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miRNA BIOGENESIS AND FUNCTIONING: 30 YEARS SINCE THEIR DISCOVERY
Pisklova MV'®, Baulina NM'2, Matveeva NA'2, Favorova OO'?

" Chazov National Medical Research Center of Cardiology, Moscow, Russia

2 Pirogov Russian National Research Medical University, Moscow, Russia

The role of mMiRNAs (small non-coding RNASs) in regulation of gene expression is reported. By binding with target mRNAs miRNAs control expression of the
genes encoding these mRNAs at post-transcriptional level taking part in physiological and pathological processes, from embryogenesis to neoplastic
disorders. Various research teams have been studying the miRNA functions and mechanisms of action since the discovery of these molecules in 1993. The paper
reports miRNA biogenesis pathways, modes of interaction between miRNAs and target mRNAs, and the mechanisms underlying suppression of translation and
mMRNA degradation. The results of numerous studies have shown that miRNAs can be used in medicine as biomarkers for diagnostic and prognostic purposes.
Developments in miRNA therapeutics hold promise for the treatment of diseases, in which gene dysregulation plays a key role.

Keywords: miRNA, regulation of gene expression, miRNA biogenesis, diagnostics, prognosis of disease progression, therapy
Funding: the study was conducted within the framework of the State Assignment of the Chazov National Medical Research Center of Cardiology (No. 124020200013-3).
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Baulina NM, Favorova OO — planning, manuscript structuring, editing; Matveeva NA — literature data analysis and systematization, manuscript writing.
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BUNOIrEHE3 NN ®YHKUMNOHUPOBAHUE mukpoPHK: 30 JIET MOCIJIE X OTKPbITUA
M. B. Mucknosa'™, H. M. BaynuHa'?, H. A. MaTseesa'?, O. O. dasoposa'?

" HaupoHanbHbIn MeguLMHCKN CCnefoBaTenbCKUi LIEHTP Kapauonorim M. ak. E. 1. Yasosa, Mocksa
2 POCCUNCKUIN HALMOHaBHBI MCCIEN0BaTeNbCKUA MEAVLIMHCKIIA yHUBEpCUTET MeHn H. . Tnporosa, Mockea

Onucara ponb MrkpoPHK (Manbix Hekoampytowmx PHK) B perynaumm skcnpeccum reHos. CeasbiBasgcb ¢ MPHK-muweHamn, MUKpoPHK KoHTponnpytoT
3KCMpecCrto KoaVpytoLLMX 3T MPHK reHoB Ha MoCTTPaHCKPUMNLIMOHHOM YPOBHE, y4acTBys B (DV3MONOMHECKYIX 1 MATONOMHECKIX MPOoLieccax oT aMOpuoreHesa
[0 onyxoneBblx 3abonieBaHuii. C MOMeHTa OTKPbITVS 3TUX Monekyn B 1993 . pasnnyHble HayyHble rPynMbl UCCNEAYOT (PYHKLMM 1 MEXaHV3Mbl AeCTBUS
MrkpoPHK. B ctatbe paccmotperbl nyTu 6uoreHesa MUKpoPHK, cnocobel B3anmMopeinctsns MMkpoPHK ¢ MPHK-MULLeHAMN 1 MexaHn3Mbl nofasnenmns
TpaHcnaumm n gerpagaunmn MPHK. Pe3ynstaTel MHOMOYUCNEHHBIX UCCNeaoBaHniA nokasanu, YTo MMKpoPHK MOXHO 1MCnonb30oBaTh B MeAULIMHE B Ka4ecTBe
OVIOMapKEPOB B ANArHOCTUHECKMX W MPOrHOCTUHECKMX Liensx. PaspaboTkin B 061acTi Tepanim ¢ 1Cronib3oBaHneM MMKPoPHK oTKpbIBatoT nepcnexkTvBb! Ans
neveHns 3aboneBaHnin, Mpu KOTOPbIX HAPYLLEHWE PErynaLmm reHoB UMrPaeT KItoYEBYIO POSb.

KnioueBble cnosa: MMKpoPHK, perynaumst akenpeccum reHos, broreHe3 MUKpoPHK,  anarHocTnka, MporHo3 TedeHns 3abonesaHnin, Tepanms

DrHaHCUPOBaHMe: VICCNefoBaHVe BbIMOMHEHO B pamkax [ocyaapcTBeHHOro 3aaaHns OrbY HauvoHansHbI MEAVILIMHCKI MCCNELOBATENBCKUA LIEHTP Kapayonorim
M. ak. E. M. Hazosa MuHagpasa Poccum (Ne 12402020001 3-3).

Bknap aBTopos: M. B. INicknoBa — c6op, aHanma 1 cucTemMaTnaLyist MTepaTypHbIX AaHHbIX, MaHUPOBaHWE 1 HanvcaHne NepBUHHONO TEKCTa, NofGop PUCYHKOB;
H. M. BaynmHa, O. O. ®aBopoBa — MniaHVpoBaHe, CTRYKTYPUPOBaHE TEKCTa CTaTbi, pefakTposaHne; H. A. MaTtBeeBa — aHanma 1 cuctTematsaLyis iMTepaTypHbIX
[laHHbIX, HarnMcaHne cTarby.
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In 1993, research groups of American biologists Victor Ambros
and Gary Ruvkun reported a short RNA of the nematode
Caenorhabditis elegans, which did not encode any protein, but
played a key role in regulation of the nematode development via
suppression of the LIN-14 protein mRNA translation [1, 2]. This
small RNA referred to as lin-4 became the first discovered short
RNA having regulatory properties. In 2000, the second short
RNA, let-7, having the same mechanism of action, was found
in Caenorhabditis elegans by Gary Ruvkun and collegues [3].
From that moment began extensive study of the new type of
small non-coding RNAs, 21-24 nucleotides in length, referred
to as microRNAs (miRNAs), the discovery of which significantly

influences the established ideas about regulation of gene
functioning. While before this discovery the main mechanisms
underlying regulation of transcription and RNA splicing
implemented by specific proteins in the nucleus were known,
currently this knowledge is complemented by the idea about
further control of gene expression in the cytoplasm through
miRNAs. This mechanism is of fundamental importance for
the development and functioning of all cell types, it involves
regulation of the target genes expression through the interaction
with their mRNAs at post-transcriptional level. The presence of
miRNA molecules was reported for various eukaryotic species,
including plants and animals, as well as for some viruses [4]. In
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2024, V. Ambros and G. Ruvkun were awarded the Nobel Prize
in Physiology or Medicine “for the discovery of microRNA and
its role in post-transcriptional gene regulation”.

In recent years, it was found that numerous miRNAs
are important for regulation of almost all physiological and
disease processes: from early stages of embryogenesis to
body’s ageing and death. Let us consider the current state of
knowledge about miRNA biogenesis and functioning.

miRNA abundance and nomenclature

According to the last version of miRBase, the miRNA sequence
and annotation database, by 17.03.2024 a total of 48,860
mature miRNAs have been found in 271 species, of those 2654
have been identified in human body. The number of miRNAs
detected continues to grow. The range of MiIRNAs present in this
or that organism depends directly on its structural complexity
[5]. The evolutionarily related miRNAs are grouped into various
families (there are 267 families in humans), the members of
which have highly homologous sequences and some common
targets. Highly conservative nature of the nucleotide sequences
of some miRNAs (primarily in the target mRNA binding region)
in phylogenesis has been demonstrated. In general, miRNA
evolution is closely linked to evolution of target genes [5].

miRNAs are numbered consecutively as they are discovered.
The experimentally confirmed mature miRNAs are assigned a
number, which is attached to the “miR” prefix through a hyphen
(for example, miR-499). The "miR" can be preceded by a three-
letter abbreviation indicating the species (for example, “hsa” for
Homo sapiens, “mmu” for Mus musculus). miRNAs identical
in the sequence but transcribed from different regions of the
genome are added a numeric suffix with an ordinal number, for
example, hsa-miR-219-1 and hsa-miR-219-2. A letter suffix is
added to the names of miRNAs, the sequences of which
differ slightly (by 1-2 nucleotides), for example, hsa-miR-130a
and hsa-miR-130b; they form miRNA families. miRNAs, the
genes of which are located physically close to each other and
are often transcribed as a single unit, are grouped in clusters,
which are named either based on the lowest miRNA number
in the cluster (for example, cluster miR-17), or based on the
lowest and highest miBRNA numbers written through a hyphen
(cluster miR-17-92 consisting of miR-17, miR-91, miR-18,
miR-19, miR-19b, miR-20, and miR-92) [6].

Genes and miRNA biogenesis

Depending on their localization relative to the genome
components, miRNA genes can be classified as intergenic,
intronic, and exonic. About 50% of genes of miRNAs are
located within protein-encoding and non-protein-coding genes
(host genes), mainly in introns and less frequently in exons.
Genes of miRNAs can be transcribed from both independent
promoters and the host gene promoter [7]. New miRNA genes
are generated as a result of duplication of the existing miRNA
genes (as it happens in the majority of cases) or de novo
from the hairpin structures located within introns or intergenic
regions [8]. De novo structures emerge by means of different
mechanisms: 1) due to inverted duplication of the gene that
will become a miRNA target in the future; 2) from transposons;
3) due to spontaneous evolution from random sequences [8].

The most common miRNA biogenesis pathway is referred
to as canonical. In addition, other miRNA biogenesis pathways
have been reported, which involve other proteins and in which
one or more phases of canonical biogenesis are missing; they
are referred to as non-canonical [9].

BECTHVK PIrMY | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2025.001

OB30P | MOJIEKYJIAPHAA BNOJ10INA

Canonical pathway of miRNA biogenesis

In animals, primary miBNA (pri-miRNA) is transcribed from the
miRNA gene with the help of RNA polymerase Il, and then
undergoes 5' capping, 3' polyadenylation, and splicing (Fig. 1).

Then a microprocessor complex consisting of ribonuclease
Il (Drosha) and the DGCR8 protein (DiGeorge Syndrome Critical
Region 8 also referred to as Pasha — Partner of Drosha) cuts
primary miRNA to pre-miRNA (precursor miRNA), 70—120
nucleotides in length. Pre-miRNA represents a hairpin consisting
of the single-stranded region (terminal loop) and double-
stranded stem with two nucleotides protruding at the 3' end.
The protruding nucleotides are recognized by the exportin-5
(XPO5) protein, which transports pre-miRNA from the nucleus
to the cytoplasm with the participation of the GTP-binding
protein Ran. In the cytoplasm (Fig. 1, on the right), ribonuclease
[l Dicer cuts the terminal loop out of pre-miRNA, which results in
a duplex consisting of two mature miRNAs, 21-24 nucleotides
in length [10]. Depending on the mature miRNA strand position
in the pre-miRNA hairpin, their names are followed by suffixes
-3p or -5p (for example, the hsa-miR-25-5p strand is located
at the 5' end of the hsa-miR-25 pre-miRNA, while the hsa-
miR-25-3p strand is located at the 3' end). After cutting out the
terminal loop, the miRNA duplex binds to the Argonaute (AGO)
family protein being part of the RISC complex (RNA-induced
silencing complex): thus the intermediate pre-RISC complex is
formed. One of two strands of the RNA duplex dissociates and
usually undergoes degradation, while the other remains loaded
into the miRISC complex. The strand remaining loaded in this
complex is referred to as guide strand, while the dissociated
one is referred to as passenger strand [10]. This is followed by
binding of the guide strand being part of the miRISC complex
to the target mRNA.

In plants, the canonical pathway is slightly different from
that of animals. Pri-miRNA is processed in the nucleus directly
to the miRNA duplex by the Dicer protein homolog, DICER-
LIKE 1 (DCL1), which is responsible for both processing events
essential for miRNA maturation [4]. In plants, the stem-loop
precursor is longer and more variable. In contrast to bilateral
animals, plant miRNAs undergo methylation by the HEN1 protein.

Non-canonical pathways of miRNA biogenesis

Not all proteins of the canonical pathway are involved in
processing in non-canonical (alternative) pathways of miRNA
maturation. Drosha- and DGSR8-independent (microprocessor-
independent), as well as Dicer-independent miRNA biogenesis
pathways are distinguished. In the majority of Drosha-
independent pathways, miRNA precursors represent products
of processing of other RNAs (for example, small nuclear RNA
or transfer RNA) and do not need to be hydrolyzed by the
microprocessor complex [11]. In Dicer-independent processing,
pri-miRNA is hydrolyzed by the microprocessor complex, but
the resulting stem of the hairpin structure is too short for Dicer
recognition. Therefore, the miIRNA precursor is loaded directly
onto the AGO protein, which incises one of the miRNA strands,
and then the intermediate product obtained using the poly(A)-
specific ribonuclease (PARN) is truncated to produce the mature
molecule [10].

Selection of functionally active miRNA strand
Selection of the guide strand between the -5p and -3p strands

is associated with thermodynamic instability of the duplex and
miRNA nucleotide composition [12]. The 5' end of miRNA
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Fig. 1. Canonical miRNA biogenesis and generation of the functionally active miRISC complex. AAAA — poly(A) tails at the 3' ends of the mRNA and miRNA molecules;
DGCR8 — DiGeorge syndrome critical region 8; Dicer, Drosha — RNase Il family endoribonucleases; miRISC — RNA-induced silencing complex bound to the miRNA
strand; Ran — Ras-related nuclear protein (GTP-binding nuclear protein); RISC — RNA-induced silencing complex; XPO5 — exportin-5; pre-miRNA — miRNA

precursor. The 5' cap is marked with gray circle in the primary miRNA image

duplex is incorporated in specific pocket formed by the MID
and PIWI domains of the AGO protein. These domains are
sensitive to the nucleotide composition of the duplex and bind
uracil twice stronger, than adenine, and 30 times stronger, than
cytosine or guanine, i.e. preference is given to the strand that
is uracil-rich at the 5' end. AGO is also likely to load the strand
showing lower relative thermodynamic stability. It is believed
that the first four nucleotides at each end of the duplex are
responsible for thermodynamic stability, and the difference in
one additional hydrogen bond at one end is enough to affect
the choice of the guide and passenger strands. Usually, 5' ends
of the degrading passenger strands are pyrimidine-rich, while
those of guide strands are purine-rich [12].

Target mRNA recognition and binding
by the miRNA molecule

The miRISC complex bound to the target mRNA interacts
with the GW182 protein (182 kDa glycine-tryptophan repeat-
containing protein). GW182 functions as a molecular scaffold
for linking of the AGO protein being part of the miRISC complex
and the downstream effector complexes involved in the
miRNA-mediated translational repression of the target mRNA [7].

To facilitate target mRNA recognition and binding, AGO
protein ensures spatial positioning of the miRNA guide strand.
The miRNA guide strand region between nucleotides 2 and 7 at
the 5" end is referred to as seed region; it is responsible for target
mRNA binding and is of crucial importance for its recognition
[13]. Nucleotides 8 and 13-16 of the miRNA sequence are
also involved in recognition [10]. In the mRNA target molecule,
the miRISC binding site is usually in the 3'-untranslated region
(8'-UTR). Rather rare non-canonical binding sites in the coding

and 5'-UTR regions of mRNA have been reported, during
interaction with which miRNAs also suppress mRNA translation.
In some cases, MiRNAs can interact with promoter regions of
genes, thereby ensuring activation of their transcription [14].

miRNA-mediated gene silencing mechanisms

As stated above, recognition of the target mRNA by the miRNA
molecule usually leads to suppression of translation of this
mRNA. In the case of complete complementarity observed
mainly in plants, the target mRNA is cleaved within miRISC by
the AGO protein with RNAse H endonuclease activity, in the
region complementary to nucleotides 10 and 11 of the miRNA
guide strand (endonuclease cleavage of mRNA) [4, 15]. In the
majority of animal cells, binding sites within mRNA are not fully
complementary to the miRNA seed region. In this case, the
miRISC-mediated translation repression and destabilization of
MRNA with subsequent degradation are initiated [7].

Despite the fact that the exact mechanisms underlying
these processes in mammals remain the matter of debate, it is
generally accepted that initially translation repression occurs,
followed by destabilization and decay of the target mRNA
[16]. Several mechanisms underlying repression of translation
have been reported, among which inhibition of the formation
of a “closed-loop” structure of the target MRNA (Fig. 2A). The
PABPC protein bound to the 3’ poly(A) tail of the target mMRNA
stabilizes interaction between the 5" cap and the eukaryotic
translation initiation factor 4F complex consisting of elF4A,
elF4G and elF4E through binding to elF4G. The mRNA ends
are brought close together, and the “closed-loop” structure is
formed, and thus facilitates translation initiation and ribosome
recycling.
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Fig. 2. Reported mechanisms underlying miRNA-mediated silencing. A. Inhibition of the target mRNA “closed-loop” formation. Under exposure to the RISC complex,
PABPC dissociates from the target mRNA poly(A) tail, making it impossible to interact with elF4AG and preventing formation of the “closed-loop” essential for initiation
of mRNA translation. B. Target mMRNA decay (on the left) and inhibition of mRNA translation initiation through prevention of the eukaryotic translation initiation factor
4F complex assembly (on the right). Target mRNA is marked with black line; the GW182 protein representing a scaffold for proteins CCR4-NOT and PAN2-PANS is
marked with yellow line; the guide strand of miIRNA being part of the miRISC complex is marked with light-blue line. Gray arrows point to engagement of the CCR4-NOT
complex by the AGO proteins with subsequent recruitment of the DCP1 and DCP2 decapping proteins by the CCR4-NOT complex. Modified from [17]

The AGO protein being part of the miRISC complex causes
dissociation of the PABPC protein, which leads to aberrant
“closed-loop” formation and inhibition of translation initiation. Other
mechanisms include inhibition of MRNA translation via prevention
of the eukaryotic translation initiation factor 4F complex assembly.
These include attraction of the 4E-T and 4EHP translation
inhibitors by the miRISC complex and subsequent dissociation of
elFAE and elF4G or dissociation of the elF4A subunit (Fig. 2B, on
the right). The mechanisms are not mutually exclusive; they can
work at different rates at the same time. Predominance of certain
mechanism depends on the nature of target mRNA and the cell
type [16]. Repression of translation is followed by destabilization
of the target mRNA, including deadenylation and decapping
with subsequent exonucleolytic degradation of mRNA (miRNA-
mediated target mRNA decay) (Fig. 2B, on the left). First, proteins
of the AGO family recruit the GW182 protein, which interacts with
the PABPC poly(A)-binding protein and causes its dissociation from
the mRNA poly(A) tail. This increases accessibility of the mRNA
poly(A) tail for the CCR4-NOT and PAN2-PANS deadenylases,
which are also recruited by the GW182 protein. As a result, mRNA
deadenylation occurs. Furthermore, the CCR4-NOT complex
recruits the DCP1 and DCP2 proteins dacapping target mRNA
targets, which makes mRNA accessible for degradation by the
XRN1 exonuclease [16].

miRNA is characterized by redundancy: expression of one
mRNA can be regulated by various miRNAs interacting with its
different binding sites. Furthermore, miRNA is pleiotropic: one
miRNA can interact with various target mRNAs. In animals, one
miRNA has much more targets, than in plants, due to frequently
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occurring incomplete complementarity [4]. The combination of
such properties results in generation of the complex miRNA-
mediated regulatory network.

miRNA localization in the cell

Previously it was assumed that miRNA performs its function
in the cytoplasm only. However, recent studies have shown
that the cytoplasmic miRISC complex can be imported to
the nucleus [18]. The nuclear miRISC complex is either
similar to cytoplasmic one in components, or can exist as a
separate AGO-miRNA complex. The nuclear miRISC binds
to complementary nuclear transcripts or, if there are none, is
exported to the cytoplasm again. Accumulation of miRNA in
the cytoplasm or nucleus is partially determined by localization
of its target MRNAs. In the nucleus, miRNA can perform
several functions: 1) gene expression regulation via binding to
their promoter; 2) binding and suppression of function of the
long non-coding RNAs; 3) disruption of miRNA biogenesis via
binding to pri-miRNA; 4) fine-tuning of target mMRNA expression
via miRNA retention in the nucleus [19].

It is well known that miRNAs can be released from the
cell, to be carried by blood, and to affect other cells of the
body, mediating intercellular communication. Outside the cell,
miRNAs can be contained in the membrane vesicles (exosomes,
microvesicles), as well as in the apoptotic bodies formed when
the cells die. In the extracellular environment, the majority of
miRNAs (90%) are carried by AGO proteins, the other 10%
circulate as complexes with high-density lipoproteins [20].



REVIEW | MOLECULAR BIOLOGY

miRNA involvement in physiological
and pathological processes in the cell

miRNAs regulate almost all processes in the cells: metabolism,
cell cycle progression, proliferation, differentiation, and
apoptosis, so disruption of their regulatory properties can
lead to various diseases [21]. Actually, alterations of miRNA
levels in humans are often observed in a broad spectrum
of pathologies: tumors, cardiovascular, neurological and
autoimmune diseases, inflammation, gastrointestinal tract and
skeletal muscle diseases [22]. The role of miBNA has been
extensively studied in the context of various disorders since the
moment of their discovery, and to date, information has been
accumulated about what levels of microBRNAs most frequently
change in affected tissues in certain conditions, which miRNAs
have protective effects and which, on the contrary, contribute
to developing pathological phenotype.

miRNAs are examined both directly in the patients’ tissue
specimens and in in vivo, in vitro experiments, as well as in silico,
using the latter approach to construct preliminary hypotheses.
Among all patients’ biomaterials, biopsy specimens of affected
tissues are best suited for investigation of the role of mMiRNAs
in etiopathogenesis, but obtaining them is associated with
invasive interventions, so it is usually hardly accessible.
In this regard, circulating miRNAs most often become the
research object. These are miRNAs that are released into the
extracellular space due to tissue damage, apoptosis, necrosis
or intense secretion and circulate in the body [7]. Such miRNAs
are found in blood serum and plasma, urine, tears, saliva,
seminal, peritoneal and cerebrospinal fluids, breast milk and
bronchoalveolar lavage [7]. They can regulate the target cell
activity, thereby acting as intercellular signaling molecules. For
example, endothelium-released miRNAs regulate activity of
vascular smooth muscle cells, while oncoogenic miRNAs in
exosomes increase invasiveness of breast cancer cells [23, 24].

Circulating miRNAs are stable at high pH and temperature
and are resistant to degradation, so they seem to be attractive
as candidate biomarkers. Actually, there are studies, in which
such circulating molecules are used for differential diagnosis,
early diagnosis, prediction of the disease course, disease
severity assessment, or control over response to therapy
[25]. Since miRNAs can regulate translation of several mRNA
targets, some authors propose to evaluate diagnostic value of
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PREDICTIVE MODEL FOR MORTALITY IN PATIENTS WITH ABDOMINAL SEPSIS
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Mortality among patients with various forms of sepsis is 36.2-47.7%. Predicting the likelihood of death associated with sepsis is critically important for clinical
decision-making, stratifying patient risk, and improving overall survival. The study aimed to develop a mathematical model for predicting the outcome of sepsis in
patients with abdominal surgical pathology. The study involved 64 patients diagnosed with abdominal sepsis (AS). Based on the AS outcomes, group 1 (1 = 46)
with favorable outcomes and group 2 (n = 18) with fatal outcomes were allocated. Clinical scales and laboratory testing methods were used to evaluate parameters
on days 1, 3, and 7 since the AS diagnosis. On days 3 and 7, SOFA scores of the group with adverse AS outcomes were significantly higher, than that of the
group with favorable outcomes. Complete blood counts of patients in group 2 showed the decrease in absolute lymphocyte counts on day 1 compared to group
1. As for blood biochemistry parameters, elevated serum levels of C-reactive protein, urea, creatinine, lactate, procalcitonin, direct bilirubin, as well as aspartate
aminotransferase, alanine aminotransferase, and alkaline phosphatase activity were observed. Furthermore, a decrease in respiratory index on days 3 and 7 and
venous oxygen saturation on days 1 and 7 was observed. A logistic regression model was constructed, and a software tool "Calculator for Predicting Mortality
in AS" was developed. A model to predict the probability of fatal outcome in patients with AS was created. High serum CRP and creatinine levels, as well as the
decrease in venous oxygen saturation serve as significant prognostic markers of fatal outcome in patients with AS.
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MOJEJIb MPOMHO3A BEPOATHOCTW JIETAJIbBHOIO MICXO[A Y BOJIbHbIX
C ABAOMUHAJIbHbIM CENMCUCOM

M. B. Ocvikos'? = J1. ®. Tenewesa', A. . KoHatos'?, B. A. KoHatos'?, A. B. Tyces'?, M. C. Boliko'

T KOXHO-YpaibCKuii rocyAapCTBEHHbI MEANUMHCKNIA YHUBEPCUTET, HYenabuHek, Poccus
2 fopopackas kKnmHnydeckas 6onbHuLa Ne 8, YensbuHek, Poccurst
¢ YenabuHckasn obnactHas KnnmHudeckas 6onbHuLa, HensabuHek, Poccust

JleTanbHOCTb Cpeam NauneHToB C pa3nnyHbIMK hopmamMi cencuca coctasnsieT 36,2-47,7%. MNporHoampoBaHne BEPOSTHOCTU NeTaflbHOro 1cxoda npv cencuce
KPUTWHECKN BaXKHO AJ151 MPVHATUS KIMHUHECKVX PELLEHI, CTpaTUdMKaLmn pricka NauyeHToB 1 ynyylleHyst obLLein BebkuaemocTy. Lienbto neenenosanms 6biio
paspaboTaTe MaTeMaTU4ECKYIO MOAEb MPOrHo3a NCXOAa Cencuca y nauneHToB ¢ abAoMVHaNBHOM XMPYPrYecKor natonorvei. ViccnenosaHe BoIMonHAM Ha
64 60MbHbIX C AYArHOCTUPOBaHHBIM abaoMrHabHLIM cerciicoM (AC). B 3aBrcmocTy oT ncxogos AC Gbinn BbigeneHs! rpynna 1 (n = 46) ¢ 6naronpysiTHbIM UCXOA0M
n rpynna 2 (n = 18) ¢ netansHbIM MCXOAOM. Vlcnonb3oBany KIMHUYECKME LKasbl 1 1abopaTopHble METOAbI UCCefoBaHMs C OLEHKON nokasatenen Ha 1, 3 u
7 CyTKn C MOMeHTa anarHocTuposaHng AC. Ha 3 1 7 cyTku nokasatenn SOFA B rpynne ¢ HebnaronpusitHeiM nexogoM AC 6bin 3Ha41MO BblLLE, YeM B Fpyrne C
6naronpusiTHbIM UCXoAOM. B 06LLEM aHanm3e KPOBW Y NaLVeHTOB B rpyrne 2 Habmofaanoch YMeHbLLEHe abCOoMOTHOrO KonmyecTsa IMMAOLMTOB Ha 1 CyTKM B
cpaBHeHWM ¢ rpynnoit 1. Cpean BUOXMMNHECKIX MoKa3aTesnel BbISBNEHO YBENMHeHNe KOHLIEHTPaLMK B CbiIBOPOTKe C-peakTBHOIO 6efka, MOYEBUHbI, KpeaTuHHa,
nakTaTa, NPOKasbLUUTOHVHA, MPSMOro GunpybuHa, akTBHOCTU acnapTaTtaMyHoTpaHchepassl, anaHuHamMmmHoTpacdepasb! 1 LLenoYHon docdarasbl. Takke B
rpynne 2 BbISIBNIEHO CHWXXEHWE PECNMPATOPHOIo MHAEKCA Ha 3 1 7 CyTKM, HaCbILLEHMS BEHO3HOW KPOBW KMCAOPOAOM — Ha 1 1 7 cyTku. [NocTpoeHa mogens
NOMUCTUHECKON perpeccun 1 cospaHa nporpamma ansg IBM «Kanbkynatop nporHosa netansHocTv npu AC». PasgpabotaHa Mofenb BEpOSTHOCTH NeTanbHOro
nexopa y naumeHtos ¢ AC. Bbicokuin yposeHb C-PB, KpeaTHMHA B CbIBOPOTKE KPOBW, a Tak>Ke CHIPKEHVE HACbILLEHVSi BEHO3HOW KPOBW KUCNIOPOAOM Cry>KaT
3HAYMMbBIMU MPOrHOCTUHECKUMI MapKepaMi NeTasibHOro Mexofa y naumeHTos ¢ AC.

KntoyeBble cnoBa: abfoMVHaIbHbIA CEMNCUC, NETaNbHOCTb, MPOrHO3, MOAENb
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Sepsis is a model disorder underpinned by body’s response to
infection of various genesis (bacterial, viral, fungal) in the form of
generalized (systemic) inflammation resulting in acute multiple
organ dysfunction [1]. Mortality among patients with various
forms of sepsis admitted to intensive care units all over the
world is 36.2-47.7% [2]. In sepsis, the most common sources
of infection are lungs (64 %), abdominal cavity (20%), circulatory
system (15%), and urinary tract (14%) [3].

Abdominal sepsis (AS) is a syndrome underpinned by body’s
systemic inflammatory response to intra-abdominal infection
resulting in acute organ dysfunction [4]. Intra-abdominal
infections rank second among the causes of sepsis after
pulmonary lesions [4]. Complicated intra-abdominal infections
lead to the development of local or diffuse peritonitis, thereby
causing organ failure and eventually AS [4]. The AS-associated
mortality varies between 7.6 and 36% [4].

Many clinical and laboratory markers are not sensitive
and specific enough for predition of sepsis outcomes due to
complex pathophysiological mechanisms. Today, the WSES
(World Society of Emergency Surgery) sepsis severity score is
used to predict the course of AS in patients with complicated
intra-abdominal infections, and the PIPAS severity score is
used in patiens with acute peritonitis to determine treatment
efficacy and mortality rate [5, 6]. A multi-marker approach will
make it possible to construct a mathematical model of a patient
depending on the disease outcome, as well as to characterize a
personal forecast. In recent years, the algorithms for predicting
AS outcomes involving the use of the Akaike information criterion
(AIC) for linear regression models were superior to conventional
statistical methods [7]. The mathematical model for predicting
the probability of fatal outcome in patients with AS will make
it possible to change surgical treatment tactics, ensure timely
determination of indications for extracorporeal methods of
treatment (selective cytokine hemoadsorption combined with
adsorption of lipopolysaccharides, hemodiafiltration, plasma
exchange, selective plasma filtration) and intensify therapy.

The study aimed to develop a mathematical model for
predicting fatal outcome of sepsis in patients with abdominal
surgical pathology.

METHODS

We conducted a cross-sectional study by the continuous
sampling methods as patients with abdominal surgical
pathology were admitted to the intensive care unit of the
Chelyabinsk City Clinical Hospital No. 8, who earlier underwent
surgery involving debridement of primary lesion within the first
24 h of hospital stay. All patients of the sample were diagnosed
with sepsis in accordance with the current Sepsis-3 concept.
The sample was represented by 64 patients aged 32-82 years.
Inclusion criteria: age over 18 years; availability of written
informed consent, abdominal surgery within the first 24 h of
ongoing hospital stay; verified focus of intra-abdominal infection
(bacterial culture test and / or direct monitoring of the site of
infection); organ dysfunction (SOFA score > 2 points). Exclusion
criteria: developing intra-abdominal infection during the hospital
stay; preceding immunotropic, antibacterial therapy, taking
anticoagulants within 90 days; malignant neoplasms; history of
autoimmune disorder, allergy, immunodeficit; earlier disgnosed
hereditary disorders of hemostasis; pregnancy.

Dependence on the disease outcome was chosen as a
criterion for patient division: group 1 was formed 1 (n = 46)
with beneficial AS outcomes and group 2 (n = 18) with fatal AS
outcomes. In accordance with the Sepsis-3 concept the patient
condition severity was assessed using the Sequential Organ

Failure Assessment (SOFA) Score [8, 9]. Thrombohemorrhagic
disorders were assessed using the International Society on
Thrombosis and Haemostasis ISTH/SSC score, criteria for
sepsis-induced coagulopathy (SIC) [10].

Whole peripheral blood, its plasma and serum were used for
laboratory testing. Partial pressure of arterial oxygen (PaO,) for
calculation of respiratory index (PaO,/FiO,), acid-base balance
of venous blood ( blood pH), bicarbonate ion concentration (SB),
base excess or deficit (BE), venous oxygen saturation (SvO,)
were tested using the ABL 800 FLEX radiometer (Radiometer
Medical ApS, Denmark). Serum biochemistry indicators
(a-amylase, total and direct bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), urea, creatinine, alkaline
phosphatase, blood glucose, lactate) were tested using the
Mindray BS — 800 M biochemical analyzer (Mindray, China).
Complete blood counts were determined using the Sysmex
XT — 1800i / XT — 2000i analyzer (Sysmex, Japan). Prothrombin
time (PT), prothrombin index (Pl), international normalized ratio
(INR), activated partial thromboplastin time (@PTT), plasma
fibrinogen concentration were assessed using the Technology
Solution coagulometer (Technology Solution, Japan). Serum
concentrations of procalcitonin and standard C-reactive protein
(CRP) were determined by enzyme immunoassay using the
Personal Lab analyzer (Adaltis, Italy).

Statistical processing of the results was performed using
the SPSS 17.0 software package (IBM, USA). To describe
quantitative traits, the median (Me), lower and upper quartiles
(LQ; UQ) were calculated. A distribution was tested for normality
using the Kolmogorov—Smirnov test. Based on quantitative
traits the groups of patients were compared using the Kruskal—
Wallis test and Mann-Whitney U test. The confidence level was
p < 0.05. The data obtained were used when developing a
software tool for predicting sepsis outcomes in patients with
abdominal surgical pathology by the logistic regression method.

RESULTS

Among patients with AS, fatal outcomes were reported in
18 individuals (28.1%) during the follow-up period. The analysis
of clinical prognostic scores showed that SOFA scores reported
on days 3 and 7 in the group with adverse AS outcomes were
significantly higher, than in the group with beneficial outcomes
(Table 1).

In the group of patients with adverse AS outcomes,
complete blood counts reported on days 1 and 3 showed
anemia with the red blood cell counts, hemoglobin
concentration, hematocrit decreased relative to the generally
accepted reference values, as well as with thrombocytopenia,
leukocytosis and neutrophilia, lymphocytopenia. During follow-up
absolute basophil and eosinophil counts were elevated on day 7,
and monocyte counts were elevated on days 3 and 7 (Table 2).
In the group of patients with beneficial outcomes, there was
a significant increase in absolute eosinophil counts on day 7
relative to the indicators reported on days 1 and 3. In patients
with adverse AS outcomes, a significant decrease in absolute
lymphocyte and monocyte counts relative to the group with
beneficial AS outcomes was observed on day 1.

In patients with AS of both groups, high CRP, procalcitonin
and direct bilirubin levels relative to reference values were
reported on days 1, 3, and 7 (Table 3). The group of patients
wuth adverse AS outcomes also showed growth of serum
urea, creatinine, lactate and alkaline phosphatase levels. During
follow-up of the group of patients with adverse AS outcomes
there was a significant decrease in concentrations of a-amylase,
direct and total bilirubin on day 7 relative to the indicators
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Table 1. Clinical and prognostic scores of patients with beneficial and adverse AS outcomes, Me (LQ; UQ)

Group 1 — patients with beneficial AS outcomes (n = 46) Group 2 — patients with adverse AS outcomes (n = 18)
Indicators
Day 1 (n = 46) Day 3 (n = 46) Day 7 (n = 46) Day 1 (n=18) Day 3 (n=14) Day 3 (n=10)
) 6.0 5.0 5.0 8.0 12.0 10.0
SOFA, points [5.0; 9.0] [3.0; 8.0] [2.5; 10.0] [5.0; 14.0] [8.0; 14.0]* [10.0; 10.0]*
SIC score. points 4.00 4.00 4.5 4.00 4.00 5.00
P [4.00; 5.00] [4.00; 5.00] [4.00; 5.00] [4.00; 5.00] [4.00; 5.00] [4.00; 5.00]
DIC 1 score. points 4.00 4.00 4.00 4.00 5.00 5.00
P [4.00; 5.00] [4.00; 5.00] [4.00; 5.50] [4.00; 4.00] [4.00; 6.00] [5.00; 5.00]

Note: * — significant (p < 0.05) differences from group 1 on appropriate day.

reported on days 1 and 3. In contrast, ALT activity significantly
increased on days 3 and 7, and AST activity increased on day 7
relative to day 1. Serum lactate concentration significantly
decreased on days 3 and 7 relative to day 1. Procalcitonin
levels significantly increased on day 3 and decreased on day 7
relative to days 1 and 3, respectively. In the group of patients
with beneficial AS outcomes there was a significant decrease
in serum concentrations of total bilirubin on day 3, as well as of
direct bilirubin and procalcitonin levels on days 3 and 7 relative
to day 1. In the group of patients with adverse AS outcomes,
a significant increase in serum CRP, urea, creatinine, and
lactate levels was reported on day 1 relative to the group with
beneficial AS outcomes. During follow-up, concentrations of
procalcitonin, urea, creatinine, AST, ALT, direct bilirubin and
alkaline phosphatase increased on day 3, and concentrations
of procalcitonin, creatinine, urea, ALT, alkaline phosphatase and
C-reactive protein increased on day 7. In patients with adverse
outcomes, GFR was significantly lower on days 3 and 7.

In patients with AS of both groups on all days of follow-up
there was growth of D-dimer, fibrinogen and INR relative to
reference values. Growth of aPTT and PT was reported for the
group with adverse outcomes on day 1 (Table 4). In the group
of patients with adverse AS outcomes, there was a significant
decrease in PT, INR, and D-dimer levels on day 3 relative to day 1.
During follow-up, there was also a significant decrease in

Table 2. Complete blood counts of patients with AS, Me (LQ; UQ)

D-dimer levels, aPTT, and PT on day 7 relative to that reported
on day 1, along with PI relative to days 1 and 3. A significant
decrease in Pl on day 7 relative to the values reported on days
1 and 3 was revealed in patients of the group with beneficial
outcomes. Patients with adverse AS outcomes showed a
significant Pl decrease on days 3 and 7, along with the increase
in aPTT and PT on day 1 relative to the group with beneficial
AS outcomes.

