number of patients who had received each
specific SGA, the comparison of the effectiveness of their
combinations with vortioxetine and monotherapy did
not yield reliable data.
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Table 3. Descriptive data from the groups of patients receiving combination therapy with SGA + vortioxetine and SGA
monotherapy formed by case-control matching

Vortioxetine
n=39

Control
n=39

[ALL]
n=78

p-value

Age'! 35.0 (30.5;39.0) 36.0(31.0; 40.0) | 35.5(31.0; 40.0) U=726.5, p=0.734
Gender2 Xx2=0.0, df=1, p=1.0
Female 23 (59.0%) 23 (59.0%) 46 (59.0%)
Male 16 (41.0%) 16 (41.0%) 32 (41.0%)
Education: X%=8.70, df=3, p=0.03
Incomplete secondary education | 3 (7.69%) 0(0.00%) 3(3.85%)
Secondary education 17 (43.6%) 9(23.1%) 26 (33.3%)
Specialized secondary education | 7 (17.9%) 15 (38.5%) 22 (28.2%)
Postgraduate 12 (30.8%) 15 (38.5%) 27 (34.6%)
Occupation?: Xx2=3.73, df=3, p=0.29
Employed 10 (25.6%) 16 (41.0%) 26 (33.3%)
Learning 2 (5.13%) 2(5.13%) 4 (5.13%)
Learning and employed 2 (5.13%) 0 (0.00%) 2 (2.56%)
Unemployed 25 (64.1%) 21 (53.8%) 46 (59.0%)
Living with2: X%=3.14, df=1, p=0.08
Alone 7 (17.9%) 2 (5.13%) 9(11.5%)
With relatives 32(82.1%) 37 (94.9%) 69 (88.5%)
Diagnosis?: X2=11.73, df=3, p=0.008
F20.00 4(10.3%) 3(7.69%) 7 (8.97%)
F20.01 29 (74.4%) 16 (41.0%) 45 (57.7%)
F20.03 5(12.8%) 14 (35.9%) 19 (24.4%)
F20.09 1(2.56%) 6 (15.4%) 7 (8.97%)
Leading syndrome x2=0.0, df=5, p=1.0
Affective-delusional 15 (38.5%) 15 (38.5%) 30 (38.5%)
Apathic-abulic 3 (7.69%) 3 (7.69%) 6 (7.69%)
Depressive 6 (15.4%) 6 (15.4%) 12 (15.4%)
Hallucinatory-paranoid 13 (33.3%) 13 (33.3%) 26 (33.3%)
Neurosis-like 1(2.56%) 1(2.56%) 2 (2.56%)
Psychopatic-like 1(2.56%) 1(2.56%) 2 (2.56%)

Disease duration’

10.0 [4.50; 16.5]

8.00 [4.50; 13.5]

8.50 [4.25; 14.8]

U=690.5, p=0.484

Number of hospitalizations’

2.00[1.00; 4.50]

2.00 [2.00; 5.00]

2.00[1.00; 5.00]

U=695, p=0.503

Disability grade?™:

X2=1.43, df=2, p=0.49

No disability 14 (35.9%) 19 (48.7%) 33 (42.3%)

The first group of disability 21 (53.8%) 16 (41.0%) 37 (47.4%)

The second group of disability | 4 (10.3%) 4 (10.3%) 8(10.3%)

The third group of disability

Antipsychotic: X2=4.34, df=3, p=0.227

Olanzapine 9(23.1%) 13(33.3%) 22 (28.2%)

Paliperidone 8 (20.5%) 7 (17.9%) 15(19.2%)

Quetiapine 10 (25.6%) 14 (35.9%) 24 (30.8%)

Risperidone 12 (30.8%) 5(12.8%) 17 (21.8%)

Note: 1 Median (15t and 34 quartile), Mann-Whitney U-test; 2 Frequency (Percentage), Pearson x2-test. (*) — the first group is the heaviest, the third

is the lightest.
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Changes in symptoms and social functioning
parameters

ANOVA test results for repeated measures of the total
score on the CDSS, NSA-5, and PDQ-20 scales and the
final score on the PSP scale revealed a statistically
significant effect of the interaction between the visit

and group variables on the CDSS and PSP scales, as well
as a statistically significant effect of the visit variable
in relation to the total score for each of the scales
(Table 4, Figure 1). Detailed statistics on the differences
between the groups are presented in Table S1 (in the
Supplementary). These results suggest that, regardless

Table 4. Two-way Repeated-measures ANOVA results in changes of CDSS, NSA-5, PDQ-20 and PSP total scores between SGA and

SGA + vortioxetine study groups

Source of variation Sum of Squares df Mean Square | f P n%
CDSS Visit 1116.009 2 558.004 31.062 <0.001 0.29
Visit x Group 143.859 2 71.930 4.896 0.009 0.065
Residual 2730.547 152 17.964
NSA-5 Visit 797.598 2 398.799 39.606 <0.001 0.343
Visit x Group 37.872 2 18.936 1.881 0.156 0.024
Residual 1530.53 152 10.069
PQD-20 Visit 3578.88 2 1789.44 31.775 <0.001 0.295
Visit x Group 328.368 2 164.184 2915 0.057 0.037
Residual 8560.085 152 56.316
PSP Visit 2206.778 2 1103.389 5.569 0.005 0.068
Visit x Group 1451.444 2 725.722 3.663 0.028 0.046
Residual 30115.778 152 198.13
CDSS NSA-5
p <0.0001 | p <0.0001
[ 1 <0.0001 p <0.0001
20 p=0.0033 15 | p=0.0074
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Figure 1. CDSS, NSA-5, PDQ-20 and PSP total scores across the study in SGA and SGA + vortioxetine groups.
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of the therapeutic group, patients at the end of the
observation period showed a significant decrease in the
level of depression assessed based on the CDSS scale,
as well as the severity of negative symptoms assessed
by the clinician (NSA-5 scale), and cognitive symptoms
based on subjective assessment (PDQ-20 scale), as well
as an improvement in personal and social functioning
(increased final score on the PSP scale). The size of the
n?p effect for the visit factor in all scales measuring clinical
parameters turned out to be higher than that for the
interaction of the visit and group factors. In other words,
as a result, depressive and negative symptoms, cognitive
impairment, and the level of social functioning tended
to improve after six months of early remission regardless
of whether the combination therapy or monotherapy
was used.

There were also significant differences between the
compared main (SGA + vortioxetine) and control (SGA)
groups in terms of the changes in the total score on the
CDSS and PSP scales, which is presented in Table 5. Thus,
the mean CDSS score decreased significantly from 15.749
(95% Cl: 14.733-16.765) to 12.501 (11.28-13.722) at Visit
2 and to 9.649 (7.854-11.445) at Visit 3 (all p <0.01) in the
SGA + vortioxetine group, and it increased from 16.12
(15.02-17.219) to 16.645 (15.324-17.966) at Visit 2 and
decreased significantly to 10.642 (8.699-12.585) at Visit 3
(p <0.001)in the SGA group. Figure 1 shows an interesting
aspect of the changes in the clinical scores: a noticeable
improvement in the SGA + vortioxetine group by Visit 2

in the absence of a similar improvement in the control
group, and the achievement of approximately the same
scores in both groups by Visit 3. In particular, the mean
CDSS score at Visit 2 in the SGA + vortioxetine group
was significantly lower than that in the SGA group
(p <0.001, Table 5). Parameters n?,=0.235 for intergroup
differences of the changes in the total CDSS score
at Visit 2 indicate a large contribution of vortioxetine
to the changes in depressive symptoms for this period.
There were also significant differences at Visit 2 in the
total NSA-5 score (p=0.003) at n2p=0.121, that is, with
a moderate contribution of vortioxetine to the changes
in negative symptoms, as well as differences in the
total PDQ score (p=0.046) at r]2p=0.212, which indicates
a large contribution of vortioxetine to the changes in the
subjective assessment of cognitive function.

By Visit 3, the differences in the scores for the severity
of depressive, negative symptoms, and cognitive
impairment smoothed out. The small effect size (n2)
of vortioxetine in the score differences at Visit 3 indicate
the influence of other factors not related to the action
of adjuvant AD (Table 5).

This observation shows multidirectional changes
of social functioning in the compared groups, assessed
based on the total PSP score. The mean PSP score in the
SGA + vortioxetine group increased not significantly
compared to Visit 1; from 56.859 (53.628-60.09) to 59.338
(51.902-66.775). In the SGA control group, on the contrary,
the mean final PSP score at Visit 2 remained almost

Table 5. CDSS, NSA-5, PDQ-20 and PSP total scores across the study in SGA and SGA + vortioxetine groups

Measure | Visit | SGA Vortioxetine + SGA Between-group contrast
in comparison with visit 1 statistics
Mean LCL 95% UCL 95% Mean LCL 95% UCL95% | f p-value nZp

CDSS 1 16.12 15.02 17.219 15.749 14.733 16.765 -

2 16.645 15.324 17.966 12.501 11.28 13.722 21.535 <0.001 0.235

3 10.642 8.699 12.585 9.649 7.854 11.445 0.197 0.659 0.003
NSAS5 1 12.984 11.819 14.15 11.919 10.842 12.996

2 12.133 10.904 13.361 9.209 8.074 10.344 9.663 0.003 0.121

3 7.905 6.283 9.527 7.308 5.81 8.807 0.159 0.692 0.002
PDQ 1 24.36 21.399 27.321 25.105 22.369 27.841 - - -

2 26.139 23.017 29.261 19.901 17.016 22.786 18.839 <0.001 0.212

3 15.065 11.855 18.276 15.193 12.226 18.16 0.057 0.812 0.001
PSP 1 51.252 47.756 54.749 56.859 53.628 60.09 ® = =

2 51.042 47.773 54.311 62.929 59.909 65.95 8.833 0.004 0.112

3 38.334 30.287 46.382 59.338 51.902 66.775 7.091 0.01 0.092
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unchanged. But by the end of the observation period,
it had decreased significantly, from 51.252 (47.756-
54.749) to 38.334 (30.287-46.382) (p=0.0011). The PSP
scores had significant intergroup differences at Visits 2
and 3 (p=0.004 and p=0.01, respectively), which shows
the resulting significant effect of the combination therapy
with SGA + vortioxetine on the level of social functioning
of patients with schizophrenia with depressive symptoms
that persist during early remission.

Study withdrawal analysis

Analysis of the time to early withdrawal from the study
(Figure 2) showed that significantly more patients in the
SGA + vortioxetine group completed the study program
(n=27, 69.23%) compared with the SGA group (n=13,
33.33%) (x2 =14.618, df=1, p <0.001, log-rank test ). The
mean survival time in the SGA group was significantly
less (p <0.001) and amounted to 101.436 436 days (95%
Cl: 81.518-121.354), and in the SGA + vortioxetine group
it was 161.744 days (147.981-175.506). The relative
likelihood of full study completion in the vortioxetine +
SGA group compared with SGA was 3.618 (1.871-6.994).

Drug tolerability analysis

Sixty-two (62) adverse events (AEs) were reported in the
SGA + vortioxetine group, and 67 AEs were reported in the
SGA group. A complete list of AEs is presented in Table
S2 in the Supplementary. Among the AEs reported in the
SGA + vortioxetine group, 11 occurred in 5% of patients,
drowsiness in 6 (15.4%), tremor in 5 (12.8%), akathisia
in5(12.8%), impaired attention in 5 (12.8%), weight gain
in 5(12.8%), nausea in 5 (12.8%), dizziness in 4 (10.3%),
anxiety in 4 (10.3%), weakness in 3 (7.8%), irritability
in 3 (7.8%), and pruritus in 3 (7.8%). The remaining AEs
were reported in isolated cases. These 11 AEs were also
reported in more than 5% of the SGA group: worsening
depression in 10 patients (25.6%), drowsiness in
6 (15.4%), tremor in 6 (15.4%), weight gain in 6 (15.4%),
anxiety in 6 (15.4%), akathisia in 5 (12.8%), impaired
attention in 5 (12.8%), weakness in 4 (10.3%), tachycardia
in 3 (7.8%), and hyperprolactinemia in 3 (7.8%). In the
absence of significant differences due to the sample
size, it is interesting that nausea and pruritus were more
common in the SGA + vortioxetine group, as these AEs are
quite typical for vortioxetine. An increase in depression
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Figure 2. Kaplan-Meier curves of the probability to complete the study for patients from the SGA and SGA + vortioxetine groups.
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was the most common and an exacerbation of psychotic
symptoms was somewhat more common in the control
group. In general, the composition of AE was similar
and quite typical for the main basic antipsychotic
therapy: in both groups, the most common were mild
extrapyramidal symptoms (EPS), as well as drowsiness,
weight gain, and impaired concentration.

DISCUSSION

We report here the results of Russia’s first observational
study of the psychosocial functioning of schizophrenic
patients with depressive symptoms during early remission
receiving combination therapy with vortioxetine and
second-generation antipsychotics. This study showed
that a 6-month course of treatment with a combination
of SGA and vortioxetine prescribed according to clinical
need at flexible doses provides significant improvement
in the PSP final score (primary endpoint), CDSS total score
(key secondary endpoint), and other secondary endpoints
(CGI-S score and NSA-5 score). The results of this study
confirm that the addition of vortioxetine to basic therapy
with a second-generation antipsychotic is an effective
and well-tolerated treatment option for schizophrenia
with concomitant depressive symptoms during early
remission. The 6-month prospective observational
study of the changes in depressive symptoms and social
functioning of patients during early remission of paranoid
schizophrenia for patients receiving combination therapy
with SGA and vortioxetine and SGA monotherapy after
case-control matching showed a significant and clinically
relevantimprovement in depressive, negative symptomes,
self-assessment of cognitive abilities, and especially
pronounced improvement in the quality of personal and
social functioning.

A comparative analysis of the changes in clinical
scale scores shows that the addition of vortioxetine
to SGA therapy accelerates the reduction in the acuity
of the symptoms of depression that persist or occur
during regression of psychosis and early remission. The
antidepressant effect in patients with schizophrenia
is consistent with the available data on the efficacy
of vortioxetine in the treatment of major depressive
disorders [32, 35, 38, 40].

Moreover, the addition of vortioxetine to baseline
SGA therapy contributes to an accelerated reduction
in negative symptoms, regardless of how they are viewed,
whether they are “transient” negative disorders that are

inherent to a relapse and persist longer than positive
symptoms, or depression-related negative symptoms;
for example, “negative affectivity” [56] or negative
symptoms due to developmental mechanisms common
to depression, or an error inherent in the scale, when
depressive symptoms fall under the assessment of the
negative symptoms scale.

The
of their cognitive abilities showed that treatment with
a combination of SGA + vortioxetine leads to a consistent
and significant improvement in the average PDQ score,

study of patients’ subjective assessment

with a significant contribution of vortioxetine to its
changes, while SGA monotherapy achieves improvement
only after six months.

Vortioxetine adjunction has the greatest effect on the
level of psychosocial functioning: by the second visit
in the main group, the final PSP score had increased
significantly and was significantly different from the
control; this difference also persisted subsequently. The
pronounced improvement in psychosocial functioning
in the SGA + vortioxetine group coincides with a distinct
antidepressant effect, a decrease in negative symptomes,
and an increase in the self-assessment of cognitive
abilities.

The fact that by the third visit, the differences in the
scores assessing the severity of depressive, negative
symptoms, and cognitive impairment had smoothed out
can be explained by three circumstances: 1) spontaneous
reduction in depressive symptoms as remission develops
in a significant proportion of patients receiving any
therapy regimens; 2) relatively delayed onset of the
antidepressant effect of some SGAs; and, finally, 3) the
achievement of the greatest possible improvementin the
mental state and/or scores approaching the minimum
possible values, when the probability of differences
decreases.

A combination therapy with SGA and vortioxetine
is characterized by a high rate of continuation of treatment
(using statistical terminology, on-treatment survival)
that is twice as high as that with SGA monotherapy:
after a month and a half, the difference in the number
of patients participating in the main and control groups
reached statistical significance and persisted until the end
of the observation period.

The addition of vortioxetine showed not only the
effectiveness, but also the safety of this combination:
patients do not experience the increase in the frequency
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or severity of AEs typical for SGA. AEs typical for the
combination regimen of SGA + vortioxetine were pruritus
and nausea. In contrast, the use of vortioxetine reduced
the risk of worsening depression, which is often observed
in cases of SGA monotherapy. The good safety profile
of vortioxetine is consistent with RCS data [32, 34].

Limitations of the study

Distinguishing  between the
of schizophrenia and the actual symptoms of depression,
especially manifestations of the so-called “negative
affectivity”, difficult.
criteria and existing clinical scales do not solve this
problem. Therefore, throughout the study, there was

negative symptoms

remains Accepted diagnostic

a risk of including heterogeneous cases with different
psychopathological structures of depression itself and
affective-delusional attacks, and an unequal relationship
between delusional and depressive manifestations.

The study was observational and as close as possible
to real clinical practice; it was not blind and did not use
randomization. The observational design of the study
led to selectivity of inclusion in different branches
of observation: the control group, where patients
received SGA monotherapy, included mainly patients
with a relatively uniform regression of depressive-
delusional attacks of schizophrenia and a lesser severity
of depression, while patients with schizophrenia were
much more likely to be in the main group where symptoms
of depression were the primary manifestations during
early remission. This is probably due to the fact that
psychiatrists in real clinical practice, seeing a favorable
regression of the affective-delusional (depressive-
delusional) syndrome with a simultaneous reduction
in its psychotic and depressive components, most
often continued SGA monotherapy. On the contrary,
when depressive manifestations persisted or increased
in patients despite the reduction in psychotic symptoms,
physicians usually diagnosed depressive syndrome
instead of delusional and affective-delusional syndromes
and vortioxetine was more often prescribed in addition
to SGA. Such selectivity in the choice of treatment,
explained by the physician’s desire to reduce the
patient’s suffering and avoid the risks associated with
insufficient therapy for depression, in our opinion, caused
the significant differences in the distribution of the
leading syndrome between the main sample of SGA +
vortioxetine and the control group of SGA monotherapy.

To level out this effect, a departure from the cohort study
was made at the stage of intermediate analysis of the
obtained data and case-control matching was used on the
obtained material. This method allowed for a comparison
in a clinically (syndromic) homogeneous sample, but also
reduced the chances of identifying and, all the more so,
proving more reliable differences.

CONCLUSION

In a 6-month observational study of the changes in the
psychosocial functioning of schizophrenic patients with
symptoms of depression during early remission receiving
combination therapy with vortioxetine and second-
generation antipsychotics in real clinical practice, the
addition of vortioxetine to the basic therapy with SGA
showed significant and clinically relevant improvement
in depressive symptoms, negative symptoms, and the
quality of social functioning. Combination therapy with
vortioxetine and SGA, including quetiapine, olanzapine,
paliperidone or risperidone, was well tolerated, and
the main side effects of the treatment were weight
gain, EPS, and sedative effects; these AEs are inherent
to antipsychotics, and their frequency in combination
therapy does not exceed that with monotherapy.
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Efficacy of a Relaxation Scenario

in Virtual Reality for the Comorbid
Symptoms of Anxiety and Asthenia
in a General Hospital Setting:
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ABSTRACT

BACKGROUND: Patients in general hospitals often display concomitant signs of mental maladjustment: low mood,
anxiety, apathy, asthenia, all of which can have a negative impact on the course of the underlying disease and the
recovery process. One of the non-pharmacological approaches that has gained wider acceptance in medical practice
in recent years is the use of procedures based on virtual reality.

AIM: Assess the efficacy of the new domestic, virtual reality application Flow as relates to symptoms of anxiety and
asthenia in patients undergoing inpatient treatment.

METHODS: The study was open-label and had a comparison group; the patients were assigned to the experimental
or control group using a randomization table. The patients were assessed using the Spielberger State Anxiety
Inventory; the Fatigue Symptom Rating Scale; the Well-being, Activity, Mood questionnaire; the Depression Anxiety
Stress Scale; and the Clinical Global Impression Scale. Physical parameters were measured before and after each
virtual reality session. The obtained data were statistically processed.
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RESULTS: The study involved 60 patients. In 40 patients, the treatment program included a course of five daily
relaxation sessions in virtual reality; the control group consisted of 20 patients, who were treated in accordance with
the usual practice of the institution. The addition of virtual reality sessions to the standard treatment course yielded
significant advantage in terms of affective symptoms reduction in patients both after a single session and as a result
of undergoing the full course, and several days after its completion. The patients in the experimental group also
showed a significant decrease in blood pressure after the sessions, and this was most pronounced in individuals who
initially had elevated and high blood pressure.

CONCLUSION: The use of relaxation program courses in the virtual reality application Flow is an effective and
promising means of non-pharmacological care for non-psychiatric inpatients showing symptoms of anxiety, apathy,
depressive mood, as well as hypertension.

AHHOTAUNA

BBEAEHWME: MNayneHTbl COMaTUYeCKNX CTaLOHAapOB HepeAKO AEMOHCTPUPYHOT COMYTCTBYOLLIME MPU3HAKN NCUXMYECKOM
Je3ajanTtauun — CHUXeHHoe HacTpoeHKe, TpeBory, anatuio, acTeHK1o, KoTopble MOryT OKasbliBaTb HeratTuBHoe
B/INSIHNE Ha TeYeHMe OCHOBHOr0 3a60/1eBaHNS 1 NPOLLeCChbl BOCCTaHOBEHVA. OAHUM 13 HefleKapCTBEHHbIX MOAX0AO0B,
B NocJieZHVe rofbl BCe LUMpe BHeAPSAeMbIX B MEAULMHCKYIO NPAaKTUKY, ABNAETCA UCMO/b30BaHe MeTOAMNK Ha OCHOBe
TEXHONOTNN BUPTYanbHOW peanbHOCTU.

LLE/Tb: OueHunTb 3GPEKTUBHOCTE HOBOTO OTEUECTBEHHOMO MPUIOXEHWSI BUPTYaNbHOW peanbHOCTU Flow B OTHOLLEHMM
CUMMTOMOB TPEBOMM U aCTEHMM Y MaLMEeHTOB, MPOXOASLLMNX CTaLMOHapHOE leyeHMe.

METO/bI: iccnegoBaHve 6b110 OTKPbITHIM, C FPYNMO CPaBHEHWS; ornpejesneHne naLmeHTa B 3KCnepuMeHTanbHyo
JIN60 KOHTPOIBHYHO rPYMMy NMPOUCXOANO0 C UCMOIb30BaHNEM PaHAOMU3ALIMOHHOW TabnuLbl. COCTOAHME NaLMEeHTOB
OLleHMBaA0Ch NPY MOMOLLM LLIKA/bl CUTYaTUBHOW TpeBOXHOCTY Cnnnbeprepa, LWKasbl OLeHKM CUMMTOMA YCTanocTy,
onpocHMKka «CaMouyBCTBME, aKTUBHOCTb, HAaCTPOeHMe», LWKasbl Aenpeccui, TPeBOr, cTpecca W LKan obLiero
KAMHWYeCcKoro BnevataeHus. o 1 nocie Kaxzaon ceccuy BUPTYaNbHOW peanbHOCTV NMPOBOAUIOCHE U3MepeHye
dur3mKanbHbIX Noka3saTteneii. MNony4veHHble gaHHble 06pabaThbiBaNNCL CTAaTUCTUYECKN.

PE3YJIbTATbI: B nccnegoBaHum npuHaan yyactie 60 naymeHToB. Y 40 naumeHToOB B NpPOrpaMmy feveHuns 6bin
BKJTIOYEH KYPC M3 NATU eXeAHEeBHbIX pefakcaLMOHHbIX CeCCU B BUPTYanbHON peanbHOCTU; KOHTPOAbHYIO rpynny
coctaBuan 20 NauneHToB, KOTOPble NPOXOAUIN fledeHre B COOTBETCTBUM C PYTUHHOW NMPaKTUKOWN yupexaeHus.
[JlobaBneHue K CTaHAAPTHOMY IeYeHNIO Kypca CecCUii B BUPTYanbHOM peanbHOCTY CO34aBasio 3HaUMMOe NpenmyLLEecTBO
B peAyKunmM y naumeHToB adpPpekTVBHbIX Kanob Kak nocae 04HOro 3aHATUS, Tak 1 B pe3y/ibTaTe MPOXOXAeHNS Kypca
1 Yepes HeCKobKO AHer nocae ero 3aBepLueHns. MNMauyeHTbl 3KCnepruMeHTanbHOM Fpynbl TakXXe 4eMOHCTPUPOBaIn
[OCTOBEPHOE CHUKEeHWe rnokKasaTesieli apTepmranbHOro AaBneHns nocie NPoxXoXAeHUs ceccuia, npuyem Hanbonee
Bblpa>XeHHbIM OHO 6bI/10 Y L, C U3HAYaNbHO NOBbILLEHHbLIM 1 BbICOKMM AaBAEHVEM.

SAK/THOYEHME: KypcoBoe MCNonb3oBaHWe penakCcauMoOHHOW MporpaMMbl B TEXHONOTMU BUPTYaabHON
peanbHocTh Flow aBnaetca 3¢ GeKTUBHBLIM 1 NepCrneKTUBHBIM METOA0M HeleKapCTBEHHOM MOMOLLM NauMeHTam
COMaTU4YeCcKOoro CTauMmoHapa B OTHOLIEHUM Xanob Ha TpeBOry, anaTui, CHMXEeHWe HaCTPOeHMs, a Takxe
CMNTOMOB FTMMEPTOHNN.