In patients with AS of groups 1 and 2, low respiratory
index (PaO,/FiO,), venous oxygen saturation (SvO,) relative to
the generally accepted reference values had been reported
throughout all days of follow-up. When interpreting the
acid-base balance of patients with adverse AS outcomes,
decompensated metabolic acidosis was reported on day 1
of follow-up, and in the group of patients with beneficial AS
outcomes there was compensated metabolic acidosis on days 1
and 3 (Table 5). In the group of patients with adverse AS
outcomes, there was a significant increase in bicarbonate ion
levels (SB) relative to the values reported on day 3, as well as
the decrease in PaO,/FiO, on day 7 relative to days 1 and 3.
In the group of patients with adverse outcomes there was a
significant decrease in PaO,/FiO, on days 3 and 7 and the
decrease in SvO, on days 1 and 7 relative to the group of
patients with beneficial AS outcomes. Similar alterations were
reported for venous blood pH and SB concentration on day 1.

Group 1 — beneficial AS outcome (n = 46) Group 2 — adverse AS outcome (n = 18)
Indicators/reference values
Day 1 (n = 46) Day 3 (n = 46) Day 7 (n = 46) Day 1 (n=18) Day 3 (n=14) Day 7 (n=10)
410 3.67 3.67 3.50 3.65 423
Red blood cells / 3.5-6 x 10%?/L [3.16; 4.87] [3.56; 4.05] [3.48; 4.16] [2.93; 3.85] [3.54; 3.84] [3.18; 4.45]
Hemodlobin / 120160 i 113.00 105.00 109.50 101.50 109.00 118.00
9 [95.00; 135.00] | [99.00;117.00] | [102.00;118.50] | [83.00;130.00] | [89.00;125.00] | [102.00; 128.00]
Hematocrit / 32529% 32.70 31.15 32.10 29.25 31.20 35.90
o [28.90; 40.10] [29.30; 33.90] [30.50; 35.15] [24.00; 36.40] [26.00; 35.70] [29.80; 37.00]
; 184.00 252.00 194.50 147.00 122.00 132.00
Platelets / 150-400 x 10%/L [135.00; 320.00] | [156.00;346.00] | [142.50;307.50] | [92.00;190.00] | [36.00:292.00] | [116.00; 356.00]
White biood cells /8511 x 10L 16.88 12.64 10.76 16.29 13.37 12.29
: [9.39; 24.20] [9.62; 15.14] [8.37; 13.84] [13.86; 18.56] [6.46; 20.59] [11.41; 17.87]
_ ; 15.25 10.81 9.04 15.23 10.71 10.72
Neutrophils / 1.5-7.5 x 10%L [7.77; 22.77] [7.65; 13.32] [6.21; 12.41] [12.41; 18.93] [4.84; 17.93] [8.49; 15.98]
Lymphooytes / 14 x 1091 1.59 0.84 0.76 0.71 0.86 0.72
[0.51;3.77] [0.53; 1.87] [0.39; 2.13] [0.31; 0.96]* [0.18; 2.55] [0.49; 1.28]
0.02 0.03 0.02 0.01 0.01 0.02
: - 9
Basophils / 0-0.1 x 10%/L [0.01; 0.14] [0.02; 0.04] [0.01; 0.06] [0; 0.01]" [0; 0.06] [0.01; 0.05]"
N 0.01 0.03 0.38 0.01 0.01 0.44
Eosinophils / 0-0.4 x 10°/L [0.01;0.27] [0.01;0.13] [0.11; 0.66]* [0; 0.29] [0; 0.16] [0.41; 0.64]"
Monocytes / 0-0.7 x 107 0.59 0.51 0.60 0.11 0.70 073
: [0.06; 1.4] [0.31; 0.94] [0.28; 1.27] [0.06; 0.18]* [0.45; 2.19]" [0.46; 1.66]"

Note: * — significant (o < 0.05) differences from group 1 on appropriate day; * — differences from indicators reported on day 1 for appropriate group;  — differences
from indicators reported on day 3 for appropriate group.
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Table 3. Biochemistry indicators of patients with AS, Me (LQ; UQ)

Indicators/reference values

Group 1 — beneficial AS outcomes (n = 46)

Group 2 — adverse AS outcome (n = 18)

C-reactive protein / 0-6 mg/L

[128.18; 249.62]

[111.79; 203.17]

[64.71; 193.28]

[252.93; 361.27]

[163.83; 369.78]

Day 1 Day 3 Day 7 Day 1 Day 3 Day 7
(n = 46) (n= 46) (n= 46) (n=18) (n=14) (n=10)
27.91 36.51 47.39 57.33 52.20 25.28
a-Amylase /28-100 UL [22.52: 90.67] [16.74; 69.18] [26.14: 68.51] [43.50; 75.61] [20.97: 74.42] | [20.74: 29.50)
_— 23.89 9.75 14.78 17.80 15.30 10.99
Total bilirubin / 0-20.5 ymol/L [11.72; 57.93] [8.45; 17.89]" [7.61; 23.14] [13.46; 66.86] [9.97; 32.96] [9.55; 12.96]*
T 20.38 6.53 9.81 11.80 15.30 9.25
Direct bilirubin / 0-5.1 pmol/L [8.12; 48.55] [4.20; 8.99]* [4.53; 14.73]* [10.45; 61.36] [9.97: 32.96]" [5.26; 9.96]*
AT/ 0-40 UL 20.00 18.50 15.00 16.00 29.00 27.00
[15.00; 29.00] [15.00; 23.00] [11.50; 21.00] [13.00;22.00] | [22.00; 196.00* | [21.00;39.001*
33.00 30.00 29.50 24.00 48.00 33.00
AST/0-40 UL [27.00; 49.00] [20.00; 37.00] [18.50; 41.50] [20.00; 44.00] | [32.00; 1070.00]" | [28.00; 35.00]*
152.68 171.15 115.17 326.89 224.76 274.27

[269.26; 308.39]*

Creatinine / 62-106 pmol/L

[74.83; 118.85]

[58.11; 112.52]

[57.03; 110.43]

[102.00; 316.08]*

[146.36; 345.00]"

Procalcitonin. na/mL 19.40 2.80 1.50 19.10 21.10 10.00
L [5.10; 22.90] [1.10; 4.50]" [0.80; 4.10]* [17.00; 28.20] [19.80; 22.40]* | [1.20; 12.00])%*

Urea/ 1.7-8.3 mmol/L 8.70 7.90 7.30 15.90 18.30 19.80
e [7.80; 15.70] [4.80; 12.80] [4.50; 14.00] [13.40; 23.60]* [11.80; 25.10]* [11.00; 21.00]*

102.67 70.28 66.55 170.29 263.52 215.72

[116.97;217.10]"

. 55.0 55.0 60.0 40.0 40.0 45.0
GFR /90-150 mL/min [50.0; 60.0] [50.0; 60.0] [52.5; 65.0] [40.0; 55.0] [35.0; 50.0]* [40.0; 50.0]*
Alkaline phosphatase / 90.88 86.56 87.30 94.90 175.50 133.70
40-130 U/L [67.25; 98.86] [69.21;98.90] | [68.45;104.33] | [84.88;144.34] | [102.81;305.24] | [103.84; 151.96]"
7.40 6.40 6.90 5.90 6.60 8.30
Blood glucose /3.3-6.1 mmol/L [4.80; 8.90] [5.80; 9.10] [5.60; 9.00] [4.50; 19.10] [4.70; 16.70] [7.70; 9.40]
1.70 1.70 1.80 4.150 1.60 2.50
Venous lactate /0.5-1.6 mmol/L [1.50; 2.00] [1.30; 2.10] [1.50; 2.50] [3.90; 20.00]* [1.30; 3.20]" [2.20; 3.00]"

Note: * — significant (p < 0.05) differences from group 1 on appropriate day; #* — differences from indicators reported on day 1 for appropriate group; ® — differences

from indicators reported on day 3 for appropriate group.

A logistic regression model was constructed and a software
tool “Calculator for Predicting Mortality in Abdominal Sepsis”
was developed based on the data obtained to determine the
probability of fatal outcomes in patients with AS [11]. Indicators
were selected by constructing logistic regression models
and step-by-step elimination of traits. The resulting model
included three indicators: SvO,, SRP concentration, and serum
creatinine levels. ROC curve was selected as a metrics for the
model for predicting fatal outcomes in AS (see Figure).

Considering the SvO,, serum SRP and creatinine level
values, the tool estimates the AS-associated mortality forecast
expressed as a percentage. The relationship observed is
described by the following equation:

P =1/(1 + exp(-3.192989 - 0.081246 x SvO, + 0.016764 x
CRP + 0.014123 x creatining)),

where P is the likelihood of fatal outcome (%), SvO, is venous
oxygen saturation (%), CRP is serum concentration of
C-reactive protein (mg/L), creatinine is serum creatinine level
(umol/L).

According to our data and the model constructed, fatal
outcomes of AS are more common in patients with high serum
concentrations of CRP (above 30 mg/L), creatinine (above
70 pmol/L), as well as with low SvO, values (below 65%).
Validation of the model involving the data used yielded the
following: accuracy — 89.8%, sensitivity — 92.11%, specificity —
81.82%, area under the ROC curve — 96%.

The forecast of the likelihood of fatal outcome in patients
with AS can be calculated daily. On the one hand, the result

can be considered as static to determine surgical tactics,
establish indications for on-demand relaparotomy. Patients
may have indications for repeated debridement relaparotomy
in case of growing likelihood of fatal outcome. On the other
hand, the results of calculating the probability of fatal outcome
can be used as a dynamic indicator to assess efficacy of the
ongoing therapy, including surgical treatment and expensive
extracorporeal detoxification methods. In this situation, when
we see growing likelihood of fatal outcome, it is necessary
to change the ongoing therapy and use other extracorporeal
detoxification methods.

DISCUSSION

The analysis of the assessment results using the SOFA clinical
score has revealed significant changes in AS patients in two
groups, which makes it possible to use the score to assess
AS outcomes. This is due to the fact that the SOFA score
reflects the function of many organs and systems (respiratory,
cardiovascular, nervous, renal, liver, hemostasis systems).
Assessment using this score involves quantitative data, which
ensures higher objectivity and reproducibility of the results
[12]. In patients with adverse AS outcomes, leukocytosis,
neutrophilia, anemia with reduced red blood cell counts,
hemoglobin concentration, hematocrit, and thrombocytopenia
have been reported. Such alterations are associated with
activation of innate and adaptive immunity, plasma and
platelet components of hemostasis, vascular endothelium with
subsequent immunosuppression manifested by lymphopenia,
monocytopenia increasing the likelihood of secondary infection
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Table 4. Hemostasis indicators of patients with AS, Me (LQ; UQ)

Group 1 — beneficial AS outcomes (n = 46) Group 2 — adverse AS outcomes (n = 18)
Indicators/reference values
Day 1 (n = 46) Day 3 (n = 46) Day 7 (n = 46) Day 1 (n=18) Day 3 (n=14) Day 7 (n=10)
Prothrombin index. % 56.60 67.41 42.65 55.20 45.90 21.90
70 [561.20; 73.30] [52.50; 78.90] [21.90; 48.50]* [48.50; 67.10] [25.10; 51.30]" [20.90; 21.90]**
Prothrombin time / 17.00 16.50 17.95 19.95 15.80 16.10
11-17 s [15.50; 19.20] [15.70; 19.10] [16.65; 20.15] [17.20; 39.60]* [15.40; 18.70]* [15.50; 16.50]*
35.85 37.45 42.75 41.30 32.70 33.80
apTT/22-38 s [32.65; 36.25] [34.80; 43.00] [36.25; 48.90] [38.60; 69.70]* [17.00; 43.00] [30.60; 42.00]*
Fibrinogen / 2-4 g/L 4.97 5.68 5.53 6.58 6.57 6.42
9 9 [4.33; 6.23] [4.97; 6.82] [4.59; 6.49] [4.30; 8.47] [3.65; 8.23] [4.68; 8.60]
1.31 1.28 1.37 1.53 1.22 1.24
INR/0.8-1.2U [1.22; 1.86] [1.20; 1.45] [1.27; 1.53] [1.36; 3.43] [1.18; 1.44]* [1.19; 1.27]
D-dimer / 0-250 na/mL 2085.00 565.00 1284.50 2488.50 2078.00 2146.00
9 [965.00; 2595.00] [226.00; 2472.00] | [631.50; 3382.00] | [926.00; 4325.00] [990.00; 3118.00]* | [1046.00; 3310.00]*

Note: * — significant (o < 0.05) differences from group 1 on appropriate day; * — differences from indicators reported on day 1 for appropriate group; ® — differences

from indicators reported on day 3 for appropriate group.

[13, 14]. High serum levels of procalcitonin and CRP in the
group with adverse AS outcomes reflect severity of the
AS-associated inflammatory response. Growth of these
indicators can suggest adverse outcome when predicting
the course of AS [15-18]. Among biochemistry indicators of
patients with adverse AS outcomes, we should mention growth
of serum creatinine, urea, direct bilirubin concentrations, ALT,
AST activity, along with the decrease in GFR compared to
the group with beneficial AS outcomes. These alterations are
associated with organ dysfunction in AS, the development of
multiple organ dysfunction syndrome (MODS) due to damage
caused by pathogens and endotoxins, activation of innate
and adaptive immunity. Mitochondrial dysfunction caused by
sepsis is a major cause of the cell metabolism disturbances,
insufficient energy supply and oxidative stress, which lead to
apoptosis, dysfunction of multiple organs, MODS, thereby
increasing patient mortality rate [19-21].

In terms of the hemostasis system, high plasma levels of
fibrinogen, D-dimer, increased aPPT, PT, and decreased Pl are
typical for patients with adverse AS outcomes. These alterations
are associated with the hypercoagulable and hypofibrinolytic
hemostasis alteration phenotype, activation of extrinsic and
intrinsic coagulation pathways, suppression of anticoagulant
processes, disturbed fibrinolysis, liver dysfunction with impaired
clotting factor synthesis, development of sepsis-induced
coagulopathy, DIC syndrome [22-25]. In terms of the acid-base

Table 5. Blood acid-base balance and blood gases in patients with AS, Me (LQ; UQ)

balance and blood gases, patients with adverse AS outcomes
showed more severe metabolic acidosis accompanied by high
lactate levels, as well as the decreased PaO,/FiO, and SvO,
values, which was due to disturbed central and peripheral
hemodynamics, microcirculation, impaired oxygen delivery,
consumption and utilization in the tissues, acute kidney
damage. Serum lactate levels represent an important biomarker
of sepsis that is positively correlated to morbidity and mortality
in sepsis or septic shock [26-28].

According to our data and the model constructed, high
serum concentrations of CRP and creatinine, as well as low
SvO, values can serve as valuable clinical tools for prediction of
AS outcomes. The laboratory indicators used in the “Calculator
for Predicting Mortality in Abdominal Sepsis” are available for all
medical institutions providing care to patients with AS, inclusing
the non-ICU departments, which makes it possible to timely
estimate the likelihood of fatal disease outcome and determine
further patient management tactics at any stage.

CONCLUSIONS

The study has shown that the prognostic model based on
serum C-reactive protein, creatinine concentrations and
venous oxugen saturation is an effective tool for prediction
of AS outcomes. The value of these three markers reported
emphasizes the key role of renal dysfunction, inflammatory

Group 1 — beneficial AS outcomes (n = 46) Group 2 — adverse AS outcomes (n = 18)
Indicators/reference values
Day 1 (n = 46) Day 3 (n = 46) Day 7 (n = 46) Day 1 (n=18) Day 3 (n=14) Day 7 (n=10)
. 220.00 230.00 240.00 246.70 214.00 170.00
Pa0,/Fi0, / above 300 U [210.00; 280.00] | [210.00;280.00] | [200.00;300.00] | [200.00;280.00] | [190.00;240.00° | [160.00; 180.00]*"
73.50 69.40 71.70 70.70 75.00 66.60
0 0,
SvO,, % / above 70% [67.30; 86.40] [56.40; 77.50] [65.60; 73.60] [53.40; 91.10]* [65.00; 82.00] [64.60; 72.90]*
Venous blood pH / 7.38 7.38 7.34 7.27 7.34 7.34
7.31-7.41 [7.33; 7.41] [7.32; 7.40] [7.34; 7.35] [7.23; 7.31]" [7.24; 7.38] [7.34; 7.35]
Venous blood SB / 20.80 22.95 20.90 15.50 19.30 20.90
21-28 mmol/L [18.60; 25.80] [21.10; 25.20] [19.30; 21.60]° [15.40; 19.10]" [17.20; 23.80] [19.30; 21.60]
Venous blood BB / -3.50 -1.40 -3.70 -8.40 -6.00 -3.70
0-2 mmol/L [-6.90; 2.00] [-3.50; 1.40] [-5.80; —2.80] [~10.80; -3.00] [-8.60; —0.40] [-5.80; —2.80]
Venous blood BE / -3.50 -1.40 -3.60 -8.30 -6.20 -3.60
0-2 mmol/L [-7.20; 1.80] [-3.60; 1.60] [-5.70; —2.70] [-10.90; 22.80] [-8.60; -0.10] [-5.70; —2.70]

Note: * — significant (o < 0.05) differences from group 1 on appropriate day; * — differences from indicators reported on day 1 for appropriate group; ¢ — differences
from indicators reported on day 3 for appropriate group.
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ROC curve for the model for predicting fatal outcomes in AS (AUC = 0.96)
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Fig. The metrics used for the model for predicting fatal outcomes in AS

response, and tissue hypoxia in the AS pathogenesis and
outcome. The mathematical model for predicting outcome
of sepsis in patients with abdominal surgical pathology
has been constructed. The software tool “Calculator
for Predicting Mortality in Abdominal Sepsis” has been
developed. The model constructed represents a valuable
tool for clinical practice and further research in the field of
pathophysiology of septic conditions. Timely identification
of patients with high probability of fatal AS outcome will
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LIF AND SLIFR ALTERATIONS DURING RECONVALESCENCE (NOVEL CORONAVIRUS INFECTION,
INFLUENZA) IN PATIENTS WITH ESSENTIAL HYPERTENSION

Radaeva OA' ™ Simbirtsev AS?, Kostina YUA', Iskandyarova MS', Negodnova EV', Solodovnikova GA', Eremeev W', Krasnoglazova KA!, Babushkin [0’
" National Research Mordovia State University, Saransk, Russia

2 State Research Institute of Highly Pure Biopreparations of the Federal Medical Biological Agency, Saint Petersburg, Russia

Today, the analysis of the risk of developing cardiovascular complications in patients with essential hypertension (EH) following recovery from novel coronavirus infection
(COVID-19) is relevant. The value of leukemia inhibitory factor (LIF) and its soluble receptor (sLIFr) in EH progression has been shown, along with the relevance of
circadian approaches to assessment of the contribution of pro-inflammatory cytokines to the pathogenesis of acute cerebrovascular accidents (CVA). The study
aimed to compare alterations of the LIF and sLIFr levels during reconvalescence after COVID-19 and influenza in patients with stage Il EH, to determine the features
that are important for the development of acute CVA, and to analyze the associations with circadian rhythms. The study was conducted in four phases (n = 180; age
55-60 years): (1) 6-8 months before COVID-19; (2-3) on day 10-14 after primary or recurrent COVID-19; (4) on day 10-14 after influenza. In each phase blood levels
of LIF and sLIFr were determined by enzyme immunoassay at 7.00-8.00 h and 19.00-20.00 h, in 12 patients in four phases — at 7.00-8.00 h, 12.00-13.00 h,
19.00-20.00 h, 23.00-1.00 h throughout three days. It has been demonstrated that patients with EH show elevated LIF and sLIFr levels relative to healthy individuals
in all time points (p < 0.001) and significantly elevated levels at 19.00-20.00 h (p < 0.001). The analysis of the relationship between circadian rhythms and blood levels
of LIF, sLIFrin patients with stage Il EH post COVID-19 and influenza has revealed similar changes in the form of the larger increase in sLIFr levels at 19.00-20.00 h (the
ROC analysis data has shown predictive value for developing acute CVA within a year after COVID-19 in cases of the value increase above 7100 pg/L at 19.00-20.00 h).
The principles revealed actualize further investigation of the effects of the LIF/sLIFr complex associated with the EH progression after acute infectious diseases.
Keywords: essential hypertension, LIF, sLIFr, circadian rhythms, SARS-CoV-2, influenza
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M3MEHEHUE LIF N SLIFR B MEPNOJ PEKOHBAJIECLIEHLIN (HOBAA KOPOHABUPYCHAA
WH®EKLMA, FPUMM) Y MALUUMEHTOB C MTMNEPTOHUYECKOWN BOJIE3HbLIO

O. A. Papaesa' =, A. C. Cumbupuer?, HO. A. KoctuHa'!, M. C. VckaHasipoea', E. B. HerooHosa', I. A. CononosHukosa', B. B. Epemees’,

K. A. KpacHornasoga', /1. O. babyLukuH'

! HaumoHanbHbIn nccnegoBatensckmii MopaoBCKMiA rocyaapCTBeHHbIN yHBepcuTeT nmern H. I, Orapésa, CapaHck, Poccust

2 [ocynapCTBEHHbIN HayYHO-MCCNefoBaTENLCKMIA UHCTUTYT 0CO00 YNCTbIX BronpenapaTtoB PenepansHoro Meaunko-ronormieckoro areHTcTea, CaHkT-Ietepbypr, Poccus
Ha cerogHsaLlwHMA OeHb akTyaneH aHanmn3 pucka pasBuTua CepaedHO-COCYANCTLIX OCNOXHEHWUI Y MaLUMEHTOB C rMnepToHnYeckoin 6oneaHbto (FB) nocne
nepeHeceHHO HOBOW KopoHaBupycHom nHdekummn (COVID-19). MNMokasaHa 3Ha4YMMOCTb neikeMusi-uHrnbmpytotero daxtopa (LIF) n ero pactsopumoro
peuenTopa (sLIFr) B nporpeccuposaHumn B 1 akTyansHOCTb LiMpKaanaHHbIX MOAXOAO0B B OLEHKE BKaaa MPOBOCMANTENbHBIX LIMTOKMHOB B MATOrEHe3 0CTPOro
HapyLLeHnst Mo3roBoro kposoobpalleHrst (OHMK). Liensto rccnenoBaHmst Gb110 CONOCTaBUTb M3MeHeHWs ypoBHs LIF 1 sLIFr B nepurop, pekoHBanecLeHum nocne
COVID-19 1 rpunna y 6onbHbix ¢ B Il cTagum, BblaenmTb 3HauvMble 0cobeHHOCTY Ans hopmurpoBaHms OHMK 1 npoaHannsnpoBate CBS3W C LipKaanaHHbIMM
putMamu. ViccnegoBaHve npoBoaun B HeTbipe atana (n = 180; BospacT 55-60 ner): (1) 3a 6-8 mecsues o COVID-19; (2-3) Ha 10-14-11 gHn nocne NepBUYHOrO
1 nosTopHoro COVID-19; (4) Ha 10-14-11 nocne rpunna. Ha kaxkoom atane onpenensnm yposHW LIF 1 sLIFr B KpoBv MMyHOEpMEHTHbIM MeTonoM B 7.00-8.00 4
1 19.00-20.00 4, 12 naypeHTam Ha 4eTblpex stanax — B 7.00-8.00 4, 12.00-13.00 4, 19.00-20.00 4, 23.00-1.00 4 B Te4eHue Tpex CyToK. [okasaHo, 4To y
naupeHToB ¢ b ypoBeHb LIF 1 sLIFr noBbiLLeH BO BCEx BPEMEHHbIX TOYKaxX MO CPaBHEHWIO CO 3A0P0BbIMM (0 < 0,001) 1 3ameTHO yBenndeH B 19.00-20.00 4
(o < 0,001). Mpn aHaNM3e CBA3N LpKaanaHHbIX pUTMOB 1 copepxxanmst LIF, sLIFr B kposu naumentoB ¢ ' Il ctagmm nocne COVID-19 1 rpunna onpenenexbl
CXOXMEe n3MeHeHns B Buae 6onee BblpaxeHHoro yeenudeHus B 19.00-20.00 4 yposHst sLIFr (naHHble ROC-aHanm3a npoaeMoHCTPUPOBaM NMPEAUKTOPHYIO
LieHHOCTb B OTHOLLeHMN passnTua OHMK B TedeHne roga nocne COVID-19 npu nosbiweHun B 19.00-20.00 4 fo 3HadeHwin 6onee 7100 nr/mn). BoiseneHHble
NMPUHLWMMbI aKTyanuanpytoT aanbHeilee n3ydeHne adhdextoB komnnekca LIF/sLIFr npy nporpeccupoBariv b nocne ocTpbiX MHDEKLMOHHbLIX 3a00neBaHMIA.

KnioueBble cnoBa: rvnepToHnyeckas 6oneatb, LIF, sLIFr, umpkagvaHHele putMbl, SARS-COV-2, rpunn
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Leukemia inhibitory factor (LIF) being a member of the interleukin
6 (IL6) family has broad pleiotropic effects due to interaction
with both classic IL6 receptor, gp130, and its own membrane
receptor found in cardiomyocytes, neurons, endothelial cells,
etc. [1]. The role of its soluble receptor, sLIFr, is still a matter
of debate, since both agonist and antagonist interactions with
LIF are reported. The data are provided on the correlations
between the LIF/sLIFr levels and the nitric oxide metabolism
products (asymmetric and symmetric dimethylarginine (ADMA,
SDMA), etc.), which is significant for pathogenesis of essential
hypertension (EH) [2]. A new objective was the search for
factors associated with the development of complications in
patients with EH in the post-COVID period, which determined
introduction of new components to the design of the study
focused on the cytokine mechanisms of EH progression. Today,
there is limited data on alterations of the associations between
the cytokine mechanisms of immune response regulation and
human circadian rhythms under exposure to pathogens causing
infectious diseases, including viruses [3]. At the same time, as
early as in 1995 the relationship between vaccine administration
and circadian rhythms of cytokine synthesis considering the
significance of individual features of patients with chronic non-
communicable diseases was demonstrated [4]. Russian scientific
school of chronobiology has a long history of fundamental
research [5, 6]. The relevance of the complex problems presented
in the paper is also confirmed by the data provided in the review
published in 2024, which emphasize the importance of studying
the circadian control over immune-vascular interactions in both
normal state and cardiovascular disorders [7]. Circadian rhythms
affect both immune and vascular components of such interactions,
primarily through regulation of chemotactic cytokines, adhesion
of their receptors on the immune and endothelial cells, which
is especially important in EH. Considering the earlier reported
data on the relationship between alterations of LIF and sLIFr
blood levels and concentrations of the nitric oxide metabolism
products during the post-COVID period in patients with EH
[2, 8], the data provided by the colleagues on the importance
of circadian approaches to estimation of the contribution of
pro-inflammatory cytokines to pathogenesis and outcomes of
acute cerebrovascular accidents (CVA) [9], as well as information
about topical presentation of membrane LIF receptors on the
neurons and endothelial cells [1], we assumed significance of
the dependence of the cytokine synthesis circadian rhythm
alterations for EH pathogenesis. The study aimed to compare
alterations of the LIF and sLIFr levels during reconvalescence
after primary COVID-19 or COVID-19 re-infection and influenza
in patients with stage Il EH, to determine immunopathogenetic
features that are important for the development of acute CVA,
and to analyze the associations with circadian rhythms.

METHODS

The study was conducted at the Department of Immunology,
Microbiology and Virology with a course of Clinical Immunology
and Allergology of the Institute of Medicine, Ogarev Mordovia
State University; the clinical phase involving patient enrollment
was conducted at the Katkov Republican Clinical Hospital,
vascular center of the Republican Clinical Hospital of the
Republic of Mordovia No. 4 in 2019-2020 with further follow-
up 2020-2024 considering the patient’s place of residence.

Study design

The study included several phases of the group allocation.
As a result, 12 patients out of 180 initially included patients

with stage Il EH underwent repeated dynamic blood collection
for further investigation of the relationship between alteration
of blood cytokine (LIF, sLIFr) levels and circadian biorhythms
within 24 h (Fig. 1).

Phase 1. December 2019 — January—-March 2020
(before the pandemic)

We enrolled 180 patients with stage Il EH (80 females and
100 males) to determing morning (7:00-8:00) and evening
(19:00-20:00) LIF, sLIFr concentrations, and in 40 patients of
this group blood levels of cytokines were determined at four
time points (7:00-8:00, 12:00-13:00, 19:00-20:00, 23:00-1:00)
throughout three days.

Phase 2. May — November 2020
(circulation of the Wuhan-Hu-1 strain)

In 68 patients (30 females and 38 males) out of 180 included
in the study in phase 1, the analysis of morning and evening
concentrations of the same set of cytokines was conducted,
and in 27 patients (10 females and 17 males) out of
68 blood levels of cytokines were determined at four time
points (7:00-8:00, 12:00-13:00, 19:00-20:00, 23:00-1:00)
throughout three days on days 10-14 of reconvalescence after
primary COVID-19 with recording of the facts of developing
cardiovascular complications (acute CVA, TIA, MI). A telephone
survey was used to confirm cases of acute CVA, TIA based
on medical documents within a subsequent year of follow-up,
and statistically independent predictors of developing acute
CVA/TIA and MI were identified (11 patients out of 68 had a
history of acute CVA and TIA, two patients had a history of M;
furthermore, all 68 patients were characterized by comparable
high risk of fatal and non-fatal vascular complications based on
the SCORE2-OP scores).

Phase 3 — 2022-2023 (circulation of the Omicron strain)

In 24 patients (out of 27 participants of phase 2 having
stage Il EH and information about blood levels of cytokines
collected throughout three days), blood levels of cytokines
were determined at four time points (7:00-8:00, 12:00-13:00,
19:00-20:00, 23:00-1:00) throughout three days on days
10-14 of reconvalescence after COVID-19 re-infection.

Phase 4. December 2023 — March 2024 (period of increased
influenza incidence)

In 12 patients out of 24 having stage Il EH, who had been
assessed in phase 3, blood levels of cytokines were determined
at four time points (7:00-8:00, 12:00-13:00, 19:00-20:00,
23:00-1:00) throughout three days on days 10-14 of
reconvalescence after influenza (type A).

Characteristics of patients

The general clinical characteristics of patients during the follow-
up period confirm high comparability of the patients included
in the study based on systolic blood pressure (SBP), diastolic
blood pressure (DBP), average nocturnal systolic (SBPn) and
diastolic (DBPn) blood pressure; body mass index (BMI), levels
of low-density lipoprotein (LDL), cholesterol, creatinine, urea,
glomerular filtration rate (GFR), glucose (see Appendix).

The control group included six healthy individuals matched
by gender and age (three females and three males), it was
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A total of 890 medical records of patients with stage Il EH were assessed, and additional
clinical and laboratory testing was performed. A total of 224 individuals were included in the

index group. A total of 44 individuals were retrospectively excluded from the data analysis
considering the exclusion criteria

)

C

with stage Il EH in accordance
with the study criteria

Determination of serum LIF
and sLIFr levels at 7:00-8:00
and 19:00-20:00

Phase 1: December
2019 — March 2020

3

before the pandemi

stage Il EH on days 10-14 of

sLIFr levels at 7:00-8:00 and
19:00-20:00

hase 2: May-November 2020 (Wuhan:
strain circulation)

)

on medical documents)

0

hase 3: May—November 202
(Wuhan-Hu-1 strain circulation)

P

)

of influenza)

Phase 4: December
2023 — March 2024 (period

s

Fig. 1. Study design

formed of 32 healthy individuals included at the same time with
the group of patients having EH in phase 1 for further four-phase
follow-up.

The diagnosis of COVID-19 was established in accordance
with the relevant temporary methodological guidelines on prevention,
diagnosis, and treatment of novel coronavirus infection; moderate
course of the disease and pneumonia (CT I-HIl) were reported in
patients. The following comparable treatment regimens were used
(the researchers had no influence on therapy prescription):

— primary SARS-CoV-2 infection (2020): dexamethasone
16 mg/day with dosage reduction, azithromycin 1500 mg/day,
sodium heparin 10,000 |U/day;
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180 patients (80 females and 100 males)

68 patients (30 females and 38 males) with

reconvalescence after primary COVID-19

Determination of serum LIF and

Registration of cases of cardiovascular
complication throughout a year after COVID
(telephone survey with confirmation based

Determination of serum LIF and
sLIFr levels at 7:00-8:00, 12:00-13:00,
19:00-20:00, 23:00-1:00 throughout

determination of serum LIF and
sLIFr levels at 7:00-8:00, 12:00-13:00,
19:00-20:00, 23:00-1:00 throughout

v

40 patients with stage Il EH
(23 males and 17 females)

Determination of serum LIF and
sLIFr levels at 7:00-8:00, 12:00-13:00,
19:00-20:00, 23:00-1:00
throughout 3 days

27 individuals (30 females and 38 males)
with stage Il EH on days 10-14 of
reconvalescence after primary COVID-19

Determination of serum LIF and
sLIFr levels at 7:00-8:00, 12:00-13:00,
19:00-20:00, 23:00-1:00
throughout 3 days

among
them after
vaccination

24 individuals (10 females and 14 males) with stage Il EH on days 10-14
of reconvalescence after COVID-19 re-infection

3 days

among them

12 individuals (5 females and 7 males) with stage Il EH

on days 10-14 of reconvalescence after influenza

3 days

— COVID-19 re-infection (2022-2023; moderate course,
pneumonia (CT HI)): molnupiravir 1600 mg/day since day 2-3 after
the emergence of clinical manifestations in accordance with
the product information, paracetamol to reduce fever up to
1000 mg/day;

— influenza (2023-2024; the diagnosis was established
in accordance with the clinical guidelines of treatment of
influenza in adults (2022) and confirmed by laboratory testing:
immunochromatography express-test for influenza A and
B viruses with confirmation by molecular genetic testing):
oseltamivir 75 mg twice a day no later than three days since the
emergence of initial clinical manifestations in a dose specified
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Table 1. Blood levels of LIF and sLIFr (pg/mL) in patients with stage Il EH on d
and influenza

ays 10-14 of reconvalescence after primary COVID-19, COVID-19 re-infection,

7.00-8.00 19.00-20.00
Phase 1. 6-8 months before SARS-CoV-2 infection (n = 180 individuals)
LIF 7.18[4.11-11.3] 12.4[8.17-14.6] p < 0.001 7.00-8.00
sLIFr 3820 [2300-4930] 5680 [4200-7100] p < 0.001 7.00-8.00
Phase 2. Primary SARS-CoV-2 infection, 2020, Wuhan-Hu-1 strain (n = 68 individuals)
LIF 7.29 [4.36-9.82] 12.9[7.92-13.8] p < 0.001 7.00-8.00
sLIFr 3906 [2470-4660] 7890 [6100-8200]* phase 1 p < 0.001 7.00-8.00
Phase 3. COVID-19 re-infection, 2022-2023, Omicron variant (n = 27 individuals)
LIF 7.24 [3.69-10.9] 12.68 [8.78-13.14] p < 0.001 7.00-8.00
sLIFr 3970 [2690-5330] 5810 [5140-6900]* phase 2 p < 0.001 7.00-8.00
Phase 4. 2023-2024 (n = 12 individuals)
LIF 6.78 [4.24-9.53] 10.9 [8.17-13.7] p < 0.001 7.00-8.00
sLIFr 4100 [2390-5900] 7600 [5560-9100]* phase 1.3 p < 0.001 7.00-8.00

Note: * — p < 0.001 when compared with the specified phases (the Wilcoxon test

in product information; paracetamol to reduce fever up to
1000 mg/day.

Inclusion criteria in 2019-2020 (phase 1)

Inclusion criteria: stage Il EH; EH age of 10 years; comparable
antinypertensive therapy (ACE! + thiazide/thiazide-like diuretic);
age 55-60 years; concentration of the lipid metabolism
indicators: total cholesterol — no more than 5.0 mmol/L,
low-density lipoprotein — no more than 3.0 mmol/L, high-
density lipoprotein — more than 1.0 mmol/L, triglycerides — no
more than 1.7 mmol/L, thickness of the carotid artery intima
media — no more than 0.9 mm, glucose levels —no more
than 5.5 mg/dL, BMI — no more than 30 kg/c? comparable
characteristics of the daily routine (sleep between 23:00 and
6:00, last meal at 20:00, no sleep disorder or the use of
sleeping pills/melatonin-based drugs (these characteristics
were assessed by neurologist); informed consent submitted by
the patient.

Additional criteria determining inclusion of patients with
stage Il EH and healthy individuals in the study in 2022-2024
within the framework of allocating the index group with the
analysis of circadian dependencies of blood LIF and sLIFr
levels: administration of two Gam-COVID-VAC vaccine doses
in 2021.

Non-inclusion criteria in 2019 and 2020-2024 (common)

Non-inclusion criteria: type 1 or 2 diabetes mellitus, allergy/
autoimmune disorder, chronic infectious disease (HIV, hepatitis
B and C), mental disorder, symptomatic arterial hypertension,
smoking; lack of readiness for prolonged assessment; use
of antihypertensive drugs, other than ACE inhibitors and/or
thiazide/thiazide-like diuretics (for group with stage Il EH only).

Exclusion criteria

The exclusion criteria were common: prescription of
antihypertensive drugs, other than ACE inhibitors and/or
thiazide/thiazide-like diuretics (for group with stage Il EH only),
developing acute CVA, TIA, Ml or other condition determining
stage Il EH, autoimmune disorder diagnosed during the follow-
up period, losing touch with the patient. The exclusion criteria
substantiated allocation of the group of 180 patients compliant
with the study criteria throughout the follow-up period.

was used).

Blood collection procedure

Blood was collected at 7:00-8:00, 12:00-13:00, 19:00-20:00,
23:00-1:00). In this study, cytokines LIF and sLIFr were isolated
based on the research data on circadian patterns of human
cytokine synthesis and own earlier research on the cytokine-
mediated mechanisms of EH pathogenesis [6].

Blood was collected using the Vacutainer systems (BD
Vacutainer, USA) (the last meal took place at least 4 h before).
Blood was centrifuged for 15 min at 1500-2000 rpm. Serum
was separated and stored at a temperature —30 °C for no longer
than 30 days in the labeled test tubes. An interval between
blood collection and freezing of blood was 60 min. The analysis
was conducted by a certified specialist using the Personal
Lab TM microplate analyzer (Adaltis, Italy). The following test
systems were used to record serum levels of LIF and sLIFr: LIF
(eBioscience (Bender MedSystems GmbH, Austria)) — the test
system sensitivity was 0.66 pg/mL, the detection interval was
0.66-200 pg/mL; sLIFr (eBioscience (Bender MedSystems
GmbH, Austria) — the test system sensitivity was 0.052 ng/mL,
the detection interval was 0.052 -5 ng/mL.

Statistical processing of the results

Given the objectives, two software packages were used for
statistical processing of the results: StatTech v. 2.8.8 (StatTech,
Russia) and Stat Soft Statistica 10.0 (USA). When there were
less than 50 patients (groups with assessment of six circadian
points), the distribution was tested for normality using the
Shapiro-Wilk test; when the number of patients exceeded
50 (groups with assessment two time points), the Kolmogorov-
Smirnov test was used. Then the normally distributed quantitative
indicators were described using mean values (M) and standard
deviations (SD). When there was no normal distribution, the
quantitative data were described using the median (Me), lower
and upper quartiles (Q,—Q,). Given the dispersions were equal,
comparison of two unrelated group based on the normally
distributed quantitative trait was performed using the Student’s
t-test. Comparison of two unrelated group based on the non-
normally distributed quantitative trait was performed using the
Mann-Whitney U test. The Wilcoxon test was used for related
samples (comparison of the dynamic changes in indicators in
12 patients with EH, as well as changes in six healthy individuals).
The direction and strength of the correlation between two
quantitative traits were assessed using the Spearman’s rank
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Table 2. Blood levels of LIF and sLIFr (pg/mL) in individuals without EH on days 10-14 of reconvalescence after primary COVID-19, COVID-19 re-infection, and influenza

7.00-8.00 19.00-20.00
Phase 1. 6-8 months before SARS-CoV-2 infection (n = 32 individuals)
LIF 1.835[1.09-1.73] 1.29 [1.08-1.83] p>0.057.00-8.00
sLIFr 3410 [2900-4520] 3640 [3050-4680] p>0.057.00-8.00
Phase 2. Primary SARS-CoV-2 infection. 2020. Wuhan-Hu-1 strain (n = 26 individuals)
LIF 1.44 [1.12-1.83] 1.36 [1.02-1.79] p>0.057.00-8.00
sLIFr 3490 [2470-4660] 3720 [2200-4170] p>0.057.00-8.00
Phase 3. COVID-19 re-infection. 2022-2023. Omicron variant (n = 18 individuals)
LIF 1.27 [1.14-1.93] 1.31[1.18-1.42] p>0.057.00-8.00
sLIFr 3380 [2500-4720] 3460 [2700-3940] p>0.057.00-8.00
Phase 4. 2023-2024 (n = 6 individuals)
LIF 1.42 [1.14-1.68] 1.33 [1.02-1.51] p>0.057.00-8.00
sLIFr 4070 [3710-4410] 4140 [3680-4630] p>0.057.00-8.00

correlation coefficient (when the distribution of indicators was
non-normal). A predictive model characterizing the dependence
of the quantitative variable on the factors was developed using the
linear regression method. The ROC curve analysis method was
used to assess the diagnostic value of quantitative traits when
predicting certain outcomes. The quantitative trait cut-off value
was determined based on the highest Youden's index value.
The differences were considered significant at p < 0.05.

RESULTS

The results of phase 1 of the study including the data of
180 patients with stage Il EH and 32 healthy individuals (the
indicators obtained at 7:00-8:00 and 19:00-20:00 were
analyzed) has shown that patients with stage Il EH have higher
(o < 0.001) levels of LIF and sLIFr at 7:00-8:00 and 19:00-20:00
(Table 1) compared to healthy individuals (Table 2).
Furthermore, patients with EH show a significant increase in

blood levels of LIF and sLIFr by 19:00-20:00 relative to the
data obtained at 7:00-8:00 (by 65% (95% Cl — [43-87]%) and
71.3% (95% Cl — [62.8-82.1]%, respectively; p < 0.001), Table 1).
No fluctuations of LIF and sLIFr levels during the day have been
reported (Table 2).

In phase 2 of the study, in 68 patients with stage Il EH and
28 patients having no EH from of phase 1 group, repeated
analysis of blood LIF and sLIFr levels was performed on days
10-14 of reconvalescence after primary COVID-19 (Table 1).
In patients with EH, no quantitative differences in LIF levels
between the period before SARS-CoV-2 infection and early
reconvalescence have been determined (p > 0.05). We have
revealed higher sLIFr concentrations in blood of patients with
stage Il EH at 19:00-20:00 with growth by 92% [83-121]%
when comparing with the data obtained at 7:00-8:00; the
growth percentage in the evening is higher than that reported
before the pandemic (p < 0.01) (Table 1). In individuals without
EH, no differences in quantitative indicators of LIF and sLIFr

Table 3. LIF, sLIFr levels depending on the fact of developing acute CVA within a year after COVID-19 in patients with EH (2020-2021, after infection with the Wuhan

SARS-CoV-2 variant)

Acute CVA development within a year after COVID-19
Indicators p
no yes
sLIFr level 7:00-8:00 (pg/mL), Me [IQR] 3469 [3128-3751] 4150.00 [3168.25; 5100.00] 0.051
sLIFr level 19:00-20:00 day 10 post COVID (pg/mL), M (SD) 5974 (853) 7352 (1197) p < 0.001
LIF level 7:00-8:00 (pg/mL), Me [IQR] 7.17 [3.57-9.24] 7.36 [ 3.44-9.11] p>0.05
LIF level 19:00-20:00 (pg/mL), Me [IQR] 12.4 [7.49-13.9] 12.6 [7.54-14.3] p>0.05
1.00 —
|
0.75 J
2
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2
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Fig. 2. ROC curve characterizing the likelihood of developing acute CVA within a year after COVID-19 as a function of sLIFr levels reported at 19:00-20:00 on days

10-14 of post-COVID period in patients with stage Il EH (primary infection)
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7.00-8.00 12.00-13.00 19.00-20.00 23.00-01.00
1 2 3 4 5 6
6-8 months before SARS-CoV-2 infection
day 1 7.85[4.51-11.9] 8.00 [4.6-12.0] 12.3[8.12-15.2]*3.4 8.80 [4.90-10.7]*5
LIF pg/mL day 2 7.68 [4.47-12.9] 7.96 [3.64-11] 13.2[8.68-15.3]*3.4 9.27 [2.49-11.3]'5
day 3 7.84 [4.30-12.2] 7.65 [3.82-11.8] 12.23 [8.39-14.3]"1.2 8.5 [3.37-10.1]*5
day 1 3690 [2420-5340] 4380 [3340-4510] 5770 [4190-6750]"3.4 3090 [2460-3650]"5
sLIFr pg/mL day 2 4020 [2950-5070] 3720 [3290-4970] 5480 [5070-6930]*3.4 3330 [2680-4490]*5
day 3 4110 [2830-5610] 3660 [3340-4930] 5960 [5260-7920]*3.4 3990 [2560-4390]*5
Primary SARS-CoV-2 infection ( 2020, circulation of Wuhan-Hu-1 strain)
day 1 7.35[4.20-10.06] 8.03 [4.67-11.56] 12.4 [8.13-14.51]"3.4 10.52 [9.75-12.5]*5
LIF pg/mL day 2 7.05[4.10-10.59] 7.36[3.81-9.83 13.8 [7.54-15.5]"3.4 9.52 [8.29-11.6]*5
day 3 7.23[4.01-10.12] 7.95[4.51-10.86] 13.4 [8.96-15.8]*3.4 9.88 [8.66-11.9]*5
day 1 4240 [2610-4850] 3650 [2780-4810] 7540 [6400-8220]"3.4. a 3770 [2880-4370]"5
sLIFr pg/mL day 2 3710 [2790-4710] 3690 [2730-4480] 7280 [5840-7550]"3.4.a 3600 [2640-3890]"5
day 3 4140 [2780-5320] 3840 [2700-4680] 8120 [6340-8840]"3.4. a 3870 [3010-4390]"5
COVID-19 re-infection (2022-2023, circulation of Omicron strain)
day 1 7.15[3.98-11.21] 7.89 [4.56-12.05] 12.68 [8.78-13.14]*3.4 7.67 [4.50-11.7]*5
LIF pg/mL day 2 7.10 [4.00-12.95] 7.78 [4.08-11.25] 13.05 [8.48-14.98]*3.4 6.28 [4.49-12.9]"5
day 3 7.19 [4.20-11.5] 7.64 [3.98-12.3] 13.1[8.40-15.0]"3.4 6.59 [3.60-11.9]"5
day 1 4140 [2780-5450] 4390 [3180-5240] 5790 [4830-7800]*3.4.b.d 3110 [2460-4060]*5.d
sLIFr pg/mL day 2 3940 [2890-5080 3890 [3460-5110] 5520 [4930-6860]*3.4.b 3190 [2410-4080]**5
day 3 4000 [2550-5350] 3790 [3330-5670] 5900 [5100-7200]*3.4.b 3850 [2500-4300]**5
Influenza (2023-2024)
day 1 6.93 [4.17-9.86] 7.14[5.16-9.53] 11.2 [8.29-14.3]*3.4 8.77 [4.48-10.9]*5
LIF pg/mL day 2 7.18 [4.43-9.45] 6.97 [5.48-9.11] 11.76 [8.90-14.69]*3.4 8.31 [4.80-10.14]"5.
day 3 6.56 [3.94-10.55] 7.05 [4.80-9.27] 11.98 [7.71-14.83]*3.4 8.36 [4.17-11.66]*5
day 1 3960 [2410-6200] 4160 [2730-4800] 6600 [5400-8300]*3.4.a.c 3520 [2800-4600]"5
sLIFr pg/mL day 2 3890 [2260-6020] 4240 [2890-5120] 7480 [5880-9090]*3.4.a.c 3710 [2910-4830]"5
day 3 3970 [2430-6310] 4270 [2700-4920] 7640 [5450-10300]*3.4.a.c 3470 [2770-4650]"5

Note: *— p <0.001 when compared with the specified groups (3 — levels at 7:00-8:00, 4 — 12:00-13:00, 5 — 19:00-20:00, 6 — 23:00-1:00).

from the pre-COVID period were revealed (p > 0.05), but
deviations from the results of patients with EH reported before
SARS-CoV-2 infection were preserved.

In phase 2, we also started monitoring of the development
of cardiovascular complications (acute CVA, TIA, and M) in
68 patients with stage Il EH throughout the year after primary
COVID-19 and subsequent retrospective comparison with the
morning and evening LIF and sLIFr concentrations reported on
days 10—14 of reconvalescence after primary COVID-19 (Table 3).
When assessing sLIFr levels reported at 7:00-8:00 depending
on the acute CVA development within a year after COVID-19, we
failed to find significant differences (p = 0.051) (Mann-Whitney
U test was used). When assessing sLIFr levels reported at
19:00-20:00 on days 10-14 of early reconvalescence after primary
COVID-19 (Wuhan-Hu-1 strain) depending on the acute
CVA and TIA development within the next year, considerable
differences were revealed (p < 0.001) (Student’s t-test was
used) (Table 3). The patients’ LIF levels reported at 7:00-8:00
and 19:00-20:00 depending on the acute CVA and TIA
development within the next year showed no differences
(o > 0.05). When assessing the correlation between the
probability of developing acute CVA or TIA and peripheral blood
serum levels of sLIFr reported at 19:00-20:00 on days 10-14
post-COVID using ROC analysis, a curve was plotted (Fig. 2)

(the value of 0.842 + 0.074 corresponds to the area under
the curve with the 95% CI: 0.697-0.987; p < 0.001). Critical
elevation of sLIFr levels in blood of patients with stage Il EH
being through early reconvalescence after COVID-19 reported
at 19:00-20:00 was 7100 pg/mL, which was identical to the
maximum Youden's index value. Brain damage in patients with
stage Il EH was predicted, when blood sLIFr levels reported at
19:00-20:00 on days 10-14 post-COVID exceeded this value
or were equal to it with sensitivity and specificity of 75% and
98.2%, respectively.

In phase 3 (after COVID-19 re-infection), assessment of
morning and evening concentrations of the test cytokines
showed that patterns of pre-COVID period were typical for
patients with stage Il EH (27 individuals) and people without
EH (18 individuals), and the differences from healthy individuals
were preserved (p < 0.001; Table 1, Table 2). No changes in the
form of greater degree of sLIFr level increase at 19:00-20:00 in
individuals with EH found on days 10-14 of reconvalescence
after primary COVID-19 were reported for COVID-19 re-infection.

Phase 4 allowed us to assess changes in blood LIF and
sLIFr levels during early reconvalescence after influenza in
12 patients with stage Il EH and six individuals without EH
followed-up starting from phase 1 of the study. The data
obtained demonstrated trends similar to that reported after
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Table 5. Blood levels of LIF and sLIFr (pg/mL) in healthy people (6 individuals) on days 10-14 of reconvalescence after COVID-19, influenza,
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and vaccination

7.00-8.00 12.00-13.00 19.00-20.00 23.00-01.00
1 2 3 4 5 6
6-8 months before SARS-CoV-2 infection

day 1 1.32[1.12-1.71] 1.42 [1.29-1.75] 1.26 [1.21-1.78] 1.32[1.25-1.68]
LIF pg/mL day 2 1.38 [1.10-1.69] 1.49 [1.31-1.80] 1.37 [1.25-1.81] 1.38 [1.26-1.70]

day 3 1.43 [1.20-1.79] 1.56 [1.39-1.87] 1.42 [1.29-1.85] 1.43 [1.31-1.73]

day 1 3890 [3100-4750] 4200 [3390-4580] 4510[3570-4870] 4210 [3800-4570]
sLIFr pg/mL day 2 4100 [3260-5070] 5250 [3560-5880] 4590 [3760-5000] 4330 [3870-4650]

day 3 3990 [3240-4880] 5070 [3450-5630] 4470 [3640-4860] 4290 [3910-4540]

Primary SARS-CoV-2 infection (2020, circulation of Wuhan-Hu-1 strain)

day 1 1.42 [1.14-1.68] 1.50 [1.27-1.75] 1.33[1.02-1.51] 1.34[1.18-1.67]
LIF pg/mL day 2 1.22 [1.12-1.46] 1.42[1.18-1.71] 1.37 [0.99-1.48] 1.30[1.13-1.60]

day 3 1.29 [1.09-1.58] 1.45 [1.24-1.68] 1.832[0.95-1.17] 1.34 [1.10-1.53]

day 1 4070 [3710-4410] 3920 [3350-4530] 4140 [3680-4630] 4260 [3650-4710]
sLIFr pg/mL day 2 3970 [3460-4270] 3590 [3110-4210] 4150 [3450-4490] 3890 [3360-4440]

day 3 3980 [3420-4350] 3950 [3180-4330] 4290 [3470-4570] 4210 [3310-4560]

COVID-19 re-infection (2022-2023, circulation of Omicron strain)

day 1 1.39 [1.12-1.65] 1.47 [1.25-1.72] 1.36 [1.03-1.49] 1.37 [1.16-1.64]
LIF pg/mL day 2 1.27 [1.14-1.53] 1.49 [1.20-1.76] 1.31[0.97-1.52] 1.34 [1.11-1.57]

day 3 1.49 [1.18-1.85] 1.60 [1.41-1.92] 1.54 [1.27-1.83] 1.38 [1.30-1.75]

day 1 3990 [3560-4340] 4040 [3180-4710] 3740 [3650-4550] 4230 [3610-4670]
sLIFr pg/mL day 2 4030 [3510-4350 3860 [3170-4370] 4010 [3540-4620] 3790 [3290-4340]

day 3 4070 [3360-4460] 3910 [2870-4170] 4130 [3560-4660] 4140 [3160-4420]

Influenza (2023-2024)

day 1 1.38 [1.08-1.72] 1.47 [1.31-1.72] 1.36 [0.99-1.54] 1.30 [1.15-1.63]
LIF pg/mL day 2 1.29 [1.03-1.56] 1.36 [1.25-1.64] 1.24 [0.94-1.44] 1.20 [1.05-1.52]

day 3 1.25[1.06-1.55] 1.49 [1.30-1.67] 1.36 [0.97-1.22] 1.37 [1.12-1.50]

day 1 4460 [3420-4600] 3730 [3160-4010] 3880 [3510-4230] 4590 [3480-4330]
sLIFr pg/mL day 2 4030 [3270-4340] 3810 [3020-4270] 3790 [3530-4790] 3640 [3390-4360]

day 3 4100 [3240-4510] 3910 [3030-4260] 4080 [3660-4700] 4010 [3150-4380]

Note: * — p < 0.001 when compared with the specified groups (3 — levels at 7:00-8:00, 4 — 12:00-13:00, 5 — 19:00-20:00; 6 — 23:00-1:00).

primary COVID-19 in patients with stage Il EH (Table 1): more
prominent sLIFr growth at 19:00-20:00 (by 91% (95% CI
[81-126]%), which was higher (p < 0.01), than in pre-COVID
period and post COVID-19 re-infection. Earlier, in 2019, we
assessed blood levels of sLIFr at 7:00-8:00 and 19:00-20:00
in 60 patients with stage Il EH, not included in this part of the
study, but taking part in the study of the cytokine mechanisms
of EH progression (the study has been going on since 2012
until now). The patients specified are comparable based on
all inclusion and exclusion criteria reported in this paper for
patients of four phases of follow-up. After having influenza in
2019 patients with stage Il EH showed deviation of the 24-h
curves from the data of the same patients reported 9-10
months before infection (p > 0.05): before influenza at 7:00-
8:00 — 3720 [2210-4960] pg/mL, at 19:00-20:00 — 5510
[3700-6240] pg/mL; on days 10-14 of reconvalescence after
influenza at 7:00-8:00 — 4140 [2640-4860] pg/mL, at 19:00—
20:00 — 5680 [3380-6420] pg/mL.

Considering different size of the samples used in phases
1-4, groups were formed of 12 patients with stage Il EH
and six healthy individuals, in whom blood collection at four
time points was performed throughout three days in all four
phases of the study, in order to confirm the relationships
between the patterns revealed and circadian biorhythms and
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to ensure higher predictive value of the differences between
evening sLIFr quantitative characteristics of patients with EH
and healthy individuals. Comparison of blood LIF and sLIFr
levels in the specified group after primary COVID-19 in 2020
(phase 2) and COVID-19 re-infection in 2022-2023 (phase 3)
caused by different SARS-CoV-2 strains confirmed the data
reported for two time points: changes in 24-h dynamics of sLIFr
levels in the form of more prominent increase in the evening
(19:00-20:00) took place only during early reconvalescence
after primary COVID-19 (p < 0.001; Table 4). The analysis
of the data of patients with stage Il EH infected with influenza
A virus in fall-winter 2023-2024 revealed a 3-day trend of the
increasing degree of blood sLIFr level elevation at 19:00-20:00
comparable with the reported for the period of primary SARS-
CoV-2 infection during circulation of the Wuhan-Hu-1 strain.
Changes in patients with EH were correlated to circadian
biorhythms.

Healthy individuals showed no changes in blood LIF and
sLIFr concentrations within 24 h both before COVID-19 and
during reconvalescence (Table 5); the levels of LIF and sLIFr
were significantly lower, than in patients with stage Il EH
(o < 0.001) and did not change during reconvalescence after
influenza. No correlations with circadian rhythms were revealed
in the group of healthy individuals.
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DISCUSSION

The pandemic of novel coronavirus infection attracted the
researchers’ and clinicians’ attention to the duration and
features of cytokine alterations after the disease; criteria and
manifestations of post-COVID syndrome are discussed. It
is important to control the increasing risk of cardiovascular
complications in patients with EH, and to understand the
factors determining the latter. Based on the data of pre-COVID
period (phase 1 of the study) our research team determined
the features of patients with stage Il EH in the form of higher
blood concentrations of LIF and sLIFr with the upward trend
observed in the evening. In 2017, we showed that growth of the
LIF and sLIF levels against the background of EH was reported
before prescription of antihypertensive drugs and represented
a component of EH pathogenesis; when the target BP was
achieved when using antihypertensive drugs, the decrease in
sLIF levels was determined, there was no downward trend of
LIF levels during treatment in patients with EH [2]. Regarding
the fact that information about the LIF expression increase
post cerebral ischemia and the neurons as the main source
of LIF was published on international scientific platforms [10],
the importance was substantiated of studying the relationship
between this cytokine and its soluble receptor as predictors of
changes in the risk of acute CVA in patients with EH, including
after COVID-19, which was confirmed in phase 2 of our study.
The main pool of cardiovascular complications in patients
with EH reported within a year after primary COVID-19 was
constituted by cases of acute CVA and TIA, and the predictor
showing high sensitivity and specificity was growth of blood sLIFr
levels above 7100 pg/L at 19:00-20:00 on days 10-14 of early
reconvalescence. It has been earlier reported in the literature
that there is balance between vasoconstrictor and vasodilator
molecules affecting blood supply to the brain and enhancing
the electroencephalogram power spectra, which is likely to be
regulated by cytokines and related to circadian biorhythms [11].
Perhaps, this is also manifested in the relationship between
blood levels of the studied cytokines against the background of
hypertension and circadian biorhythms, and it is not reported in
individuals with normal blood pressure. However, the question
of the mechanism of sLIFr influence on the development of
acute CVA and TIA remains open. If we consider sLIFr as a
LIF blocking factor, then in the acute period of ischemia its
increase may have protective properties, since a number of
authors have noted pro-inflammatory role of LIF against the
background of acute ischemic damage to neurons [10]. Then,
LIF is a neurotrophic factor [10], LIF blockage via sLIFr will be
perverse. These data raise new pathogenetic questions for
researchers. Can a long-term LIF increase in individuals with
hypertension before acute CVA act as a potential protective
neurotrophic buffer that increases the resistance of neurons
to damaging factors against the background of hypertension,
or, conversely, support inflammatory processes, including the
increased blood-brain barrier permeability? And what is the
role of sLIFr, if it not only shows blocking activity against LIF,
but also has its own LIF-independent immunopathogenetic
effects in the form of correlation with increasing blood levels
of the factors associated with the NO synthesis imbalance
progression: SDMA and ADMA [2]. Microglia may be one of the
points of the LIF/sLIFr effect application [12—13].

When assessing circadian rhythms of blood LIF, sLIFr levels
in patients with stage Il EH after COVID-19 and influenza, of
greatest interest are the data on the similarity of changes in the
form of the more pronounced increase in sLIFr levels at 18:00-
19:00 during primary SARS-CoV-2 and after influenza. It should

be noted that according to our data, no such trend following
recovery from influenza has been earlier (before the pandemic)
reported in patients with EH. Considering the fact that the
assessment results reported after primary COVID-19 have shown
the relationship between blood sLIFr levels exceeding 7100 pg/
mL at 19:00-20:00 and the development of acute CVA, TIA, and
that such levels are currently determined in patients with EH and
post influenza, it is necessary to attract clinicians’ attention to the
potential group at increased risk of cardiovascular complications.
It is necessary to conduct further studies involving expansion of
the group followed-up during the new epidemic period, since
the findings emphasize the importance of assessing circadian
patterns affecting cytokine regulation of the development of
acute CVA associated with EH, and the relevance of those is
confirmed by the papers published by other researchers, who
study the acute CVA immunopathogenesis [14].

The researchers consider the features and duration of
cytokine alterations in the post-COVID period to be related
specifically to primary contact of the population members
with the virus, which was typical for SARS-CoV-2 in 2020.
According to the data we have provided, when patients with
EH were re-infected with coronavirus in 2022-2023, no earlier
reported more prominent growth of sLIFr levels at 19:00-20:00
has been detected, which can be explained by leveling of the
virus immune effect severity against the background of the year-
round circulation, decreased virulence, and vaccination effects
[15]. According to epidemiological data, the seasonal growth of
influenza incidence was less prominent 2020-2022 in the context
of SARS-CoV-2 predominance, which can represent the cause
of the immune memory effectiveness cancellation. The lack of
vaccination in the specified group of patients (submitted refusal
of vaccination against influenza) has also determined formation
of the “cytokine tail” with the more prominent increase in sLIFr
levels post influenza as the “new infection”.

The sLIFr level growth can reduce the percentage of
interaction between LIF and its membrane receptor in stem
cells, which can affect alteration of their differentiation into
neurons, since, according to experimental data, LIF delivery to
the murine brain enhances self-renewal of the neuronal stem
cells in the subventricular zone and olfactory bulb with the
vector of differentiation into neurons [16].

CONCLUSIONS

The LIF/sLIFr system has a significant pathogenetic component of
the acute CVA and TIA development in patients with EH after novel
coronavirus infection. The detected similar growth of the evening
sLIFr concentrations and post influenza actualized assessment
of the contribution of the broader range of viruses (SARS-CoV-2
or influenza variants) to the increase in the risk of developing
acute CVA during the subsequent year in patients with EH.
Chronobiology of the immune response at the macroorganism-
virus interface determines the progression of non-communicable
concomitant diseases and should be a part of the personalized
approach to calculating the risk of developing complications by
comorbid patients in the future. The demonstrated formation
of the relationship between sLIFr concentration alterations and
circadian biorhythms substantiates scientific and pathogenetic
value of studying evening concentrations of this cytokine
in patients with hypertension (between 19:00-20:00). The
chronobiological patterns of this process identified open up new
perspectives for assessment of the LIF/sLIFr complex effects on
the EH immunopathogenesis and the development of acute CVA
in the specified category of patients considering the history of
viral infections (COVID-19, influenza).
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Cognitive reserve (CR) is characterized by the ability to engage neural networks for adaptive reorganization of brain functions in response to damage or stress.
This study aimed to identify the structural and functional organization of neural networks in patients with chronic cerebral ischemia (CCI) having different CR. The
study involved 137 women aged 50-85 years suffering from CCl without diabetes. The average duration of CCl was 10.1 + 0.7 years. CCl patients were divided
into two groups: with secondary (SE) and higher (HE) education. Salivary cortisol levels were measured before and after cognitive load, along with the differences in
brain connectivity organization based on fMRI data in two patient groups. Connectivity patterns were primarily found in the auditory areas, different in two groups
after applying multiple comparison correction (FDR) and were responsive to cortisol levels. Patients with greater CR developed CCl later, showed significantly more
positive connectivity values, had lower baseline cortisol levels, and displayed larger shifts in cortisol levels during cognitive load.
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KOMHUTUBHbIN PE3EPB BOJIbHbIX XPOHUYECKOW ULLEMUWEA MO3IA

B. ®. ®oknH=, H. B. MoHomapesa, A. A. LLlaGanuHa, P. H. KoHosanos, P. B. Measenes, A. W. Bopasosa, O. B. laroga, M. B. KpoteHkosa,
M. M. TaHawsH

HayuHbIn LeHTp Hesponorm, Mockea, Poccrst

KorHutueHbI peseps (KP) xapakTepnsyeTcst CMOCOBHOCTLIO akTMBMPOBaTb HEMPOHHBIE CETU AN afanTUBHON peopraHm3aumn yHKUUA Mo3ra B OTBET Ha
nospexaeHve nnn ctpecce. Liensto paboTbl 6b110 BbISIBNEHNE CTPYKTYPHO-(YHKLMOHAIBHOM OpraHn3aLmmn HempoceTen y 60bHbIX XPOHUHECKOW LLEMMEN MO3ra
XNM) ¢ pasnuyHbiM KP. B nccneposaHun ydacteoBanm 137 »xeHumH B Bo3pacTe 50-85 net 6onbHbiX XM 6e3 anabeta. CpeaHsist AaBHOCTb 3aboneBaHus
XM — 10,1 + 0,7 roga. bonbHble XIM 6binv padneneHsl Ha age rpynnbl: co cpefHum (CO) m ¢ Boiclum (BO) obpasosaHvemM. Onpefensny cogepyxaHne
KOPTN30/1a B CAIOHE [0 1 NMOCNE KOMHUTUBHOW Harpy3kn, a Takke pasnnyve KOHHEKTVBHOWM OpraHv3aummn mosra no ganHsiM GMPT B aByx rpynnax 6ombHbIX.
HalineHbl KOHHEKTUBHOCTU MPEVIMYLLIECTBEHHO B CAYXOBbIX 06N1aCTAX, Pas3nnyHble B ABYX rpynnax, C y4eToM MonpaBK/ Ha MHOXECTBEHHOCTb cpaBHeHui (FDR),
1 YyBCTBUTENbHBIE K YPOBHIO KOPTU30na. bosnbHble ¢ 6onee Bbicoknm KP noaxe 3abonesann XVIM, nmenu focTtoBepHO 605ee NoNoXK1TENbHbIE 3HAYEHNS
KOHHEKTVBHOCTEN, 60nee HU3K1iA ypoBeHb (hOHOBOrO KOPTU30a 1 6onee BbICOKUIA CABUIM KOPTU30Ma NpY KOrHUTUBHOW Harpy3ke.

KntoueBble cnoBa: KOrHUTUBHbIN PE3EPB, XPOHNHECKAs NLLIEMMSt MO3ra, BbiCLLee 0bpadoBaHie, cpeaHee obpasoBaHue, PMPT Nokosi, KOHHEKTVBHOCTb, KOPTU30/,
KOrHWUTVBHasA Harpyska
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Cognitive reserve (CR) is a concept describing the brain’s
ability to adapt to damage or aging. CR is characterized by the
capability of engaging neural networks and ensuring adaptive
reorganization of brain functions in response to damage or stress
[1]. The concept of CR is widely used when describing aging, as
well as neurodegenerative and vascular disorders of the brain.
There are two oppositely directed factors playing a key role
in the CR organization: education and the effects of stress,
which are often replaced by a more measurable trait, stress

hormone cortisol levels. Let us consider carefully these three
characteristics.

The studies describing the effects of person’s education
on his/her body are divided into two large groups: the effects
of social benefits associated with pursuing higher education
(HE) and alterations of brain’s structural and functional
organization occurring under the influence of education. The
period of cognitive training associated with pursuing HE can
be considered as longer, than that associated with pursuing
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secondary education (SE). HE is often finished at a relatively
young age characterized by high brain plasticity, so there is
an opportunity to optimally shape brain networks. The larger
accumulated CR also manifesting itself in attitude to stress
caused by cognitive stress represents one of the major benefits
for individuals with HE.

The course of stress is different in men and women, so
it is feasible to consider it separately. This paper is focused
on the responses associated with cognitive stress in women
with HE and SE suffering from chronic cerebral ischemia (CClI).
Women with HE have potentially improved stress regulation
mechanisms. This can be due to the dynamic changes in cortisol
levels [2]. In women with HE, there is possibility of more intense
activation of the prefrontal cortex (PFC) playing an important
role in executive functions and emotional regulation [3]. HE is
likely to result in stronger PFC cortex activation during stress,
thereby contributing to better cognitive control and emotional
regulation. This is especially true for interconnections between
PFC and cyngulate gyrus. Furthermore, HE is associated with
enlargement of the hippocampus playing a role in regulation of
memory and responses 1o stress, possibly ensuring a protective
effect of education on hippocampal integrity [4].

One can see various patterns of activation of the amygdala
involved in developing responses to fear and threat. HE can
result in the less prominent and better controlled activation of
the amygdala during stress [5].

Women with lower socioeconomic status that is often
associated with little education have elevated basal cortisol
levels, even when there seem to be no severe stressors [6].
Reduced hippocampal volume under conditions of chronic
stress can negatively affect its functioning, which results in
deterioration of memory and impaired stress regulation [7], as
well as to reduction of CR.

In individuals with inadequate education, the increased
amygdala reactivity and chronic stress can sensitize the amygdala,
thereby contributing to enhanced fear response. Furthermore,
PFC is not always able to regulate responses of the amygdala,
which results in the less effective emotional regulation [8].

Studies of the neuronal correlates of cognitive load in women
with different levels of education are still fairly limited, and the
results of different studies are not always consistent. Higher
cognitive load require larger cerebral energy resources, which
results in the increased neuronal activity. This is suggested
by the functional magnetic resonance imaging (fMRI) studies,
where the increase in BOLD signal (Blood Oxygen Level
Dependent) is associated with activation in parietal lobes and
PFC. The increased activation in parietal lobes is associated
with spatial processing, attention, and working memory, and
their activity increases with increasing cognitive problems [9].

METHODS

The study involved 137 women aged 50-85 years suffering
from CCI without diabetes. The average duration of CCl was
10.1+0.7 years. CCl patients were divided into two groups: with
SE and HE. The main etiological causes of CCl are as follows:
atherosclerosis, hypertension (including hypertensive heart
disease), venous insufficiency, diabetic angiopathy, vasculitis
of various etiology, etc. Inclusion criteria: initial manifestations
and subcompensated CCl; no need for permanent care
from others in patients' daily life [10]. Non-inclusion criteria:
dementia severity score 1 or more (Clinical Dementia Rating)
[11]; history of acute cerebrovascular accident, traumatic
brain injury, severe heart or renal failure, uncompensated
thyroid dysfunction. The diagnosis of CCl was further verified
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by duplex scan and follow-up MRI. All the patients were right-
handed. The patients’ body height and body weight were
measured to determine body mass index (BMI). BMI = body
weight/body height?. Two age characteristics were taken into
account: patient’s age at the time of recording and age at first
referral to a medical institution due to CCI symptoms. The first
referral was usually associated with memory and concentration
problems accompanying arterial hypertension, as well as with
cerebrovascular accidents. The second trait was age at the
time of experimental assessment. It was assumed that patients
with different levels of education reached this stage at different
age. Both groups of women were mainly knowledge workers,
while women with SE were mainly accountants or nursing staff.

Resting state fMRI

The subjects (25 CCI patients) underwent T2* weighted
resting state fMRI of the brain in order to record BOLD signal
in the Magnetom Verio magnetic resonance imaging scanner
(Siemens, Germany) with the magnetic field strength of
3.0Tesla. The subjects were offered to follow the instructions:
to relax as much as possible, lay still with the eyes closed
(to avoid stimulation of visual sensory system), not to think
about anything in particular. MRI data were processed using
the SPM12 software in the MATLAB computing environment.
The CONN-18b application on the SPM-12 platform was used
to assess connectivity. Connectivity was assessed in various
neural networks of the brain. We compared connectivity in
two groups of CClI patients with different levels of education.
Significance of differences in these groups was assessed based
on the standardized regression coefficient adjusted for multiple
comparisons (FDR, False Discovery Rate) in CONN-18b.

The MAGNETOM Verio magnetic resonance imaging unit
(Siemens, Germany) had the magnetic field strength of 3.0 Tesla.
Functional scans were acquired in the resting state using the T2*
weighted EPI sequence: TR = 1500 ms, TE = 30 ms, flip angle
70°, slice thickness 2 mm, FOV = 190 mm, FoV phase 100.0%.

Cognitive tests

Patients were assessed using the previously reported correction
test, verbal fluency test, Luria’s verbal working memory test,
MoCA test [12]. Furthermore, we recorded blood pressure,
calculated pulse pressure (difference between systolic and
diastolic blood pressure) and heart rate.

Biochemical tests

The patients’ salivary cortisol levels were determined using
the Abbott 2000 ARCHITECT immunochemiluminescence
analyzer (Abbott Laboratories, lllinois, USA) using the reagent
kit of the same brand.

Saliva samples were collected in accordance with the
previously reported protocol [13]. The patients did not drink alcohol
for a week, tea or coffee for 1 h before saliva collection, rinsed
their mouth with water 10 min before this. Saliva collection was
accomplished through spitting into a test tube with the volume
of at least 1.5 mL. Saliva samples contaminated with blood were
excluded from the study. For that the enzyme immunoassay kit
was used to determine contamination of saliva with blood [13].

Statistical processing

Analysis of the data obtained was performed using the Statistica-12
software package (Dell, USA). The Kolmogorov-Smirnov test
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Table 1. Demographic data of women with SE and HE suffering from CCl and significance of differences between the values of these groups

ngen BMI Averagz:sgeess;t:ritime of Initial presentation
SE n=72 28.3+£0.7 65.0 £ 0.9 51.3+1.8
HE n=65 27.7£0.6 70.2+0.8 582+ 1.8
P 0.48 0.55 0.00003 0.0077

Note: SE — secondary education, HE — higher education, p — significance of differences; the first value is the mean, the second value is the standard error. BMI —
body mass index; Average age at the time of assessment — average age of patients at the time of experimental data recording; Initial presentation — average age of
the patient’s first referral to the medical institution due to the objectively confirmed CCI symptoms.

was used to test the distribution for normality. We calculated
mean values, standard errors, conducted one-way analysis of
variance and correlation analysis. To analyze neural networks,
Student’s t-test was calculated, and adjustment for multiple
comparisons was applied — FDR (False Discovery Rate).

Assessment procedure

Saliva was first collected at least 2 h after the meal; initially, we
performed background recording of slow electrical activity (for
no more than 5 min), then, with the 1-2 min break, the patients
performed three cognitive tests: Kirchner’ correction test
(8 min), verbal fluency test (phonemic variant) (4-5 min), Luria’s
verbal working memory test (5-7 min). Saliva was collected
again immediately after performing tests, within 1-2 min. The
MoCa test was performed after the end of the experiments and
saliva collection.

RESULTS

In CCl patients, contingency between the level of education and
age characteristics is significantly manifested in women. Table
1 provides demographic data showing the role of education in
the dynamics of abnormal vascular aging (CCI).

There is a clearly visible effect of HE on the women’s age
characteristics: women with HE seek medical care for CCI
later (Table 1). Initial presentation to the medical institution of
individuals with SE took place about 7 years earlier compared
to patients with HE. Since there are literature data on the impact
of continued education on stress, let us consider the effects of
education on the stress mechanisms, specifically on cortisol,
the stress hormone (Table 2).

In women with HE, baseline cortisol levels were about
14 nmol/L lower, and responsiveness to cognitive load was
about 3.5-5 times higher (Table 2). There are no significant
differences in cortisol values after cognitive load in two groups.
This largely explains different cortisol shift values reported for
both groups. It seems that there is some maximum possible
cortisol level associated with cognitive load, and the difference

in cortisol shift values is explained by different baseline cortisol
levels reported for both groups. We have revealed a significant
correlation between baseline cortisol levels and relative cortisol
reactivity: r = 0.41; n = 88; p = 0.00008.

The cortisol level shift associated with cognitive load is
related to the age of first referral to the medical institution due
to the emergence of CCl symptoms in patients with HE (Fig. 1).