Keywords: virtual reality; non-pharmacological therapy; comorbid mental symptoms,; maladjustment reaction, lowering
blood pressure

KnioueBble cnoBa: supmyasneHasa peasnsHOCmMe, HEHAPMaAKOI02UYECKOS mepanus; KOMopbUOHsle ncuxudeckue
cumMnmomel; peakyus 0e3a00aNmMayuu; CHUXeHUe apmepuanbHo20 0ae/1eHUs
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INTRODUCTION
Physical illnesses are often accompanied by signs
of stress and maladjustment, in the form of depressed
mood and increased anxiety. It is reported that 18-33%
of patients who have suffered a stroke also suffered
from depression [1]; anxiety symptoms occur in 28%
of non-psychiatric inpatients, and 8% meet the criteria
for some anxiety disorder [2]. Affective symptoms and
medical disorders have a compounding negative impact
that manifests through psychological, behavioral, and
physiological mechanisms. Anxiety and low mood may be
a patient’s reaction to disease, and a negative assessment
of the prospects for recovery may limit that patient’s
usual activity and social circle; in turn, a physical illness
can exacerbate the manifestations of an already existing
mental disorder [3, 4]. Negative behavioral manifestations
include addiction, sleep disorders, or violation of the
treatment regimen [5]. Physiological mechanisms include
increased inflammatory response and hypothalamic-
pituitary-adrenal axis impairment [6]. Research also
points to an association between anxiety disorders and
hypertension [7]. Together, these factors can worsen the
course and prognosis of the physical illness, reduce the
effectiveness of treatment, and slow down recovery. Thus,
the search for effective means of treatment of negative
mental state is an important independent undertaking
in the management of patients with physical ilinesses.
The use of pharmacological resources for the
treatment of comorbid symptoms of maladjustment,
along with proven efficacy, has a number of limitations,
such asan adverse increase in the pharmacological load;
an often long period of effective dose selection; possible
contraindications and side effects; and, for some drugs,
the potential for addiction [8]. Non-pharmacological
methods of treatment with comparable efficacy in such
a context will have an advantage. Another traditional,
and effective, form of care for various types of distress
and maladjustment is psychotherapy. At the same time,
data have been accumulating on the positive impact
of different activities, such as meditation, yoga, various
breathing practices, and mindfulness practices on the
mental state [9, 10]. Literature suggests that meditation
practices reduce stress levels and hypertension [11-13].
Studies also show that the regular use of meditation,
relaxation, and breathing practices contributes to many
positive changes in both the emotional state of those
practicing them and aspects of their physical health,

such as a significant reduction in stress hormones
[14] and markers of chronic inflammation [15], as
well as normalization of elevated blood pressure (BP)
[16-19].

In an attempt to achieve a standardization and
reproducibility of these types of care, investigators and
professionals are increasingly turning to technologies
that are based on virtual reality. Virtual reality (VR) is
a simulated three-dimensional immersive environment
in which the user can act according to prearranged
scenarios [20]. In recent years, various VR applications
have found increasingly wide application in medical
practice, including programs for both specialists (training
of specific skills, simulation of medical processes, etc.)
and patients (relaxation and stress management,
overcoming anxiety, neurorehabilitation, etc.) [21-23].
According to the results of these studies, VR-based
applications show a level of efficacy comparable to that
of pharmacological, and, sometimes, even superior
efficacy as a treatment means for anxiety disorders
[24], phobias [25], eating disorders [26], and other
psychopathological conditions. Such data justify the
attempts being made to transfer relaxation practices
to high-tech platforms. VR technologies allow, on the one
hand, to standardize the procedure, and, on the other
hand, they do not rule out the possibility of customizing
the scenario, taking the patient’s condition into account,
selecting the optimal program duration, setting
breathing parameters, preferred locations, as well as
other parameters.

In Russia, Viartech Development LLC has developed
the Flow relaxation program, integrated into a capsule
chair, for people with various manifestations of a stress
reaction, anxiety, or tension.

The main goal of this study was to evaluate the
efficacy of the relaxation scenario in the VR Flow
technology in relation to the symptoms of anxiety and
asthenia in patients undergoing inpatient treatment.
Study hypothesis: taking a course of sessions of a
specially designed relaxation VR scenario, in addition
to the primary therapy, should help reduce the severity
of anxiety and affective symptoms.

METHODS

Study design

The study used an open-label design with a comparison
group and simple randomization.
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Sample

The enrollment of study participants was carried out from
March to June 2021 among patients of both sexes aged
18 to 68 years who were undergoing inpatient treatment
at the Speech Pathology and Neurorehabilitation Center
of the Moscow Healthcare Department.

The main inclusion criteria of the study were as follows:

— complaint of anxiety, bad mood, asthenia, tension,
increased fatigue, and other manifestations
of maladjustment;

— understanding of the study instructions and
procedures, readiness and ability to sit through VR
sessions, filling out of questionnaires and scales.

The exclusion criteria were as follows:

— severe cognitive, motor and/or speech impairments
that prevent understanding of the instructions and
limit one's ability to follow the study procedures;

— diagnosed epilepsy or a history of convulsive
seizures;

— diagnosed mental iliness (bipolar disorder, major
depressive episode, schizophrenia, schizoaffective
disorder, etc.);

— severe, decompensated or unstable physical illnesses.

Enrollment and randomization

The study information leaflet informed the patients that
it was not known in advance to which group (experimental
or control) they would be assigned, and that that would
be determined randomly. All patients in the comparison
group could, if they so desired, undergo a course of VR
after completing the program.

The participants were assigned to a particular group as
follows: After inclusion of a new patient and the signing
of an informed consent form, the clinical researcher
called authors of the protocol who had no relation to the
recruitment of patients in the study and did not come
into direct contact with them. A randomization table was
used to assign patients to groups; according to this table,
each participant’s serial number was randomly assigned
a code of one of two groups: 40 codes for the VR group
and 20 codes for the comparison group. After the clinical
researcher at the site had received the group code for a new
participant, this information became open to everybody.

The enrollment continued until an equal ratio of male
and female patients in each group was achieved; data from
patients included at the end of the recruitment who did
not meet the target 1 : 1 sex distribution were removed

from the final analysis. In case of early withdrawal, the
analysis included data collected at the time of exclusion.
The primary ground for early withdrawal from the
program was the end of hospitalization. The recruitment
process is shown in Figure 1.

Evaluation tools
The following procedures were used to assess the
condition of patients:

1. Spielberger State Anxiety Inventory [27]. This
is a questionnaire to assess the severity of state
anxiety (as opposed to anxiety as a personality
trait), consisting of 20 statements that must
be assessed on a 4-point scale. The procedure
adaptation by Yu. L. Khanin provides the following
indicative standards: 20-34 means a low level
of anxiety, 35-44 means a moderate level of anxiety,
and above 46 means a high level of anxiety.

2. The Daily Fatigue Impact Scale (D-FIS) [28],
consisting of 8 statements, was developed to assess
the current state and daily changes in the symptom
of fatigue associated with non-psychiatric illnesses.
The patient rates each statement on a 5-point
scale (0-4); a higher symptom severity corresponds
to a higher total score.

3.  The Well-being, Activity, Mood (WAM) questionnaire
[29] explores three aspects of the current psycho-
emotional state indicated in the title. The subject
is asked to correlate his current well-being with the
scale assessment between pairs of words describing
the poles of one state (for example, cheerful-gloomy,
tense-relaxed). The result is separate scores on the
subscales of well-being (WAM-W), activity (WAM-A),
and mood (WAM-M); the 30-50 range is the average
(normal) level for each of them.

4. The Depression, Anxiety and Stress Scale (DASS-21)
[30] is a questionnaire consisting of 21 statements
to be ranked on a 4-point scale (0-3) for an
assessment of the states of depression, anxiety,
and stress experienced by the subject during the
preceding week. The scale is not diagnostic; the
concepts of stress, anxiety, and depression were
used by the developers as a continuum to describe
subjective experience. The final assessment in this
test is the total score: the higher it is, the more
pronounced the negative affective symptoms
of the state.
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Participation suggested
(n=75)

L 4

Evaluated against
inclusion/exclusion criteria

(n=73)

L 4

Randomized
(n=68)

VR group:
e final analysis (n=40);

e fully completed the study
(n=33)

Figure 1. Participant flowchart.

All of these scales are self-questionnaires and are filled
in by patients on their own.

Clinical Global Impression Scale-Severity (CGI-S) and
Clinical Global Impression Scale-Improvement (CGI-1) [31]
are filled in by the clinical researcher. These are 7-point
scales in which the doctor is asked to assess the severity
of the patient’s condition as a whole (at the first visit)
and the changes in the patient’s condition (at subsequent
visits) in comparison with other patients with a similar
diagnosis based on their clinical experience.

Study procedures

Patients of the experimental group underwent a
relaxation VR session on a daily basis for five days. Physical
parameters (pulse rate) were measured before and after
each session. Filling of the scales and questionnaires

Refused
(n=2)

Excluded for not
meeting the criteria

(n=5)

Excluded from the final
analysis in the process of
group homogenization by

sex (n=8)

Control group:
e final analysis (n=20);

e fully completed the study
(n=16)

by the patient and patient's condition assessment by
the investigator were performed twice on the first day
of the study (before and after the VR session), after the
final (fifth, if the patient had not dropped out earlier)
session, and five days after the end of the course. The
total duration of the program thus amounted to 10 days
(+2-5 days).

Patients in the control group underwent the same
procedures, excluding VR sessions. On the first
day, the interval between the first and subsequent
measurements was about 6 hours.

All patients received standard pharmacotherapy,
in accordance with the established diagnosis.

The following are the main outcomes of the study:
the psychometric characteristics of patients in the
experimental and control groups at the first examination;
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changes in the estimated parameters as a result
of a single VR session, after a course of five sessions and
long-term, as well as a comparison of these data with the
results of the control group; assessment of the statistical
significance of the changes in parameters for each of the
groups; and data on changes in physiological parameters
as a result of VR-relaxation.

Virtual reality scenario

All patients were given explanations about the upcoming
VR sessions and their schedule by clinical researcher.
To undergo the scenario, the patient was placed inside
a specially equipped cocoon chair with a rotating
bowl. Immediately before each relaxation session, the
administrator of the VR capsule helped the participants
to sit comfortably in the chair, fix the equipment (helmet,
heart rate monitor), and provided support during the
session.

The VR-program is a practice of guided relaxation,
combining the methods of body therapy, hypnotherapy,
work with negative emotional states and images. As part
of the study, two virtual locations were used: a tropical
beach and a mountainous landscape (Figure 2), which
alternated uniformly for all participants in the study. The
main characteristics that were taken into account when
creating virtual locations were as follows: the practice
space had to create a feeling of safety and comfort,
be natural and at the same time cultivated, reflect the
presence of the person in it, be filled and at the same
time devoid of intense and stimulating elements that
distract attention and interfere with focusing on internal
processes. At the beginning and end of each session,
the users assessed their state at the moment using
a series of visual analog scales; they did this by placing
a slider on these scales using the controller (joystick).
The patients also noted the most pronounced emotions

Figure 2. Screenshots of Flow locations.
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that they could detect in themselves at that moment.
Depending on the assessments and responses of the
patient, some stages of the practice were dynamically
changed. Elements of scenario interactivity also included
the ability to adjust some of the dynamic aspects of the
scenario: the option to linger on one of the stages (for
example, to better awareness of the ongoing processes),
transition from one stage to the next.

One session took an average of 20 to 30 minutes,
depending on the characteristics of the state indicated
by the patient at the beginning of the scenario, and the
preferred speed of navigation within it.

Description and technical characteristics of the
equipment

The following devices were used: a capsule chair for
working in VR; a PC-based VR Oculus Rift S headset with
built-in tracking; NZXT H1 650W computer with Intel
Core i5-10600kf processor; Polar OH1 heart rate tracker;
Samsung Galaxy Tab A7 32GB LTE (SM-T505N); Huawei
3372 modem.

Statistical analysis

The obtained primary data were analyzed using the
statistical software package Statistica 6.0, version for
Windows (StatSoft Inc.).

Mean values (M) and standard deviation (SD)
were used when processing the results. Deltas (the
magnitude of changes in psychometric parameters
compared to the baseline) were studied to compare the
degree of psychological changes in the experimental
and control groups. The significance of the differences
between the groups at different stages of the study
was assessed using the Mann-Whitney test (p). The
Wilcoxon rank sum test (p) was used to assess the
significance of the changes in each of the groups during
the study. Differences were considered significant
at the level of p <0.05. The presence of a statistical
relationship between the parameters was tested using
the Spearman'’s rank correlation coefficient (R).

Ethics

The study was approved by the ethics committee of the
Speech Pathology and Neurorehabilitation Center of the
Moscow Healthcare Department. Before participating
in the study, all patients read the program information
sheet and signed an informed consent form.

RESULTS
The average age of the patients in the VR group (20 men
and 20 women) was 44.8+15.9 years. The average age of the
participants in the control group (10 men and 10 women)
was 39.0+£14.7 years. Differences in age between patients
of the two groups were not statistically significant (p=0.19).
The study cohort consisted of patients with the
following diagnoses (according to the International
Classification of Diseases, 10th revision): 23 patients
(38.3%) with stuttering (F98.5); 16 patients (26.7%) with
other mental disorders due to damage to or dysfunction
of the brain or due to physical illness (FO6.x); 15 patients
(25%) with personality and behavioral disorders due
to illness, damage to and dysfunction of the brain
(FO7.x); 3 patients (5%) with sequelae of the COVID-19
coronavirus infection (U07.1) and other viral pneumonia
(12.8); 2 patients (3.3%) with somatoform autonomic
dysfunction of respiratory organs (F45.38); and 1 patient
(1.7%) with adjustment disorders (F43.2).