The greater the cortisol reactivity, the later the patient seeks
medical help due to the emergence of CCl symptoms. It should
be noted that patients with almost the same disease severity
were selected in the hospital for assessment. Individuals with
HE had lower baseline cortisol levels, than women with SE
(Table 1), while the patients’ age had no significant effect on
cortisol levels (p = 0.14). Under cognitive load, cortisol levels of
individuals with HE and SE were almost the same: on average
63.0 = 3.4 nmol/L (n = 83).

What are the differences in organization of neural networks
based on fMRI data in patients with different levels of education?
Let us consider the differences in indicators of connectivities
connecting brain regions in individuals with HE and SE (Fig. 2).

Predominance of positive connectivity differences showing
that contingency of some brain structures in patients with
HE is higher, than in patients with SE, can be seen (Fig. 2).
These differences relate mainly to the temporal regions of both
hemispheres and hippocampus, as well as to some regions of
the cerebellum and cerebellar vermis.

Let us consider statistical characteristics of the difference
in connectivities significant taking into account multiple
comparisons and different in both groups of patients (Table 3).
The analysis of these connectivities shows, which connections
predominate in patients with HE and SE.

[t should be noted that positive connections predominate
in individuals with HE (Table 3). The only negative connectivity
linking the Heschl's gyrus with the cerebellar vermis is non-
significant considering multiple comparisons (p-FDR > 0.5).
This connectivity is provided in Table 3, since the p-FDR value
exceeds significant by less than 0.008.

Connectivities between the above regions can be digitized
and presented as vectors, where a regression coefficient would

Table 2. Effects of education on cortisol levels in women suffering from CCl with higher and secondary education

n F p SE HE
Baseline cortisol, nmol/L 93 6.256 0.014 62.2 + 3.4 (52) 48.0 £ 4.7 (41)
Cortisol after cognitive load, nmol/L 83 0.206 0.651 64.4 + 4.4 (47) 61.3 + 5.3 (36)
Cortisol shift after cognitive load, 83 8.597 0.004 3.4 +2.6 (47) 14.0 + 2.2 (36)
nmol/L
Relative cortisol shift relative to 83 19.666 0.00002 0.08 + 0.04 (47) 0.4 + 0.07 (36)
baseline cortisol

Note: n — number of surveyed individuals, F — Fisher’s exact test, p — significance of differences between the values of two groups; in brackets the number of
individuals surveyed; other abbreviations are the same, as in Table 1.
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n=32; F=5.6; p=0.024

64

62|
60 |
58 |
56 |
54|
52 |
50 |
48 |
46 |
44 |
42|

40t

Time of the first visit to the medical institution of the CCl
patient with HE

38 :

o0 Mean
B Mean + SE
1 Mean + 1,96*SE

=

1

Fig. 1. Value of the cortisol shift associated with cognitive load is related to the time of initial presentation to the medical institution in patients with HE. -1 — average
cortisol shift is close to zero (0.02 + 2.4 nmol/L); 1 — average cortisol shift is 20.09 + 2.1 nmol/L. On the top there are statistical characteristics of differences in the

age of first visit to the medical institution vs. cortisol shift

be correlated to each connectivity of each patient. These
connectivities show significant differences in both groups
based on the F-test varying between 17.5 and 27.4 with the
significance levels between 0.00035 and 0.00003.

Some connectivities are related to cortisol regulation (Table 4).

Connectivities that are positive by sign are negatively
correlated to baseline cortisol levels and positively correlated
with relative cortisol reactivity; negative connectivity (HGr-
Ver10) is negatively correlated to relative cortisol reactivity.

Thus, certain connectivities are significantly different in
individuals with different levels of education and are associated
with regulation of cortisol levels. The contribution of the PPr-

>
. .Qd* 6‘;\ n
& é,sgg
38
‘ ®

pSTGI, COr-PTI, and HGr-Ver10 connectivities to ensuring
cognitive reserve is likely to be associated with their connections
with the auditory-speech system.

DISCUSSION

QOur studies have revealed a later incidence of CCI in women
with HE. It is likely that direct impact of education has a
significant effect on CR. CR of women with HE combined
with such factors, as social status and a more healthy lifestyle,
contribute to stress reduction and, therefore, to the later CCl
onset. This is also confirmed by lower baseline cortisol levels

0\
ﬂ
A

i\
5% %%._
S e
e
%,
2

Fig. 2. Connectivity showing significant differences in patients with HE and SE. Red lines are positive, these correspond to higher connectivity values in patients
with HE. Blue lines are negative, these correspond to higher connectivity values in patients with SE. Significance was calculated considering multiple comparisons
(p-FDR < 0.05). On the right there is a color chart of differences based on the t-test. CO — central operculum cortex, PP — planum polare (part of superior temporal
gyrus), HG — Heschl's gyrus, PT — planum temporale, Hippocampus — hippocampus, SensorMotor.Lateral — sensorimotor lateral neural network, STG — superior
temporal gyrus, Cereb — cerebellum, Ver — cerebellar vermis, numbers after Cereb and Ver are areas of the cerebellum and vermis, p — posterior, r — right hemisphere,

| — left hemisphere
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Table 3. Connectivities that are significantly different in the groups of patients with HE and SE and their statistical characteristics

KOHHEKTUBHOCTIN beta T (25) p-unc p-FDR
PP r-pSTG | 0.29 5.23 0.000026 0.004331
Hippocampus-SensoriMotor.Lateral 0.28 4.36 0.000229 0.037552
HG r-Ver 10 -0.19 -4.19 0.000353 0.057909
COr-PTI 0.36 4.69 0.000101 0.016558
Ver7-Ver12 0.23 4.56 0.000138 0.022645

Note: beta — average regression coefficient, T — T-test, p-unc — uncorrected significance level, p-FDR — significance level considering multiple comparisons.

Number of patients — 25 individuals.

in patients with HE and increased cortisol responsiveness
to cognitive load. High cortisol reactivity in such individuals
supports a more effective energy supply of cognitive functions
and their successful realization, especially when the mental load
is relatively brief. The fact of higher brain connectivity in women
with HE and the relationship between these connectivities and
cognitive functions seems to be important.

According to our data, women with HE develop chronic
cerebral ischemia (CCl) later, which is suggested by their
later referral to medical institutions (on average by 7 years)
and the older age of the beginning of assessment, given they
have the same disease stage corresponding to stage 1 or
2 dyscirculatory encephalopathy. The fact that CCI patients
with HE age slower is confirmed by higher connectivity of the
brain neural networks, which is generally considered to be the
sign of the better functioning and younger brain [14].

Modern literature describes differences in aging of women
with HE and SE. These differences relate to biological age and
external manifestations of age-related changes. Undoubtedly,
several factors, including the level of education, contribute to
slowing down the aging processes [15]. HE is often correlated to
higher socioeconomic status, which results in better access to
the resources affecting health and aging. This includes access
to high-quality healthcare, proper diet and healthy habits. Well-
educated women can be more prone to maintaining healthy
lifestyle, including regular physical exercise, smoking cessation,
and body weight control. All of them also know more about the
health risks and preventive measures.

HE is associated with the larger CR, i.e. the brain’s ability
to cope with damage and maintain normal functioning [1]. This
can result in the later onset or slower progression of the age-
related cognitive decline. Women with HE develop CCI at older
age and show slower disease progression, which is also true
for Alzheimer's disease and the development of other dementia
types [16].

The relationship between education and cortisol levels
suggesting lower baseline cortisol levels in individuals with
HE is also worth attention. The issue of connectivities that are

different in individuals with different levels of education and
sensitive to cortisol levels suggests that there is a principal
relationship between two major CR factors.

Functional connectivity between certain brain regions, such as
posterior parietal region (PPr), posterior superior temporal gyrus
(PSTG), corticomotor output region (COr), parietal cortex (PTI),
and the cerebellar vermis (HGr-Ver10), play an important role in
auditory processing, speech and cognitive functions in general.
Neuroimaging studies have shown that the characteristics of
these connectivities are often different in patients with various
disorders of auditory processing, such as verbal and auditory
load. These connectivities are also correlated to cortisol levels,
especially in response to cognitive load [17-18].

Based on the structural and physiological organization
of these brain regions, it can be assumed that the PPr-
pSTG connectivity being part of the auditory association
system contributes to integration of auditory information and
understanding of language [19]. The COr-PTI connection
is considered to be involved in synthesis of speech and
sensorimotor integration essential for speech functions [20].
The HGr-Ver10 connectivity connecting primary auditory
cortex with the cerebellar vermis is considered to be basic for
auditory-motor regulation, which contributes to implementation
of the tasks requiring coordination of auditory stimuli and motor
responses under normal and abnormal conditions [21]. Thus,
the role of these connections in construction and organization
of CR becomes more evident.

CONCLUSION

HE of women is highly likely to ensure a number of extra
benefits. This is often associated with the higher material
wealth, awareness of healthy lifestyle, lower adherence to
harmful habits, and other factors. All the above, along with
lower cortisol levels in individuals with HE, contribute to higher
CR and longer health preservation. This is also confirmed by
higher connectivity values associated with lower cortisol levels
in individuals with HE.

Table 4. Correlation coefficients (r) and significance levels (p) for connectivities and cortisol characteristics

n=25 PPr-pSTGI COr-PTI HGr-Ver10
Cortisol, baseline, r -0.437 -0.418 0.2981
P 0.029 0.038 0.148
Relative cortisol shift, r 0.517 0.485 -0.498
P 0.008 0.014 0.011

Note: n — number of patients. PP — right planum polare, pSTGI — posterior part of the left superior temporal gyrus; COr — right central operculum cortex, PTI — left

planum temporale; HGr — right Heschl’s gyrus, Ver10 — Vermis 10.
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FEATURES OF INTRAUTERINE MICROBIOTA IN PATIENTS WITH ENDOMETRIAL POLYPS
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Endometrial polyps (EPs) represent the most common form of benign intrauterine disorder. Microbial factor is one of the possible etiological factors of EPs.
Investigation of endometrial microbiota can provide new opportunities for improvement of the EP diagnosis and treatment. The study is aimed to assess intrauterine
microbiota composition in patients with endometrial polyps. A total of 84 patients with endometrial polyps based on histology assessment data were enrolled. The
comparison group included 44 patients having no endometrial abnormality. Endometrial microbiota composition was assessed by the culturomics method using
the extended set of selective and nonselective growth media. The endometrium sample was obtained before performing hysteroresectoscopy. In patients with
EP, growth of bacterial microflora in the uterine cavity was observed 2.4 times more often compared to patients having no endometrial abnormality (OR — 2.4,
95% Cl— 1.1; 5.5). In cases of EP, intrauterine microbiota composition was characterized by larger species and taxonomic diversity. Microorganisms of the genera
Staphylococcus and Lactobacillus prevailed. Further research focused on endometrial microecology can provide new opportunities for further improvement of the
EP diagnosis and treatment strategies.
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OCOBEHHOCTU MUKPOBUNOTbI NOJTIOCTN MATKW Y MALUMEHTOK C NMNOJIMNAMU SGHOOMETPUA
A. V. BaHakosa'?B< H. B. JonrywmHa'?, M. A. Oenuvcos!, O. [. lonHdapyk!, B. B. Mypasbesa', T. B. MpunyTHesuy'

" HaupmoHanbHbIM MeguUMHCKNIA MCCNeaoBaTeNbCKUI LIEHTP akyLlepcTsa, MHeEKonorm 1 nepuHatonorum nvenn B. V. Kynakosa, Mocksa, Poccust
2 MepBbii MOCKOBCKUI rOCYAaPCTBEHHbBIN MEAVLIMHCKIMIA yHUBEepcuTeT MeHn . M. CeveHoBa (CeveHoBckui yHMBepCUTeT), Mocksa, Poccust
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Endometrial polyps (EPs) represent the most common form
of benign intrauterine disorder [1]. According to hysteroscopy
data, the prevalence of EP is 6-27%, depending on the fact
of having complaints [2]. The rate of EP recurrence after
surgical treatment varies between 13% and 43% [3-5]. The
EP emergence can be associated with many factors, such
as imbalance in expression of sex hormone receptors, long-
term sustained stimulation with high estrogen levels, abnormal
apoptosis and cell proliferation, gene mutation, inflammation,
endometrial cell oxidative stress, etc. [6].
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One possible etiological factor of EPs is microbial factor, both
associated [7] and not associated [8] with chronic endometritis
(CE). The research conclusions about the composition of
uterine cavity microbiota associated with EP are different, which
is largely associated with the complexity of sample collection
without contamination from the lower reproductive tract. It has
been found that alteration of intrauterine micrbiota composition
relative to healthy women results mainly from the increase in
the rate of detecting vaginal bacteria (such as Lactobacillus,
Bifidobacterium) [9, 10]. This can contribute to migration
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and proliferation of cells, thereby causing local endometrial
hyperplasia and the emergence of EPs [11].

Endometrial polyps play an important role in disturbance of
female reproductive function [12] and deterioration of women'’s
quality of life [13]. High risk of EP recurrence leads to repeated
surgical interventions increasing the risk of intrauterine
adhesions and infertility [14]. In this regard, the studies
focused on identification of the causes of EP development
and recurrence, as well as on the efficacy of the associated
etiologically targeted therapy and EP prevention are of high
relevance. For this purpose, the study to assess microbiota
of the uterine cavity in patients with endometrial polyps was
conducted.

METHODS

A prospective study conducted in 2022-2024 at the Kulakov
National Medical Research Center for Obstetrics, Gynecology
and Perinatology involved 84 patients with the histologically
confirmed endometrial polyps and 44 patients of the comparison
group having no endometrial abnormality. Inclusion criteria: age
from 18 years to the onset of menopause; informed consent to
enrollment; presence of the histologically confirmed endometrial
polyp for inclusion in the index group and no endometrial
abnormality for inclusion in the comparison group. Exclusion
criteria: cancer; stage 3-4 endometriosis/adenomyosis;
submucosal uterine fibroid or intramural fibroid showing
centripetal growth; acute or chronic inflammatory disorder;
infectious disease; antibacterial or hormone drug intake within
3 months before inclusion in the study. The comparison group
included patients with suspected endometrial abnormalities
based on the pelvic ultrasound data, but having no endometrial
pathology following the histology assessment data (proliferation
stage according to histology report).

All the patients were assessed in accordance with the
Endometrial Polyps clinical guidelines before admission to the
hospital. Since there is a correlation between the menstrual
cycle phase and microbial composition of the endometrium
[15-18], biomaterial was collected in phase 1 of menstrual cycle.

To assess microbiota of the cervical canal before
hysteroscopy, we collected the cervical canal content with a
sterile Dacron swab to the test tube with the Amies transport
medium (Copan, Italy). To reduce contamination of the uterine
cavity contents with microflora of lower genitalia, various loci
were sequentially treated with antiseptic: first, a sterile swab
was used to remove mucus from the cervix, and the cervix was
cleansed with a topical antiseptic containing octenidine 0.1%
and phenoxyethanol 2%; after collecting the cervical discharge
for further testing, the cervical canal was twice inundated using
a bacteriological swab soaked with antiseptic with an interval
of 5 min. The hysteroscope operating sheath was inserted
transcervically through the internal orifice into the uterine cavity
without prior cervical canal dilation. Surgical forceps were
inserted into the vagina/cervix, biomaterial was collected at the
first attempt. Then biospecimens were taken out of forceps, put
in a sterile disposable container, and delivered to the laboratory.

To isolate facultative anaerobic microorganisms, a set
of universal and selective media was used: Columbia agar,
chocolate agar, mannitol salt agar (Conda, Spain), Endo’s
medium and Sabouraud agar (State Research Center for
Applied Microbiology and Biotechnology; Obolensk, Russia).
Lactobacilli were cultured in the Lactobacagar growth
medium (State Research Center for Applied Microbiology and
Biotechnology; Obolensk, Russia), obligate anaerobes in the
pre-reduced Schaedler agar (Conda, Spain) with essential

supplementation and the Anaerob Basal Agar (Oxoid, UK).
Obligate anaerobes were grown in the anaerobic box (Whitley
DG 250 Anaerobic Workstation, UK) in the atmosphere
representing a 3-component gas mixture (80% N2; 10% CO,;
10% H,) for 48 h. Species were identified by time-of-flight
mass spectrometry (MALDI-TOF MS) in the MicroFlex mass
spectrometer with the MALDI BioTyper v. 5.0 software (Bruker
Daltonics, Germany).

The Originlab Pro 2021 (version 9.8.0.200, OriginLab
Corporation, USA) and Statistica 10 (USA) software packages
were used for statistical analysis of the data obtained and for
visualization. We also used the Kolmogorov-Smirnov test to
assess the normality of distribution. The normally distributed
data were presented as mean + standard deviation (SD), and
comparison was performed using the Student’s t-test. In other
cases, the median with interquartile range (Me (Q25-Q75)) and
the Mann-Whitney U test were used. Proportions (%) were
calculated when assessing qualitative data. The x® test helped
us to compare categorical data and estimate significance
of differences. Spearman’s rank correlation coefficient was
calculated to estimate correlations between the variables. OR
with the 95% confidence interval (95% CI) was determined to
compare binary data. The Margalef and Menhinick indices were
applied to calculate species richness, and taxonomic diversity
was calculated using the Simpson and Shannon indices (Table 1).
The differences between statistical values were considered
significant at p < 0.05.

RESULTS

The median age of patients in two groups was 37 years, i.e.
half of patients were of late fertile age. The average body
mass index (BMI) was 21.7 kg/m2, 19% of patients were
overweight or obese. The analysis of clinical and medical
history data showed that there were no significant differences
in basic clinical and medical history data between patients of
two groups (Table 2). Patients with EPs three times more often
used intrauterine contraceptive devices (IUCD) (p = 0.25). A
total of 39% of patients with EPs already had the history of
polypectomia against the lack of such surgical history in the
comparison group (p < 0.001).

Patients with EPs were more commonly presented with
meno-/merorrhagia and infertility than the patients in the
comparison group (Table 3). The fact of having menorrhagia
was directly related to the polyp size (r = 0.22; p = 0.04). Other
complaints were not correlated to the polyp size, number
or location inside the uterine cavity. Infertility was correlated
to the history of polypectomia: among 42 infertile patients
polypectomia was performed in 17 individuals (40.5%), while
among patients having no infertility only 16 (18.6%) underwent
polypectomia (p = 0.007).

Investigation of the cervical canal microbiota revealed
microflora growth in all the patients included in the study. A total
of 49 species of microorganisms were identified: 41 species in
the EP group, 28 species in the group without EPs. There were
no significant differences in the species and taxonomic diversity
in two groups, but it was higher in the EP group: the median
Margalef index with interquartile range was 0.39 (0.19-0.39)
in the EP group, 0.22 (0.22-0.45) in the group without EP,
while that of Menhinick index were 0.31 (0.15-0.79) and 0.19
(0.19-0.21), of Simpson index 0.56 (0.5-0.66) and 0.5 (0.48-0.66),
of Shannon index 0.95 (0.69-1.58) and 0.69 (0.66-1.39),
respectively. Microorganisms of the genus Lactobacillus were
most often identified (in 82.8% of patients), microorganisms
of the genera Streptococcus (in 18.7% of patients) and
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Table 1. Formulae for the species richness and diversity indices
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Richness or diversity index

Formula

Margalef index

d=(s-1)/InN

Menhinick index

d,=(s-1)/(N"

Simpson index

Jed
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™Mo

i

Shannon index

s
"X pxhp
i=1

Note: S — species richness (number of species); N — sample size (community size); n, — number of species i bacteria; ¢ — number of species common for two
communities; a — number of species in the first community; b — number of species in the second community.

Gardnerella (in 14.8% of patients) ranked second (Fig. 1).
When comparing colonization of individual microorganisms, no
significant intergroup differences were revealed (p > 0.05). Each
vertical line represents microbiota of one woman, each cell
represents bacterial content of the cervical canal in Ig CFU/mL.
When assessing composition of intrauterine microbiota,
microflora growth was reported in 52 patients out of 128: in 40
patients of the group with EPs (47.6%) and 12 patients of the
comparison group (27.3%) (o = 0.026). OR of detecting uterine
microbial colonization in cases of EP relative to women without
endometrial abnormality was 2.4 (95% Cl — 1.1; 5.5). A total
of 23 microbial species were isolated, which suggests more
scarce species diversity of intrauterine microbiota compared to
that of the cervical canal: 20 species of 9 genera in the group
with EPs, 10 species of 8 genera in the group without EPs.
When comparing microbial colonization of the cervical canal
and the uterine cavity, significant weak correlations (- = 0.2-0.4)
were revealed for 10 microorganisms out of 53 (18.8%) in

Table 2. Clinical and medical history characteristics of patients

24 patients. In more than a half of observations, no match
between microbiota of the cervical canal and the uterine cavity
was revealed.

The species and taxonomic diversity of intrauterine
microbiota showed no significant differences in two groups,
despite the fact that it was higher in the EP group: the median
Shannon index with interquartile range was 1.98 (1.98-1.98)
and 0.69 (0.67-0.69) in the groups, respectively (Fig. 2).

In the EP group, the genus Staphylococcus were the most
frequently observed microorganisms (in 50% of patients),
with the genus Lactobacillus in the second place (in 37.5% of
patients). In the group without EPs, in contrast, microorganisms
of the genus Lactobacillus prevailed (in 41.7% of patients),
microorganisms of the genus Staphylococcus ranked second
(in 25% of patients) (Fig. 3).

Comparison of the uterine cavity colonization with distinct
microorganisms revealed differences in the form of more
prominent colonization with Lactobacillus crispatus and

Parameter Group 1, n=84 Group 2, n=44 P-value
Age, years * 38.5 (32-42) 35.5 (31.5-40.5) 0.43
BMI, kg/m?2 * 21.7 (19.5-24.2) 21.8(19.8-23.7) 0.98
BMI > 25 kg/m?2 ** 18 (21.4%) 6 (13.6%) 0.28
Smoking ** 14 (16.7%) 10 (22.7%) 0.28
Menstrual cycle length, days * 28 (28-30) 28 (27-29) 0.23
Menstruation duration, days * 5(5-7) 5 (5-6) 0.13
Gravidity *** 1(0-6) 1(0-6) 0.21
Parity ** 0 (0-3) 1(0-3) 0.89
History of taking COCs ** 26 (31%) 11 (25%) 0.48
History of using IUCD ** 6 (7.1%) 1(2.3%) 0.25
Endometriosis ** 15 (17.8%) 9 (20.4%) 0.72
Adenomyosis ** 15 (17.8%) 5 (11.4%) 0.33
Fibroid** 28 (33.3%) 14 (31.8%) 0.86
History of polypectomia ** 33 (39.3%) 0 < 0.001

Note: *— Me (Q25-Q75); *** — Me (min-max), Mann-Whitney U test; ** — abs (%), x* test; COCs — combined oral contraceptoves; GIT — gastrointestinal tract.

Table 3. Patient complaints

Parameter Group 1, n=84 Group 2, n=44 P-value

Menorrhagia 23 (27.4%) 6 (13.6%) 0.07
Metrorrhagia 37 (44%) 8 (18.2%) 0.003
Intermenstrual bleeding 8 (9.5%) 1(2.3%) 0.12
Algomenorrhea 2 (2.4%) 6 (13.6%) 0.01

Chronic pelvic pain 16 (19%) 8 (18.2%) 0.9

Infertility 31 (36.9%) 11 (25%) 0.17
Miscarriage 17 (20.2%) 6 (13.6%) 0.35

Note: abs (%),x? test.

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.007




Lactobacillus johnsonni
Lactobacillus kefiramofaciens
Lactobaciflus plantarum
Lactobacillus rhammnosus
Lactobacillus delbrueckii
Lactobacillus fermentum
Lactobacillus iners
Lactobacillus gasseri
Lactobacillus vaginalis
Lactobgcillus crisparus
Lactobacillus jensenii
Pseudomonas aeruginosa
Prevotelia bivia
Veilonella parvula
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Fig. 1. Cervical canal microbiota in patients with endometrial polyps (group 1) and the comparison group (group 2) (each cell represents bacterial content of the cervical

canal in Ilg CFU/mL)

Staphylococcus hominis, as well as with all Staphylococcus
spp. in total in the group with EPs (p < 0.05).

DISCUSSION

Meno-/metrorrhagia and infertility were the main clinical
manifestations in patients with EPs included in the study, which
is in line with the available data on the complaints that are most
common in this cohort of patients. According to the literature
data, abnormal menstrual bleeding is reported in more than
a half of patients with EPs [13]. The second most common
complaint was infertility, with endometrial polyps represented in
1/3 of cases. Polypectomy increases the probability of getting
pregnant [12]. Furthermore, large proportion of patients with
recurrent EPs is also notable (39.3% in the studied group).
When studying microbial composition in the uterine
cavity, colonization of the uterine cavity with microorganisms
was revealed in 40.6% of patients. The literature has already
accumulated a sufficient amount of data confirming non-
sterility of the uterine cavity both in pathology and in the norm
[15, 19-26]. The earlier studies have also shown that the
number of bacteria in the endometrial microbiota is reduced
2-4-fold relative to vaginal and cervical microbiota, while
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0.0 — =z
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bacterial diversity is increased [9, 27-29]. According to our
data, the number of bacteria was actually less in the uterine
cavity, but its species and taxonomic diversity was also reduced.
The analysis of the association of intrauterine and cervical canal
microbiota revealed no correlation in more than a half of cases.
Thus, it has been confirmed again that endometrial microbiota
is not identical to vaginal and cervical microbiota and has
its own unique microbial composition. When comparing
predominance of Lactobacillus in the uterine cavity and cervical
canal, the 3 times lower relative abundance of Lactobacillus in
the endometrium with regard to the cervix was reported, which
is in line with the literature data [30, 31].

In our study, comparative analysis of intrauterine microbiota
in patients with EPs and no endometrial abnormality was of
major scientific interest. A number of studies have shown
the importance of uterine microbiota for the development
of disorders of female reproductive system, specifically
endometrial hyperplasia and adenomyosis [23, 32]. There are
sporadic studies of EP. Thus, compared to healthy women,
the changes in intrauterine microbiota composition in women
with EPs result largely from the increase in the detection rate
of vaginal bacteria, such as Lactobacillus [9, 10]. In terms of
pathogenesis, Lactobacillus and Bifidobacterium can contribute

C=8(mi/N)2
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Group 2 1.5 Group 2 1.51 Group 2
x x
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Fig. 2. Species richness and taxonomic diversity indices of intrauterine microbiota in patients of the studied groups
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Fig. 3. Species diversity of intrauterine microbiota in patients of the studied groups:

to cell migration and proliferation, which lead to local endometrial
hyperplasia and the emergence of EPs [11]. We have found that
microbial growth in the uterine cavity was reported 2.4 times
more often in cases of having EPs compared to normal (OR —
2.4;95% Cl—1.1; 5.5). Species diversity was higher in patients
with EPs relative to the comparison group in both cervical canal
(24 and 14 species, respectively) and the uterine cavity (10 and
4 species, respectively). In cases of EPs, genus Staphylococcus
(50%) were found to be predominant species in the uterine
cavity, while microorganisms of the genus Lactobacillus
ranked second (37.5%). In contrast, in the group without EPs,
microorganisms of the genus Lactobacillus prevailed (41.7%),
and microorganisms of the genus Staphylococcus were found
in the second place (25%).
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ASSESSMENT OF THE FEATURES OF INNATE LYMPHOID CELLS IN PATIENTS
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Multiple myeloma (MM) is a B-cell malignant tumor, the morphological substrate of which are plasma cells that produce monoclonal immunoglobulin. This is one
of the most common tumors of lymphoid origin. It is known that during oncogenesis, the immune balance shifts towards suppression of the antitumor immune
response. Innate lymphoid cells (ILC) are one of the key factors influencing the said balance. This study aimed to assess the features of ILC in MM patients. The
peripheral blood levels of ILC1, ILC2, and ILC3, as well as the expression of HLA-DR on ILC 2, were measured with the help of flow cytometry. We found that MM
patients (0 = 14; 7 male and 7 female, mean age 59.2 + 2.08) had significantly more ILC2 in the peripheral blood, with the content thereof amounting to 63.1 + 4.51%
among "helper" ILC, while in donors the proportion of ILC2 was 43.2 + 6.17% (p = 0.03). MM patients were also found to have a decreased amount of ILC2 that
express HLA-DR: the proportion of such cells was only 2.2 + 1.53%, compared to 15.6 + 5.29% in donors (p = 0.003). The results of this study point to the shift
in the immune balance and polarization of the immune response towards type 2 (T2), which may contribute to the suppression of the antitumor immune response.
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OLIEHKA OCOBEHHOCTEN BPOX>XEHHbIX MTMM®OUOHbIX KJIETOK Y NALMEHTOB
C MHO>XECTBEHHOW MUEJIOMOM

E. A MawkvHa'? & O. C. boesa', B. V. Bopucesn4'?, B. C. A6bacosa'?, W. . Ckadkos'?, 4. A. Jlasapes', B. B. [JeHncosa'

" Hay4Ho-1ccnenoBatenbCKmii MHCTUTYT (hyHOAMEHTABHOM 1 KIIMHUHECKOW MMMyHonorum, HoBocunbmpek, Poccust
2 HoBOCMOMPCKMIA FOCYAaPCTBEHHbIN MEAULMHCKUIA YHBEpCKTeT, HoBocnbnpcek, Poccust

MHoxecTBeHHast mvenoma (MM) — B-knetodHas 3nokadecTBeHHas OryXosb, MOPGONOrM4eckM CybCcTpaToM KOTOPOW ABASIOTCS MnadMatnyeckme KneTku,
NPOAYLWVIPYIOLLIME MOHOKIOHAMBHBIA MMMYHOMI0BYAVH. STO OAHA U3 HaCTo BCTPEeHatoLLMXCS Oy xone IMMGOnAHOr0 NPOUCXOXXAEHNS. VI3BeCTHO, YTO B MpoLiecce
OHKOreHesa MPOVICXOANT U3MEHEHWE MMMYHHOrO 6anaHca B CTOPOHY CynpecCuy MPOTVBOOMYXONEBOrO MMMYHHOrO oteeTa. OfHUMM 13 KOYEBbIX (HhaKTOpPOB,
BANSAIOLLIX HA BanaHC NapameTpoB UMMYHHOW CUCTEMbI, SBNAKOTCA BPOXKAEHHbIE MMdbonaHble kneTku (innate lymphoid cells, ILC). Liensto nccneposanms 6bi10
MPOBECTIN OLIEHKY OCOBEHHOCTEN BPOXAEHHBIX NMMMMONIAHLIX KNeToK y naupeHToB ¢ MM. OueHky codepxkaHns B nepudpepndeckoin kposm ILCT, ILC2 n ILC3,
a Tarkke akcnpeccun HLA-DR Ha ILC2 mpoBognnm METOAOM MPOTOYHOW LToMeTpuin. OBHapYy>KeHO, YTO B Nepudepun4eckon Kposu y naumeHtos (0 = 14;
7 MY>XHUH 1 7 XKeHLLMH, cpegHui BodpacT 59,2 + 2,08) ¢ MM pons ILC2 cyuecTBeHHO Bbilwe 1 coctasnseT 63,1+4,51% cpegun «xennepHbix» ILC, Torga Kak
y AoHopoB gons ILC2 43,2 + 6,17% (p = 0,03). BeisBneHo, 410 y naumeHtoB ¢ MM CHMKeHO oTHocuTenbHoe konmdecTso ILC2, akcnpeccrpytolmx HLA-DR:
00N 3TUX KNETOK cocTaswna Bcero 2,2 + 1,563% no cpaBHeHnto ¢ 15,6 + 5,29% y goHopoB (p = 0,003). MNony4eHHble pedynsraTbl CBUAETENLCTBYIOT 06
V3MEHEHUN UMMYHHOrO 6anaHca v nonsapusaum UMMYHHOrO OTBETa B CTOPOHY MMMYHHOrO oTBeTa 2-ro Tuna (T2), 4TO MOXET CrnocobCTBOBATL Cynpeccum
MPOTUBOOMYXONEBOrO UMMYHHOrO OTBETA.

KnioyeBble cnoBa: BPOXXAEHHbIE NMMMQOVIHBIE KNETKM, NPe3eHTaLyst aHTUreHa, MMYHHbIN 6anaHc, MHOXXECTBEHHast MenoMa
®uHaHCMpoBaHue: BbINosiHeHo Npu hrHaHcoBOW nogaepke oT MpasuTensctBa HoBocnbunpckoi obnacti, cornatueHne Ne MJ1-1 ot 26 okTabpst 2023 1.
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It is known that there are three main types of immune response
[1]: T1, T2, and T17, which are regulated by T helper (Th)
populations Th1, Th2, and Th17, respectively. The immune
system is balanced between possible types of immune
response [2]. Under the influence of a number of external and
internal factors, this state, the immune equilibrium, changes
over the person's lifetime in terms of the proportions of various
types of immune responses [3-5]. In addition to the Th, innate
lymphoid cells (ILC) are capable of influencing the immune
balance. They can synthesize cytokines characteristic of Th
much faster and in greater quantities, and thus either enhance
or suppress the immune response at the earliest stages of its
development [B].

By the ability to produce cytokines characteristic of the T1,
T2, and T17 immune responses, ILC 1, ILC 2, and ILC3,
respectively, are distinguished. However, it is currently believed
that, in addition to acting similarly to T helper cells, ILCs form
a link between the environment monitoring sensory cells (track
all changes, not necessarily pathogenic) and effector cells,
which translates into the support of body's homeostasis and
immune balance [7]. Several mice studies demonstrated the
MHC-dependent (major histocompatibility complex) cross-
interaction of ILC-T cells [8-12], but the antigen-presenting
properties of human ILC are still poorly understood. It has
been shown that human intestinal tumor tissues contain ILCs
that actively express HLA-DR, and most ILCs lack additional
signaling molecules T cells stimulation. Together with T cells,
HLA-DR+*CD127+ phenotype ILC cells localize in the unaffected
colon tissue and by the edge of the tumor, which indicates the
possibility of physical interaction between these two types of
cells. Earlier, ILCs were shown to suppress T cell response
to intestinal commensal bacteria in mesenteric lymph nodes
in mice [10, 11]. Therefore, presentation of ILC antigen in a
complex with MHC class Il without costimulatory signals may
play a role in the development of immunosuppression while
protecting the tumor from destruction by cells of the immune
system. However, in the case of ILC2, the antigen presentation
process may be significantly different. It has been shown that in
addition to the production of T2 cytokines, ILC2 express MHCII
in combination with costimulating molecules CD80, CD86, and
the OX40L ligand. Thus, ILC2 can act as antigen-presenting
cells (APC), processing and presenting antigens to T cells,
thereby inducing the antigen-specific response of CD4*T cells
[13, 14].

In an oncopathology, an immune imbalance is one of the key
factors triggering its development: T1 cytokines are associated
with the increased antitumor immune response, whereas T2
cytokines can promote tumor growth and metastasis [15, 16].
In case of solid tumors of non-hematopoietic origins, cytokines
are primarily a means of achieving immunosuppression of
the antitumor response, but in hemoblastosis cases they can
act as growth factors for tumor cells. In patients with chronic
lymphocytic leukemia, characterized by the production of
atypical mature B lymphocytes, a shift towards Th2 was
noted, which is corrected by ibrutinib (Bruton's tyrosine kinase
inhibitors) [17].

In the case of multiple myeloma (MM), the number of
CD4+-Th1 and CD4+*-Th17 in patients was higher than in
donors [18]. However, despite the greater numbers in this cell
population, the concentration of T2 cytokine IL4 (interleukin-4)
was significantly increased in the blood serum. Therefore, the
high production of this cytokine may be primarily associated
with its secretion by the ILC2 cells.

The purpose of this study is to evaluate the features of
innate lymphoid cells in patients with MM.
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METHODS

The study included 14 MM patients and 13 conditionally
healthy donors. Both study groups were comparable in terms
of gender and age characteristics. The study was conducted
from May to November 2024. Test group inclusion criteria: MM
diagnosis, any sex, age 18-65 years; Il and I clinical stages
(Durie-Salmon Staging System); complete remission (CR) or
very good partial remission (VGPR) at the moment of inclusion;
written informed consent. Control group inclusion criteria: good
health, any sex, age 18-65 years; no autoimmune, oncological
and chronic recurrent viral infections.

Exclusion criteria (both groups): non-compliance with the
inclusion criteria; severe decompensated cardiovascular,
respiratory, and liver failure; acute infectious diseases;
pregnancy; mental disorders; refusal of the patient or donor to
participate in the study.

Peripheral blood mononuclear cells (PBMC) were the
studied material; it was isolated in the volume of 30-50 ml from
the samples taken in both groups by standard Ficoll-Urografin
density gradient centrifugation.

To determine the immunophenotype of the ILC, the isolated
PBMC were stained with monoclonal antibodies conjugated with
fluorochromes: anti-Lineage (CD2/3/14/16/19/20/56/235a),
antiCD11c¢ and anti-FceR1 alpha-FITC, anti-CD294-PE, anti-
CD127-PerCP/Cy5.5, anti-CD117-APC, HLA-DR-PE/Cy7. The
total number of ILC was established as Lin-CD127+, since these
cells do not carry linear markers, but have an alpha chain of the
IL7 receptor on their surface. To assess the ratio of different
ILC subpopulations, we counted CD294+ILC (ILC2); CD117-
CD294-ILC was taken as ILC1, and CD117+CD294-ILC as
ILC3. The cell phenotype was established using a LongCyte
flow cytometer (Challenger, China).

Statistical processing of the results was performed using
GraphPadPrizm 9.0.0 (GraphPad Software, Inc., USA). The
Mann-Whitney test was used to compare the values registered
in the groups. The results are presented as a median (Me)
with interquartile range [25"; 75™ percentile]. The results were
considered significant at p < 0.05.

RESULTS

We have established that MM patients have a lower relative
amount of peripheral blood "helper" ILC compared to the
conditionally healthy individuals: 0.05% [0.03; 0.16] versus
0.24% [0.06; 0.48] (Fig. 1). It should be noted that the smaller
total number of ILC is the result of erosion of the subpopulation
composition of these cells. The relative amount of ILC2 in
PBMC was 0.06% [0.02; 0.17] and 0.04% [0.02; 0.09], healthy
donors and MM patients, respectively, the difference being
insignificant (Fig. 2). In healthy donors, the predominant type
was ILC1, the proportion of which in the peripheral blood was
0.07% [0.02; 0.19], while that of ILC3 amounted to 0.008%
[0.003; 0.018]; in MM patients, the relative amounts of ILC1
(Fig. 3) and ILC3 (Fig. 4) were 0,02% [0,01; 0,04] and 0.001%
[0; 0.004], respectively, which is significantly lower than in the
control group.

Naturally, such changes altered the balance of different ILC
populations. Assessing the proportion of ILC2 in MM patients,
we noticed that it was greater than in the control group (Fig. 5).

We have also investigated the expression of HLA-DR (one
of the MHC class Il antigens needed for antigen presentation)
on the surface of ILC2, and found that MM patients had
significantly fewer ILC2 expressing the HLA-DR antigen on
their membrane than healthy donors (Fig. 6). Consequently,
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Fig. 1. The relative amount of ILC in the total PB MNC, MM patients and conditionally
healthy individuals

despite the increased relative amount of ILC2 in MM patients,
the ability of cells to present the antigen in this disease is
hampered, which can weaken the antitumor immune response
and decrease activation of T-lymphocytes.

DISCUSSION

According to the literature, there may be several specific
features of functioning of ILC in hematologic cancers, which
were demonstrated for acute myeloid leukemia and chronic
lymphocytic leukemia [19]. Firstly, in such cases, the amount
of ILC is smaller, and their functional activity weaker, which
translates into a lower concentration of cytokines in the tumor
microenvironment, and, as a result, suppression of the immune
response. Secondly, activation of ILC 2 and polarization of
the immune response towards T2 can boost the activity
of suppressor cells. Thirdly, outside the tumor, in normal
tissues, ILC maintain homeostasis and participate in tissue
repair, including in the context of a graft-versus-host reaction,
which is a common complication after allogeneic stem cell
transplantation.
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Fig. 3. The relative amount of ILC1 in the total PB MNC, MM patients and conditionally
healthy individuals

ns
0.8 —

0.6 — —_

0.4

Cells (%)

0.2 —

00 ] T
Donors MM patients
Fig. 2. The relative amount of ILC2 in the total PB MNC, MM patients and conditionally
healthy individuals

In this study, we found that in MM patients, despite the
decreased relative content of "helper" ILC in PBMC, the ILC2
subpopulation count remained similar to that registered in
healthy individuals. Consequently, such changes could have
broken the ILC subpopulations balance, triggered growth
of the proportion of ILC2 and direct the immune response
towards T2, as well as cause the drop in the number of ILC1
that support the T1 type of immune response, which is most
effective against tumor cells. It is known that polarization of
the immune response towards T2 and weakening of the T1
immune response promote inactivation of anti-tumor immunity
and thus boost tumor growth, a situation often observed in
malignant neoplasm cases.

It should also be noted that our results are consistent
with the reported growth of the level of T2 cytokines in MM
patients [18]. In addition, with monoclonal gammopathy of
undetermined significance (MGUS) in the background, which
precedes MM, the peripheral blood level of ILC2 is increased
[20]. Bone marrow level of ILC1 is known to grow MGUS cases,
but the functional activity of ILC1 and ILC2 determined by the
intracellular cytokine content goes down. In our study, MM also
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Fig. 4. The relative amount of ILC3 in the total PB MNC, MM patients and conditionally
healthy individuals

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.006




OPUIMMHAJIBHOE NCCJIEQOBAHNE | UMMYHONOT A

100 —

0.0434

80 —

60 —

Cells (%)

40 —

20 —

0 T T

Donors MM patients

Fig. 5. The relative amount of ILC2 in the total number of ILC, MM patients and
conditionally healthy individuals

triggered a drop of the share of ILC2 cells capable of presenting
the antigen. Other authors have demonstrated a decrease in the
proportion of ILC2 among peripheral blood Lin-CD127+ cells [21],
which may be due to differences between patient groups, since
this study included patients with a fresh diagnosis before start
of the therapy. At the same time, functional properties of peripheral
blood ILC2 in patients with MGUS and MM were different from
those in conditionally healthy individuals: the former had these cells
developing cytotoxic activity against tumor cells. It is possible that
such changes are associated with the differentiation of ILC2 into
ILC1-like cells in MM patients [23], and the antitumor activity of such
cells, on the one hand, may increase due to the polarization of the
immune response towards T1 and the development of cytotoxic
activity, and on the other hand, may be impaired in hematologic
cancers, acute myeloblastic leukemia in particular [24].
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MONITORING THE SPREAD OF COVID-19 ACROSS TUBERCULOSIS PATIENTS IN MOSCOW
Kotova EA, Sumarokova EV &, Belilovsky EM, Monchakovskaya ES
Moscow Research and Clinical Center for Tuberculosis Control of the Moscow Government Department of Health, Moscow, Russia

The COVID-19 pandemic necessitated making timely managerial decisions when providing medical care to patients with tuberculosis (TB). The study aimed to
develop a system for monitoring of TB combined with COVID-19 and estimate the prevalence of COVID-19 among TB patients, along with the efficacy of the
measures applied. A registry of TB/COVID-19 patients was developed based on the Barclay-SV Medical Database Management System. It was used to perform
comparative analysis of the information about 1837 patients with active TB forms and confirmed COVID-19 for two periods of the pandemic, 2020-2021 and
2022-2023, and against the data on all new TB cases and TB relapses registered in Moscow in 2020-2023: 7812 and 1243 individuals respectively, from the
TB surveillance registries, excluding those identified posthumously. The socio-demographic structure of patients with TB/COVID-19 co-infection identified in
2020-2023 did not change and corresponded to that of TB patients. In the second period analyzed, mild COVID-19 cases were registered more often (60.9% vs.
41.6%; p < 0.01), the share of moderate COVID-19 cases decreased from 48.2% to 20.6% (p < 0.01), and the share of severe cases decreased from 6.4% to
4.9% (p = 0.19). In 2022-2023, the share of individuals with COVID lung damage decreased from 45.1% to 17.6%, while the number of cases of COVID upper
respiratory tract lesion increased from 47.1% to 64.5% (p < 0.05). The fact of having HIV infection, CAD and hypertension, kidney and genitourinary diseases
increased the chance of developing COVID-19 by TB patients 1.5-2-fold, and disseminated pulmonary tuberculosis, caseous pneumonia, lung tissue destruction
and bacterial excretion increased it 1.4—1.6-fold. The registry made it possible to control routing of TB/COVID-19 patients, as well as treatment outcomes: the total
share of individuals cured reached 90.1%.

Keywords: monitoring, novel coronavirus infection, SARS-CoV-2, tuberculosis, tuberculosis/COVID-19 co-infection, tuberculosis epidemiological monitoring
system
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MOHUTOPUHIT PACITPOCTPAHEHWUA COVID-19 CPEAN BOJIbHbLIX TYBEPKYJIE3OM B MOCKBE

E. A. KoToBa, E. B. Cymapokosa ™, E. M. Benmnosckuiz, E. C. MoH4akoBckast
MOCKOBCKIIN FOPOACKON Hay4HO-NPaKTNHEeCKUiA LIeHTP 60pbObl ¢ Tybepkyne3om [enaptameHTa 3apaBooxpaHeHns ropoga Mocksbl, Mocksa, Poccus

MaHpemms COVID-19 Bbi3Bana HeOOXOAMMOCTb MPUHATUS CBOEBPEMEHHbIX YMPABNEHYECKMNX PELUEHWUA NMPU OKa3aHUM MEAVLMHCKOA MOMOLLM G6OMbHbIM
Ty6epkyne3om (TB). Lienbto paboTsl 6bI110 co3aaHre cucTembl MoHMToprHra T, coveTaHHoro ¢ COVID-19, v npoBeaeHme oLeHkn pacnpocTpaHeHns COVID-19
cpean 6onbHbIX TB 1 aheKTUBHOCT NPOBOANMbBIX MeponpusTuin. PadpaboTaH pernctp 6onbHbIX T, codeTtaHHbIM ¢ COVID-19, Ha ocHoBe CuCTeMb!
ynpaeneHvs 6azaMmn MeanLMHCKMX AaHHbIX «bapknai-CB». C ero nomMoLLblo NPOBOAWAM CPaBHUTENbHbIN aHann3 nHdopmaummn o 1837 60bHbIX aKTUBHLIMU
dopmamn T ¢ noaTeepxaeHHor COVID-19 no asym nepuogam nadaemum: 2020-2021 rr. n 2022-2023 IT. 1 B CpaBHEHWUM C JaHHbIMU 000 BCEX BrepBble
BbISIBIEHHbIX OOMBbHBIX 1 peumamBax Th, 3apernctpupoBaHHbix B 1. Mockse B 2020-2023 rT.: 7812 1 1243 4enoBeka COOTBETCTBEHHO M3 PErVICTPOB CUCTEM
3NUAEMMONOMMHECKOrO MOHUTOPKHIA T, UCKoYasa BbISBNEHHbIX MOCMEPTHO. CoumanbHO-aemMorpaduydeckas CTpykTypa 60mMbHbIX COYETaHHON MHAQEKLMen
TB/COVID-19, BbisiBNeHHbIX B 2020-2023 IT., HE MeHsinacb, COOTBETCTBOBAsa 3TOMY napameTpy Y 6onbHbix TB. Bo BTOpom aHannanpyemom neproge cnydan
nerkoro TeveHust COVID-19 perucTpuposany Halle (60,9% npotvs 41,6%; p < 0,01), gons cnyyvaes cpeaHeTsbkenoro TedeHns COVID-19 cHuaunack ¢ 48,2%
00 20,6% (p < 0,01), Tskenoro TedeHns — ¢ 6,4% no 4,9% (p = 0,19). Jona nvu, ¢ KOBUAHBIM NMOPaXXeHNeM Nnerkx 6es3 ObIxaTesbHOM HeJoCTaToOHHOCTN B
2022-2023 rT. yMeHblumnach ¢ 45,1% no 17,6%, Npu pocTe Cy4aes KOBUOHOMO NMOPadKEHst BEPXHUX AbIxaTenbHbIX nyTer ¢ 47,1% 1o 64,5% (p < 0,05). Hannuve
BY-nHbexkumn, MBC v runepToHmndeckoin 6oneaHn, 6oneaHen nodek 1 Mo4ernonoBor cuctemsl B 1,5-2 pasa yBennymsano waHc nposisneHust COVID-19 y
6onbHbix Th, a grcceMrHnpoBaHHbIi TB nerkux, kasdeosHas MHEBMOHUS, HaiM4mne OeCTPYKLUM NEroYHon TkaHn 1 GakTepuosblaeneHns — B 1,4-1,6 pasa.
Pernctp no3Bonmn OCyLLEeCTBNSTb KOHTPOb MapLupyTusaumn naumeHTtoB TE/COVID-19, a Takke pesynbTaTbl NIeHeHns: A0S U3NeYeHHbIX B COBOKYMHOCTA
noctuma 90,1%.

Knto4yeBble cnoBa: MOHUTOPWHN, HOBasi KopoHaBupycHast nHpekums, SARS-CoV-2, Tybepkynes, codeTanHast nHekums Tybepkynes/COVID-19, cuctema anu-
[EMVOMNOrMYeCKOro MOHUTOPUHIa TybepKynesa
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The pandemic of novel coronavirus infection (COVID-19) has
become an example of the rise of a serious challenge for
public health system having a rather limited exposure time.
On March 11, 2020, the World Health Organization declared
the beginning of the pandemic of the disease assigned the
name COVID-19, and on May 5, 2023 declared the end of
the pandemic [1-3]. The sheer scale of the influence of novel
infection on public health system, arrangement of medical
care, and economy requires not only timely response through
temporary rearrangement of methods to deal with population
and patients, but also arrangement of the temporary system
for control and monitoring of the efficacy of the measures
applied with continuous assessment of the epidemic process
manifestations aimed at using the data for development of
temporary methodological guidelines on prevention, diagnosis,
and treatment of the disease, timely amendment of the latter,
and prediction of the epidemiological situation development.

Moscow was among the first cities of the Russian Federation
to face COVID-19. On March 2, 2020, the first disease case
was reported in the capital, and red alert was declared as
early as on March 5 [4, 5]. The main objective was to prevent
the blast load on Moscow’s healthcare system and avoid the
scenario when the hospitals are overwhelmed and healthcare
professionals do not have time to provide care to patients.

In April 2020, the Clinical Committee that included senior
external experts of the Moscow Government Department of
Health and chief physicians of municipal hospitals repurposed
for treatment of patients with COVID-19 was established. The
following goal was set for specialists: to promptly develop a
clinical protocol for diagnosis of novel coronavirus infection
(COVID-19) in patients undergoing inpatient treatment in
medical institutions of Moscow [6]. A Protocol for treatment
of patients with tuberculosis combined with novel coronavirus
infection was developed at the Moscow Research and Clinical
Center for Tuberculosis Control of the Moscow Government
Department of Health (hereinafter, MRCCTC or Center).

In MRCCTC including two muiltidisciplinary clinics (Clinic
No. 1, Clinic No. 2) and 9 branches in administrative districts of
Moscow, beds were repurposed for COVID-19 patients. Beds
in the Clinic No. 2 were used for inpatient treatment of patients
with the combined infection (tuberculosis and COVID-19).
Beds in two branches of the Center (in the South-Eastern and
North-Western districts of Moscow) were used for treatment
of patients with tuberculosis and mild novel coronavirus
infection, as well as for observation of patients, who had
contacted COVID-19 patients, and novel coronavirus infection
convalescents in different time periods [7-9].

Under conditions of the developing pandemic of novel
coronavirus infection, it became necessary to promptly develop
and implement the system for monitoring of measures to detect
and treat COVID-19 in patients with tuberculosis, which could
ensure timely analysis of the epidemiological situation with
the combined TB/COVID-19 infection and control of patient
routing [10].

Today, one of the country’s most well-developed tuberculosis
surveillance systems (TBSS) functions in the city, which is
used to acquire, process, and analyze the case-based data on
detection, treatment and follow-up of TB patients for almost 25
years based on the scientifically grounded information structures
that remain versatile and stable enough over a long time [11].

In Moscow, TBSS is based on the flexible Barclay-SV
Medical Database Management System (MDBMS) allowing one
to promptly develop and modify (if necessary) the information
structure of the registries with arrangement of data entry,
processing, and analysis.

During the pandemic the question arose about the need
to create a temporary registry for monitoring of combined
tuberculosis/COVID-19 infection and control over the
effectiveness of the measures applied with the timely
retrospective analysis of data on the patients having tuberculosis
combined with COVID-19. The study aimed to promptly
develop a system for monitoring of tuberculosis combined with
CQOVID-19, analyze the spread of novel coronavirus infection
among tuberculosis patients, and assess the effectiveness of
the anti-epidemic measures applied.

METHODS

The temporary registry of patients with tuberculosis combined
with novel coronavirus infection (TB/COVID-19) was developed
based on the flexible Barclay-SV MDBMS (developed by
MRCCTC together with Elecard-Med LLC, certificate of state
registration of software No. 2019661941 dated 12.09.2019,
Russian software registry entry No. 21931 dated 20.03.2024)
[11]. The Barclay-SV. MDBMS, in which the Moscow
tuberculosis surveillance system registries are implemented,
has a built-in designer of configurations (tasks or information
structures) with the automated construction of input data entry
forms and a report designer.

In the registry created, which was modified a limited number
of times during the pandemic, as the regulatory documents
and the COVID-19 patient management algorithm changed,
in 2020-2023 the data were acquired on 2171 patients (2473
records), which included both information about the patients
with active tuberculosis forms and the confirmed diagnosis of
COQOVID-19 and the records of patients, in whom the diagnosis
of tuberculosis was not confirmed based on the assessment
results, and patients clinically cured of tuberculosis and
transferred to the dispensary supervision group Ill [12, 13].

The analysis included information about 1837 patients with
active forms of tuberculosis and the confirmed diagnosis of
COVID-19 (2102 records), who were admitted to Moscow COVID
hospitals for the first time, including cases when tuberculosis/
COVID-19 was identified posthumously, or underwent outpatient
treatment due to novel coronavirus infection (64 cases).

To compare patients having active tuberculosis forms
and concomitant COVID-19 and those, in whom no novel
coronavirus infection was detected, information was taken about
all new cases and tuberculosis relapses reported in Moscow in
2020-2023: 7812 and 1243 individuals, respectively, from the
city’s TBSS registries, excluding those identified posthumously.

In accordance with the Temporary Guidelines on
Prevention, Diagnosis, and Treatment of Novel Coronavirus
Infection (COVID-19), approved by the Ministry of Health of
the Russian Federation [1], Clinical Protocols for diagnosis of
novel coronavirus infection (COVID-19) in patients undergoing
inpatient treatment in medical institutions of the state public
health system of Moscow [6], in 2020-2023 in Moscow,
novel coronavirus infection (COVID-19) was diagnosed at
the MRCCTC using the direct etiological laboratory diagnosis
methods (SARS-CoV-2 RNA detection by polymerase chain
reaction (PCR), as well as SARS-CoV-2 antigen detection by
immunochromatographic assay (ICA) performed when assessing
nasopharyngeal and oropharyngeal smears, regardless of
clinical manifestations), indirect etiological diagnosis methods
(detection of patients’ serum immunoglobulins M, G (IgM and
IgG) by immunochemistry methods), instrumental diagnosis
method — computed tomography (CT) of lungs.

Immunological testing of the patients’ serum was
performed at the laboratory of the Center using the reagent
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kits for identification of IgM and IgG antibodies against the
SARS-CoV-2 strain by immunochemoluminescence assay in
clinical samples using the CL analyzers for in vitro diagnosis
(Shenzhen Mindray Bio-Medical Electronics Co., Ltd.; China,
Mindray Medical Rus LLC). The coefficient used to recalculate
the data obtained in BAU/mL was 1.32.

The registry data were analyzed using the chi-squared
test and parametric statistical methods. Information about
tuberculosis patients having and not having COVID-19 was
compared using multiple logistic regression analysis.

RESULTS

During the COVID-19 pandemic, since March 2020, the Barclay-
SV MDBMS was used in Moscow to implement monitoring of
COVID-19 incidence among tuberculosis patients; the following
was controlled when performing monitoring:

— information about the disease detection and diagnosis
(dates, detection methods);

— patient routing;

— dynamic changes in assessment results (complete blood
counts, D-dimer, anti-HIV, HBs Ag, anti-HCV, RW, PCR and ICA
tests for COVID-19, serum IgM and IgG, chest radiography);

—ongoing COVID-19 treatment;

— COVID-19 treatment outcomes.

Information structure of the registry included the following:

— heading part with the main identification data on the
patient;

— basic information about the patient: job/educational
institution, position, actual residence address, permanent
residence address, population category, nationality, social
and professional background, information about COVID-19
vaccination;

— information about COVID-19 registration: dates of
suspicion and confirmation of the diagnosis; confirmation
methods; date of the emergence of clinical symptoms and
description of the symptoms; data of seeking medical care
due to symptoms of novel coronavirus infection; name of the
medical institution the patient had contacted; information about
the COVID-19 clinical variants and manifestations, disease
severity; concomitant disorders; fact of contacting a COVID-19
patient; initial assessment results; treatment prescribed;
measures in the outbreak of infection;

— complete blood counts, D-dimer levels; results of tests
for COVID-19 (up to 15) with the automated comparison with
normal IgM and IgG levels;

—information about routing specifying the names of medical
institutions, where the patient was treated (up to six), specifying
the admission ways and final COVID bed-days;

— COVID-19 treatment outcomes with saved information
about the data of the last COVID-19-positive smear, achieving
smear negativity, and overall COVID-19 treatment outcome;

— basic information about tuberculosis, including the
patient’s group based on medical history, data on detection,
and the diagnosis results.

The Certificate of state registration No. 2022623380 dated
02.12.2022 was obtained for the registry structure and the
database “Registry of Patients with Tuberculosis Combined
with COVID-19 Registered in Moscow”.

Due to temporary nature of the task, the database was
developed as a pilot project, separately from the tuberculosis
patient registry functioning in Moscow within the framework of
TBSS.

The use of the Barclay-SV MDBMS as a basis made
it possible to modify the registry data structure during
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operation, to promptly update the questionnaire and reports
with the emergence of new diagnosis, treatment, and
prevention methods, to clarify COVID-19 clinical variants and
manifestations, and to classify the disease based on severity.

The analysis of the data of patients with tuberculosis
combined with COVID-19 registered over four years of the
pandemic (2020-2023) by MRCCTC was performed based on
the information entered in the registry.

Here are the results of processing the data on 1837 patients,
among them 699, 449, 542, and 147 patients, respectively,
got COVID-19 in 2020-2023. Hospital readmissions due
to COVID-19 were reported for 222 patients (265 hospital
readmissions: 51, 77, 112, and 25, respectively in the specified
period), which in a number of cases resulted from re-detection
of SARS-CoV-2 after achieving negative nasopharyngeal and
oropharyngeal smears within the course of the same case of
novel coronavirus infection.

One of the data processing goals was to conduct the
analysis of changes in the course of novel coronavirus infection
under conditions of COVID-19 epidemiological situation
changing throughout 4 years based on the registry data. The
specified time period was conditionally divided into two 2-year
periods: the period of the pandemic development — 2020-
2021 and the period of its decline — 2022-2023.

Table 1 provides information about the methods for
CQVID-19 detection and diagnosis in patients with tuberculosis
and confirmed coronavirus infection, who were admitted to the
city’s COVID beds at least once. The data are provided on
the number of patients, in whom novel coronavirus infection
was detected primarily by laboratory testing (while CT could
also be performed), on the number of patients, in whom the
diagnosis of COVID-19 was confirmed based on chest CT
(while laboratory testing was also performed), and, finally, on
the number of patients, in whom the diagnosis was established
based on both CT and laboratory testing results.

The results show significant (p < 0.01) changes in
predominant methods for detection of novel coronavirus
infection over the last two years of monitoring (2022-2023)
compared to the first two years of the COVID-19 pandemic
(2020-2021): the role of laboratory methods in detection of
novel coronavirus infection became overwhelming.

The registry data were used to implement control over
routing and the ways of admission of the patients with
tuberculosis combined with novel coronavirus infection
to the COVID beds deployed at the MRCCTC. Admission
to the hospital via ambulance took place in 43.8% of cases,
scheduled admission — in 38.8% of cases, transfer from other
medical institutions involving the use of sanitary transport — in
13.8% of cases, while in 3.6% of cases the admission ways
were different.

Almost one fifth of TB/COVID-19 patients (20.7% or 377
patients) were admitted to the MRCCTC via non-tuberculosis
medical institutions, including non-tuberculosis hospitals
(149 individuals), municipal outpatient clinics (93 individuals),
infection disease hospitals (121 individuals), research and
clinical centers and federal institutions (14 individuals).

According to their medical history, about one third of
TB/COVID-19 patients indentified during this period had a
confirmed contact with the patients suffering from COVID-19 —
29.4%.

The socio-demographic structure of the patients having
combined TB/COVID-19 infection, who were identified in
2020-2023, was rather stable.

Distribution of patients with tuberculosis combined with
novel coronavirus infection across the population categories is
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Table 1. Methods to detect and diagnose COVID-19 in tuberculosis patients with confirmed coronavirus infection admitted for treatment for the first time (Moscow,

2020-2023)*

Year 2020 2021 2020-2021 2022 2023 2022-2023 Total
Total number of admissions 699 449 942 497 130 689 1837
bv?tl:;]ogf’o;)l;:ethod, including combined 578 364 042 497 130 627 1569
% 82.7 81.1 82.1 91.7 88.4 91 85.4
Cgmputed tomography, including combined 219 214 433 103 31 134 567
with laboratory methods, abs.
% 31.3 47.7 37.7 19 211 19.4 30.9
By two methods, abs. 119 137 256 61 17 78 334
% 17 30.5 23.3 11.3 11.6 1.3 18.2
Unspecified detection method 21 8 29 3 3 6 35
% 3 1.8 25 0.6 2 0.8 1.9

Note: “ — No information was available for 35 patients.

similar to that of tuberculosis patients: slightly less than half or
45.6% were permanent residents (41.7%, 50.7%, 46.2%, and
47.3% in 2020-2023, respectively), almost a quarter or 23.8%
were residents of other Russian regions (23.3%, 24.2%, 25.3%,
and 19.9%, respectively), every seventh person was homeless
(16.7%), and every eighth was a foreign citizen (13.9%).

More than a half of TB/COVID-19 patients or 53.1% were
jobless and unemployed (56.3%, 50.7%, 51.8%, and 51.4%
in 2020-2023, respectively), 16.8% were employed (14.7%,
20.8%, 15.7%, and 17.9% in 2020-2023 respectively), and
14.8% were disabled (13.9%, 14.8%, 15.3%, and 17.1% in
2020-2023, respectively). Others were retirees (11.4%),
students (3.1%), and preschool children (0.8%).

More than a half of affected individuals or 54% were
incident tuberculosis patients (50.9%, 60.1%, 54.8%, and
63.9% in 2020-2023, respectively), 13.4% had tuberculosis
relapses, 9.3% were arriving tuberculosis patients, 21.9% were
registered for follow-up as tuberculosis patients before the
COVID-19diagnosis.

We compared all new cases and tuberculosis relapses
registered in 2020-2023 (excluding those identified
posthumously), in which COVID-19 was detected (group 1) or
not detected (group 2): 762 and 8293 individuals, respectively.

There were no gender differences in the groups: males
accounted for 66.4% and 68.0%, respectively (p > 0.05).
Patients with TB/COVID-19 were on average older (Fig. 1): the
average age in group 1 (with TB/COVID-19) was 44.7 years
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(95% Cl: 43.6-45.8), while in group 2 it was 40.5 years (95%
Cl: 40.2-40.9), p < 0.05.

Table 2 and Fig. 2A and 2B provide the multivariate analysis
and multiple logistic regression results for assessment of factors
that are statistically related to the presence of COVID-19 in
tuberculosis patients, i.e. the probability of the relationship
of those with the fact of having novel coronavirus infection
exceeds 95% (p < 0.05).

The presence of COVID-19 in the tuberculosis patients is
associated with a rather large number of individual factors (univariate
analysis), such as age over 30 years, fact of having HIV infection,
some forms of pulmonary tuberculosis (disseminated, caseous
pneumonia), lung tissue destruction and bacterial excretion,
as well as the number of concomitant disorders determined by
population groups. At the same time, if we take into account the
relationship between these factors and apply multivariate analysis,
then the following concomitant diseases remain the leading
factors most strongly associated with the presence of COVID-19
in tuberculosis patients in terms of statistics: HIV infection, CAD
and hypertension, kidney and genitourinary diseases, as well
as severe and advanced pulmonary tuberculosis forms.

Thus, among the studied factors associated with
tuberculosis, the facts of having disseminated disease forms,
caseous pneumonia, bacterial excretion or destruction cavity in
the lung show a significant correlation with getting COVID-19.
Limited forms of tuberculosis, such as tuberculoma, represent
the so-called “protective factors” against COVID-19.

== TB without COVID-19

== TB with COVID-19

51-55
85 an
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Fig. 1. Age dependence of new tuberculosis cases and tuberculosis relapses depending on the fact of COVID-19 detection (Moscow, 2020-2023)
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Table 2. Factors associated with the fact of having COVID-19 in new tuberculosis cases and relapses of tuberculosis (Moscow, 2020-2023). Univaruate and multivariate
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analysis
Factor Univariate analysis Mliléz):(islsigir?tic
Number in group 1 | Sharein group 1, % [ Numberin group 2 | Share in group 2, % OR (95% Cl) OR (95% ClI)

Age under 30 years 127 16.7 2291 27.6 0.52 (0.43-0.64) p>0.05
HIV infection 225 29.5 1213 14.6 2.45 (2.07-2.89) 1.86 (1.55-2.25)
Disseminated PTB 249 32.7 1479 17.8 2.24 (1.9-2.63) 1.56 (1.3-1.86)
Tuberculoma 11 1.4 459 5.5 0.25 (0.14-0.46) 0.33 (0.18-0.61)
Caseous pneumonia 41 5.4 196 2.4 2.35(1.66-3.32) 1.72 (1.19-2.47)
Lung tissue destruction 377 49.5 2946 35.5 1.78 (1.53-2.06) 1.41 (1.19-1.67)
Bacterial excretion 401 52.6 2670 32.2 2.34 (2.01-2.72) 1.62 (1.36-1.91)
Diabetes mellitus 51 6.7 370 4.5 1.53 (1.13-2.08) p>0.05
COPD 92 121 646 7.8 1.63 (1.29-2.05) p>0.05
CAD and hypertension 90 11.8 538 6.5 1.93 (1.562-2.45) 1.84 (1.44-2.37)
Alcohol abuse 33 4.3 232 2.8 1.57 (1.08-2.28) p>0.05
Drug addiction 22 2.9 102 1.2 2.39 (1.5-3.81) p>0.05
andQSZiigL;:zr?i;g:m 25 33 122 1.5 2.27 (1.47-352) | 1.78 (1.14-2.79)
'&'I‘S"z;:;‘g gallbladder 44 5.8 301 3.6 1.63 (1.18-2.25) p>0.05
Employee 60 7.9 852 10.3 0.75 (0.57-0.98) p>0.05
Retired person 93 12.2 679 8.2 1.56 (1.24-1.96) p>0.05
Permanent resident 409 53.7 3422 41.3 1.65 (1.42-1.91) 1.19 (1-1.42)
Homeless person 94 12.3 685 8.3 1.56 (1.24-1.97) p>0.05
Feign citizen 113 14.8 2711 32.7 0.36 (0.29-0.44) 0.59 (0.46-0.75)

Note: group 1 — TB/COVID-19 patients, group 2 — newly diagnosed patients with tuberculosis and relapses of tuberculosis that have not been added to the TB/
COVID-19 registry. PTB — pulmonary tuberculosis, CAD — coronary artery disease, COPD — chronic non-specific lung diseases.

The analysis of information about patients with tuberculosis
combined with COVID-19, who were entered in the registry,
has shown significant differences in clinical manifestations and
immune status of these patients in the initial and final 2-year
periods of the pandemic.

Table 3 provides the results of testing for immunoglobulins
M (IgM) and G (IgG) obtained when the TB/COVID-19 patients
sought medical care in 2020-2023. These data can show the
phase of the infectious process course at the time when the
patient sought medical care, time since SARS-CoV-2 infection.

Considering provisions of the regulatory documents [1, 6],
detection of IgM and IgG levels below normal (1 and 10,
respectively) can indicate that less than 7 days have passed
since the patient was infected with coronavirus [1, 6, 13-15];
when this IgM level is exceeded and IgG remain within normal
(lgM > 1, IgG within normal range) — that there is acute infection,
and the patient got infected 1-3 weeks ago [6, 14]; when the
levels of immunoglobulins of both classes are elevated — that
the infectious process history is 3—10 weeks [15]; when IgM are
within normal range and IgG are above normal (IgG = 10, IgM
within normal range) — that the patient was exposed to the
virus more than 10-12 weeks ago [15].

Comparison of the 2-year periods (2020-2021 and 2022—
2023) has shown a significantly reduced share of cases with the
IgG and IgM below normal in the second period: 55.4% and
29.3%, respectively (o < 0.05), the decrease in the number of cases
with the combination, when only IgM are above normal (7.4%
and 4.3%, respectively; p = 0.095), and a significantly increased
share of patients with only IgG above normal: 18.6% and 43.0%,
respectively (o < 0.05). Furthermore, the results obtained for
616 patients with concomitant HIV infection were similar.

In Moscow, mass vaccination against novel coronavirus
infection (COVID-19) was started in December 2020. That

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.003

is why patients assigned to the last group (IgG = 10, IgM
within normal range) also could have elevated IgG levels due to
vaccination since 2021. Furthermore, elevated IgG levels can
persist for a long time past novel coronavirus infection (about
6 months or more according to different reports) [14, 16, 17].

The findings reflect the pandemic subsides in 2022-2023
and, to some extent, immunization of the population (and
therefore tuberculosis patients) due to past contacts with
COVID-19 patients and mass vaccination.

The COVID-19 pandemic transformation into routine seasonal
infection in 2022-2023 is also evident from the description of
clinical symptoms and severity of the course of novel coronavirus
infection at the time of case registration.

This registry have been used to monitor the symptoms,
course, clinical variants, and manifestations of novel coronavirus
infection, disease severity in the registered TB/COVID-19 cases
for 4 years (Fig. 3).

While in the first two years of the pandemic dry cough,
feeling of tightness in the chest, and decreased sense of smell
and taste (significance of the decrease in the share of each
symptom; p < 0.05), as well as dyspnea (p = 0.2) prevailed
among the disease symptoms, sore throat and runny nose were
more commonly reported during the next two years (p < 0.05),
i.e. the symptoms of ordinary acute viral infection (Fig. 3A).

Mild COVID-19 cases were significantly more often
registered in the last two years (Fig. 3B). The share of those
increased from 41.6% to 60.9% (p < 0.01), while the share
decreased of both moderate (from 48.2% to 20.6% (p < 0.01))
and severe (from 6.4% to 4.9% (p = 0.19)) COVID-19.

It should be noted that the COVID-19 classification
based on severity changed in accordance with the regulatory
documents [1]. Initially, there were three degrees: mild,
moderate, and severe forms. After Version 5 (08.04.2020) of the
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Fig. 2. Factors associated with the presence of COVID-19 in tuberculosis patients, univariate (A) and multivariate (B) analysis. Odds ratio (OR) of detecting COVID-19
co-infection in the presence of this symptom in a tuberculosis patient or the relationship between this symptom and the fact of having COVID-19 (Moscow, 2020-2023)

Temporary methodological guidelines “Prevention, Diagnosis,
and Treatment of Novel Coronavirus Infection (COVID-19)”
was issued, the classification became as follows: mild course,
moderate course, severe course, extremely severe course.

Furthermore, the decrease in the share of individuals having
the COVID lung damage without respiratory failure from 45.1%
to 17.6% is reported, along with the growth of the number
of cases of COVID upper respiratory tract (URT) lesion: from
47.1% to 64.5% in both cases, p < 0.05 (Fig. 3C).

[t should be noted that 222 patients, who were readmitted
to hospital due to COVID-19 in 2020-2023 had the structure of
the clinical variants and severity of novel coronavirus infection
similar to that reported for primary hospital admissions during
the period of the pandemic subside (2022-2023). The COVID
upper respiratory tract lesions at readmission were reported in
62.2% of cases, COVID lung damage without acute respiratory

failure (ARF) — in 29.2% of cases, and mild-to-moderate
disease course — in 69.8% and 25.0% of cases, respectively.
The share of COVID upper respiratory tract lesions and mild
disease course was higher at readmission (p < 0.05) relative to
the data reported for those, who sought medical care for the
first time, in whom these indicators were 53.3% and 48.8%,
respectively.

The average COVID bed-days of a patient with TB/
COVID-19 decreased every year (from 15.5 days in 2020 to
14.4,12.8, and 10.6 days, respectively, in 2021-2023), which
was due not only to the fact that the course of novel coronavirus
infection (COVID-19) became milder, but also to the fact that
the terms of the COVID-19 convalescent discharge from the
COVID bed for isolation changed.

We conducted analysis of the novel coronavirus infection
treatment outcomes in the tuberculosis patients undergoing

Table 3. Results of immunoglobulin IgM and IgG tests obtained when detecting COVID-19 in patients with tuberculosis (Moscow, 2020-2023)

Both are below IgM >1, 1gG Both are above 1gG =10 IgM
. . > =
Year Total (examination results are lgM =1 lgG =10 normal* normal (<10)** normal.** normal (<1)™**
available upon admission)

Abs. % Abs. % Abs. % Abs. % Abs. % Abs. %

2020 218 51 23.4 65 29.8 134 61.5 19 8.7 32 14.7 33 15.1
2021 337 95 28 143 425 172 50.7 22 6.5 73 21.5 70 20.6

2022 249 70 28 164 65.6 74 29.6 11 4.4 59 23.6 105 42
2023 7 1 12.5 6 75 1 12.5 0 0 1 12.5 5 62.5
Bcero 811 217 26.6 378 46.5 381 46.7 52 6.4 165 20.2 213 26.1

Kk Hkk

Note: * — no more than 7 days have passed since the infection; ** — acute infection, infection history 1-3 weeks.
exposure to the virus took place more than 10-12 weeks ago.

— infection history 3—10 weeks; — body’s
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A Some clinical symptoms of COVID-19
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Dry cough Dyspnea Feeling of Decreased Sore throat Runny nose
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Fig. 3. Results of monitoring the course of COVID-19 in 1837 patients with TB combined with COVID-19, who were admitted for treatment for the first time in 2020-
2023 in Moscow. Severe cases also include extremely severe COVID-19 (ARDS or pneumonia with ARF and the need for mechanical ventilation)

treatment in Moscow, primarily occupying COVID beds in
hospitals: the share of those cured in 2020-2023 was 84.9%
(95% Cl: 83.2-86.4%), 5.2% were referred to continue
treatment of COVID-19 in outpatient settings, and 9.9%
(95% CI: 8.6-11.4%) died. Given the fact that the patients,
who had mild coronavirus infection or showed regression
of the infection due to treatment, were referred to continue
treatment in outpatient settings after discharge from hospital,
it can be considered that the total share of the patients with
TB/COVID-19 cured is 90.1%.

Three quarters (77.7%) of fatalities were caused by
COVID-19, 8.5% (95% Cl: 4.9-13.5%) — by HIV infection, and
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7.4% (95% Cl: 4.9-13.5%) — by tuberculosis. Other causes of
death accounted for 6.4%.

DISCUSSION

During the pandemic of novel coronavirus infection the
temporary registry of patients having tuberculosis combined
with COVID-19 was realized, which ensured the necessary
control of information about registration, management and
treatment outcomes of the patients.

Successful prompt realization of the TB/COVID-19
temporary registry through efforts of the head anti-tuberculosis
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medical institution of the region became possible due to the
use of flexible software shell of Barclay-SV MDBMS [11]. The
development of this registry represents an example of prompt
modification and development of the regional tuberculosis
surveillance system in cases of challenges in the form of
significant spread of novel hazardous infections. A state
certificate was obtained for the registry.