Baseline data
At the first examination, patients in both groups
demonstrated an average level of state anxiety
(Spielberger State Anxiety Inventory), a high and very
high level of anxiety on the DASS-21 scale, and average
scores on the WAM scale. Patients from the VR group
had a higher degree of state anxiety symptoms,
manifestations of depression, stress (DASS-21), fatigue
(D-FIS), and also characterized their well-being, activity,
and mood (WAM scale) lower. However, significant
differences were observed only for two parameters of the
WAM questionnaire (lower assessments of well-being
(WAM-W) and mood (WAM-M) in the VR group) (Table 1).
The average values of physiological parameters at the
first measurement in the experimental group were as
follows: systolic blood pressure, 124.87+£11.62 mmHg;
diastolic, 79.37+10.32 mmHg; pulse rate, 70.87+12.34 units.

Changes in scale parameters in the groups during
the study (intergroup comparison)

A single VR session led to a significant improvement
in the well-being and mood of patients according to the
WAM questionnaire, and it also reduced depression,
anxiety, and stress according to the DASS-21 scale. After
the final session of the VR course and five days after, the
patients showed statistically significant positive changes
in all studied psychometric parameters (Table 2).
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Table 1. Results of the psychometric assessment of patients at the first measurement (baseline), M+SD

Scale Experimental group (VR) Control group Significance of differences, p
Spielberger State Anxiety Inventory 42.93+£11.43 39.45+9.87 0.28

DASS-21 22.05+16.12 16.76£11.91 0.27

D-FIS 12.05+9.31 7.01+4.29 0.22

WAM-W 44.30+14.54 53.7+£10.91 0.01*

WAM-A 42.50+11.89 47.9+10.94 0.08

WAM-M 48.28+13.88 56.05+£11.07 0.02*

Note: The asterisk (*) marks the statistical significance of differences at p <0.05.

Table 2. Values of the scale parameters at time of visits and significance of changes (p) compared with the first measurement
in the VR group, M+SD

Scale First measurement | After the first VR After a course p 5 days after p
(before the first VR | session of five VR completing the
session) sessions VR course
SRR SRR | e e 40.83+9.6 094 | 39.05£9.45 0.006* | 38.54+8.99 0.026*
Anxiety Inventory {
DASS-21 ¢ 22.05£16.12 19.46+15.69 0.04* 16.9+11.9 0.01* 14.18+11.72 0.009*
D-FIS ¢ 12.05+9.31 10.65+8.62 0.33 8.0+5.27 0.003" | 6.94+4.76 0.006"
WAM-W 1 44.30+14.54 47.51+£14.37 0.01* 50.53+11.4 0.007* | 51.67+12.52 0.003*
WAM-A 1 42.50+11.89 44.41+12.87 0.89 47.05+£10.1 0.03* 49.67+9.12 0.0008*
WAM-M 1 48.28+13.88 50.33+13.58 0.04* 53.03+£10.05 0.015" | 54.09+10.2 0.023*

Note: The asterisk (*) marks the statistical significance of differences at p <0.05; The arrows ({,) show the direction of the positive changes in the

parameter.

In the control group, patients did not show significant
changes in the studied parameters compared with the
baseline assessment, with the exception of the DASS-21
score by the fifth day of the study. The table of average
scale parameter values in the comparison group and
the significance of the changes at the time of each visit
is given in Table S1 in the Supplementary.

The dynamics of the studied parameters in the
experimental and control groups during the study
is graphically presented in Figures 3-6.

Comparison of the degree of changes

in psychometric parameters (intragroup changes)
Changes in the psychometric parameters compared to
their baseline (delta) during the study in the experimental
and control groups are presented in Table 3.

On the first day, there were no significant differences
between the groups in terms of the changes in
psychometric parameters; however, by the fifth day,
significant differences were visible in the D-FIS score

(severity of the fatigue symptom): a more pronounced
reduction in the symptom was observed in the group
of patients who had undergone a course of relaxing VR
sessions (Figure 7).

At the follow-up visit (five days after the completion
of a course of five VR sessions), the experimental group
showed significantly more pronounced positive changes
according to the WAM questionnaire in terms of well-being
and activity (Figure 8).

Changes in physical parameters as a result

of sessions of virtual reality

One of the objectives of the study was to investigate
changes in the physical parameters (blood pressure
and pulse rate) as a result of undergoing VR-relaxation.
The average values of systolic, diastolic blood pressure
and pulse rate before and after undergoing VR sessions
are presented in Table 4 (after the first session) and
in Table S2 in the Supplementary (after the second and
subsequent sessions).
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Figure 3. Changes in the Spielberger State Anxiety Inventory
parameters in the experimental and control groups during
the study.

Note: Designations here and in Figures 4-6: group code in study 1 —
experimental group (VR), group code in study 2 — control group;
1.0 — baseline examination, 1.2 — assessment after the first VR session,
5.0 — assessment after a course of five VR sessions, 6.0 — assessment
5 days after the completion of the course of VR sessions in the
experimental group and the corresponding points in the control group.

Figure 4. Changes in the DASS-21 parameters in the
experimental and control groups during the study.

s Y s Y
—=— Mean T Mean+0.95 Conf. Interval - WAMW  —i- WAM A -5 WAMM
16— ; ; ; ; : : : 66 . . . . . . .
- 64 - ~ - -
14 1L ) 62 1
- 60 ]
58 | i
12 - :\ 4 F ]
10 - 4L ] |
%] —_— -
T L
A A
8. 1 4k J
6 [ 7 [ 7 ~ - -
4| 1L R 4L 1
2 L L L L L 1 1 L L L . L
1.0 1.2 50 60 1.0 1.2 5.0 6.0 1.0 1.2 50 60
Study group code: 1 Study group code: 2 Study group code: 1 Study group code: 2
. J . J

Figure 5. Changes in the D-FIS parameters in the experimental
and control groups during the study.

Figure 6. Changes in the WAM parameters in the experimental
and control groups during the study.
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Table 3. Changes in psychometric parameters and the significance of differences (p) between them in the experimental
and control groups during the study, M+SD

Scale First day Fifth day Long-term
VR group Control group VR group Control group VR group Control group
Spielberger State | -2.147.36 0.1:4.56 -3.82+7.55 -0.65:6.73 -3.67+8.02 -0.3816.31
Anxiety Inventory p=0.262 p=0.194 p=0.14
DASS-21 20536 | -0.06:438 -5.03+10.42 | -2.84:5.67 -5.58+11.26 | -1.5616.93
p=0.256 p=0.883 p=0.466
D-FIS -1.4+4.6 | 1.0£3.78 -3.9+6.89 | 0.95¢3.89 -3.7316.68 | 0.006+4.44
p=0.167 p=0.023* p=0.123
WAM-W 3.26:7.52 | 0.056.37 5.95£13.05 | 2.3:5.39 6.85£13.89 | -1.63:6.21
p=0.191 p=0.173 p=0.0034*
WAM-A 1924726 | -0.11¢5.73 4.24:13.06 | 1.9£7.99 6.67£9.9 | -0.69:5.9
p=0.185 p=0.279 p=0.014*
WAM-M 1.59:4.6 | 0.39:4.09 4.71x11.04 | 1.7:8.44 4.88+11.28 | 0.5£6.06
p=0.389 p=0.19 p=0.207

Note: The asterisk (*) marks the statistical significance of differences at p <0.05.
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Figure 7. Changes in the D-FIS score between the first measurement and on the fifth day in the experimental (1) and control (2) groups.
Note: The D-FIS score is an inverse scale: higher values mean greater symptom severity, so the lower the delta (visit 5 minus visit 1.1) the better.
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Figure 8. Changes in the WAM scale parameters between the first measurement and the final measurement in the experimental
(1) and control (2) groups.
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Table 4. Blood pressure and pulse rate before and after the first VR session (n=40) and the significance of changes (p), M+SD

Stage Blood pressure, mm Hg Pulse rate, units
systolic diastolic

Before the session 124.87+11.62 79.37+£10.32 70.87+12.34

After the session 120.03+13.05 76.68+9.23 68.2149.66

P 0.0008* 0.016* 0.0002*

Note: The asterisk (*) marks the statistical significance of differences at p <0.05.

There is a significant decrease in all parameters
in most cases as a result of undergoing the VR program.
The decrease in blood pressure was more pronounced
in individuals with initially higher blood pressure.
In a subgroup of 11 such patients at the final VR
session (5 patients with high-normal blood pressure
according to the World Health Organization classification
of hypertension, 4 patients with grade | hypertension,
2 patients with grade Il hypertension), the decrease
in blood pressure was even more pronounced (Table 5).

It was also found that for patients with a systolic
pressure of 130 or higher before the first VR session,
a more pronounced blood pressure decrease after the
VR session (at the first visit) meant more pronounced
changes on the Spielberger State Anxiety Inventory; i. e.,
patients with high blood pressure simultaneously showed
a reduction in both BP and anxiety (R=0.52).

DISCUSSION

Main findings

The conducted study provides empirical confirmation
of the efficacy of the VR relaxation scenario for patients
with anxiety and bad mood in a hospital setting.
Comparison of the psychometric parameters of patients
who underwent a course of VR sessions with patients
from the control group shows a clear advantage in terms
of positive changes in the first group. There is a significant
benefit that accumulates and remains after the completion

Table 5. Blood pressure before and after the fifth VR session
and the significance of the changes (p) in the subgroup of
patients with elevated and high blood pressure (n=11)

Stage Blood pressure, mm Hg
systolic diastolic

Before the session 140.5549.35 86.6416.47

After the session 124.63+11.96 80.27+12.23

p 0.003* 0.02*

Note: The asterisk (*) marks the statistical significance of differences
at p <0.05.

of the course in terms of improvement regarding anxiety,
fatigue, bad mood, various aspects of well-being in the
VR group, while patients in the control group showed
no significant changes in these parameters throughout
the entire study period. The psychological benefit
of VR sessions was also reflected in the physiological
parameters: blood pressure and pulse rate. Interestingly,
the more pronounced the disorders at the beginning of the
study were, the more significant the improvement in the
patients’ condition in terms of both their mental status
and autonomic disorders proved.

Strengths and limitations of the study

This study was the first study of the efficacy of the VR
relaxation scenario Flow in a clinical sample. The positive
aspects of the study also include the significant number
of participants in the program, sufficient psychometric
tools for pilot testing of the hypothesis put forward, and
the presence of a comparison group. The study design
allowed us to investigate the effects of not only a single
VR session, but also the whole course, as well as the
stability of the achieved improvement in patients. The
limitations of the study are the clinical heterogeneity
of the studied cohort of patients, the lack of consideration
of the diagnosis impact and the contribution of the
pharmacotherapy received by the participants to the
observed changes.

Comparison with the existing literature
A wide review of VR studies [32] published between
2000 and 2020 and indexed in major electronic
databases (a total of 28 studies analyzed) confirms the
effectiveness of using various programs based on VR
technology for the treatment of many negative mental
conditions, including post-traumatic stress disorder,
specific phobias, and social anxiety.

Anumber of systematic reviews highlight the application
of VR methods in a hospital setting. VR instruments have
been shown to be effective in relieving pain and reducing
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preoperative anxiety in adult patients [33], as well as
in a group of adolescent patients [34].

It should be noted that a significant portion
of meta-analytical studies using VR technologies do
not distinguish between the content of the software,
taking into account both virtual games and 3D trips and
programs developed specifically for certain therapeutic
tasks, although it would seem reasonable to expect the
effectiveness of the latter to be higher. In this sense,
a direct correlation of the results of various studies may
be, to some extent, incorrect from a methodological
point of view.

The positive aspects of VR technology also usually
include its good tolerance by patients, a high level
of involvement of participants, and the possibility
of reducing the drug load [35, 36]. Wide introduction
of the technology at this stage is limited by the rather
high cost of equipment and, to a greater extent, the lack
of proven tools for solving specific therapeutic problems
and the high costs of their development.

In general, the results of this study are consistent with
those of other studies, which also show that the use
of tools based on VR technology is effective in addressing
various manifestations of anxiety and psychological
distress.

The positive results obtained from the Flow pilot study
allow us to be optimistic about the prospects of the VR
platform in both clinical and outpatient practice. There
could be future studies on other samples (including clinical
ones) or new scenarios developed within the platform.

CONCLUSION

The results of this study show that the use of the VR
relaxation scenario Flow is an effective and promising
tool for reducing anxiety and affective symptoms in non-
psychiatric inpatients and can be recommended for
inclusion in a care program in medical institutions.
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ABSTRACT

BACKGROUND: The aging of the world’s population leads to an increase in the prevalence of age-related diseases,
including cognitive impairment. At the stage of dementia, therapeutic interventions become usually ineffective.
Therefore, researchers and clinical practitioners today are looking for methods that allow for early diagnosis of cognitive
impairment, including techniques that are based on the use of biological markers.

AIM: The aim of this literature review is to delve into scientific papers that are centered on modern laboratory tests
for Alzheimer's disease, including tests for biological markers at the early stages of cognitive impairment.