The registry realized made it possible to perform ongoing
and retrospective assessment of the structure of affected
individuals, determine the factors most strongly statistically
associated with the fact of getting novel coronavirus infection in
tuberculosis patients, such as concomitant disorders, including
HIV infection and pulmonary tuberculosis forms, population
groups. Facts of having HIV infection, CAD and hypertension,
kidney and genitourinary diseases increased the chance of
developing novel coronavirus infection by tuberculosis patients
almost 1.5-2-fold (OR = 1.9, 1.8, and 1.8, respectively), and
disseminated pulmonary tuberculosis, caseous pneumonia,
lung tissue destruction and bacterial excretion increased it
1.4-1.6-fold (OR = 1.6, 1.7, 1.4, and 1.6, respectively).

The registry operation enabled continuous control over the
routing of patients, among whom one fifth were transferred
to the MRCCTC COVID beds from non-tuberculosis medical
institutions, and the treatment outcomes in tuberculosis/
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GENETIC POLYMORPHISM OF THE NF-KB1 P105/P50 PROCESSING REGION
IN PULMONARY TUBERCULOSIS

Meyer AV ™, Thorenko BA, Imekina DO, Dutchenko AP, Pyanzova TV, Karabchukov KB, Lavryashina MB
Kemerovo State Medical University, Kemerovo, Russia

Pulmonary tuberculosis (TB) is a socially significant disease and a global challenge faced by public health. The NF-kB signaling pathway is involved in differential
expression of the genes involved in immune responses and regulation of inflammation in response to infection. The study aimed to assess associations of the NFKB1
allelic variants with TB based on the panel of SNPs (rs4648050, rs4648051, rs4648055, rs4648058, rs4648068, rs1609993) located within the NF-kB1 p105—p50
processing region. Total DNA was extracted from blood samples (phenol-chloroform extraction) of patients with TB (n = 93) and the population control group (n = 96)
consisting of residents of the Kemerovo Region. Genotyping was performed by real-time PCR, and the results were processed using the resources of the Statictica,
SNPStats, Arlequin software packages. Ethnic features (p < 0.05) of the Russian population of Siberia (population control group) were demonstrated based on the
rs4648050 and rs4648051 allele frequencies. Differences (p < 0.05) of the genetic profile of the sample of patients with pulmonary tuberculosis throughout the entire
SNP complex, except for rs1609993, were noted. We showed differences (p < 0.05) in the rs4648068 allelic frequencies between the population control sample
and patients with pulmonary tuberculosis. The association with susceptibility to pulmonary tuberculosis was determined for genotypes AA*rs4648055 (OR = 2.51;
p = 0.05) and GG*rs4648068 (OR = 2.16; p = 0.03). The findings are indirect evidence of modifying effects of the SNP located within the processing zone in the
gene NFKB1 and its possible contribution to the NF-kB1 p105/p50 protein balance and immune response to mycobacterial infection.
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FEHETUYECKNA NOIMMOP®U3M OBJIACTU NMPOLIECCUHIA P105/P50 NF-KB1
MPU TYBEPKYJNESE JIEFTKNX

A. B. Meriep =, b. A. TxopeHko, [. O. VimekuHa, A. M. OdytyeHko, T. B. MNMbsaH3osa, K. b. Kapabuykos, M. b. JlaBpsiuvHa
KemepoBCkuii rocyAapCTBEHHbI MEOVLIMHCKII YHUBEPCUTET, Kemeposo, Poccust

Tyb6epkynes nerkux (Th) — coupanbHo 3HaqrMoe 3aboresaHiie, obLLEMMPOBas Npobnema 3apaBooxpaHeHist. NF-KB-curHasibHbIin nyTb BOBMeYeH B AndchepeHUansHyo
KCMPECCUIIO MEHOB, 33eCTBOBaHHbIX B MMMYHHbIX PEAKLIMSX 1 PEryiMpyoLLMX BOCNaneHve B OTBET Ha MHMLMpoBaHKe. Liensbto ncenenosanns Obiio ndy4mTs
accoumaumn ¢ Tb annenbHbix BapraHToB reHa NFKBT no nanenn SNP (rs4648050, rs4648051, rs4648055, rs4648058, rs4648068, rs1609993), nokanv3oBaHHbIX
B 30He npoueccuHra NF-kB1 p105—p50. TotanbHyto JHK Bbigensnm 13 o6pasuoB Kposu (MeTon heHoN-X10p0ohopMHOM SKCTPaKLMM) NaumeHToB, 60bHbIX Th
(n = 983), 1 rpyNMbl NONYNALMIOHHOIO KOHTPONS (N = 96) »uTenein KemepoBckort obnactu. leHoTvnmnpoBaHe nposoanav MetofoM MNLP B pexkime peanbHoro Bpemeu,
06paboTKy pesynsraTtoB — C UCTONL30BaHNEM PecypcoB nporpamm Statictica, SNPStats, Arlequin. MponemMoHCTpUpoBaHb! STHNHECKME 0CO0eHHOCTM (P < 0,05)
pycckoro HaceneHust Crburpn (rpynna NomynsLUvoHHOrO KOHTPONSY) Mo YacToTam annenel rs4648050 v rs4648051. OTMedeHo otnmndve (p < 0,05) reHeTn4eckoro
npocuns BbIGOPKN NAUMEHTOB C TyGEPKYNE30M NErkux OT 0OLLEMMPOBON 1 eBPOMEencKo nonynsaumii no Bcemy komnnekcy SNP, 3a nckntodeHnem rs1609993.
[MokasaHo pasznn4dne (p < 0,05) annenbHbix HacToT rs4648068 Mexxay BbIOOPKOM MOMYNALMOHHOIO KOHTPOMSA 1 MALMEHTOB C TYOEpKyNe3oM JIerkux. YCTaHoBneHa
accoumaLyis ¢ NMoaBeKEHHOCTbLIO Ty6epKyneay nerkmx ansa reHotunos AA*rs4648055 (OR = 2,51; p = 0,05) n GG*rs4648068 (OR = 2,16; p = 0,03). Mony4eHHble
pe3ynbTaTbl KOCBEHHO CBMAETENBCTBYIOT O MOAVMULMPYIOLLEM BAnSHMM SNP, nokanm3oBaHHbIX B 30He npoLeccuHra, B reHe NFKBT 1 ero BO3MOXKHOM BKIaae B
6anaHc 6enxos NF-kB1 p105/p50 1 IMMYHHbIN OTBET Ha MUKODAKTEPUATBHYIO MHAEKLIIO.

Kniouesble cnoBa: NFKBT, reHeTn4eckuin nonmmopdunam, Tybepkynes nerkunx, TRaHCKpUNUMOHHbIE (DakTopbl, BOCHANeHne
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Pulmonary tuberculosis (TB) is a pressing global issue of
theoretical medicine and practical healthcare [1]. High
incidence and mortality rates persist in a number of countries,
which are caused by drug resistance of the pathogen, high
prevalence of HIV infection among tuberculosis patients, low
patient adherence to treatment, and the genetically determined
features of the response to infection and treatment [2-5].

Diverse studies, including the analysis of genomes of
Mycobacterium tuberculosis (M. tuberculosis) and the host, are
conducted in order to investigate the genetic component value.
One avenue in this field is the search for associations between
the fact of carrying certain genotypic and allelic variants
of genes and the specifics of human body’s response to
M. tuberculosis infection and anti-tuberculosis therapy. Despite
a significant amount of data accumulated [6-9], there is still
ambiguity and even some inconsistency of the results obtained,
which determines the need for further research in this field.

Considering current ideas about the key immune
mechanisms ensuring recognition of M. tuberculosis and
subsequent destruction of the pathogen [10, 11], intracellular
signaling pathways and molecular cascades involved in
differential expression of the genes engaged in immune
responses and ensuring regulation of inflammation as the
body’s systemic protective response are of great interest
for scientific community [12-14]. These include the NF-kB
signaling pathway, activation of which results in stimulation of
inflammation via enhanced biosynthesis of TNFa, IFNy, IL6, IL8
pro-inflammatory factors and other cytokines [15].

The NF-kB1 transcription factor (nuclear factor kappa-
light-chain-enhancer of activated B cells) is represented in the
cell by the full-length precursor protein (p105) and its processed
form (p50). NF-kB1/p50 as part of the complex with p65 (RelA)
is a transcription activator, while NF-kB1/p105 in the form of
homodimers (or together with IkB, the NF-kB inhibitor) functions
as a suppressor of this process. Therefore, the p105—p50
processing modification can affect the NF-kB pathway direction
and effectiveness, while intracellular p105/p50 balance can
determine adequacy of the cellular response to activation
signals, thereby contributing to the tuberculosis pathogenesis.

The Ub-independent p105—p50 posttranslational processing
involving the 20S proteosome is currently considered as the
main mechanism underlying generation of NF-kB1/p50 [16].
The endoproteolysis region is long enough and includes amino
acid bases (AA) 430-530. At the gene level this region covers
the exon region (E) E13 (403-433 AA) — E15 (499-546 AA)
with the overall length of 2771 bp. The study aimed to assess
associations with tuberculosis of the light NFKBT gene allelic
variants localized within the NF-kB1 p105—p50 processing
zone based on the SNP panel.

METHODS

The study involved total DNA extracted from blood samples of the
patients of the Kopylova Kuzbass Clinical Phthisiopulmonology
Medical Center (Kemerovo) with pulmonary tuberculosis (TB
group, n = 93) and the population control group (PC group,
n = 96) represented by the sample of residents of the city of
Kemerovo and Kemerovo Region. The group of patients with
pulmonary tuberculosis included 74 males and 19 females aged
26-88 years diagnosed for the first time (n = 78) and having
relapses (n = 15). Clinical forms were represented by infiltrative
(n = 49), disseminated (n = 23), focal (n = 6), fibrous-cavernous
(n = 5) pulmonary tuberculosis, tuberculoma (n = 7), pleurisy
(n = 3). Both groups were formed considering ethnicity (based
on self-determination), demographic and medical history data.
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Inclusion criteria for the TB group: established diagnosis of
incident tuberculosis or tuberculosis relapse; age over 18 years.
Exclusion criteria: HIV infection; fact of detecting antibodies
against hepatitis C virus (HCVAQ) and hepatitis B virus (HBsAQ)
in blood serum; refusal of participation in the study. All the
patients were assessed in accordance with the standard
regulated by current clinical guidelines. A complex of clinical,
laboratory, and instrumental testing data was used to verify
the diagnosis. The diagnosis of tuberculosis was established
by the central medical board of the Kopylova Kuzbass Clinical
Phthisiopulmonology Medical Center. DNA was extracted
from biological samples by the phenol-chloroform extraction
method. Genotyping based on rs4648050, rs4648051,
rs4648055, rs4648058, rs4648068, rs1609993 was performed
by real-time PCR in the Applied Biosystems QuantStudio
5 Real-Time PCR System (Thermo Fisher Scientific, USA)
using the commercially available kits (DNA-Synthesis, Russia).
According to the manufacturer’s instruction, the amplification
programs had the following settings: initial denaturation for
3 min at a temperature of 95 °C; 40 cycles of primer annealing
at a temperature specific for each polymorphism (54-59 °C);
chain elongation at a temperature of 72 °C, and denaturation
at a temperature of 95 °C. The amplification reagent mixture
composition was as follows: DNA of the studied sample — 1 pL,
Tag DNA polymerase — 0.5 pL, 10x buffer for Tag DNA
polymerase — 2.5 L, primer mixture (forward F, reverse R) —
2.5 pL, solution of four dNTP — 1 pL, fluorescent labeling
probes TagMan (FAM, VIC) — 1 pL each, deionized water —
to the total mixture volume of 25 pL. Primary results were
subjected to standard analysis using the resources of the
Statictica, SNPStats, Arlequin software packages. Genotypic
and allelic frequencies were calculated. The Hardy-Weinberg
equilibrium was assessed using the Pearson’s chi-squared (x°)
test (¢%,,)- The analysis of associations of the candidate genes’
polymorphic variants was conducted based on the odds ratio
(OR) considering the confidence interval (Cl) for the odds ratio
(95% Cl). The null hypothesis was rejected when p-value was
below 0.05.

RESULTS

The NFKB1 gene (HGNC:7794) located in 4924 with the length
of 115.973 kbp (GRCh38: CM000666.2 — 4: 102,501,330-
102, 617,302) contains 27 exons (E). The SNP (Single Nucleotide
Polymorphism) panel for the study was generated considering
the following: 1) SNP location within the processing zone — the
region of exons E13-E15 was used as a target, together with the
adjacent introns (I) — 112, 115; 2) minor allele frequency (MAF)
in the population of at least 0.1. Information was taken from the
Ensembl genome browser (http://www.ensembl.org), and the
NCBI data were used (https://www.ncbi.nlm.nih.gov/).

The total number of SNPs in the NFKB1 gene is 41,781.
The number of SNPs found in the populations with the minor
allele frequency (MAF) exceeding 0.1 was 152. After selecting
polymorphic variants in the target region 112-E13-113-E14-114-
E15-115 with the length of 7325 bp (102,593,569-102,600,894
bp) a total of five variants located in introns were identified,
along with one exonic variant. The characteristics of the SPN
panel generated are provided in Table 1.

The data characterizing frequencies of the alternative allele
based on the panel of six SNPs (rs4648050, rs4648051,
rs4648055, rs4648058, rs4648068, rs1609993) in the gene
NFKBT1 in patients with TB and in the PC group, along with
the indicators of the genotypic frequency equilibrium (2, ),
as well as the data on the alternative allele frequencies in the



Table 1. Characteristics of the studied NFKB7 SNP complex (according to Ensembl, http://www.ensembl.org)
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RefSec Localization Type of variant POSi(tg)g (;::;/g)riant Ancestral allele Alternative variants
rs4648050 112 SNV 102593584 T A, CY G
rs4648051 112 SNV 102593836 A G*
rs4648055 112 SNV 102594156 G A", C
rs4648058 112 SNV 102594434 G c*
rs4648068 114 SNV 102597148 A G*
rs1609993 E12 SNV 102593501 T A, CY G

Note: | — intron, E — exon, * — alternative variants analyzed in the study.

global (Global) and European (EUR) populations are provided
in Table 2.

Determination of the state of genotype frequency equilibrium
in the studied samples has shown the following. Values of
the x%,,, parameter in the PC group suggest that there was
no significant deviation from the Hardy-Weinberg equilibrium
throughout the entire studied SNP panel in the gene NFKBT.
In the sample of TB patients, genotypic frequency deviation
(o < 0.05) was reported based on two SNPs (rs4648068 and
rs1609993): X2, ,, was 5.06 and 9.15, respectively.

To analyze specifics of the gene pool of Russians of
Siberia, we performed pairwise comparison of the rs4648050,
rs4648051, rs4648055, rs4648058, rs4648068, rs1609993
allele frequencies in the gene NFKBT in the studied sample of
Russians of the Kemerovo Region (Kuzbass; PC group) with
the available data on the global and European populations. The
results obtain reflect the features of the genetic profile of the
Russian population of Siberia compared to global frequencies
and the frequencies typical for populations of Europe based on
rs4648050 (p < 0.05), as well as in terms of matching with the
global population based on rs4648051 (p < 0.05). As for other
studied SNPs, there were no significant differences in allelic
frequencies in the PC group.

Comparison of the nature of allelic frequency distribution in
the TB sample and PC group revealed a significant difference
(o < 0.05) based on rs4648068, for which the x? value was 3.86.
The fact attracts attention that comparison of allelic frequencies
in the sample of TB patients with the frequencies in the global
and European populations demonstrates specifics throughout

the entire SNP complex, except for rs1609993. This suggests
that the increase in sample size with make it possible to reveal
a broader range of associations between the studied SNPs and
TB in the future.

Frequencies of the rs4648050, rs4648051, rs4648055,
rs4648058, rs4648068, rs1609993 genotypes in the gene
NFKBT1 and the results of assessing the association of the
generated SNP panel with TB are provided in Table 3.

Comparison of genotypic frequencies revealed significant
differences for two SNPs: rs4648068 (o = 0.03) and rs4648055
(o = 0.05). As for rs4648068, as mentioned above, we have
shown significant differences based on the data of comparing
the allelic frequencies as well. The study demonstrates the
increased frequency of the homozygous GG variant comprising
the alternative allele. As for rs4648055, in this case the sample
of TB patients also shows higher frequency of the homozygous
genotype comprising the alternative allele, AA. Both genotypes,
GG *rs4648068 and AA*rs4648055, are considered as the
etiological fraction genotypes, i.e. the genotype carrier state is
associated with the increased susceptibility to developing TB
in case of mycobacterial infection. The study has determined
a significant correlation with TB of the genotypic variants
AA*rs4648055 (OR = 2.51; p = 0.05) and GG*rs4648068
(OR=2.16; p = 0.03).

DISCUSSION

The results of matching the alternative allele frequencies to the
cumulative data by projects (ALFA dataset, https://ncbiinsights.

Table 2. Frequencies of the rs4648050, rs4648051, rs4648055, rs4648058, rs4648068, rs1609993 alternative alleles in the gene NFKBT in the studied sample, global

and European populations

s MAF «ALFA» 2 ,
SNP Samples Xoxw Alt Global EUR X aLosaL Xeur
PC 1.41 0.531 28.26 24.21
rs4648050 0.001 0.278 0.293
B 1.43 0.528 27.59 23.61
PC 0.47 0.389 6.27 2.96
rs4648051 1.24 0.274 0.309
B 0.01 0.471 16.86 10.61
PC 0.83 0.338 1.02 0.52
rs4648055 2.96 0.291 0.304
B 0.07 0.461 12.82 10.64
PC 2.49 0.411 3.29 2.75
rs4648058 1.14 0.324 0.331
B 0.27 0.489 11.24 10.17
PC 2.85 0.395 1.34 2.4
rs4648068 3.86 0.339 0.321
B 5.06 0.538 16.22 19.8
PC 0.35 0.942 0.44 0.84
rs1609993 0.58 0.924 0.916
B 9.15 0.913 0.15 0.01

Note: x°, ,, — criterion for estimation of the Hardy-Weinberg equilibrium; x? — criterion for pairwise comparison of frequencies; Alt — alternative allele frequency;
MAF — minor allele frequency in the global population (Global) and European population (EUR), the x? indices represent variants of pairwise comparison: TB — of
population control with the group of TB patients; GLOBAL — of both studied samples with frequencies in the global population; EUR — with frequencies in the

European population. Statistically significant values are highlighted in bold.
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Table 3. Distribution of the rs4648050, rs4648051, rs4648055, rs4648058, rs4648068, rs1609993 genotypes in the gene NFKB1 and indicators of association with TB

Frequency %
SNP Genotype X2 test. valuelz vs'/i'th the Yates’s Oddg ratio '
PC B correction (significance level p) OR (95% confidence interval)
(n=96) (n=93)
T 25 191 0.62 (p=0.43) 0.70 (0.35-1.42)
rs4648050 TC 43.75 56.18 2.37 (p=0.12) 1.64 (0.92-2.94)
CC 31.25 24.72 0.67 (p=0.41) 0.72 (0.37-1.37)
AA 38.94 27.58 2.14 (p=0.10) 0.59 (0.32-1.11)
rs4648051 AG 44.22 50.58 0.50 (p=0.47) 1.26 (0.70-2.25)
GG 16.84 21.84 0.44 (p = 0.50) 1.38 (0.65-2.89)
GG 41.66 28.27 3.14 (p=0.07) 0.552 (0.30-1.01)
$4648055 GA 48.96 51.08 0.02 (p=0.88) 1.08 (0.61-1.92)
AA 9.38 20.65 3.86 (p = 0.05) 2.51 (1.07-5.89)
GG 38.54 27.47 2.10 (p=0.14) 0.60 (0.32-1.12)
rs4648058 GC 40.62 47.25 0.58 (p = 0.44) 1.30 (0.73-2.33)
cc 20.84 25.28 0.30 (p = 0.58) 1.28 (0.64-2.54)
AA 40.62 27.17 3.21 (p=0.07) 0.54 (0.29-1.00)
rs4648068 AG 39.58 38.05 0.004 (p = 0.94) 0.93 (0.52-1.68)
GG 19.8 34.78 4.60 (p = 0.03) 2.16 (1.11-4.18)
T 0 3.27 1.44 (p=0.23) 0
rs1609993 TC 11.46 10.87 0.01 (p=0.91) 0.942 (0.38-2.33)
cc 88.54 85.86 0.10 (p = 0.74) 0.786 (0.33-1.85)

ncbi.nlm.nih.gov/2020/03/26/alfa/) (Table 2) indicate the
differences between the values obtained in this study for the
population groups of the Siberian region relative to both global
values (Global) and Caucasoid populations (EUR) throughout the
range of studied SNPs, except for rs1609993. This suggests the
features of the “genetic portrait” of the Russian population of Siberia
related to the studied complex, which should be considered when
conducting meta-analysis, arranging association studies, and
determining the range of informative TB biomarkers.

In this study, significant associations with the risk of
developing TB were reported for intronic variants rs4648055,
rs4648068 (Table 3). In case of variant rs4648055, the
alternative allele A in homozygous state increases the risk
of disease 2.5-fold, while the 2-fold increased disease risk
reported for rs4648068 results from the presence of alternative
variant of allele G in homozygous state in the genotype. The
trend towards statistical significance for protective effects of
the major genotypes GG*rs4648055 (OR = 0.55; p = 0.07) and
AA*rs4648068 (OR = 0.54; p = 0.07) can also be noted.

It should be noted that to date the literature data on the
rs4648055 and rs4648068 contribution to the development of
disorders are scarce, and the results are ambiguous. A number
of papers report that there are no significant associations of
rs4648055 and rs4648068 with the development of such
disorders, as lung cancer [17] and coronary artery disease
[18]. At the same time, when studying head and neck cancer
in residents of Pakistan infected with HPV, the role of allele G
in heterozygous and homozygous states in the increased risk
of developing cancer was reported for rs4648068 [19]. When
studying the risk factors of developing gastric cancer in the
population of Han Chinese, significant results were reported for
allele G of rs4648068 (OR = 1.43; p = 0.0001) [20]. Frequencies
of genotype distribution in the control group were as follows:
AA — 27.71%, AG — 53.58%, GG — 18.71%; in the group of
patients — 22.94%, 45.64%, 31.42%. The alternative allele G
frequency in the comparison group was 0.455, and in the cancer
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group it was 0.542, which is similar to the data obtained in our
study for the TB group (0.538). Similar results were reported
when studying the rs4648055 and rs4648068 contribution to
ovarian cancer development in the Chinese population, and
significant associations were also reported only for allele G of
rs4648068 (OR = 1.38; p = 0.001), frequency of which in the
group of patients was 0.532, and in the comparison group it
was 0.454 [21].

CONCLUSIONS

The following aspects can be considered as the main findings
of the study. First, new research data on the frequencies of
rs4648050, rs4648051, rs4648055, rs4648058, rs4648068,
rs1609993 in the gene NFKBT in Russians of Siberia were
obtained. These data make it possible to draw a conclusion
about the specifics of genetic structure of the Russian population
that should be considered when conducting association
studies. Second, the statistically significant differences of the
rs4648050, rs4648051, rs4648055, rs4648058, rs4648068
allelic frequencies in the sample of tuberculosis patients from
the global frequencies and frequencies typical for populations of
Europe suggest potential informational value of the generated
SNP panel, which requires further research. Third, the detection
of associations between susceptibility to TB and homozygous
genotypes based on the alternative allele for rs4648055 and
rs4648068 is indirect evidence in favor of modifying effects of
genetic polymorphism, SNPs located within the processing
zone in the gene NFKBT1, and its possible contribution to
the p105—p50 processing effectiveness, balance of the
NF-kB1 gene products (p105/p50), and regulation of target
gene expression. This assumption requires further research
based on the analysis of the p105 and p50 levels with parallel
assessment of transcription activity of the target genes of this
transcription factor. Identification and analysis of the features
of molecular mechanisms at the population and individual
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levels not only provide detailed understanding of molecular
mechanisms underlying the TB pathogenesis, but also
contribute to improvement of diagnostic procedures, including
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OXIDATIVE PROTEIN DESTRUCTION PRODUCTS AS MARKERS OF CHRONIC KIDNEY
DISEASE PROGRESSION IN DIABETES MELLITUS
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Chronic kidney disease (CKD) represents one of the most common complications of type 1 diabetes mellitus (T1D). Oxidative stress (OS) can be considered as
a key link of pathogenesis of CKD associated with T1D, therefore, identification of the redox status markers is important for prevention of the development and
progression of this disorder. The study aimed to assess the substances generated during oxidative destruction of proteins and their correlation with glomerular
filtration rate (GFR) in patients with T1D and stage 1-3 CKD. The study involved healthy individuals (n = 14), patients with T1D showing no signs of CKD (n = 30),
as well as patients with T1D and stage 1 CKD (n = 60), stage 2 CKD (n = 38), and stage 3 CKD (n = 31). Healthy participants were matched to the index group
by age and gender: 42.9% were males, 57.1% were females, the average age was 30.6 + 4.2 years; body mass index, systolic and diastolic blood pressure, lipid
profile were within normal. It has been found that patients with T1D and stage 1-3 CKD demonstrate plasma accumulation of early and delayed neutral and base
products of oxidative protein modification (OPM): spontaneous 157% based on median, metal-induced 143% based on median relative to healthy individuals. We
have revealed a decrease in overall antioxidant status (OAS) of plasma in 51% of patients with T1D and stage 3 CKD compared to patients with T1D without CKD.
Estimated GFR, the integral indicator of renal function, decreases with increasing plasma levels of OPM products, decreasing OAS. The data obtained allow us to
consider plasma levels of OPM products, OAS as affordable and informative methods to assess progression of early stage CKD in patients with T1D.
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NMPOAYKTbl OKUCIIUTENBHOW AECTPYKLNWN BEJIKOB KAK MAPKEPbI MTPOrPECCUPOBAHUSA
XPOHUYECKOW BOJIE3HW MNOYEK MPU CAXAPHOM OUABETE

M. B. Ocukos'?, J1. A. Ocbpoc'?, J1. 0. XKypasnesa'?><, A, A. Pegocos®

" KOXKHO-YpanbCKMi rocyaapCTBEHHbI MEAVLIMHCKMIA yHMBEpCUTET, YensbuHek, Poccuns
2 YensibuHckas obnacTHast KnvHndeckast 6obHMLa, HYensbuHek, Poccust
3 Poccuinckuii yHUBEpCUTET Apy>KObl HAPOLOB UMeHM IMaTpuca Jlymymosl, Mocksa, Poccus

OpHo 13 Hanbonee 4acTbIX OCNOXHEHNI caxapHoro avabeta 1-ro Tuna (CA1) — aT1o xpoHuyeckas 6onedHb nodek (XBIM). OkmcnutensHbin ctpece (OC) MOXHO
paccmaTpuBaTh Kak Kto4eBoe 38eHO B natoreHede XBI npy CA1, B ¢BA3M C Hem BOCTPeOOBaHO BbISBEHVE MAPKEPOB PEOOKC-CTaTyCa 419 MPefoTBpaLLeHmns
Pa3BUTUS N MPOrPECCUPOBaHNS 3TOro 3aboneBanHus. Lienbto nccnenoBaHyist Oblio NPOBECTU aHanM3 BELLECTB, 06Pa3yoLLMXCS NPV OKVCAUTENBHOM NOBPEXAEHNN
6enkoB, 1 X CBSA3b CO CKOPOCTBLIO KIybo4KoBoM thunstpaumn (CK®) y nauveHTos ¢ CA1 npu XBIM 1-3 ctaguii. B UccnenoBaHm y4acTBOBa 300p0oBble ftoav (0 = 14),
6onbHble CO1 6e3 npuaHakos XBIT (n = 30), a Takke 6onbHble CA1 ¢ 1-11 ctaguenn XBI (n = 60), 2-i ctaguein XBI (n = 38) n 3-i ctaguen XBI (n = 31). 3goposble
YHaCTHVIKM COMOCTaBVIMbI MO BO3PACTY W MOJy C OCHOBHOW rpyMmo: My>xXdnH 42,9%, »eHwmH 57,1%, cpepHuin BodpacT 30,6 + 4,2 neT, nokasatenu nHaekca
Macchl Tena, CUCTONMHECKOrO W AMACcTONMHYECKOrO apTepuanbHOro AaBieHVs, IMnuaorpamMmMel B npedenax HopMasibHbIX 3HaqeHnn. BoisiBneHo, YTo y 60mbHbIX
¢ CO1 n XBI 1-3-1 cTagnii B NnasMe HakanMBaloTCs paHHME W NO3OHVE HENTPasIbHOrO M OCHOBHOIO XapakTepa MpOoayKTbl OKUCIUTENBHON MoaudrKaumm
6enkoB (OMB) B CNOHTaHHOM pexxumMe no mMeaviaHe 157%, B MeTann-mHOyLMPOBaHHOM pexxnMe no meguaHe 143% B cpaBHeHUM co 300poBbIMY. OTMEYEHO
CHKeHne obuero aHTrnokenaaHTHoro ctatyca (OAC) nnasmbl Ha 51% y naumertos ¢ CAO1 1 XBIM 3-i cTagum B cpasHeHnn ¢ naupeHtamv CL1 6e3 XBIT.
VHTerpaneHbIi nokasarens yHKUMM nodek — pacdeTHas CK® — cHkaeTcs no mepe  yeennyeHnst npomyktos OMB B nnaame, cHmkerns OAC. MNonyyeHHble
[aHHble MO3BOMISIKOT paccMaTpuBaTth cofepkanne B nnasme npogyktoB OMB, OAC kak [OCTyrnHble 1 MHOPMaTVBHbIE METOLb! OLEHKM MPOrpeccupoBaHms
HavanbHbix ctaguii XBIy 6onbHbix ¢ C1.

KntoueBble cnoBa: caxapHblii avabeT 1-ro T1na, MporpeccnpoBaHe XpoHMHeCcKo 60neaHn nodek 1-3- ctaguii, okMcIUTenbHas AeCTPyKLUMS 6enkoB
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Diabetes mellitus (DM) and chronic kidney disease (CKD) are
significant medical and social challenges faced by the global
community. According to the International Diabetes Federation,
in 2021, there were 537 million people with DM registered in the
world, which is 6% of the global population [1]. As of January 1, 2023,
the number of DM patients in Russia was 4.9 million (3.31% of
the population), and 277.1 thousand of them (5.58%) suffered
from type 1 DM (T1DM). The trend for T1DM prevalence is
upward: in 2010, there were 146 cases registered per 100
thousand population, and in 2022, the figure was 191, which
gives an annual growth of 2-3% [2]. Diabetic nephropathy is
the most common complication: 40% of T1DM patients have it,
and the probability of diagnosing this condition after 8-10 years
with TIDM is 50%, growing to 75% after 15-20 years [3]. The
risks of developing CKD in T1DM increase significantly as the
target parameters of carbohydrate metabolism grow (HbA1c
above 7%) [4, 5]. The prevalence of CKD among T1DM patients
reaches 25-75%; the disease remains the main microvascular
complication [7, 8]. Globally, the prevalence of CKD is 10-18%,
and in Russia it is about 11% [9]. It is assumed that by 2040,
CKD will become one of the main reasons for the shortening
of life expectancy [10]. In high-income states, dialysis and
kidney transplantation consume 2-3% of the overall healthcare
budget, and the share of patients receiving such treatment is
less than 0.03% of the country's population [11].

In 2022, one of the topics discussed at the KDIGO
conference was the importance of establishing the risk factors
associated with CKD development and progression, since
the impact of the disease on the health of the population is
growing, and there are obvious gaps in this subject matter
[12]. Early diagnosing of CKD and the introduction of modern
treatment methods can significantly reduce the need for renal
replacement therapy in the late stages of the disease. The
progression of CKD in T1DM patients causes death in over
70% of patients within five years; in addition, CKD affects the
cost of diabetes treatment [13]. Deliberate interferences at the
early stages of CKD in T1DM patients help prevent deterioration
of kidney function and improve treatment outcomes, which
necessitates regular screenings for CKD [14]. Understanding
the molecular and cellular mechanisms contributing to the
progression of CKD in DM patients is a key factor for the
development of effective diagnostic and therapeutic strategies
[8, 15]. Animportant aspect thereof is the spectrophotometric
assessment of the plasma total antioxidant capacity (TAC) that
enables oxidative stress (OS) monitoring.

The purpose of the study was to analyze substances
resulting from the oxidative degradation of proteins, and to
determine their connection to the glomerular filtration rate
(GFR) in T1DM patients with stage 1-3 CKD.

METHODS

The study was conducted at the Chelyabinsk Regional Clinical
Hospital under the South Ural State Medical University of the
Ministry of Health of the Russian Federation. Criteria for inclusion
in the study: informed consent, T1DM diagnosed over 3 months
as per the clinical recommendations of the Russian National
Medical Research Center for Endocrinology [16]. Exclusion
criteria: the age of men- over 60 years old, postmenopausal
age for women,; estimated glomerular filtration rate (eGFR) <
< 29 ml/min/1.73 m?; diagnosed T2DM, pheochromocytoma,
primary hyperparathyriosis, Itsenko—Cushing's disease,
acromegaly, hypothyroidism, thyrotoxicosis; diagnosed
hypertension before the onset of T1DM; severe concomitant
diseases of the liver, lungs, tuberculosis, rheumatological,
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autoimmune and oncological diseases; inflammatory kidney
diseases, congenital kidney abnormalities; active inflamsnmatory
processes; intake of glucocorticoids and cytostatics, vitamin
D preparations, phosphatebinders; pregnancy; non-standard
body size; paraplegia and quadriplegia; acute renal injury;
transplanted kidney.

Group 1 included healthy people comparable in age and
gender to the treatment group (n = 14), group 2 consisted of
T1DM patients without CKD (n = 30), group 3 was comprised
of T1DM patients with CKD (n = 129), subdivided by stages
[17] (stage 1, subgroup 3.1, n = 60; stage 2, subgroup 3.2,
n = 38; stage 3, subgroup 3.3, n = 31). eGFR was assessed
using the CKD-EPI equation that reveals serum creatinine
according to standard methods, the equipment was Cobas
Integra 400 analyzers (Roche, Switzerland),using kinetic
colorimetric method. The protein oxidative modification (POM)
was analyzed by spectrophotometry [18], the reaction with
2,4-dinitrophenylhydrazine [19]. TAC was measured using the
B-7501 Total Antioxidant Capacity test system (Vector-Best,
Russia). The result was expressed in mmol/L. In the heptane
and isopropanol phases of the lipid extract, we measured
the optical density at wavelengths of 220 nm (shows content
of isolated double bonds), 232 nm (shows content of diene
conjugates, DC), 278 nm (shows content of ketodienes and
conjugated trienes, KCT), 400 nm (shows content of Schiff
bases, SB). The relative content of lipid peroxidation products
(LPP) was expressed in units of oxidation indices (UOI): E232/
E220 (DC), E278/E220 (KCT) and E400/E220 (SB). Blood
plasma POM products were determined by the reaction of
carbonyl derivatives of proteins with 2,4-dinitrophenylhydrazine
in spontaneous and metal-dependent Fenton reaction (metal-
catalyzed oxidation, MCQ), with spectrophotometric registration
of aldehyde 2,4-dinitrophenylhydrazine (ADNPH) and ceton
2,4-dinitrophenylhydrazine (CDNPH) in the ultraviolet (uv) and
visible light (vs) parts of the spectrum with the calculation of
the reserve and adaptive potential. The result was expressed
in units of optical density per 1 mg of protein (cu/mg). For
statistical processing of the data, we used Microsoft Office
Excel (Microsoft Corporation, USA) and IBM SPSS Statistics
v. 23 (SPSS: IBM Company, USA). Quantitative data were
presented as a median (Me) with interquartile intervals (Q; Q,),
the values of the lower (25) and upper (75) quartiles,
respectively. Nonparametric Kruskal-Wallis and Mann-Whitney
tests were used for intergroup comparison of quantitative data.
Spearman's rank correlation coefficient allowed determining
the interrelationships of the indicators, and the Chaddock scale
was used to assess the strength of the connection (weak —
from 0.1 to 0.3, moderate — from 0.3 to 0.5, noticeable —
from 0.5 to 0.7, high — from 0.7 to 0.9, very high — from 0.9
to 1.0). The differences were considered statistically significant
at p < 0.05.

RESULTS

Initially, we established eGFR in the groups (Table 1). This
assessment revealed the indicator to be 17% higher in group 1
than in group 2 (be median), which is a significant difference; in
subgroup 3.1, the value was 10% lower, in subgroup 3.2 — 28%
lower, and in subgroup 3.3 — 62% lower. In addition, eGFR
was significantly lower in subgroups 3.1, 3.2, 3.3 compared to
group 2. eGFR values in patients of subgroup 3.2 significantly
differed from those registered in subgroup 3.1, and in patients
of subgroup 3.3 they were significantly differed from the values
in subgroups 3.1 and 3.2. In T1DM patients, including those
with CKD, the changes of the content of blood plasma POM
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Table 1. Estimated glomerular filtration rate in T1DM patients with CKD, mli/min/1.73 m? (lu [Q,; Q,))

Group 3 (DM+CKD)

Group 1
(n=14)

Group 2
(n=30) Subgroup 3.1

(n = 60)

p-value, with
Subgroup 3.2 p<0,05

(n=38)

Subgroup 3.3
(n=231)

105.000
[91.000; 118.000]

123.000
[120.000; 134.000]

94.000
[92.000; 126.000]

p,., < 0.001
P,.a, < 0.001
P,a, < 0.001
Pyas < 0.001
P, =0.016
P,.., < 0.001

<0.001
<0.001
<0.001
<0.001

76.000
[67.000; 78.000]

40.000
[31.000; 58.000]
pZ—GvS
p3.1—3v2
p3.1—3v3

p3.2—3v3

products were the following; specifically, in group 2, the total
concentration of such products was elevated, contributed
to by both early- and late-stage neutral and basic products.
A proportional increase in the content of POM products
in spontaneous and metal-induced modes did not lead to
significant changes in the reserve and adaptive potential.
Accordingly, blood plasma TAC in group 2 was decreasing
(Table 2).

The most pronounced changes were recorded in group 2.
In subgroups 3.1, 3.2, 3.3, the total concentration of blood
plasma POM products increased with early- and late-stage
products, neutral and basic types, both in the spontaneous
and metal-induced modes.The most significant growth of
concentration of the products was observed in subgroup 3.3,
both in spontaneous mode (Median157% compared with group 1)
and in metal-induced mode (median 143% compared with
group 1). In subgroup 3.3, the total number of POM products,
both early- and late-stage, significantly differed from the values
registered in group 2 and subgroup 3.1. Group 3.1 was also
found to have a diminished reserve and adaptive potential
in plasma. In addition, TAC in blood plasma in group 3 also
decreased: by 19% in subgroup 3.1, by 39% in subgroup 3.2,
and by 51% in subgroup 3.3.

To assess the relationship between the changes in OS
parameters and renal function — eGFR in group 3 patients —
we conducted a correlation analysis (Table 3).

In group 2, we registered a significant direct correlation with
the overall antioxidant level. A strong inversed correlation was
observed with the total amount of blood plasma POM products,
late-stage POM products in the spontaneous mode, the total
volume of POM products, as well as neutral POM products in
the metal-induced test; a very strong inversed correlation was
established for the content of neutral and basic POM products
in the spontaneous test, as well as basic POM products in
the metal-induced test. In subgroup 3.1, we found inversed
correlation with the content of late-stage POM products, and a
direct correlation with the reserve adaptive potential and TAC.
In subgroup 3.2, the correlation with TAC was also direct, but
it turned out to be inversed for the plasma levels of late-stage
POM products. In subgroup 3.3, we established an inversed
correlation with various POM products, both early- and late-
stage, as well as with neutral products. In subgroup 3.3, a
strong inversed correlation was observed with the amount of
early and late-stage POM products. Ultimately, the number
of correlations between eGFR and the plasma redox status
increases from group 2 to subgroup 3.3, which confirms the
growing importance of these correlations, group 2 (8 in total,
including 1 notable, 4 strong, and 3 very strong) to subgroup 3.1
(10 in total, including 4 notable, 1 strong, 5 very strong), to
subgroup 3.2 (10 in total, including 1 notable, 3 strong, 6 very
strong), and, maximizing, to subgroup 3.3 (11 in total, including
4 notable, 5 strong, 2 very strong).

DISCUSSION

Analysis of the level of eGFR showed that it increased in group
2. From 10 to 67% of the respective patients had higher eGFR
and hyperfiltration, with the maximum values up to 162 ml/min/
1.73 m2. Various pathogenetic factors can cause this situation,
including compensatory hypertrophy and hyperfunction of the
kidneys against the background of chronic hyperglycemia, and
the impact of inflammatory cytokines, growth factors, local
angiotensin I, imbalanced vasoactive substances regulating
blood flow at the levels of pre- and postglomerular arterioles.

Altered reabsorption of sodium, glucose, and hydrogen ions
in the proximal tubules of nephrons are important factors, too
[20-22]. Currently, intraclubular hyperfiltration is considered one
of the key mechanisms triggering the onset and progression of
diabetic nephropathy [23, 24].

Elevated levels of POM products and deteriorating TAC
in TIDM patients, including those stages 1-3 CKD, point to
the impact of OS in this group. Oxidative stress is one of the
main pathogenetic forces influencing the development of CKD
in DM patients. It appears with excessive amounts of active
oxygen forms and nitrogen derivatives in the background, and
weakening antioxidant protection [25]. The key processes
contributing to the formation of active forms include activation
of various NADPH oxidase isoforms (NOX1-NOX5, DUOX1 and
DUOX2) in the immune system cells, as well as various forms of
NO synthase (NOS) and other enzymes. In DM patients, blood
sugar levels are rising constantly, and the immune cells and the
related processes are activated, which translates into formation
of excessive amounts of glycated compounds that trigger
intracellular signaling pathways such as phosphoinositide-3-
kinase and nuclear factor kappa B, which, in turn, aggravate
the inflammatory processes. As a result, vascular walls
and metabolic shunts are damaged, and the DM becomes
exacerbated, since chronic inflammation is an important factor
contributing to complications, such as diabetic nephropathy.

The growing level of glycated compounds in the blood
contributes to the accumulation of toxic metabolites, which
also exacerbates OS and damages cells and tissues.
Moreover, activation of the nuclear factor kappa B boosts
production of pro-inflammatory cytokines such as TNFa and
IL6. These molecules play a key role in the development of DM
complications, intensifying pain, impairing organ functions, and
causing other systemic disorders.

To minimize the risks, it is important to control blood glucose
level, since it affects the metabolic state and also suffocates
the inflammatory processes, which eventually translates into
slower development of DM complications [26].

It was previously noted that DM boosts the activity of
NADPH oxidase isoenzymes, especially NOX4 and NOX5,
while the activity of antioxidant enzymes slows down; these
effects are associated with hyperglycemia. Activating NADPH
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Table 2. Blood plasma POM and TAC indicators, T1DM patients with CKD (Me [Q,; Q,])

Group 3

Group 2
(n=30) Subgroup 3.1 Subgroup 3.2 Subgroup 3.3
(n=60) (n=238) (n=31)

Indicators Group 1 p-value, with p < 0,05

P, =0.002
Dy, = 0.044
Py, < 0.001
P, < 0.001
P, 55 = 0.009
=0.001
=0.012

S POM 5.956 8.443 8.561 9.500 15.319
cu/mg of protein [5.286; 7.744] [7.330; 14.752] [5.762; 14.639] [8.307; 16.915] [13.323; 33.675]

Ps1as
Psoss

p,_, =0.002
Py, =0.044
Py, < 0.001
P55 < 0.001
Py, =0.012
P15 = 0.002
Ps45 = 0.016

p,, =0.001
Py, < 0.001
Py, < 0.001
P55 < 0.001
P,.5, = 0.003
P15 = 0.001
P45 = 0-002

S ADNPH, cu/mg 5.735 8.069 8.205 9.124 13.755
protein [5.088; 7.361] [7.016; 14.003] [5.483; 14.078] [7.967; 16.124] [12.626; 31.956]

S KDNPH, cu/mg 0.220 0.374 0.431 0.465 1.031
protein [0.198; 0.296] [0.314; 0.749)] [0.297; 0.561] [0.372; 0.741] [0.564; 1.649]

p,., =0.002
Py, = 0.044

5.862 8.291 8.396 9.346 15.064 Prg < 0.001

[5.199; 7.574] [7.187; 14.423)] [5.656; 14.393] [8.162; 16.537] [12.994; 32.893] Prg5 < 0.001
P, = 0.008

=0.001
=0.012

S uv, cu/mg protein

P33
Pso33

p,., < 0.001
Pys, = 0.009

0.087 0.152 0.167 0.243 0.388 P4, <0.001

0.082; 0.122] [0.143; 0.329] [0.106; 0.246] [0.146; 0.378] [0.298; 0.782] Prg < 0.001
Py, = 0.002

Py, =0.001
Py, =0.009

p,_, <0.001
Py, =0.002

S POM, metal-induced 9.660 14.303 14.225 15.155 23.498 Prg, < 0.001

mode, cu/mg protein 9.240; 12.865] [11.269; 24.749] [12.550; 21.752] [13.222; 28.696] [18.848; 57.269] gm < 8'383
233

Py155 = 0.050
Pyz5 = 0.009

p,, =0.001
Py, = 0.002
Py, = 0.001
P55 < 0.000
P55 = 0.002
P15 = 0.007
P45 = 0-009

p,_, = 0.001
- P4, = 0.001
incused mods, oum 1,004 1868 1.722 2050 3175 P21 <000!
rotein ’ 9 [0.974; 1.556] [1.267; 3.414] [1.507; 2.309] [1.592; 3.812] [2.049; 7.895] P55 < 0.001
P P,.q5 =0.002
P15 = 0.044

S vl, cu/mg protein

S ADNPH, metal-
induced mode
cu/mg of protein

8.481 12.435 12.503 13.087 20.323
[8.235; 11.308] [10.002; 21.855] [11.029; 19.443] [11.243; 24.884] [16.572; 49.375]

p,., = 0.001
Py, = 0.002
Py < 0.001
Py, < 0.001
P, 54 = 0.002
=0.040
=0.044

S uv, metal-induced 8.740 12.803 12.788 13.556 21.012
mode, cu/mg protein [8.441; 11.618] [10.252; 22.393] [11.328; 19.872] [11.708; 25.301] [16.878; 51.153]

Psia3
Pssss

p,., < 0.001
Py, = 0.002
<0.001
<0.001
=0.002
=0.044

S vl, metal-induced 0.803 1.500 1.440 1.599 2.486
mode, cu/mg protein [0.788; 1.247] [1.017; 2.668] [1.222; 1.883] [1.154; 3.395] [1.687; 6.116]

Piss
Piss
Poss
P13

39.715 37.413 36.030 37.454 41.199

0
RAF, % [36.706; 44.284] [34.960; 42.280] [35.385; 37.722] [33.686; 41.064] [35.385; 44.320]

Py, = 0.021

p,.,=0.021
Py, = 0.004

1.800 1.610 1.145 1.100 0.890 Prg < 0.001

[1.610; 1.960] [1.470; 1.680] [0.980; 1.670] [0.780; 1.410] [0.800; 1.100] Prg5 < 0.001
P, = 0.004

=0.002
=0.019

TAC, mmol/L

Poss
Ps133

Note: the table gives total (S) POM products content values, spontaneous and metal-induced modes; ADNPH — aldehyde-dinitrophenylhydrozone; KDNPH — ketone-
dinitrophenylhydrozone; S uv — the level of carbonyl derivatives measured in the UV spectrum; S vl — the level of carbonyl derivatives measured in the visible light
spectrum; RAP — reserve adaptive potential.
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Table 3. Correlation between eGFR (ml/min/1.73 m?) and POM, LPP, and TAC, T1DM patients with CKD

Group 3
Indi Group 2
ndicators (n = 30) Subgroup 3.1 Subgroup 3.2 Subgroup 3.3
(n=160) (n=38) (n=231)
) R=-0.75 R=-0.99 R=-0.99 R=-0.67
S POM, cu/mg protein p=0.002 p < 0.001 p < 0.001 p=0.008
. R=-0.52 R=-0.98 R=-0.99 R=-0.67
S ADNPH, cu/mg protein p=0.057 p < 0.001 p < 0.001 p=0.008
. R=-0.83 R=-0.62 R=-0.74 R=-0.63
S KDNPH, cu/mg protein p<0.001 p=0018 p=0.002 p=0016
S uv. cu/ma brotein R=-0.91 R=-0.98 R=-0.99 R=-0.60
s gp p < 0.001 p<0.001 p < 0.001 p=0.023
Sl cu/mg protein R=-0.91 R=-0.97 R=-0.68 R=-0.91
, g p p < 0.001 p<0.001 p=0.007 p<0.001
S POM, metal-induced R=-0.83 R=-0.62 R=-0.97 R=-0.77
mode, cu/mg protein p < 0.001 p=0.018 p < 0.001 p < 0.001
S ADNPH, metal-induced R=-0.46 R=-0.62 R=-0.97 R=-0.76
mode, cu/mg protein p=0.102 p=0.018 p < 0.001 p < 0.001
S KDNPH, metal-induced R=-0.53 R=-0.58 R=-0.84 R=-0.72
mode, cu/mg protein p=0.050 p=0.028 p < 0.001 p =0.004
S uv, metal-induced mode, R=-0.89 R=-0.62 R=-0.97 R=-0.76
cu/mg protein p < 0.001 p=0.018 p < 0.001 p < 0.001
S vl, metal-induced mode, R=-0.92 R=-0.52 R=-0.89 R=-0.76
cu/mg protein p < 0.001 p=0.055 p < 0.001 p < 0.001
R=-0.04 R=0.75 R=-0.21 R=-0.22
0
RAP. % p=0.903 p=0.002 p=0.462 p=0.458
R=0.68 R=0.93 R=0.58 R=0.98
TAC, mmol/L p=0.007 p < 0.000 p=0.030 p < 0.000

Note: the table gives the Spearman's rank correlation coefficient (R) values; the statistically significant connections are highlighted in bold (o < 0.05).

oxidase, angiotensin Il plays a key role in the development
of OS associated with diabetic nephropathy. Mitochondrial
dysfunction with increased activity of complex-I and increased
production of reactive oxygen species (ROS) also contribute to
the onset and aggravation of diabetic nephropathy, but not as
significantly as NADPH oxidase [15, 27, 28].

Oxidative stress and mitochondrial dysfunction mutually
reinforce each other in the pathogenesis of the disease. Against
the background of hyperglycemia, the activity of cytochrome
P450, especially CYP4A, grows, which boosts the synthesis
of the NADPH oxidase activator, 20-hydroxyeicosatetraenoic
acid. In preclinical studies, it was established that a drip in the
expression of Nrf2 has a significant impact on the overall level
of antioxidant activity in patients with T1DM and signs of CKD
[15]. The positive effect of various antioxidants confirms the
weight of OS in the pathogenesis of renal pathology [26, 30].
High levels of ROS and nitrogen damage cellular structures
and DNA, causing endothelial dysfunction, inflammation, and
fibrosis [24, 31]. The need to assess the progression of CKD
and the associated risks substantiates the search for specific
biomarkers enabling diabetic nephropathy diagnosing and
monitoring.

Given that OS is a significant factor in the development of
renal failure in DM cases, clinicians seek to tally the excessive
amounts of reactive species of oxygen and nitrogen, as well as
their metabolites, through laboratory tests of biological fluids.
Both of the said species decompose quickly, so their detection
is complicated, which adds to the importance of methods
designed for identification of the products of oxidative damage,
such as lipids, proteins, and nucleic acids [15].

The known markers of OS are malonic dialdehyde,
thiobarbituric acid, and glycation end products, as well as
4-hydroxynonenal and 8-deoxyguanosine. Gaging the levels of
endogenous intoxication in T1DM patients at various stages of
albuminuria can help identify early biomarkers of primary kidney

damage [24, 32]. The levels of conjugated dienes, ketodienes,
and trienes, as well as medium-molecular peptides, can be
increased as early as at the A1 stage of CKD 1-3.

In recent years, researchers have grown more interested in
studying OS and its role in the pathogenesis of various diseases,
including CKD. In this work, we observed pronounced changes
in the concentration of POM products in T1DM patients without
CKD. This is consistent with the data reported by other authors,
who also note that OS may be a significant factor contributing to
the progression of diabetic nephropathy [33]. In T1DM patients
with stages 1-3 CKD, we registered growth of the total blood
plasma POM products concentration, which was detected in
both spontaneous and metal-induced tests, in line with the
reports emphasizing the role of OS in boosting the progression
of CKD [34]. The most significant increase in the concentration
of POM products was identified in T1DM patients with stage
3 CKD, which may indicate more pronounced disorders in the
antioxidant system and a higher level of OS in this group. Other
researchers received similar results [35]. In addition, it was
found that patients at later stages of CKD exhibit significantly
elevated levels of OS markers compared with patients at early
stages of the disease, which underscores the need to monitor
OS as a potential prognostic marker enabling assessment of
the severity of the disease and the risk of CKD progression.
Given that OS can add to the damage of cells and tissues,
its monitoring can be an important tool in clinical practice that
allows timely identification of patients at risk [35, 36].

We have also found that the reserve and adaptive potential
of blood plasma was significantly reduced in the stage 1 CKD
subgroup. This fact confirms that even at the early stages
of the disease, plasma's functional state changes, which
may indicate the need for more careful monitoring and early
intervention seeking to prevent the progression of the disease.
In addition, the analysis of plasma TAC level in patients at
various stages of CKD showed a significant decrease thereof:
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in the stage 1 CKD subgroup, it dropped by 19%, in the stage 2
CKD subgroup — by 39%, and in the stage 3 CKD subgroup —
by 51%. These data emphasize the importance of assessing
the antioxidant status of CKD patients, since a decreasing
TAC may signal growth of the OS level and overall health
deterioration. It is important to remember that early diagnosing
and adequate treatment can significantly affect the quality of
life of such patients and the respective prognoses. According
to our data, T1DM patients without CKD have a significant
direct correlation with the overall level of antioxidants. This
may mean that in these cases, antioxidants play an important
role in protecting cells from OS, which is common against the
background of DM. There are studies that stress the critical
importance of maintaining high levels of antioxidants in the
matter of prevention of DM-related complications [33]. The
strong inversed connection with the total amount of blood
plasma POM products, especially late-stage, is another
described phenomenon. This may indicate that an increase in
the level of oxidative products is associated with a deterioration
of the antioxidant status. According to some data, OS can
hamper antioxidant activity [37], which is consistent with our
observations. We have also registered different correlation
patterns in T1DM patients at different stages of CKD. In T1DM
and stage 1 CKD cases, the correlation with late-stage POM
products was inversed, that with reserve adaptive potential and
antioxidant status — direct. This may point to the persisting
possibility of adaptation of the antioxidant system at the
early stages of CKD. In T1IDM and stage 2 CKD cases, the
correlation with antioxidant status was direct, that with late-
stage POM products — inversed. This may mean that as the
disease progresses, the antioxidant system begins to weaken.
In TIDM and stage 3 CKD cases, the correlation with both
early- and late-stage POM products was inversed. The strong
inversed correlation with the amount of early- and late-stage
POM products may indicate a significant deterioration in the OS
and antioxidant response at this stage. It was previously shown
that the progression of CKD is associated with a growing OS
and diminishing antioxidant activity [38], which is consistent

References

1. Saharnyj diabet 2 tipa u vzroslyh: Klinicheskie rekomendacii.
Rubrikator klinicheskih rekomendacij. 2022 [data dostupa: 2025 janvar'
26]. Dostupna po ssylke: https://cr.minzdrav.gov.ru/schema/290_2.

2. Dedov ll, Shestakova MV, Vikulova OK, Zheleznjakova AV,
Isakov MA, Sazonova DV, i dr. Saharnyj diabet v Rossijskoj
Federacii: dinamika jepidemiologicheskih pokazatelej po dannym
Federal'nogo registra saharogo diabeta za period 2010-2022 gg. Sahamyj
diabet. 2023; 26 (2): 104-23. DOI:10.14341/DM13035. Russian.

3. Radia M.M.K. From pre-diabetes to diabetes: Diagnosis, treatments
and translational research. Medicina (Kaunas). 2019; 55 (9): 546.
DOI:10.3390/medicina55090546.

4. Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes
Work Group. KDIGO 2022 Clinical Practice Guideline for Diabetes
Management in Chronic Kidney Disease. Kidney Int. 2022; 102
(56S): S1-S127. DOI: 10.1016/j.kint.2022.06.008.

5. Vikulova OK, Effimova AR, Zheleznjakova AV, Isakov MA, Shamhalova MSh,
Shestakova MV, i dr. Kal'kuljator riska razvitija hronicheskoj
bolezni pochek: novye vozmozhnosti prognozirovanija patologii u
pacientov s saharnym diabetom. Consilium Medicum. 2022; 24
(4): 224-33. DOI:10.26442/20751753.2022.4.201684. Russian.

6. Dedov I, Shestakova MV, Vikulova OK, Zheleznjakova AV, Isakov MA.
Jepidemiologicheskie harakteristiki saharnogo diabeta v
Rossijskoj Federacii: kliniko-statisticheskij analiz po dannym
registra saharnogo diabeta na 01.01.2021. Saharnyj diabet.

BECTHUK PIMY | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2025.011

OPUIMMHAJIBHOE NCCJIEQOBAHUNE | NMATO®U3NOIONMA

with our data on the correlation between the stages of CKD
and the levels of oxidative products. Other authors also confirm
that patients with DM and CKD have a significantly lower
antioxidant status, which is associated with a deteriorating
kidney function and a growing level of oxidative markers [39].

A comprehensive study of these indicators in T1DM patients
with early stages 1-3 CKD, as well as correlation analysis, allow
considering them as promising biomarkers of OS in the context
of progressive diabetic nephropathy [40, 41].

CONCLUSIONS

This study has shown that TIDM patients with early CKD
have growing blood plasma levels of primary and secondary
LPP products (in heptane and isopropanal lipid extract), as well
as early- and late-stage neutral and basic POM products in
spontaneous and metal-induced modes, and the plasma TAC
decreases. In TIDM cases with concomitant early-stage CKD,
the severity of OS progresses, maximizing at stage 3. Dropping
GFR, an integral indicator of kidney function, in T1DM patients
with early-stage CKD is accompanied by a growing amount of
products of LPP (secondary products in isopropanol extract of
lipids, early- and late-stage neutral and basic POM products in
spontaneous and metal-induced modes) and POM. In parallel,
we observed a decreasing blood plasma TAC. The resulting
data suggest that blood plasma POM products and TAC can
be easily measured and informative indicators of progression of
CKD at initial stages in TIDM patients. Studying the respective
interaction may help design new anti-inflammatory strategies that
can slow the progression of CKD. The development of algorithms
for predicting the risk of CKD based on early OS markers will be
an important step towards successful prevention. The results of
this study expand the knowledge about the impact of OS on
CKD in T1DM cases. They also refine the current understanding
of the role of OS in the pathogenesis of CKD in T1DM patients
and support further research, modernization of diagnostic
and prognostic criteria, and improvement of preventive and
therapeutic measures for such patients.

2021; 24 (3): 204-2. DOI: 10.14341/DM12759. Russian

7. Perkins BA, Bebu |, de Boer IH, Molitch M, Tamborane W, Lorenzi G,
et al. Risk Factors for Kidney Disease in Type 1 Diabetes.
Diabetes Care. 2019; 42 (5): 883-90. Available from:
https://doi.org/10.2337/dc18-2062.

8. Patidar K, Deng JH, Mitchell CS, Ford Versypt AN. Cross-Domain Text
Mining of Pathophysiological Processes Associated with Diabetic Kidney
Disease. Int J Mol Sci. 2024; 25 (8): 4503. DOI: 10.3390/ijms25084503.

9. Shutov AM. Hronicheskaja bolezn' pochek. Obshherossijskaja
obshhestvennaja organizacija «Rossijskoe nauchnoe medicinskoe
obshhestvo terapevtov» [Jelektronnyj resurs]. 2022 [data dostupa:
2025 janvar' 26]. Dostupno po ssylke: https://www.rnmot.ru/
public/uploads/RNMOT/clinical/2022/Shutov_MR%20HBP %20
dlja%20terapevtov.pdf. Russian.

70. Tsuchida-Nishiwaki M, Uchida HA, Takeuchi H, Nishiwaki N,
Maeshima Y, Saito C, et al. Association of blood pressure and
renal outcome in patients with chronic kidney disease; a post hoc
analysis of FROM-J study. Sci Rep. 2021; 11 (1): 14990. DOI:
10.1038/541598-021-94467-z.

11. Varkevisser RDM, Mul D, Aanstoot HJ, Wolffenbuttel BHR,
van der Klauw MM. Differences in lipid and blood pressure
measurements between individuals with type 1 diabetes and the
general population: a cross-sectional study. BMJ Open. 2023; 13
(10): 073690. DOI: 10.1136/bmjopen-2023-073690.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ORIGINAL RESEARCH | PATHOPHYSIOLOGY

Eckardt KU, Delgado C, Heerspink HJL, Pecaits-Filho R, Ricardo AC.,
Stengel B, et al. Trends and perspectives for improving quality
of chronic kidney disease care: conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference.
Kidney Int. 2023; 104 (5): 888-903 DOI: 10.1016/}.kint.2023.05.013.
Siligato R, Gembillo G, Cernaro V, Torre F, Salvo A, Granese R,
et al. Maternal and Fetal Outcomes of Pregnancy in Nephrotic
Syndrome Due to Primary Glomerulonephritis. Front Med
(Lausanne). 2020; 7: 563094. DOI: 10.3389/fmed.2020.563094.
Vlyas DA, Eisenstein LG, Jones DS. Hidden in Plain Sight —
Reconsidering the Use of Race Correction in Clinical Algorithms. N
Engl J Med. 2020; 383 (9): 874-82. DOI: 10.1056/NEJMms2004740.
Jha R, Lopez-Trevino S, Kankanamalage HR, Jha JC. Diabetes
and Renal Complications: An Overview on Pathophysiology,
Biomarkers and Therapeutic Interventions. Biomedicines. 2024;
12 (5): 1098. DOI: 10.3390/biomedicines12051098.

Saharnyj diabet 1 tipa u vzroslyh: Kklinicheskie rekomendacii.
Rubrikator klinicheskih rekomendacij. 2022 [data dostupa: 2025
janvar' 26]. Dostupno po ssylke: https://cr.minzdrav.gov.ru/
schema/286_2. Russian.

Hronicheskaja bolezn' pochek (HBP): klinicheskie rekomendacii.
Rubrikator klinicheskih rekomendacij. 2021 [data dostupa: 2025
janvar' 26]. Dostupno po ssylke: https://cr.minzdrav.gov.ru/
schema/469_2. Russian.

Wallander M, Axelsson KF, Nilsson AG, Lundh D, Lorentzon M.
Type 2 Diabetes and Risk of Hip Fractures and Non-Skeletal Fall
Injuries in the Elderly: A Study From the Fractures and Fall Injuries
in the Elderly Cohort (FRAILCO). J Bone Miner Res. 2017; 32 (3):
449-60. Available from: https://doi.org/10.1002/jbmr.3002.
Fomina MA, Wallander M, Axelsson KF, Nilsson AG, Lundh D,
Lorentzon M. Type 2 Diabetes and Risk of Hip Fractures and Non-
Skeletal Fall Injuries in the Elderly: A Study From the Fractures and
Fall Injuries in the Elderly Cohort (FRAILCO). J Bone Miner Res.
2017; 32 (3): 449-60. DOI: 10.1002/jbmr.3002.

Tonneijck L, Muskiet MH, Smits MM, van Bommel EJ, Heerspink HJ,
van Raalte DH, Joles JA. Glomerular Hyperfiltration in Diabetes:
Mechanisms, Clinical Significance, and Treatment. J Am Soc
Nephrol. 2017; 28 (4): 1023-39. DOI: 10.1681/ASN.2016060666.
Kanbay M, Copur S, Guldan M, Ozbek L, Hatipoglu A, Covic A,
Mallamaci F, Zoccali C. Proximal tubule hypertrophy and
hyperfunction: a novel pathophysiological feature in disease states.
Clin Kidney J. 2024; 17 (7): 195. DOI: 10.1093/ckj/sfae195.

Jin L, Wang X, Liu Y, Xiang Q, Huang R. High levels of blood
glycemic indicators are associated with chronic kidney disease
prevalence in non-diabetic adults: Cross-sectional data from the
national health and nutrition examination survey 2005-2016. J Clin
Transl Endocrinal. 2024; 36: 100347. DOI: 10.1016/].jcte.2024.100347.
Kanbay M, Copur S, Bakir CN, Covic A, Ortiz A, Tuttle KR.
Glomerular hyperfiltration as a therapeutic target for CKD. Nephrol
Dial Transplant. 2024; 39 (8): 1228-38. DOI: 10.1093/ndt/gfae027.
Jung CY, Yoo TH. Pathophysiologic Mechanisms and Potential
Biomarkers in Diabetic Kidney Disease. Diabetes Metab J. 2022;
46 (2): 181-97. DOI: 10.4093/dmj.2021.0329.

Hassan HA, Ahmed HS, Hassan DF. Free radicals and oxidative
stress: Mechanisms and therapeutic targets: Review article. Hum
Antibodies. 2024; 3. DOI: 10.3233/HAB-240011.

JNutepatypa

1.

CaxapHbll gnabetT 2 Tuna Yy B3POCAbIX: KAWHUYECKME
pekoMeHpaumn. PybprkaTop KAMHUYECKUX PEKOMEHAALMN.
2022 [pata gocTtyna: 2025 aHBapb 26]. [locTynHa no ccbinke:
https://cr.minzdrav.gov.ru/schema/290_2.

Lenos . U., LLlectakosa M. B., Bukynosa O. K., KenesHskosa A. B.,
VcakoB M. A., CasoHosa [. B., n gp. CaxapHbii gnabet B
Poccuiickon ®depepauunn:  guHaMMKa  3NMAEMUONOTNHECKIX
nokasarenen no faHHbiM PefepanbHOro pernctpa caxapHoro
ovabeta 3a nepwopg 2010-2022 rr. CaxapHbln grabet. 2023; 26
(2): 104-23. DOI:10.14341/DM13035.

Radia M.M.K. From pre-diabetes to diabetes: Diagnosis, treatments
and translational research. Medicina (Kaunas). 2019; 55 (9): 546.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

6.

Wang N, Zhang C. Oxidative Stress: A Culprit in the Progression
of Diabetic Kidney Disease. Antioxidants (Basel). 2024; 13 (4):
455. DOI: 10.3390/antiox13040455.

Krol-Kulikowska M, Banasik M, Kepinska M. The Effect of
Selected Nitric Oxide Synthase Polymorphisms on the Risk of
Developing Diabetic Nephropathy. Antioxidants (Basel). 2024;
13(7): 838. DOI:10.3390/antiox13070838.

Wang H, Ba Y, Xing Q, Du JL. Diabetes mellitus and the risk of
fractures at specific sites: a meta-analysis. BMJ Open. 2019; 9
(1): 024067. DOI: 10.1136/bmjopen-2018-024067.

Zhao DM, Zhong R, Wang XT, Yan ZH. Mitochondrial dysfunction
in diabetic nephropathy: insights and therapeutic avenues from
traditional Chinese medicine. Front Endocrinol (Lausanne). 2024;
15:1429420. DOI: 10.3389/fendo.2024.1429420.

Mazzieri A, Porcellati F, Timio F, Reboldi G. Molecular Targets
of Novel Therapeutics for Diabetic Kidney Disease: A New Era
of Nephroprotection. Int J Mol Sci. 2024; 25 (7): 3969. DOI:
10.3390/ijms25073969.

Lin W, Shen P, Song Y, Huang Y, Tu S. Reactive Oxygen
Species in Autoimmune Cells: Function, Differentiation, and
Metabolism. Front Immunol. 2021; 12: 635021. Available from:
https://doi.org/10.3389/fimmu.2021.635021.

Vodosek Hojs N, Bevc S, Ekart R, Hojs R. Oxidative Stress
Markers in Chronic Kidney Disease with Emphasis on Diabetic
Nephropathy. Antioxidants (Basel). 2020; 9 (10): 925. Available
from: https://doi.org/10.3390/antiox9100925.

Zhang P, Li T, Wu X, Nice EC, Huang C, Zhang Y. Oxidative stress
and diabetes: antioxidative strategies. Front Med. 2020; 14 (5):
583-600. DOI: 10.1007/s11684-019-0729-1.

Daenen K, Andries A, Mekahli D, et al. Okislitel'nyj stress pri
hronicheskoj bolezni pochek. Pediatr Nephrol. 2019; 34: 975-91.
Available from: https://doi.org/10.1007/s00467-018-4005-4.
Smith A, et al. Molecular mechanisms of oxidative stress in
pathologies. Journal of Molecular Biology. 2022; 20 (3).

Johnson B, et al. Therapeutic approaches targeting antioxidant
imbalance. Medical Research Reviews. 2023; 25 (1).

Cejlikman V. E. O vlijanii okislitel'nogo stressa na organizm cheloveka.
Mezhdunarodnyj nauchnyj zhurnal. 2022; 3 (117). Dostupno po
ssylke: https://research-journal.org/archive/3-117-2022-march/
vliyanie-okislitelnogo-stressa-na-organizm-cheloveka (data
obrashhenija: 16.02.2025). DOI: 10.23670/IRJ.2022.117.3.037.

Lju Dzh, Chen S, Bisvas S, Nagrani N, Chu Ju, Chakrabarti S, i
dr. Okislitel'nyj stress, vyzvannyj gliukozoj, i uskorennoe starenie
jendotelial'nyh kletok oposredovany istoshheniem mitohondrial'nyh
SIRTs. Physiol. Rep. 2020; 8: €14331. DOI: 10.14814/phy2.143312020.
Wang C, et al. Reactive oxygen species and their role in cellular
signaling. Nature Reviews Molecular Cell Biology. 2021; 18 (5).
Walle M, Whittier DE, Frost M, Muller R, Collins CJ. Meta-analysis
of Diabetes Mellitus-Associated Differences in Bone Structure
Assessed by High-Resolution Peripheral Quantitative Computed
Tomography. Curr Osteoporos Rep. 2022; 20 (6): 398-409. DOI:
10.1007/s11914-022-00755-6.

Darenskaya M, Kolesnikov S, Semenova N, Kolesnikova L.
Diabetic Nephropathy: Significance of Determining Oxidative
Stress and Opportunities for Antioxidant Therapies. Int J Mol Sci.
2023; 24 (15): 12378. DOI: 10.3390/ijms241512378.

DOI:10.3390/medicina55090546.

Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes
Work Group. KDIGO 2022 Clinical Practice Guideline for Diabetes
Management in Chronic Kidney Disease. Kidney Int. 2022; 102
(6S): S1-5127. DOI: 10.1016/j.kint.2022.06.008.

Bukynoea O. K., Endommvosa A. P, »KenesHsikosa A. B., Vicakos M. A,
LLlamxanosa M. LLI., LLlecTakosa M. B., 1 gp. Kanbkynatop pucka
pPasBUTUS XPOHNHECKOM BONE3HN MOYEK: HOBbIE BO3MOXKHOCTM
MPOrHO3MPOBaHNA MaToONOrUN Yy MaLMEHTOB C  CaxapHbiM
onabetom. Consilium Medicum. 2022; 24 (4): 224-33. DO
10.26442/20751753.2022.4.201684.

Lenos . V1., LLlectaxkosa M. B., Bukynosa O. K., XKeneansikosa A. B,

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.011



OPUIMMHAJIBHOE NCCJIEQOBAHUNE | NMATO®U3NOIONMA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

BECTHUK PIMY | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2025.011

VcakoB M. A. SnnaeMmnonorny4eckme xapakTepucTVKu caxapHoro
nvabeta B Poccuiickon ®egepaummt: KIMHUKO-CTATUCTUHECKIIA
aHan3 no AaHHbIM perucTpa caxapHoro avadeta Ha 01.01.2021.
CaxapHbii anabet. 2021; 24 (3): 204-2. DOI: 10.14341/DM12759.
Perkins BA, Bebu |, de Boer IH, Molitch M, Tamborlane W, Lorenzi G,
et al. Risk Factors for Kidney Disease in Type 1 Diabetes.
Diabetes Care. 2019; 42 (5): 883-90. Available from:
https://doi.org/10.2337/dc18-2062.

Patidar K, Deng JH, Mitchell CS, Ford Versypt AN. Cross-Domain
Text Mining of Pathophysiological Processes Associated with
Diabetic Kidney Disease. Int J Mol Sci. 2024; 25 (8): 4503. DOI:
10.3390/ijms25084503.

LLlytoB A. M. XpoHuyeckas 6onesHb novek. ObLiepoccuiickas
06LLecTBeHHas opraHM3aLst «PoccunCKoe HayYHOe MeaULIMHCKOe
00LLIEeCTBO TepaneBToB» [ONeKTPOHHbI pecypc]. 2022 [pata
noctyna: 2025 aHBapb 26]. [JocTynHo no ccbinke: https://www.
rnmot.ru/public/uploads/RNMOT/clinical/2022/LLlytoB_MP%20
XBlM%20819%20TepanesTos.pdf.

Tsuchida-Nishiwaki M, Uchida HA, Takeuchi H, Nishiwaki N,
Maeshima Y, Saito C, et al. Association of blood pressure and
renal outcome in patients with chronic kidney disease; a post hoc
analysis of FROM-J study. Sci Rep. 2021; 11 (1): 14990. DOI:
10.1038/541598-021-94467-z.

Varkevisser RDM, Mul D, Aanstoot HJ, Wolffenbuttel BHR,
van der Klauw MM. Differences in lipid and blood pressure
measurements between individuals with type 1 diabetes and the
general population: a cross-sectional study. BMJ Open. 2023; 13
(10): 073690. DOI: 10.1136/bmjopen-2023-073690.

Eckardt KU, Delgado C, Heerspink HJL, Pecoits-Filho R, Ricardo AC.,
Stengel B, et al. Trends and perspectives for improving quality
of chronic kidney disease care: conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference.
Kidney Int. 2023; 104 (5): 888-903 DOI: 10.1016/j.kint.2023.05.013.
Siligato R, Gembillo G, Cernaro V, Torre F, Salvo A, Granese R,
et al. Maternal and Fetal Outcomes of Pregnancy in Nephrotic
Syndrome Due to Primary Glomerulonephritis. Front Med
(Lausanne). 2020; 7: 563094. DOI: 10.3389/fmed.2020.563094.
Vlyas DA, Eisenstein LG, Jones DS. Hidden in Plain Sight —
Reconsidering the Use of Race Correction in Clinical Algorithms. N
Engl J Med. 2020; 383 (9): 874-82. DOI: 10.1056/NEJMms2004740.
Jha R, Lopez-Trevino S, Kankanamalage HR, Jha JC. Diabetes
and Renal Complications: An Overview on Pathophysiology,
Biomarkers and Therapeutic Interventions. Biomedicines. 2024;
12 (5): 1098. DOI: 10.3390/biomedicines12051098.

CaxapHbii ApabeT 1 Tvna y B3POCbIX: KIMHUYECKIE PEKOMEROALIN.
PybpukaTop KIMHMYECKNX pekomeHaaumin. 2022 [gaTta gocTtyna:
2025 aHBapb 26]. LocTynHo no cebinke: https://cr.minzdrav.gov.
ru/schema/286_2.

XpoHndeckas 6onesHb nodek (XBIT): KnMHUYecKkre pekoMeHaaLmn.
PybpukaTop KIMHMYECKNX pekomeHaaumii. 2021 [gaTta goctyna:
2025 aHBapb 26]. LocTynHo no cebifke: https://cr.minzdrav.gov.
ru/schema/469_2.

Wallander M, Axelsson KF, Nilsson AG, Lundh D, Lorentzon M.
Type 2 Diabetes and Risk of Hip Fractures and Non-Skeletal Fall
Injuries in the Elderly: A Study From the Fractures and Fall Injuries
in the Elderly Cohort (FRAILCO). J Bone Miner Res. 2017; 32 (3):
449-60. Available from: https://doi.org/10.1002/jbmr.3002.
Fomina MA, Wallander M, Axelsson KF, Nilsson AG, Lundh D,
Lorentzon M. Type 2 Diabetes and Risk of Hip Fractures and Non-
Skeletal Fall Injuries in the Elderly: A Study From the Fractures and
Fall Injuries in the Elderly Cohort (FRAILCO). J Bone Miner Res.
2017; 32 (3): 449-60. DOI: 10.1002/jbmr.3002.