METHODS: The authors have carried out a descriptive review of scientific papers published from 2015 to 2023. Studies
that are included in the PubMed and Web of Science electronic databases were analyzed. A descriptive analysis was
used to summarized the gleaned information.

RESULTS: Blood and cerebrospinal fluid (CSF) biomarkers, as well as the advantages and disadvantages of their use,
are reviewed. The most promising neurotrophic, neuroinflammatory, and genetic markers, including polygenic risk
models, are also discussed.

CONCLUSION: The use of biomarkers in clinical practice will contribute to the early diagnosis of cognitive impairment
associated with Alzheimer's disease. Genetic screening tests can improve the detection threshold of preclinical
abnormalities in the absence of obvious symptoms of cognitive decline. The active use of biomarkers in clinical
practice, in combination with genetic screening for the early diagnosis of cognitive impairment in Alzheimer's disease,
can improve the timeliness and effectiveness of medical interventions.
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AHHOTALMA

BBEAEHME: CrapeHve HaceneHus Mo BceMy MUPY BeZeT K YBe/IMYEHMIO PacnpOoCTPaHEHHOCTY aCCOLIMMPOBAHHbIX
C BO3pacToM 3abosieBaHVA, B TOM YMCNe U KOTHUTUBHBIX PAacCTPONCTB. Ha cTagnn femMeHuun TepaneBTunyeckmne
BMeLLaTeNbCTBa, Kak NpaBuao, ManosddekTnsHbl. [T03TOMy B $poKyce BHUMAHNSA COBPEMEHHbIX UCCnes0oBaTenei
1 KNIMHULMCTOB — MOWCK CMOCOO0B PaHHelr ANarHOCTUKI KOFTHUTUBHBIX PacCTPOIACTB, B TOM YKC/IE, C NUCMO/b30BaHNEM
61on0rnyeckx MapKepos.

LLE/Tb: Llenbto faHHOro 0630pa iMTepaTypbl ABASETCS aHaNN3 HayYHbIX UCCIe40BaHWIA, MOCBSILLEHHBIX COBPEMEHHOMY
COCTOSIHMIO N1abopaToOpPHOI AMArHOCTUKM 60Me3HM AnblreiMepa, B TOM 4MCAe Ha PaHHUX 3Tanax pasBuUTUS
KOFHUTUBHbIX PacCTPOICTB, C NCMO/b30BaHEM BUONOTMYECKNX MapPKePOB.

METO/LbI: ABTOpPbI NPOBENN onucaTesbHbI 0630p Hay4YHbIX UCCNef0BaHNA, ONy6MKOBaHHLIX B nepurog ¢ 2015
no 2023 rog. bbiiv NnpoaHannsnpoBaHbl paboThl, NMpeacTaBaeHHble B 31eKTPOHHbIX 6a3ax gaHHbiIx PubMed 1 Web
of Science. 119 0606LLeHNA NoyYeHHON MHPOPMaLMM 6bIN UCMOJIb30BaH OMMcaTebHbIN aHan3.

PE3YJIbTATBI: PaccMoTpeHbl 6ronornyeckme Mmapkepbl KPOBW U IMKBOPA, MPEVMYLLECTBA U HEAOCTaTKM UX MPUMEHEHNS.
TaKoke onvcaHbl Hanboiee NepcnekTMBHbIE HeMPOTpodLMYecKe, HeMPOBOCNANNTEIbHbIE 1 FreHeTYecKre Mapkepsl,
B TOM YMC/1Ie€ MOZENN MOIFEHHOro prcKa.

SAKJTHOYEHME: Vicnonb3oBaHme 61IOMapKepoB B KMHNYECKOM NpakTyke byAeT CnocobCcTBOBaTh paHHEN ANarHocTnke
KOTHUTUBHbIX PacCTPONCTB Npu 6one3Hu AnbLreimepa. leHeTU4ecknii CKPUHWHT CMOCOBeH NOBLICUTE BbISBISAEMOCTb
NaToNOrMYECKNX NU3MEHEHWNN Ha AOKIMHNYECKOM 3Tane, KOrAa ABHble CUMMTOMbI KOTHUTUBHbBIX HapyLLUEeHWIA eLle
He MposiIBUANCE. B COBOKYNMHOCTM akTMBHOE 1CM0/b30BaHVe 61IOMapKepoB B KIMHUYECKOW NpakTiKe B KOMBVHaLMN
C reHeTUYeCckUM CKPUHWHIOM AN paHHen AMarHOCTUKM KOTHUTUBHBIX PAacCTPOMCTB Npu 6one3Hn Anbureiimepa
CMOCOBHO MOBLICUTEL CBOEBPEMEHHOCTb 1 3GPEKTUBHOCTL MeAVLIMHCKOrO BMeLlaTebCTBa.

Keywords: biomarkers; Alzheimer’s disease; dementia; diagnosis; cognitive impairment; polygenic risk
KntoueBble cnoBa: 6uomapkepesl; 601e3Hb Anbyelivepa; 0eMeHyus, OU02HOCMUKA; KO2HUMUBHbIe paccmpolicmea;
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INTRODUCTION
Alzheimer’s disease (AD) is the most common type
of dementia associated with progressive cognitive
decline. The pathogenesis of the disease is related
to molecular disruptions resulting in neuronal
dysfunction and death, synaptic loss, gliosis, and
neuroinflammation. AD-associated abnormalities
progress quite rapidly and cause gradual maladaptation
of the patient, which imposes a burden not only on the
patient’'s immediate family, but also on the healthcare
system in general. According to the World Alzheimer’s
Report 2015, 46.8 million people suffer from dementia
worldwide. This number is expected to reach 131.5
million people by 2050 [1].

Early stages of AD may come with no obvious clinical
manifestations, which makes it difficult to diagnose

and undertake timely medical intervention, which

is most effective at the pre-dementia stages. When
making a diagnosis, a clinical practitioner evaluates
the patient’s history data, takes into account the family
history of dementia in first-degree relatives, the physical
examination and neurological examination findings,
as well as the results of laboratory and imaging tests
[2]. It is important to rule out endocrine and metabolic
disorders, vitamin deficiencies, possible consequences
of infectious diseases and cases of alcohol abuse,
including psychoactive substance and drug abuse.
In some cases, neuroimaging can reveal morphological
changes in the central nervous system (CNS) that are not
detected during clinical examination [2]; however, in the
case of AD, its use is also not always informative enough
due to the non-specificity of the observed structural
disorders. A neuropsychological evaluation using the
(MMSE), Montreal

Mini-mental State Examination
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Cognitive Assessment (MoCA), and space-Cog test
supplements the results of the patient assessment [3].

At early stages of AD, when the clinical manifestations
of the disease may not be sufficiently visible to reach
a correct diagnosis, it is advisable to rely on the results
of laboratory tests and genetic screening tests, in addition
to clinical evaluation findings. The introduction of specific
biochemical markers (biomarkers/markers) into routine
clinical practice should help detect the onset of AD and
trigger the required medical interventions in a timely
manner. Our existing biomarker panel is very limited.
In most cases, laboratory tests are limited to ruling
out somatic and infectious causes of cognitive decline;
in rare cases, blood or CSF tests for the B-amyloid level
are performed. Therefore, the search for, study, and
validation of AD biomarkers, as well as their active
implementation in routine clinical practice, is a relevant
issue faced not only by scientists, but also by clinical
practitioners all over the world.

The aim of this literature review was to analyze
scientific papers related to modern laboratory tests for
AD, including tests for biomarkers at the early stages
of cognitive impairment.

METHODS

The authors have carried out a descriptive review
of literature published over the period from 2015
to 2023. This time period was chosen for analysis due
to the growing body of research into the early diagnosis
of dementia and the discovery of new promising
biomarkers. Studies included in the PubMed and Web
of Science electronic databases were analyzed. The search
queries included the keywords “cognitive impairment”,

" ou

“dementia”, “"Alzheimer’s disease”, “neuroinflammation”,

nou

“biomarkers”,

"nou

neurotrophic factors”, “genetic markers”,
and “polygenic risk”.

The studies were considered eligible if they included
an evaluation of the use of biomarkers for the diagnosis
of cognitive impairment. The review included studies
related to the topic, regardless of their designs.
A descriptive analysis was used to summarize the
obtained information.

RESULTS

This review included the results of 60 studies related
to the topic. Table S1 in the Supplementary provides the
characteristics of the included scientific papers; namely,

the title, authors, year, country, type of study, methods,
and results.

Both blood and CSF biomarkers are used for the
diagnosis of AD. The use of blood biomarkers is the
most accessible and the least invasive diagnostic method.
CSF markers are likely to be more specific; however,
a CSF collection procedure is more invasive and not
always feasible in primary care clinics. Our review
discusses both well-studied biomarkers and markers the
diagnostic value of which is yet to be proven. In addition
to blood and CSF biomarkers, we have reviewed the
use of neuroinflammatory, neurotrophic, and genetic
markers of AD.

CSF biomarkers

The diagnostic criteria for AD include the assessment
of three classical CSF biomarkers: total tau-protein
(T-tau), phosphorylated (P-tau),
a 42-amino acid peptide (Ap42) that reflect the processes
of neurodegeneration and the formation of neurofibrillary

tau-protein and

tangles and amyloid/senile plaques [4]. There is also
a number of CSF biomarkers that seem to be promising
but require further research. CSF neurogranin has been
proposed as a potential neurodegeneration marker
associated with AD-associated synaptic dysfunction [5] and
having a prognostic value at early stages of the disease
[6]. The membrane protein SNAP-25 level in CSF and the
SNAP-25/AB42 ratio have been proposed as predictors
of AD-associated cognitive decline [7]. Apolipoprotein
B (apoB) can be a marker of early cognitive impairment
associated with AD, particularly, the predisposition
to visuospatial disorientation [8]. A recent study conducted
in Canada showed that the GAP43 protein, neurogranin,
SNAP25 membrane protein, and synaptotagmin 1 are
potentially effective biomarkers for predicting AD
development 5-7 years before the development of cognitive
impairment [9]. As was demonstrated in a meta-analysis
by Mavroudis et al., the level of the visinin-like protein
1 (VILIP-1) was significantly higher in AD patients compared
to the control group. Compared to patients with mild
cognitive impairment (MCl), the level of VILIP-1 was higher
in patients with MCl progressing to AD [10].

Blood biomarkers

Blood biomarkers used for the diagnosis of AD include
beta-amyloids (Ap) and their oligomers, the tau protein,
neurofibrillary tangles (NFTs), apolipoprotein E (APOE),
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microRNAs, exosomes, and gut microbiota markers
[11]. The following markers may be used to assess
neurodegeneration: a marker for axonal damage —
plasma neurofilament (NfL); a marker for glial activation —
glial fibrillary acidic protein (GFAP) [12, 13]; B-synuclein
[14, 15]; visinin-like protein 1 (VILIP-1) [16, 17]; and the
membrane protein SNAP25 [18].

Some authors suggest assessing the levels of iron,
ferritin, and cholesterol in the blood as potential markers
of cognitive impairment [19].
report the potential value of neurogranin as a marker

Other researchers

of synaptic dysfunction, the epidermal growth factor
(EGF) involved in neurogenesis in adults, as well as
pancreatic polypeptide, an increased level of which may
be associated with neuronal death [5].

Arecent study conducted by Chinese scientists in Hong
Kong resulted in the development of a diagnostic
panel including 19 plasma proteins, which made
it possible to separate patients with AD from the
control group with an accuracy of up to 97% [20].
A team of European researchers successfully used
a combination of biomarkers (AR42/ARR40, p-tau1817,
ApoE4) in two independent cohorts to identify amyloid-
positive patients and predict the development of AD
[21]. Brazilian researchers have developed a machine
learning-based diagnostic panel that includes 12 plasma
proteins (ApoB, calcitonin, C-peptide, C-reactive protein,
IGFBP-2, Interleukin-3, Interleukin-8, PARC, transferrin,
TCP, TLS 1-309 and TN-C) and allows one to predict
the slide from MCI to AD-associated dementia within
the subsequent four years [22].

Mass spectrometry of anumber of candidate biomarkers
in serum demonstrated a statistically significant
decrease in the levels of afamin, apolipoprotein E,
biotinidase, and paraoxonase/arylesterase 1 in AD
patients [23]. The combination of mass spectrometry with
machine-learning technologies allows one to evaluate the
risk of AD development in the subsequent three years
in patients with MCl, using a diagnostic panel based on 31
serum biomarkers with an accuracy of ~80%, sensitivity
of 79.4%, and specificity of 83.6% [23].

Neuroinflammatory markers

An increase in the concentration of pro-inflammatory
markers can also serve as a prognostic risk factor of the
development of dementia in AD patients [24]. However,
it should be taken into account that brain inflammation

can also be associated with many other disorders,
including depression and multiple sclerosis [24].

Neuroinflammation leads to the formation of reactive
oxygen species (ROS), chemokines, cytokines, and various
secondary messengers [25]. Tissue-residentimmune cells,
CNS glial cells such as microglia, astrocytes, and endothelial
cells are involved in the production of inflammatory
mediators. Neuroinflammatory reactions lead to immune,
physiological, biochemical, and psychological effects.

During the development of AD, a hyperphosphorylated
tau protein forms and the accumulation of neurofibrillary
tangles in the central nervous system tissues leads
to the release of exosomes, which additionally enhance
the expression of chemokines, such as the 3X CXCL3
chemokine ligand, and increase the level of the NLRP3
inflammasomes. Then, the synthesis of interleukin-11
(IL-1B) is triggered, leading to a neuroinflammatory
cascade [26].

Inflammatory markers associated with neuronal
damage include cytokines, the transforming growth
factor-beta (TGF-B) and IL-1B, which cause direct
synaptic damage to microglia [27]. As a result, the
transmission of the synaptic impulse is disrupted and
the communication of the neural network deteriorates,
which ultimately leads to synaptic dysfunction and
neurodegenerative changes.

Based on the data collected by researcher who studied
the consequences of neuroinflammation [28], a direct
correlation between neuroinflammatory changes and
the onset of neurodegeneration resulting in cognitive
decline of varying severity may be assumed. Since mental
disorders that include cognitive decline are associated
with the immune response (namely, microglial activation
and production of pro-inflammatory agents), tests for
immunological markers may contribute to the prediction
of the development of cognitive impairment [28].

According to I.K. Malashenkova et al., the following
correlation between changes in the immune status and
the development of cognitive impairment exists [29].

All patients with a significant deterioration of cognitive
function and the development of dementia of the
Alzheimer's type had systemic inflammation at the
beginning of the study, which manifested itself in changes
in the respective parameters. Particularly, there was an
increase in the levels of the C-reactive protein and pro-
inflammatory cytokines, namely IL-1[3, interleukin-8
(IL-8), and the tumor necrosis factor alpha (TNFa).
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Table 1. Changes in the immune status of patients with cognitive impairment [29]

Parameter Mild cognitive AD severity
IR impairment mild moderate severe
C-reactive protein concentration T T T T
IL-1B and TNFa cytokine concentrations T T N N

4 . IgG N 1 in50% of patients | 44
Humoral immunity

IgA N N N

Cell-mediated immunity NK cell count N ™ ™ "

Note: T — increase, | — decrease, T — significant increase, {{ — significant decrease, N — no significant changes.

However, these markers are non-specific and a change
in their concentrations may be typical for a number
of disorders [29] (Table 1).

Neurotrophic markers

The neurotrophin family consists of the nerve growth
factor (NGF), brain-derived neurotrophic factor (BDNF),
as well as the neurotrophins NT-3, NT-4/5, and NT-6.
Brain neutrophin level changes are observed
in patients with various disorders, such as mental
illnesses (e.g., depression and schizophrenia), parasitic
diseases of the central nervous system, as well as
neurodegenerative diseases such as AD [30]. In this
regard, it is reasonable to assume that changes in the
concentration of neurotrophins may have a diagnostic
value. Do Carmo et al. investigated the NGF metabolic
pathway dysregulation in connection with cholinergic
dysfunction in AD patients and came to the conclusion
that changes can be detected as early as at the preclinical
stages of AD, which makes NGF a potentially valuable
prognostic marker [31]. Scientists studying changes in the
NGF metabolism in AD patients with the Down syndrome
came to similar conclusions. The researchers believe that
impaired metabolism of NGF may be detected as early
as at the stage of MCI [32].

BDNF is a neurotrophin, and low levels of BDNF
in the CNS tissues are commonly associated with
neurodegenerative disorders [30]. BDNF is usually
associated with neuronal survival, synapse formation,
neuroplasticity, and changes in the inhibition and
excitation mechanisms. The presence of a neurotoxic
stimulus and concomitant neurological disorders causes
a decrease in the level of BDNF, which manifests itself
in cognitive impairment of varying severity [30].

In a recent study conducted in lItaly, serum levels
of BDNF in patients with MCl and AD were evaluated

in association with BDNF gene polymorphisms (Val66Met,
rs6265; C270T, rs56164415). Serum BDNF levels were
significantly lower in AD patients (p=0.029), especially
females (p=0.005). Serum BDNF levels were also shown
to be related to the IL-1a and BDNF gene polymorphisms
[33]. The researchers showed that high levels of BDNF
were associated with a lower risk of neurodegenerative
disorders [34]. However, the researchers evaluated the
diagnostic value of BDNF differently. In a study by Qian
etal., plasma levels of BDNF were decreased at the stage
of MCl and increased at the stage of dementia and were
dependent on a number of factors such as age, education,
and occupation. Therefore, the investigators concluded
that plasma levels of BDNF cannot be a reliable marker
for early screening and diagnosis of AD [35].

Other neurotrophins also may have a predictive
value for the diagnosis of AD. In an animal model of AD,
Chinese researchers showed that the NT-3 neurotrophin
improved cognitive functions by increasing neuronal
differentiation [36]. The value of NT-4/5 in the early
diagnosis of AD has not been sufficiently studied and
requires further research. A study conducted by Mexican
researchers demonstrated an inhibitory impact of NT-4/5
on the effects of BDNF [37].

Genetic markers
The existence of familial Alzheimer's disease (AD)
indicates that genetic factors play an important role in the
pathogenesis of this disease. The most aggressive type
of AD (early-onset AD) is highly likely to be inheritable [38].
The most studied, but not the only one, genetic risk
factor of AD is the presence of an €4 allele of apolipoprotein
E (APOE). The incidence of this allele among patients
with AD amounts to 20-25% and is known to result
in a 3-fold and a 15-fold increase in the risk of developing
the disease in heterozygous and homozygous carriers,
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respectively [39]. The €2 allele of the APOE gene
is associated with a low risk of AD; €3 carriers are also
significantly less likely to develop dementia compared to €4
carriers [40]. Isoform-specific effects of apolipoprotein E
in the brain affect changes in AB, the tau protein and other
neuroinflammatory, and metabolic markers. However, the
exact molecular mechanisms of AP regulation evaluated
in animal models have not been established so far. It still
remains unclear whether the €4 allele affects the AD
pathogenesis by increasing the toxicity or weakening
protective functions (or a combination of both). To date,
no medicines to treat/prevent the progression of AD
affecting the pathways of the APOE4 isoform formation
have been developed. The combined therapy of increased
lipidation with simultaneously decreasing lipid-free
apoE4 would be an appealing approach to prevent the
progression of AD. However, it is currently obvious that
AD is a multifactorial disorder that is due to the changes
in the expression of many various loci [40].

Genome-wide association studies (GWAS) conducted
using samples from tens of thousands of AD patients and
healthy donors have generated a large amount of AD-
related genetic data [41, 42] and identified more than 40
loci associated with the disease [43]. Nevertheless, single
nucleotide polymorphisms (SNPs) in the identified loci
are likely to have little effect on the risk of developing the
disease and cannot be used as independent prognostic
markers [43]. This issue is typical for many multifactorial
disorders. To assess the influence of genetic factors on
disease development and the formation of a certain trait,
a polygenic risk score (PRS) was proposed. PRS models
assess the cumulative (multiplicative) influence of several
SNPs, which are usually selected based on GWAS using
special algorithms [44]. Each SNP is assigned an individual
coefficient (which is generally a weighted odds ratio), and
the PRS is calculated as a sum of the numbers of risk
alleles multiplied by the respective coefficients [44].

The first PRS model for AD risk assessment was
published in 2005, even before large-scale GWAS. This
model includes nine SNPs, including the €4 allele of APOE
[45]. Based on the GWAS data, the PRS models were
proposed and 19 to 31 SNPs were included in the most
elaborated ones [46-49]. Additional factors may include
APOE gene alleles, gender, age, as well as other social
and physiological characteristics.

Studies of PRS models have established an association
of the values of this parameter with the risk and age

of AD and dementia development [48-50], as well as the
rate of MCl progression and the risk of it spilling into AD
[51-53]. It should be noted that cognitive functions
in healthy subjects at different ages have also been
shown to be associated with PRS [53-56]. Moreover,
PRS has been shown to be associated with structural
and functional brain abnormalities, as well as some
biochemical parameters typical o neurodegeneration
[48, 57, 58], including deposits of amyloid and the tau
protein [59-62].

Thus, polygenic models represent a promising tool for
identifying people at high risk of developing AD. From the
practical viewpoint, these tests are useful in the selection
of individual preventive measures and the development
of screening strategies. Furthermore, PRS can be effectively
deployed when designing clinical studies of AD therapy
methods that may prevent progression of the disease;
it is assumed that the inclusion of people with high PRS
values and, accordingly, a higher risk of AD development
into the evaluated cohorts may increase the chances
of identifying effective prophylactic strategies [44, 62].

It should be noted that most of the studies of PRS
in patients with AD were conducted on Caucasians, and
that additional studies will be required to extend the
obtained results to other populations [44]. This should
be taken into account when using this approach for the
multinational Russian population.

DISCUSSION

Diagnostic criteria for AD currently include the
assessment of three classical biomarkers (T-tau, P-tau,
AB42) in the cerebrospinal fluid. They have been
the most thoroughly studied and elaborated. There
is a number of promising CSF biomarkers (neurogranin,
membrane protein SNAP-25, GAP43 protein etc.) which
are being actively studied and have potential prognostic
value. Blood biomarkers include beta-amyloids (AB), the
tau protein, neurofibrillary tangles (NFTs), apolipoprotein
E (ApoE), etc. They do not provide reliable diagnostic
information when assessed separately; however, the
assessment of a multiple blood biomarkers panel using
mass spectrometry and machine-learning technologies
appears promising. The generation of fundamental
knowledge that is not oriented toward one biomarker,
e.g. AB, allows one to use the integrative systematic
approach to differentiate between normality and
abnormality based on the patient's biomarker profile [63].
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Researchers have demonstrated the importance
of resorting to biochemical and genetic markers
in laboratory diagnostics [2, 27]. Neuroinflammatory
biomarkers (interleukins, TNFa, TGF-3 etc.) are the most
commonly detected in patients with neurodegenerative
disorders; however, they suffer from low specificity.
The search for specific neuroinflammatory markers and
their use in patients with MCl or dementia may be crucial
for understanding early stages of neurodegenerative
disorders. We believe that the neuroinflammatory
markers that have been evaluated to date are
of significant prognostic potential and can already be
used for diagnosis.

Neurodegenerative disorders are commonly associated
with changes in the concentrations of neurotrophins
(BDNF, NGF, etc.) and neuroinflammatory markers;
however, these changes are not specific enough to enable
confident diagnostic decisions. Further research is needed
to identify AD-specific neurotrophic biomarkers.

Today, a number of genetic markers are used for
genetic screening, primarily, APOE gene polymorphisms,
the detection of which predicts the development
of Alzheimer’s disease with a high probability and can
be used in the future for the prescription of targeted
therapy. Therapeutic approaches targeting the
APOE, including: 1) their effects on the structural
properties of apolipoprotein E and interaction with AR,
2) modulation of APOE levels, and prenylation, 3) the
effects on APOE receptors, and 4) APOE gene therapy,
are currently being developed using animal models.
Moreover, some researchers believe that genetic
biomarkers will contribute to a better understanding
of the disease pathogenesis [53, 55]. PRS models appear
promising for diagnosis and preventive medicine. From
the practical viewpoint, these models should be useful
in the selection of individual preventive measures and
the development of screening strategies. Furthermore,
PRS can be effectively used when designing clinical
studies of AD therapies that may prevent progression
of the disease; it is assumed that the inclusion of people
with high PRS values and, accordingly, a higher risk of AD
development into the evaluated cohorts may increase the
chances of identifying effective prophylactic methods [44,
62]. It should be noted that most of the studies of PRS
in patients with AD were conducted on Caucasians, and
that additional studies will be required to extrapolate
the obtained results to other populations [44]. This

should be taken into account when using this approach
for the multiethnic Russian population.

Strengths and limitations of the study

Our study covers different types of biomarkers, presents
a brief description of their characteristics and potential
uses, and includes an overview of the main research areas.
The limitation of this study is that a number of suitable
studies on the topic could have been missed, since no
systematic search strategy was used for the purposes
of this review. Therefore, the conclusions drawn in the
article may be considered preliminary.

Application of the results

The improvement of diagnostic accuracy using multiple
biomarkers determined using various omics technologies
is one of our most immediate challenges, the solution
of which will facilitate the diagnosis of cognitive
impairment, increase the efficacy of therapeutic and
rehabilitation measures, and improve prognosis and
patients’ quality of life. Another relevant issue is the
development of modern diagnostic approaches based
on the evaluation of a panel of neuroinflammatory and
neurotrophic markers. The specific feature of these
markers is potential prognostic value at the preclinical
stage of cognitive impairment, when timely medical
interventions can still prevent or significantly slow down
the progression of cognitive decline.

CONCLUSION

The active use of biomarkers in clinical practice,
in combination with genetic screening, for early diagnosis
of cognitive impairmentin Alzheimer's disease canincrease
the timeliness and effectiveness of medical intervention.
However, the development of a comprehensive and
effective strategy for the management of AD-associated
cognitive impairment requires further research aimed
atimproving diagnostic accuracy using biological markers,
such as neuroinflammatory markers. An important issue
that needs to be addressed in the future is not only the
search for new biological markers, but also their active
introduction into clinical practice.
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INFORMATION

Celebrating a Storied History: Moscow
Preobrazhenskaya Mental Hospital
Marks its 245t Anniversary

UcTopua ogHoro robunes: K 245-neturo MockoBckon MpeobparkeHcKomn
60/1bHMLbI ANA AYLWEeBHOO0bHbIX
doi: 10.17816/CP3704

Information
Larisa Burygina, Sergey Golubev, Jlapuca bypbiruHa, Ceprei Mlony6es,
Oksana Filipchenko OKcaHa PuannyeHKo
Mental-health Clinic No. 4 named after P. B. Gannushkin, I'bY3 «llcuxuampuyeckas knuHu4yeckas 60n6HUYa Ne 4
Moscow, Russia um. I1. b. FaHHywKuHa», Mocksa, Poccus
ABSTRACT

In 2022, Mental-health Clinic No. 4 named after P. B. Gannushkin, one of the oldest mental health institutions
in Russia known as Preobrazhenskaya Hospital before the October Revolution of 1917, celebrated its
245t anniversary. The history of the hospital reflects all stages of the evolution of the basic principles and aspects
of mental health care in Russia. On many occasions, the institution served as a platform for eminent researchers
and clinicians to achieve scientific breakthroughs and their application in practice. This article is a review of the
major milestones in the history of the hospital. It highlights the great achievements of its psychiatrists and presents
some previously unpublished archival documents that offer a new perspective on the history of Preobrazhenskaya
Hospital.

AHHOTALNA

OgHa 13 CTapenmx NcuxmaTpuyecknx 6oasHML, Poccnmn — mockosckas Necxmatpuyeckas knmHnyeckas 6oasHmLa
nMeHu M. b. FaHHyLWwKKHa (TBY3 «MKB Ne 4 [13M»), so peBontoumn 1917 roga nmeHoBaBLLascs [MpeobpaxeHCcKon, —
B 2022 rogy otMeTuna csoe 245-netne. B ncrtopun yupexaeHus oTpasmancb BCe 3Tamnbl PasBUTUA OCHOBHbIX
NPUHLUMNOB 1 GOPM NeyveHUs NAen C NCUXUYECKUMU paccTponcTBaMn. BonbHMLE He pas3 CTaHOBWIAaCh
MEeCTOM Hay4YHbIX OTKPbITUA U NX NPaKTUYeCcKon anpobaunmn ANS N3BECTHbIX YUYEHbIX 1 KANHULUCTOB. B cTaTbe
paccmaTpmBaloTcs Hanbonee 3HaYMMble NS NCTOPUN CTAHOBNEHWS 6OMBHULBI faTbl, OCBELLAIOTCSA BaXKHenLwme
[OCTVXKEHNSA Bpayer-ncMxmaTpos, paboTaBLUNX 34eck, a Takke NPUBOAATCA AaHHbIE N3 apXVBHbIX JOKYMEHTOB,
He Ny6/MKOBaBLUNXCA paHee, YTO MO3BONAET NPeACTaBUThb HOBbIV B3M184 Ha UCTOPUIO tobuneeBs MpeobpaxeHCKoi
60NbHULLbI.

Keywords: Preobrazhenskaya Hospital; P. B. Gannushkin Hospital; Sabler; Korsakov; Bazhenov
KnroueBble cnoBa: [peobpaxceHckas 60as6HUYa; boasHuya umenru f1. b. FaHHywKuHa; Cabnep, Kopcakos, baxceHos

INTRODUCTION Hospital before the October Revolution, celebrated its
In 2022, Mental-health Clinic No. 4 named after 245t anniversary. This represents the number of years
P. B. Gannushkin, one of the oldest mental health  since Catherine the Great signed a decree establishing
institutions in Russia known as Preobrazhenskaya the Moscow House of Invalids, where several dozen beds
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were set aside for the mentally ill. The document, issued
in 1777 [1], laid the foundation not only for Moscow’s
first specialized institution that could accommodate
patients with mental disorders, but also, without
exaggeration, for the entire field of Russian psychiatry.

The implementation of the Pinel reform in Russia, the
introduction of the concept of “moral treatment”, the
first scientific conferences and open clinical discussions,
all these stages in the evolution of the basic principles
and aspects of mental health care have found their
reflection in the history of Preobrazhenskaya Hospital
over the past 245 years. This is why Vasily Gilyarovsky
poetically referred to the Hospital as “the cradle
of Russian psychiatry” [2].

Each page in the history of Preobrazhenskaya Hospital
is not only an impressive list of achievements and
innovations, but also a unique gallery of distinguished
names [3-7]. It served as a basis for the greatest medical
luminaries of the time, such as V. F. Sabler, V. R. Butzke,
V. A. Gilyarovsky, N.N.Bazhenov, A.V.Snezhnevsky,
D. E. Melekhov, T. . Yudin, S. G. Zhislin, and G. Y. Avrutsky,
from which to make their scientific discoveries and
validate them in practice; this was also the place where
such luminaries of Russian psychiatry as S. S. Korsakov,
A.U.Frese, E. K. Krasnushkin, P. E. Snesarev, A. S. Tiganov,
and I. Y. Gurovich, and many others, began their medical
careers.

It is a well-known and undisputed fact that
Preobrazhenskaya Hospital was the first (and almost
only one until the end of the 19th century) psychiatric
hospital to appear in Moscow. But historians and
researchers in psychiatry have spent more than
100 years trying to dig up documents that could allow
them to determine the exact year of its founding.

Starting in the second half of the 19t century, the
question has frustrated many eminent physicians
of Preobrazhenskaya Hospital, including S. I. Steinberg
[8], I.V.Konstantinovsky [9], N.N.Bazhenov [10],
M. A. Dzhagarov [11], and A. B. Alexandrovsky [12]. Their
work can now help us to form a fairly comprehensive
view of how the State and society gradually, step by step,
developed an awareness of what such an independent
institution as a psychiatric hospital was all about. They
painstakingly assembled scattered documents and facts
to finally pinpoint with certainty the day it all began and
the events that could be considered key milestones
in the hospital’s history.

FROM FIRST MENTIONS

TO 19th CENTURY REFORM

The first building that hosted Preobrazhenskaya Hospital,
originally known as Moscow Dolgauz, opened its doors
on June 15, 1808. In the 20t century, it became routine
to trace all anniversaries of the institution back to that
date. But is that right? Could the mere fact that the
hospital acquired its own building be considered the
seminal event of the first inpatient psychiatric hospital
in Moscow?

OnJuly 13, 1777, Catherine the Great signed a decree
mandating the opening of the House of Invalids
in Moscow, with one of its “wards” dedicated to the
care of the mentally ill. This is the date that, 100 years
later, the doctors at Preobrazhenskaya Hospital referred
to as the starting pointin the history of their institution
[8]. One of their main arguments was the fact that, on
May 17, 1792, Catherine the Great issued a decree [1]
establishing for the first time the position of Special
Doctor at the mental health hospital. Hence, this decree
confirms that this type of social institution for people
with mental disorders already existed in 1792.

According to the decree signed by Catherine the
Great, the primary role in the observation of patients
was assigned to the warden, who was in charge not only
of the guards (retired soldiers), but also of the doctor
responsible for the professional supervision of patients.
In reality, however, the staff physician had to juggle
work at the mental health hospital with his duties
in the nursing home, the hospice, and the almshouse.
As a result, his attention was limited to those patients
who had a chance of recovery [13].

When assessing the efforts of the first doctors
at the mental health hospital, such as F. Raschke, then
C.Pouliard, A.Blimmer, J. Karas (and all this happened long
before the hospital had its own building), N. N. Bazhenov
wrote in his book about Preobrazhenskaya Hospital:
“It is important to note that even then there was a firm
belief that the insane person was a patient, with all
that such a conclusion entailed, including examination
by a physician, admission to the mental health hospital
for treatment (no matter how crude and primitive that
treatment might have been), and finally discharge when
the physician was satisfied that the goal of admission
(a cure) had been achieved” [10].

Other doctors at Preobrazhenskaya Hospital also left
their mark in the history of Russian psychiatry of the 19th
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century. For example, Zinovy Ivanovich Kibalchich,
Chief Doctor of the hospital in 1811-1828, left us
a documented description of the prevailing realities
in a mental hospital at the beginning of the 19th century.
In his 1821 article “Report on the House of the Insane
in Moscow and the Methods of Treatment Used There”
published in the Journal of the Imperial Philanthropic
Society (issue No. 11, 1821), he not only described
in detail Moscow Dolgauz and the methods of treatment
used there, but he was also one of the first to point out
the existence of mental disorders that are now referred
to as “borderline conditions” [14].

Vasily Sabler, chief
Preobrazhenskaya Hospital in 1828-1871, was a true

Fedorovich doctor of
“revolutionary” in the early history of psychiatric care
in Russia (Figure 1).

A brilliant clinician and talented scientist, V. F. Sabler
provided evidence for the nosological independence
of progressive paralysis, described its accompanying
mental and neurological disorders, and developed
humanistic principles of individual approach to patients.
He was one of the first to hypothesize that some forms
ofillness can evolve into others, and that severe somatic
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Figure 1. Vasily Fedorovich Sabler (1797-1877) — chief doctor
of Preobrazhenskaya Hospital in 1828-1871.

illness accompanied by high body temperature (fever)
can contribute to the cure of psychosis.

In the history of Preobrazhenskaya Hospital,
V. F. Sabler played an equally prominent role as an
outstanding manager. With a radical reform of the
hospital’'s management system, he ensured that the
Chief Doctor would become the actual head of the
institution. He supervised all areas of the hospital's
activities and prepared reports on the clinic that were
published in the press (including in Europe).

This administrative reform marked a dramatic shift
in attitudes toward the mentallyill. V. F. Sabler was greatly
influenced by Philippe Pinel's concept, which led him
to completely overhaul the patient management system,
finally replacing the chains used on violent patients with
straitjackets and restraint chairs with straps.

It was the first instance when treatment was given
priority over charity. This included the first patient
histories (known as “case sheets”, see Figure S1 in the
Supplementary) and prescription books. Depending on
the course of their disease, patients were categorized
as acute or chronic and treated using a different
therapeutic approaches.

The new emphasis was not only on the medical
observation of the patients, but also on their moral
challenges and re-education. Patients were no longer
seen as “dangerous madmen” but as “unreasonable
children” who needed proper care and exercise.
That is why occupational therapy was considered
so important. According to the instruction “On the
Exercises for the Sick People Placed at the Mental
Health Hospital” published in 1834, each patient was
assigned a strictly individual occupation. It was then
that Preobrazhenskaya Hospital established a sewing
shop, atailor's shop, a shoemaker’s shop, a dyer’s shop,
a paintshop, a plasterer’s shop, and a vegetable garden.
The women could also knit socks and embroider canvas.

V. F. Sabler initiated the effort to draft legislation on
the mentally ill, which provided the impetus to address
a long overdue problem in the patient examination
process. For centuries, medical matters had been
handled by officials with no expertise in diagnosing
mental illness, and during the reign of Nicholas I, the
authorities began committing patients to institutions
“pending further orders” rather than “pending recovery”,
as had always been the case. It was not until February 18,
1835, that a decree was issued establishing a procedure
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for forensic psychiatric examination that required
convincing evidence of mental illness from credible
medical experts.

In 1841, the so-called “special patient examination
procedure” was introduced and implemented for the first
time at Preobrazhenskaya Hospital. If in St. Petersburg
the “lunatics” continued to be transported to the
Provincial Board, in Moscow the “subjects” were now sent
to Preobrazhenskaya Hospital for “expert examination”
and placed in a ward specially purposed for such
subjects in a section of St. Catherine’s Almshouse.
Membership in the Patient Examination Committee was
also established at that time and did not change until
1917. Itincluded the hospital doctor, his/her assistant, the
provincial marshal of the nobility, the chief of the district
police or the head of the city. Patients were discharged
only after a new examination, which could take place
at the end of a two-year “observation” period, and this
period could be shortened only by special decision of the
Senate.

The hospital owes both its name, Preobrazhenskaya,
and the confirmation of its new official status as a medical
institution to V. F. Sabler. It was he who on May 31, 1838,
petitioned Emperor Nicholas | to sign a decree renaming
the Moscow Dolgauz as the Preobrazhenskaya Mental
Hospital.

Assessing the changes that took place in the hospital
during the first hundred years of its existence, historians
of psychiatry are quite right to note that as early as the
middle of the 19t century Preobrazhenskaya Hospital
had made the transition from a “charity house” to anin-
patient psychiatric institution and had evolved into “the
center of not only practical but also scientific psychiatry,
which became the tradition of the Moscow psychiatric
school, distinguishing it from the St.Petersburg
psychiatric school” [7].

These changes, most of which were introduced
during V.F.Sabler's leadership, allowed Samuil
Ivanovich Shteinberg (the hospital's chief doctor
in 1872-1877) to begin work on the institution’s first
collection of scientific papers in the run-up to the
centennial of Preobrazhenskaya Hospital in 1877. The
preserved documents (“Preobrazhenskaya Hospital
Office File on the Centennial Anniversary...") show
that the preparations for this anniversary had begun
well in advance. As early as in February 1876, the
chief physician, S. I. Shteinberg, wrote a letter to the

trustees of Preobrazhenskaya Hospital with a detailed
plan of the celebration. A circular letter was sent to the
staff instructing S.S. Korsakov, N.I. Derzhavin, and
V. R. Butzke to begin preparing articles identifying the
major milestones in the history and development of the
hospital (Figure S2 in the Supplementary).

In the 1870s and 1880s, the hospital attracted
a cadre of brilliant and exceptionally gifted young
physicians who introduced the most advanced methods
of patient care into existing medical practice. First
of all, this applies to Sergey Sergeyevich Korsakov,
the founder of the nosological branch of psychiatry,
the creator of the Moscow scientific school and the
author of a classic course in psychiatry [4, 5]. His name
is closely connected with the history of the “therapeutic
revolution” at Preobrazhenskaya Hospital. The energy
and reputation of S. S. Korsakov helped to complete and
irretrievably establish “moral treatment” at the hospital
and the “open door” policy (from 1889), followed by out-
of-hospital care, which radically changed the entire
approach to patients.

20th CENTURY:

TRANSFORMATIONS AND ACHIEVEMENTS

Looking back, it is impossible to ignore one obvious fact:
almost all the chief doctors of Preobrazhenskaya Hospital
in the period before the Russian Revolution of 1917
acted as reformers of the entire Russian psychiatric care
system. An honorable place in this gallery of illustrious
figures is occupied by Nikolai Nikolaevich Bazhenov, chief
doctor of the hospital in 1904-1917 (Figure 2).

Preobrazhenskaya Hospital owes its vast expansion
and the introduction of the then — revolutionary system
of “advanced care” to this fascinating figure of Russian
psychiatry, outstanding clinician, ingenious manager, and
respected teacher.

In the new “advanced care” system, the uneducated
wardens and nannies were replaced by young medical
interns and sisters of mercy. The doors to the wards were
unlocked, the bars on the windows were replaced with
tempered glass, and the straitjackets were displayed
as museum pieces [15-17]. To ensure that patients
were under continuous and competent supervision,
the interns were required to live in the hospital, rotate
on round-the-clock duty, welcome new admissions, and
complete patient histories and observation diaries. All
direct patient care was assigned to mid-level medical
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staff. Thirty-two sisters of mercy washed and fed the
patients, gave them baths, accompanied them on
walks, etc. Each ward had a head nurse who distributed
medications, served lunch and dinner, was in charge
of laundry, and performed other household duties.
Nannies and servants were assigned only janitorial
duties. In the spirit of those times, the hospital widely
applied a system of moral influence, a prototype
of today's psychosocial therapy that included respectful
treatment and support of patients, their socialization,
and involvement in various activities.

Atthe beginning of the 20t century, with N. N. Bazhenov's
contribution, the hospital was transformed into a
research and treatment institution, which became
a center of advanced psychiatric knowledge. The scope
of N. N. Bazhenov's innovations is quite impressive: in just
a few years the clinic, where at the turn of the century
treatment of patients resembled more that in a prison
than in a medical institution, was transformed into
amodern hospital, on par with the best that Europe could
offer [15-171].

Preobrazhenskaya Hospital was also the place where
the Law on the Mentally Ill, a revolutionary act for its
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Figure 2. Nikolai Nikolaevich Bazhenov (1857-1923) — chief
doctor of the hospital in 1904-1917.

time, was proposed 80 years before the adoption of the

Russian Federal Law on Psychiatric Care in 1992. The

legal principles outlined by N. N. Bazhenov at the first

congress of the Russian Union of Neuropathologists and

Psychiatrists in 1911 are still relevant today:

“The following issues need to be brought to the
forefront of mental health care and legislated:

a) The principle of extending state care to all mentally
ill people in the country, and specifying the measures
to implement this task and the central and local
authorities responsible for these tasks.

b) Conditions for allowing treatment at home in the
patient’s own family.

c) Sufficient safeguards must be in place to ensure
that the principles of inviolability of the person and
individual liberty can only be violated when the
mental illness of the person in question makes this
imperative” [18].

is also connected with the first

commemoration of the foundation of the hospital

celebrated in the 20t century. In December 1909 the
100t anniversary of the opening of the first building
hosting Preobrazhenskaya Hospital on Matrosskaya

N. N. Bazhenov

Tishina Street was commemorated in gushing but solemn
fashion, with the participation of the general public.

By that time the clinic had already received a plot
of 11 dessiatins of land with the two and three-story
buildings of the former Kotov factory (known as
“Kotov's Half") (Figure 3).

Thefactory buildings were refurbished, and a dormitory
for the staff was equipped with ventilation, plumbing,
and even central heating, which allowed N. N. Bazhenov
to write proudly that “now Preobrazhenskaya Hospital
has such premises for the staff that few Russian
or even Western European hospital institutions can
boast of” [10].

However, the problem of overcrowding could be solved
only by the construction of new buildings on Kotov's Half,
which required additional funds. So, N.N.Bazhenov
decided to organize a gala evening for the city’s dignitaries
on the former Kotov estate.

The day of the anniversary celebration was packed
with events, including a solemn liturgy and breakfast for
300 guests; in the afternoon, there was a large concert
by professional musicians from Moscow; a festive tea
ceremony for patients, distribution of anniversary
souvenirs, such as cups with the hospital insignia;
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Figure 3. Kotov factory. Photo of the beginning of the 20t" century.

and in the evening a banquet for 200 guests was
held at the Kotov's cottage located in a picturesque
setting on the border of the Preobrazhenskaya and
Sokolnicheskaya groves.

In addition to the concert, the highlight of the “cultural
program” was the exhibition, for which N. N. Bazhenov
selected not only everyday objects from psychiatric
hospitals of different centuries (straitjacket, restraint
chair, and “case sheets”), but also the creative works
of patients (paintings and caricatures, wood and
paper crafts, embroidery, and knitting). The models
of Preobrazhenskaya Hospital and the Eiffel Tower were
particularly popular with the public, because of their
size and resemblance to the originals.

In addition to the gala dinner, the guests were
treated to a theatrical performance, which included
an act from the play “The Marriage of Krechinsky”,
with a reference to Preobrazhenskaya Hospital, and,
atthe end of the evening, fireworks from an area near
the buildings in Kotov’s Half — N.N.Bazhenov did
not miss a single opportunity to draw the attention
of the patrons and city authorities to the matter
of financing the future construction. In 1910-1914, his
work culminated in the successful completion of three
new buildings and repairs to the old factory facilities
on Kotov's Half.

But let's take a closer look at the year of this
anniversary: Why was it celebrated in 19097 For a long
time, 1809 was mistakenly considered the year in which
the first specialized hospital for the mentally ill was
opened. It was mentioned both in the Historical Essay
on the Imperial St. Catherine’s Almshouse by V. Molnar
[13] and in the Historical Essay on Preobrazhenskaya
Hospital by I. V. Konstantinovsky [9]. For this reason, the
anniversary was celebrated in 1909 and the following
plague was installed on the facade of the building:
“1809-1909: To the centenary of the Preobrazhenskaya
Mental Hospital, the firstin Moscow designed specifically
for psychiatric purposes”.

Only later, while working on the manuscript of his
book “The Moscow Dolgauz” or “Essays on the History
of Preobrazhenskaya Hospital” did N.N.Bazhenov
study the documents in the hospital archives and
found out that the new mental health hospital
in Preobrazhenskoye was opened earlier, in June 1808,
when 53 patients from the house of the former
Secret Expedition were transferred to the building on
Matrosskaya Tishina' [10].

1 The house on Myasnitskaya Street, formerly owned by the Secret Expedition,
was transferred to the Public Charity Office in the early 19th century.
This is where the patients of the House of Invalids and the Madhouse were
accommodated in 1801.
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By the beginning of the 20t century, the records had
cemented all three major milestones in the history
of the establishment of Preobrazhenskaya Hospital:
1777, 1808, and 1838. One might think that this would
have settled the question of the first dates for future
celebrations once and for all.

However, the revolution of 1917 and the subsequent
division of the hospitals sowed confusion into the
“question of anniversaries”. In the spirit of Soviet
traditions, Preobrazhenskaya Hospital was stripped
of its former name in 1920 and became Moscow City
Hospital No. 1. What's more, in 1931, it was divided into
two independent medical institutions with different
goals and missions. The hospitals kept changing names,
numbers, internal organizational structure, and overall
scope of activities, and only relatively recently, in 2017,
did the two hospitals return to their historical roots by
merging under the name of P.B. Gannushkin Mental-
health Clinic No. 4 (Figure 4).

Over the half of
Preobrazhenskaya Hospital acquired a different, but
equally illustrious, name — Gannushkin Hospital. In the
second half of the 20th century, it maintained its position

next 100 years, Kotov's

as an advanced center of research and practice, with

many pioneering milestones in the history of Russian

psychiatry:

- It developed the system of maintenance therapy,
which is so important in preventing relapses.

- For the first time in the USSR, it began to use insulin
shock therapy (under the direction of M. Y. Sereisky),
as well as electroconvulsive therapy (with the
contribution of G. A. Rotshtein).

- It also beginning of the
“psychopharmacological treatment era in psychiatry”

marked  the

with the trials of many medications that were
subsequently integrated into mainstream clinical
practice.

RECENT DEVELOPMENTS

Reflecting on the title of this article, “Celebrating
a Storied History”, one may note that in 2022 the
institution historically known as Preobrazhenskaya
Hospital will celebrate its anniversary for the first time
in more than a century since that memorable evening
organized by N. N. Bazhenov at the former Kotov estate.
How does Gannushkin Hospital, the illustrious heir

19
City Psychiatric Hospital No. 1

1951
City Psychiatric Hospital
No. 3

1978
City Psychiatric Hospital No. 3
named after V.A. Gilyarovsky

Psychiatric Clinical Hospital No. 3
named after V. A. Gilyarovsky

il

1931 — DIVISION OF THE HOSPITAL INTO TWO INDEPENDENT MEDICAL INSTITUTIONS

2017
Mental-health Clinic No. 4 named after P.B. Gannushkin
Branch — Psychiatric Inpatient Clinic named after V.A. Gilyarovsky

*Base of the Central Institute of Psychiatry of the People’s Commissariat of Health of the RSFSR

DN ‘\Vr/.{m

4931
Institute of Clinical and Social
Psychoneurology

1933

Neuro-Psychiatric Institute

1936
Neuro-Psychiatric Institute
named after

P.B. Gannushkin

1938
Neuro-Psychiatric Institute
named after P.B. Gannushkin*

1951
Mental-health Clinic No. 4
named after P.B. Gannushkin

Figure 4. The history of the renaming of the hospital in the 20th century.
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to the great traditions established by Preobrazhenskaya
Hospital, look at the new generation in the year of its
245t anniversary?

More recently, just 3-4 years ago, it got a facelift
after extensive repair and construction work to restore
the buildings dating back to the early 20t century.
Most importantly, the reorganization allowed for
more streamlined psychiatric care, created a common
information space, rationalized territorial localization,
and brought patient treatment and routing patterns into
a consolidated format.

With four specialized clinics in operation since 2020, the
hospital now has several new structural units, including
a clinic for affective and suicidal disorders, a clinic for
borderline conditions, a clinic for first psychotic episodes,
a clinic for pharmacoresistant conditions, and a clinic for
mental disorders that are compounded by substance
abuse. The Mental Health Counseling Center, opened
in 2021, provides outpatient care for individuals suffering
from various mental disorders including somatoform,
stress-related, and neurotic disorders.

Today Gannushkin Hospital boasts a center for complex
diagnostics, a clinical and diagnostic department with
specialized clinics (such as dentistry, ophthalmology,
gynecology, ENT, ultrasound), an anesthesiology and
intensive care unit, a clinical and diagnostic laboratory,
a psychological and psychotherapeutic center, a social
and legal assistance center, as well as a physiotherapy
department (including a transcranial magnetic stimulation
room and xenon therapy room), pharmacy, X-ray rooms,
and a physiotherapy room.

At the moment, the hospital has 9 outpatient branches
known as Psychoneurological Dispensaries (PNDs), some
of which have a history spanning more than 100 years.2
Three Memory Clinics were founded on the basis of PND.
These medical and rehabilitation units are designed
to help elderly patients with early signs of dementia and
mild cognitive decline.

The staff of the oldest psychiatric hospital in Moscow
has carefully passed down to younger generations
traditions that combine the utmost sense of humanity
and the highest level of professionalism in helping
patients with mental disorders. These traditions are
the cornerstone that enables the team at Mental-health

2 PND No. 8, for example, was founded in 1919 and made psychiatric
history as the prototype of the emerging district-level psychiatric
care in Soviet Russia.

Clinic No. 4 named after P. B. Gannushkin to live its mission
every day by providing personalized and comprehensive
mental health care based on the principles of partnership
and trust, with the aim of restoring and maintaining
a high quality of life for its patients.
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