Tonneijck L, Muskiet MH, Smits MM, van Bommel EJ, Heerspink HJ,
van Raalte DH, Joles JA. Glomerular Hyperfiltration in Diabetes:
Mechanisms, Clinical Significance, and Treatment. J Am Soc
Nephrol. 2017; 28 (4): 1023-39. DOI: 10.1681/ASN.2016060666.
Kanbay M, Copur S, Guldan M, Ozbek L, Hatipoglu A, Covic A,
Mallamaci F, Zoccali C. Proximal tubule hypertrophy and
hyperfunction: a novel pathophysiological feature in disease states.
Clin Kidney J. 2024; 17 (7): 195. DOI: 10.1093/ckj/sfae195.

Jin L, Wang X, Liu Y, Xiang Q, Huang R. High levels of blood

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

glycemic indicators are associated with chronic kidney disease
prevalence in non-diabetic adults: Cross-sectional data from the
national health and nutrition examination survey 2005-2016. J Clin
Transl Endocrinal. 2024; 36: 100347. DOI: 10.1016/].jcte.2024.100347.
Kanbay M, Copur S, Bakir CN, Covic A, Ortiz A, Tuttle KR.
Glomerular hyperfiltration as a therapeutic target for CKD. Nephrol
Dial Transplant. 2024; 39 (8): 1228-38. DOI: 10.1093/ndt/gfae027.
Jung CY, Yoo TH. Pathophysiologic Mechanisms and Potential
Biomarkers in Diabetic Kidney Disease. Diabetes Metab J. 2022;
46 (2): 181-97. DOI: 10.4093/dmj.2021.0329.

Hassan HA, Ahmed HS, Hassan DF. Free radicals and oxidative
stress: Mechanisms and therapeutic targets: Review article. Hum
Antibodies. 2024; 3. DOI: 10.3233/HAB-240011.

Wang N, Zhang C. Oxidative Stress: A Culprit in the Progression
of Diabetic Kidney Disease. Antioxidants (Basel). 2024; 13 (4):
455. DOI: 10.3390/antiox13040455.

Kroél-Kulikowska M, Banasik M, Kepinska M. The Effect of
Selected Nitric Oxide Synthase Polymorphisms on the Risk of
Developing Diabetic Nephropathy. Antioxidants (Basel). 2024;
13(7): 838. DOI:10.3390/antiox13070838.

Wang H, Ba Y, Xing Q, Du JL. Diabetes mellitus and the risk of
fractures at specific sites: a meta-analysis. BMJ Open. 2019; 9
(1): 024067. DOI: 10.1136/bmjopen-2018-024067.

Zhao DM, Zhong R, Wang XT, Yan ZH. Mitochondrial dysfunction
in diabetic nephropathy: insights and therapeutic avenues from
traditional Chinese medicine. Front Endocrinol (Lausanne). 2024;
15:1429420. DOI: 10.3389/fendo.2024.1429420.

Mazzieri A, Porcellati F, Timio F, Reboldi G. Molecular Targets
of Novel Therapeutics for Diabetic Kidney Disease: A New Era
of Nephroprotection. Int J Mol Sci. 2024; 25 (7): 3969. DOI:
10.3390/ijms25073969.

Lin W, Shen P, Song Y, Huang Y, Tu S. Reactive Oxygen
Species in Autoimmune Cells: Function, Differentiation, and
Metabolism. Front Immunol. 2021; 12: 635021. Available from:
https://doi.org/10.3389/fimmu.2021.635021.

Vodosek Hojs N, Bevc S, Ekart R, Hojs R. Oxidative Stress
Markers in Chronic Kidney Disease with Emphasis on Diabetic
Nephropathy. Antioxidants (Basel). 2020; 9 (10): 925. Available
from: https://doi.org/10.3390/antiox9100925.

Zhang P, Li T, Wu X, Nice EC, Huang C, Zhang Y. Oxidative stress
and diabetes: antioxidative strategies. Front Med. 2020; 14 (5):
583-600. DOI: 10.1007/s11684-019-0729-1.

Daenen K, Andries A, Mekahli D, et al. OkucnmnTenbHbIn cTpecc
npw XpoHnyeckon GonesHn nodek. Pediatr Nephrol. 2019; 34:
975-91. Available from: https://doi.org/10.1007/s00467-018-4005-4.
Smith A, et al. Molecular mechanisms of oxidative stress in
pathologies. Journal of Molecular Biology. 2022; 20 (3).

Johnson B, et al. Therapeutic approaches targeting antioxidant
imbalance. Medical Research Reviews. 2023; 25 (1).
Llennnkman B. E. O BAVSIHUM OKUCAMTENBbHOMO cTpecca Ha
opraHvMsM 4enoseka. MexayHapOAHbIA Hay4YHbIA >KypHal.
2022; 3 (117). HocTynHo mo ccbinke: https://research-journal.
org/archive/3-117-2022-march/vliyanie-okislitelnogo-stressa-
na-organizm-cheloveka (nata obpaueHns: 16.02.2025). DOI:
10.23670/IRJ.2022.117.3.037.

Mo k., Hewr C., buceac C., Harpanu H., Yy tO., YakpabapTn C.,
n op. OKUCAUTENbHBIV CTPECC, BbI3BaHHbIA [OKO30M, U
YCKOPEHHOE CTapeHne sHOOTeNMabHbIX KIIETOK OnocpeaoBaHbl
ncTouleHem mutoxoHapmansHbix SIRTs. Physiol Rep. 2020; 8:
e14331. DOI: 10.14814/phy2.143312020.

Wang C, et al. Reactive oxygen species and their role in cellular
signaling. Nature Reviews Molecular Cell Biology. 2021; 18 (5).
Walle M, Whittier DE, Frost M, Muller R, Collins CJ. Meta-analysis
of Diabetes Mellitus-Associated Differences in Bone Structure
Assessed by High-Resolution Peripheral Quantitative Computed
Tomography. Curr Osteoporos Rep. 2022; 20 (6): 398-409. DOI:
10.1007/511914-022-00755-6.

Darenskaya M, Kolesnikov S, Semenova N, Kolesnikova L.
Diabetic Nephropathy: Significance of Determining Oxidative
Stress and Opportunities for Antioxidant Therapies. Int J Mol Sci.
2023; 24 (15): 12378. DOI: 10.3390/ijms241512378.




ORIGINAL RESEARCH | REHABILITATION

FEATURE OF BIOELECTRICAL IMPEDANCE ANALYSIS AND ELECTROMYOGRAPHY DATA
IN CHILDREN WITH CEREBRAL PALSY

Vlasenko SV, Lyovin GV ™, Osmanov EA
Scientific Research Institute of Children's Balneology, Physiotherapy and Medical Rehabilitation, Yevpatoria, Russia

Assessment of muscle functional state in children with cerebral palsy (CP) is an important aspect of developing personalized rehabilitation programs. The combined
use of bioelectrical impedance analysis (BIA) and electromyography (EMG) makes it possible to optimize the diagnosis methods and improve therapy efficacy. The
study aimed to compare groups of patients with CP (n = 91) and healthy children (n = 94) using BIA and EM. Based on the BIA data the patient were divided into four
categories: A — increased body fat percentage (BFP), reduced skeletal muscle mass (SMM); B — decreased BFP, increased SMM; C — increase in both indicators;
D — decrease in both indicators. The analysis considered gender and average age of each group. Patients with CP (M: BFP p = 0.0001, SMM p = 0.0015; F: BFP
p =0.0003, SMM p = 0.0009), regardless of gender, showed similar distribution: the majority belonged to categories C (M — 50%; F — 46.9%) and D (M — 32.5%;
F — 28.1%). The group of healthy people (M: BFP p = 0.0005, SMM p = 0.0004; F: p = 0.0013, p = 0.0008) showed the opposite trend: the majority of patients
belonged to categories A (34%) and B (34%). In the group of females, the majority of patients belonged to group B (40.4%), group C ranked second based on the
number of patients (27.6%), which was considerably lower, than in the group of children with CP. The phase angle values were also traced: there were significant
differences (p < 0.05) with superiority of categories A and B, regardless of the group and gender. The EMG data also showed superiority of categories A and B
when considering turn amplitudes. A conclusion was drawn about the skeletal muscular function differences in the specified categories of patients.
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OCOBEHHOCTU AAHHbBIX BUOUMIMEQAHCOMETPUN U SNIEKTPOMUOIPA®UN Y OETEN
C OETCKNM LEEPEBPAJIbHBIM NAPAJTINHOM

C. B. BnaceHko, I. B. lésnH =, 3. A. OcmaHoB
Hay4Ho-vccnenoBaTensCKunin UHCTUTYT AETCKON KypopTonoriv, huavotepanim 1 MeguumHeKon peabunutaumim, Esnatopus, Poccust

OueHka hyHKLUMOHANIBHOrO COCTOSIHUS MbIlL, Yy AeTelt ¢ AeTCKuM LiepebpanbHbiM napanuydomM (ALM) asnsetcs BaXkKHbIM acnekToMm Ans pasdpaboTku
NEePCOHAM3NPOBAaHHbIX PeabUINTALMOHHBIX Nporpamm. CoOBMECTHOE NCMOSb30BaHne bronmMnegaHcometpumn (BVIM) n anexktpommnorpadmmn (SMIN) nossonser
ONTUMN3MPOBATL METOAbI ANArHOCTUKM 1 NOBbICUTL 3PEKTMBHOCTL Tepanvn. Llenbto paboTsl GbIN0 NPOBECTV cpaBHeHWe rpynnbl nauueHTos ¢ AL (n = 91)
1 300poBbIX AeTen (n = 94) ¢ nomoysto BAM 1 OMIT. CornacHo gaHHbIM BVIM, naumeHTbl Obinn pas3feneHbl Mo YeTbipeM Kateropuam: A — yBenndeHne Jonm
>KNPoBoW Macceh! (IPKM), ymeHbLLeHe CKeneTHo-MblLLe4Hon maccbl (CMM); B — ymerbluerne DKM, ysenndere CMM; C — yBennyeHre o6omx nokasarenen;
D — yMeHblUeHVe 06ovx nokasartenei. Ipn aHannae y4uTbiBann NOSOBOI NPU3HaK 1 CpeaHuin BO3pacT Ans kaxkaon 13 rpynn. MauverTsl ¢ LM (M: DKM
p =0,0001, CMM p = 0,0015; >K: [I>KM p = 0,0003, CMM p = 0,0009) He3aB1CKMO OT rosia NpPOAEMOHCTPMPOBANIN CXOXEE pacnpeaeneHmne — bosblias 4acTb
3aHana kareropun C (M — 50%; XK — 46,9%) n D (M — 32,5%; XK — 28,1%). lpynna 3goposbix geten (M: IPKM p = 0,0005, CMM p = 0,0004; XK: p = 0,0013,
p = 0,0008) nokazana guametpanbHO NPOTUBOMONOXKHYHO TEHAEHUMIO — KONIMYECTBEHHOE MPEVMYLLIECTBO MaLMEHTOB MY>KCKOrO NoJia OKasasoch y kateropui A
(84%) v B (34%). B rpynne »eHckoro nona bosblias 4acTb NaumeHToB okadanack B B (40,4%), Ha BTOPOM MecTe Mo KonuyecTsy naupneHtos — B C (27,6%), 4TO
ropasao Hwke, 4em B rpynne aetent ¢ ALIMN. OTcnexkvBanm Takke 3Ha4eHnst PasoBoro yrna — [OCTOBepHas pasHmua (p < 0,05) ¢ npenMyLLIECTBOM B KaTEropmsx
A v B, He3aBWUCMMO OT rpynmbl 1 nona. [JaHHble aneKTpoMmorpadum Takke 0603Ha4MIM NPEMYLLIECTBO KaTeropuin A 1 B npun paccMOTREHWN amMnnTy bl TYPHOB.
CpenaH BbIBOA O HaMHMK (OyHKLMOHATBHBIX Pa3NnHmii CKENETHOM MyCKyNaTypbl y 0603Ha4eHHbIX KaTeropuii nauneHToB.

KntouyeBble cnosa: fetv, LM, MbillevHas aesTenbHOCTb, B1oMMNeaaHCcoOMETPIIS, peabunutauyist, aneKTpommorpadvist

Bknag astopos: C. B. BnaceHko — KOHUenuust UccnefoBaHnsi, paspaboTka MeTOLONoNN, aHama 1 crucTeMaTaatmns SKCrepUMeHTaTbHBIX AaHHbIX,
MHTEpNpeTauys pesynstartos; . B. JI6BUH — c60p, crcTeMaTvsaums 1 akkyMyImpoBaHe faHHbIX, CTaTUCTUYecKast 06paboTka, HanucaHne 1 oopmieHne
pykonvcu; 3. A. OCMaHOB — CPaBHWUTESbHbBIN aHan3 AaHHbIX, 0606LLEHe pPedynbTaToB, (hopMyIMPOBKA BbIBOAOB, PeAakTMpoBaHmne pykonucu, paboTa ¢
rpatu4ecKyiM MaTeprasiom.

CobntofeHne aTuHecKuX CTaH[apToB: 1ccrenoBaHne ofobpeHo athndecknm komutetoM MBY3 PK «HUM KD 1 MP» (npotokon Ne 21 oT 14 gexkabps 2022 r.).
Bce naumeHTbl nognvcany 4o6poBobHOE MHDOPMUMPOBAHHOE COornacue Ha yqacTuie.

><] Ons koppecnoHpeHuuu: [neb Banepbesny J1EBVH
yn. MasikoBckoro, a. 6, r. EBnatopusi, 297412, Poccus; levingv2002@gmail.com

Cratbsi nonyyeHa: 19.12.2024 Ctatbsi npuHsaTa K nevatu: 18.02.2025 Ony6nukoBaHa oHnaiiH: 27.02.2025
DOI: 10.24075/vrgmu.2025.012

AsTopckue npasa: © 2025 npvHagnexar astopam. Jlnuenanar: PHAMY vm. H. V. Muporosa. CtaTbs pasmelLieHa B OTKPbITOM AOCTYNE 1 PacnpoCcTpaHaeTcs
Ha ycnoBusx nnueHsum Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.012



Cerebral palsy (CP) is one of the leading causes of childhood
disability. According to the epidemiological research data, its
prevalence is 1.5-4 cases per 1000 newborns [1-2]. CP is
characterized by persistent motor impairment caused by
non-progressive central nervous system lesions occurring
in perinatal period. Such impairment considerably limits
daily activity and reduces the patients’ quality of life, which
emphasizes the need to develop effective approaches to
diagnosis and rehabilitation [3—-4].

Metabolic disorders associated with alteration of body
composition represent one of the key problems of patients with
CP. Such children often show loss of muscle weight against
the background of increasing adipose tissue, which negatively
affects overall metabolic status and hampers rehabilitation
[6-6]. In this regard, developing the methods allowing one to
accurately estimate body composition and identify early signs
of metabolic disorder is relevant.

In recent years, bioelectrical impedance analysis (BIA) is
widely used to assess body composition. This noninvasive
method enables quantification of the body fat and muscle mass
percentage, along with the hydration level, which is especially
important for patients with CP [7-9]. The advantage of BIA is
its high accuracy, together with the possibility of multiple use
posing no risk for the patient, which enables the dynamic
monitoring of changes in body composition during rehabilitation
[10-11]. Introduction of BIA into clinical practice contributes to
early identification of the groups at risk and the development of
personalized approaches to treatment [12—13].

However, the existing methods to assess metabolic status
in children with CP often do not consider specifics of their
condition [14-186]. Introduction of BIA represents an innovative
approach capable of increasing the diagnosis accuracy and
contributing to the development of targeted rehabilitation
strategies.

Thus, the relevance of the issue of CP, the importance of
BIA for the diagnosis of metabolic disorders and the innovative
approach to detection of such disorders emphasize the need
for further research in this field.

The study aimed to assess the capabilities of BIA in terms
of detecting metabolic disorders in children with CP. The
hypothesis is that the use of BIA will make it possible to not
only quantify changes in body composition, but also reveal
the features of metabolic processes, which can contribute to
optimization of treatment and rehabilitation measures.

METHODS

A total of 94 patients with CP were included in the study (with
spastic monoparesis, spastic diplegia, spastic tetraparesis,
and other CP types. The control group was represented by
healthy children (n = 94).

Inclusion criteria: age 6-16 years, average age 10.6 (+1.19);
no cognitive disorder. All the participants diagnosed with
CP were assigned levels I-lll according to the Gross Motor
Function Classification System (GMFCS), which indicated mild-
to-moderate motor disorders and the ability to stand and move
without assistance.

Exclusion criteria: patient’s refusal of participation in the
study; concomitant central nervous system disorder; general
contraindications for rehabilitation procedures; GMFCS level IV
indicating severe motor disorder and inability to stand or walk
without assistance.

Patients were divided into two groups: 1) children with
CP; 2) healthy children. The children’s gender was taken into
account when dividing.
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Al participants were assessed by multifrequency
bioimpedance analysis (BIA) involving the use of tetrapolar
electrodes, and flexor and extensor muscles of the forearm
were examined by interference electromyography (EM) using
the Neuro-MVP hardware and software complex (Neurosoft,
lvanovo, Russia). The method represents a popular tool to
assess functional state of muscles, which allows one to use
the method in rehabilitation medicine for more personalized
approach to prescription of procedures and assessment of the
quality of ongoing treatment [17-18]. BIA is a noninvasive body
composition assessment method based on measuring tissue
electrical resistance [19-20]. The method becomes more and
more topical for medical rehabilitation, especially for children with
CP, since it allows one to obtain information on the distribution
of fat and muscle mass, as well as on the overall health status
[21-22]. The relevance of the method is emphasized by the
fact that it is used as an auxiliary tool for planning rehabilitation
programs considering the patient’s nutritional status, assessing
the effectiveness of the procedures prescribed based on BIA
indicators, adjusting covert nutritional problems [23-24]. All the
above finally enables maximum personalization of rehabilitation
approaches, thereby improving the patient’s quality of life and
outcome. In this study, electromyography was used to objectify
the BIA data: it is possible to indirectly judge about the BIA data
interpretation correctness by tracing changes in the skeletal
muscle functional activity.

Based on the BIA results the patients were assigned to the
following subgroups, and membership was preserved based
on the fact of diagnosis.

1.A = Increased BFP and decreased SMM (T{)

1.B — Decreased BFP and increased SMM ({1)

1.C — Increased BFP and SMM (171)

1.D — Decreased BFP and SMM ({{)

Appropriate features were considered in healthy children,
among whom there were groups 2.A., 2.B., 2.C., 2.D. with the
above specifics.

The decrease and increase in BIA indicators were
determined based on median values for the groups: median
for group 1 (M) BFP — 10.36; SMM — 14.27; for group 1 (F)
BFP — 7.58; SMM — 15.98; group 2 (M) BFP — 20.17; SMM —
22.98; group 2 (F) BFP — 26.95; SMM — 16.59. The phase
angle values of each group served as a criterion for estimation of
themuscle tissue functional viability [25-27]. BMI was estimated
in each group. The resulting percentile values were reconciled
with the WHO standard error grids for appropriate age and
gender categories [28-30]. BMI deviation was considered
significant with z-score > 1.1 and z-score < —1.1.

Statistical processing was conducted using the STATISTICA
10.0 software package (StatSoft Inc., USA).

Quantitative indicators — mean, standard deviation.

Distibution testing — Shapiro-Wilk test, Levene's test for
assessment of dispersion homogeneity.

Significance was assessed using factorial analysis of
variance, F-distribution estimate; Bonferroni adjustment was
used for pairwise comparison.

RESULTS

The analysis of BIA data of male patients with CP (age
differences in the comparison group, p < 0.0001) (Table 1)
revealed predominance of the groups showing both increase
and decrease in the studied parameters (A — 8.1%; B —
9.40%; C — 50%; D — 32.5%) (Fig. 2), and the phase angle
values (u = 7.215) of groups A (+0.51; +7%) and B (+1.095;
15.17%) were higher than that of groups C (-1.06; —14.62%)



ORIGINAL RESEARCH | REHABILITATION

Table 1. Bioimpedance measurements for male patients with cerebral palsy

CcP
Indicator M (n=62)
™ (n=5) T (n=6) W (n=231) 1 (n=20)

Average age — 9 Average age — 11.6 Average age — 8.4 Average age — 11.8 p-value
BFP 17.51 (+1.58) 9.55 (+0.77) 4.6 (+1.83) 17.79 (+2.85) 0.0001
SMM 11.87 (+0.37) 15.94 (+0.99) 8.37 (£2.31) 22.92 (+4.94) 0.0015
PA 7.72 (+0.05) 8.31 (x0.12) 6.16 (+0.09) 6.67 (£0.11) 0.012
BMI 22 17.95 15.73 23.8
Z-score (BMI) 0.86 -0.29 -0.93 1.38

Note: CP — cerebral palsy; BMI — body mass index; BFP — body fat percentage; SMM — skeletal muscle mass; PA — phase angle.

and D (-0.55; -7.55%), which could indicate skeletal muscle
failure and body’s overall untrained state in the latter groups,
regardless of higher SMM (u = 14.76) in group D (+8.145;
+55.23%).

Significant BMI deviation based on z-score was reported
for the category of patients with both BFP and SMM increase;
other groups remain commonly distributed, which reflects low
analytic function of BMI when used to assess the patients’
nutritional status.

In the group of females (age differences in the comparison
groups, p < 0.001) (Table 2), a general trend towards
distribution of the majority of patients across groups C and D
(A — 18.75%; B — 6.25%; C — 46.9%; D — 28.1%) can be
traced and determined in patients with CP, with predominance
of better phase angle estimates (u = 7.89) in groups A (+0.5;
+6.1%) and B (+1.14; 14.5%). BMI assessment also showed
a trend towards significant deviation in group D, while other
groups were within the ranges corresponding to reference
percentile values.

BIA indicators of the group of male patients without CP
(differences in the groups, p < 0.001) (Table 3) make it possible
to reveal an opposite distribution pattern: the number of
patients in groups A and B predominates (A — 34%; B — 34%;
C — 19.2%; D — 12.8%), which represents indirect evidence
of the relationship between better tissue quality and non-
homogeneous distribution, since such feature is specific for
healthy children. Furthermore, better phase angle measurement
results (u = 6.215) also persist in groups A (+0.47; +7.48%) and
B (+0.71; +11.34%). BMI assessment does not allow one to
speak about significant differences between groups, since all
the values remain within the reference percentiles.

Assessment of BIA parameters in the group of healthy female
patients (differences in the comparison groups, p < 0.001)
(Table 4) demonstrates a modest advantage of groups B and C

Table 2. Bioimpedance measurements for female patients with cerebral palsy

(A — 19.2%; B — 40.4%; C — 27.6%; D — 12.8%) with
persistent trend towards better phase angle values (u = 6.57)
in the first two groups (A = +0.25; +3.8%; B = +0.52; +7.91%)
and, according to percentile tables, towards significant BMI
deviation in group D only.

The interference electromyography (EM) method allows us
to note that the turn amplitude (Atur) is symmetrically larger
in groups A and B of both genders (Table 5). This makes it
possible to directly judge about the functional characteristics
of the upper limb muscles and indirectly judge about the state
of other muscle groups. Despite higher muscle mass values
in group D, the Atur values here are lower, than in the first
two groups. This can be indicative of the fact that the muscle
mass increase is not always correlated to functional activity of
muscles, which emphasizes the importance of comprehensive
approach to assessment of the skeletal muscle state. Moreover,
the SMM quantity is similar in groups A and C, and the skeletal
muscle activity is higher in the group with mixed alterations.
This can indicate differences in neuromuscular function and
adaptation between these two groups.

Taking into account the iIEM and BIA data obtained, it can
be concluded that there are some functional differences in the
skeletal muscle tissue in groups A and B.

DISCUSSION

The study has revealed significant differences in body composition
and the skeletal muscle functional state between patients with
CP and healthy children. The findings are consisted with the data
of other studies, in which specific body composition alterations
were also reported for children with CP, such as decreased
muscle mass and increased body fat percentage [8, 10, 12].
However, our results complement the existing knowledge
showing that these alterations are heterogeneous.

CP
Indicator F(n=232)
N(n=6)1 (=212 W(n=15)8 M((n=9)

Average age — 11 Average age — 12 Average age — 8.4 Average age — 11.55 p-value
BFP 11.51 (£1.47) 3.4 (£0.77) 4.52 (+1.47) 13.03 (+2.47) 0.0003
SMM 13.52 (+0.44) 24.8 (+3.05) 8.89 (x2.71) 19.76 (+3.56) 0.0009
PA 8.40 (x0.28) 9.03 (+1.01) 7.36 (£0.98) 6.80 (+0.35) 0.023
BMI 18.15 15.2 15.06 19.27
Z-score (BMI) 0.63 -0.97 -1.05 1.23

Note: CP — cerebral palsy; BMI — body mass index; BFP — body fat percentage; SMM — skeletal muscle mass; PA — phase angle.
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Patients without CP
Indicator M (n = 47)
N (n=16) T (n=16) W(n=9 ™ (n=6)

Average age — 11.2 Average age — 11.4 Average age — 10 Average age — 9.4 p-value
BFP 27.04 (+2.44) 15.69 (£1.39) 16.14 (£1.29) 22.13 (+0.90) 0.0005
SMM 17.61 (£1.81) 28.38 (+2.18) 19.25 (£2.07) 26.05 (+0.57) 0.0004
PA 6.68 (£0.64) 6.92 (+0.47) 5.45 (+0.83) 5.81 (x0.21) 0.021
BMI 18.46 19.54 17.27 18.1
Z-score (BMI) -0.05 0.75 -0.94 -0.32

Note: CP — cerebral palsy; BMI — body mass index; BFP — body fat percentage; SMM — skeletal muscle mass; PA — phase angle.

Phase angle reduction reported for groups C and D of
males with CP is correlated to the iEM data showing low Atur
in these groups, despite the increased SMM. This confirms the
hypothesis about the structural and functional dissociation of
muscles in CP reported in the studies [11]. In girls with CP,
the phase angle values were higher, which could be due to
hormonal features and adaptive capacity of metabolism.

In healthy children, the distribution across groups (A —
34%, B— 34% in males; B — 40.4% in females) and high Atur
values confirm the relationship between multidirectional BFP/
SMM alterations and better quality of muscles. This is in line
with the concept of physiological heterogeneity of normal body
composition [26, 29].

In female patients with CP, a similar trend towards
distribution across groups C and D was observed, which
confirmed the common nature of metabolic disorders in
children with CP, regardless of their gender. However, girls had
higher phase angle values, than boys, which could be due to

Table 4. Bioimpedance measurements for female patients without cerebral palsy

differences in the endocrine profile and the features of fat and
muscle mass distribution.

The differences in body composition and functional state of
muscles found in patients with CP can be explained by several
mechanisms. First, limited physical activity and decreased motor
functions in children with CP lead to muscle mass reduction and
increased body fat percentage [14]. Second, neuromuscular
disorders typical for CP can cause reduction of muscle functional
activity, even when muscle mass is preserved or increased,
which is confirmed by the iEM data [24]. Third, the differences
in endocrine profile and metabolic processes between boys
and girls can affect fat and muscle mass distribution, as well as
functional characteristics of muscles [12].

Study limitations. The lack of data on the participants” hormonal
status is a limitation of the study. To refine the results obtained
it is necessary to conduct further research involving a larger
number of participants and considering additional factors, such
as physical activity level, hormonal status, and nutritional specifics.

Patients without CP
Indicator F (n=47)
T (n=9) 1 (n=19) L (n=13) T (n=6) p-value
Average age — 10.6 Average age — 10.8 Average age — 11.5 Average age — 10.2
BFP 37.05 (+4.61) 23.01 (+1.31) 16.76 (+4.56) 32.17 (+3.17) 0.0013
SMM 13.30 (x0.30) 18.39 (+0.59) 13.87 (x1.29) 18.60 (+0.61) 0.0008
PA 6.82 (+0.20) 7.09 (+0.69) 6.02 (+1.05) 6.36 (+0.88) 0.019
BMI 20.73 18.4 16.1 20.55
Z-score (BMI) 0.83 -0.38 0.73 -1.57
Note: CP — cerebral palsy; BMI — body mass index; BFP — body fat percentage; SMM — skeletal muscle mass; PA — phase angle.
Table 5. Indicators of interference EM of the groups compared
Tested muscles (Turns amplitude (mkV)
CP . . .
(gender) Groups m. flexor carpi ulnaris m. extensor digitorum
Right Left Right Left
A 223.05 (+12.20) 242.44 (+6.84) 256.32 (+12.51) 274.04 (+14.65)
Vial B 270.75 (£22.04) 255.20 (£5.21) 313.74 (£11.27) 301.36 (+13.58)
ales
C 172.59 (+14.50) 166.07 (+11.98) 212.15 (£10.17) 204.33 (+10.03)
D 200.65 (+8.98) 198.84 (+6.39) 221.24 (+6.03) 218.48 (x12.98)
A 180.38 (+14.80) 188.96 (+9.20) 201.98 (+9.10) 203.55 (+6.52)
. | B 233.26 (+9.45) 240.02 (+8.32) 247.05 (+9.10) 250.24 (+8.07)
emales
C 139.65 (£5.23) 142.33 (+6.39) 155.03 (£6.71) 159.90 (+11.63)
D 128.48 (+7.68) 137.94 (+8.25) 134.35 (+8.99) 148.10 (+10.29)
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CONCLUSIONS

The study has revealed significant differences in the structural
and functional muscle tissue characteristics of children with
CP. This is confirmed by the BIA data showing that the groups
that are heterogeneous based on the muscle and adipose
tissue composition predominate in healthy patients, while
homogeneous groups predominate in children with CP. The
phase angle specifics reported for members of the studied
groups suggest qualitative differences in muscle state between
groups A/B and C/D, which is confirmed by the lack of positive
correlation between the SMM quantity and the maximum
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THE EFFECT OF STERILIZATION METHODS ON THE CYTOTOXICITY OF CERAMIC MEDICAL IMPLANTS
Bilyalov AR, Piatnitskaia SV, Rafikova GA, Akbashev VN, Bikmeyev AT, Akhatov ISh, Shangina OR, Chugunov SS, Tikhonov AA
Bashkir State Medical University of the Ministry of Health of the Russian Federation, Ufa, Russia

The choice of the sterilization method for ceramic implants is critically important, as it can affect the chemical and physico-mechanical properties of the material
and its biocompatibility. Higher cytotoxicity, which is a possible side effect of sterilization, hinders osseointegration. This study aimed to determine the cytotoxicity of
porous ceramic samples after sterilization using the most common methods. Samples of hydroxyapatite (HA), tricalcium phosphate (TCP), and aluminum oxide (AO)
were prepared by stereolithography, and bone allograph samples were made using the DLP method. The annealing lasted for 4 hours, with a peak temperature of
800 °C and the temperature increment of 3 °C per minute; the sintering temperature was up to 1200 °C. We used the following sterilization methods: autoclaving
at 1 atmosphere, 120 °C, for 45 minutes; radiation sterilization, 25 seconds with an absorbed dose of 25 kGy; plasma peroxide sterilization, 42 minutes; dry heat
sterilization at 180 °C, for 60 minutes. Cytotoxicity was determined with the help of an MTT assay (24-hour exposure in a CO2 incubator). The results of the study:
for HA, high porosity means growth of values in transition from autoclaving (0.1115) to plasma peroxide sterilization (0.2023). Medium and low porosity show similar
results, with peaks in dry-heat sterilization (0.4954 and 0.4505). As for for AO, it exhibited high viability when subjected to this method. The TCP samples have
shown stable results, but their low-porosity variation had the values growing after autoclaving (0.078 to 0.182, dry-heat sterilization). The study forms the basis for
optimizing the ceramic implants manufacturing technology and sterilization methods to ensure their high biocompatibility.
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BINVUAHWE METOOOB CTEPUTN3ALIMA HA LUTOTOKCUNYHOCTb KEPAMUYECKUX
MEONLUNHCKUX UMIMJIAHTOB
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Ballknpckmin rocyaapcTBeHHbIN MeVUMHCKNA YHBEPCUTET MMHNCTEPCTBA 3apaBooxpaneHns Poccurckon Pepepaumn, Ya, Poccuns

Bbibop MeTofa cTepunmaauimn KepamMMHECKIX UMMIAHTOB UMPaeT KIKOHEBYIO POb, MOCKOMBKY MOXET OKa3blBaTb BIIVSHME Ha XUMUHECKME U (IN3VKO-MEXaHNHECKE
CBOWCTBa MaTepuana 1 ero 6oCOBMECTVMOCTb. BO3MOXXHOE NOBbILLEHNE LIMTOTOKCUHHOCTY MOCE CTEPUNM3ALIM HEFaTUBHO BNSET HA OCTEOVHTErpaLmio.
Llenbto nccnenoBaHys 6b10 ONPEAenTh LUTOTOKCUYHOCTL KepamMmYecKix 06pasLioB C MOpUCTON CTPYKTYPOI NOCHe NPOoBeAeHst Hanboree pPacnpoCTPaHEHHbIX
METOAOB CcTepunmaaumn. Metonom crepeonmtorpadmv Gblin NOAroTOBNEHb! 00pasLbl 13 MMapoKcHanaTuTa, TpukaneLmdocdara 1 okcraa amnoMmHng. Obpasupl 13
KOCTHOrO anniorpadita 6biim n3rotosneHbl MetogoM DLP. Omxur mposogunm npy 800 °C 1 ckopoctt Harpesa 3 °C B MUHYTY 4 4, a CriekaHre npy Temneparype oo
1200 °C. Vcnonb3oBanu cneaytoLvie MeToAbl CTepunmaaLimn: asToknasmposaHue npu 1 atm, 120 °C, 45 MyH; pagualmoHHas cTepunmndauyisi, 25 ¢ C MormoLLEeHHON
[0301 25 KIp; NnasMeHHo-MepeKrcHas cTepunmnsaums, 42 MuH; ctepuamnsaums cyxum xxapom npu 180 °C 60 MyH. LinToTokcmiHocTb onpeaensnv MTT-TecTom
¢ akcnosuupen 8 CO, uHkybatope 24 4. Pesynstathl ccnegosaHus: Ans MA BoiCOKas MOpUCTOCTb YBENHMBAET 3HAYEHS NPV NEPEXOfe OT aBTOK/IaBMPOBaHIA
(0,1115) kK Nna3ameHHo-NepekncHol ctepunmaaumm (0,2023). CpeaHsist 1 HM3Kas MOPUCTOCTb MOKa3bIBaKOT aHanorMyHoe NoBefeHre, C NKamm Npu CyxXoxapoBoi
ctepunmadaumn (0,4954 n 0,4505). Ana OA xapakTepHa BbICOKast »KM3HECTIOCOBHOCTL MU CyXOXKapoBoW cTepunmadaunn. Peadynstatsbl ans TK® ctabunbHbl, HO
MPU HU3KOW MOPUCTOCTU 3aMeTeH POCT noce asToknasnposaHus (0,078 go 0,182 npu cTepunmaaumn cyxum xxapom). ccnenosanme (opMmpyeT OCHOBY A1st
ONTUMMU3ALNM TEXHONOT N N3rOTOBAIEHNS 1 METOLIOB CTEPUNM3ALN KEPAMUHECKNX MMMIAHTOB A1 06eCneYeHnst X BbICOKOM BUOCOBMECTUMOCTY.
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Porosity and density of ceramic materials are key parameters
that determine their mechanical and biological properties. These
characteristics play a crucial role in the design of materials for
medical implants.

Porosity, as an indicator of the number of voids in a material,
significantly affects its ability to interact with surrounding tissues
[1]. High porosity improves biological compatibility, creating
conditions for the invasion of osteogenic cells and the formation
of blood vessels in the implant structure [2]. This process,
known as osseointegration, is critically important for implant
survival. In addition, high porosity promotes free circulation
of biological fluids, which restores metabolism in surrounding
tissues and accelerates the process of bone regeneration [3].

However, high porosity has disadvantages. It reduces the
mechanical strength of implants, which is especially critical
when they are constantly under high cyclic loads, as is the
case for supporting surfaces of joints or the spine. At the
same time, low porosity can hinder osseointegration, limiting
the development of bone tissue and slowing down the healing
process [4].

Density affects mechanical properties of a material,
including strength, elastic modulus, impact viscosity, wear
resistance, yield strength, and fatigue. High density materials
usually have high strength, as the distances between atoms
in them are shorter, which translates into stronger interatomic
bonds. Consequently, such materials are more resistant to
mechanical stress. At the same time, the solidity of high-
strength non-biological materials disallows penetration of cells
into the structures made of them, which can negatively affect
biological compatibility of implants, hindering osseointegration.
To have control over mechanical properties of the implants, in
some cases, they are designed as composite products from
well-known materials in use [5]. Employing of composites
and composite coatings, which are a mixture of the source
metal and a bioresorbable material, yield a porous structure
that is gradually populated by body cells and simultaneously
provide a structural matrix for bone tissue growth [6].

Materials based on hydroxyapatite (HA), tricalcium
phosphate (TCP), and preserved bone allograft possess a
unique combination of mechanical and biological properties,
which makes them indispensable in restorative and regenerative
medicine. Their porosity is essential for osteogenesis: it creates
an optimal environment for the formation of new bone tissue
and integration of the implant with the bone structure. The
surfaces of ceramic implants made of HA and TCP have
pronounced osteoconductive properties and create optimal
conditions for adhesion and proliferation of osteogenic cells.
Unlike bone allo- and xenoimplants, ceramics possesses no
biological factors that induce osteogenesis, but its microporous
structure promotes the formation of bone tissue through
passive osteoconduction. As for osteoinduction, it is enabled
by the gradual release of calcium and phosphate ions into the
environment, which stimulates osteoblast proliferation and
mesenchymal stem cell differentiation. In addition, mechanical
properties of porous ceramic implants play an important role
in bone regeneration: they render structural support for new
bone formation and vascularization. The optimal size of pores
(100-300 um) ensures favorable conditions for osteogenic cell
adhesion and vascularization [7, 8]. In particular, such pores
improve the interaction of the material with bone tissue, which
promotes formation of new bone [9].

The osteoinductive properties of materials reflect their ability
to stimulate the formation of new bone tissue. Bioceramics
based on HA and TCP is highly biocompatible and offers good
osteoconductivity. Implants made of such bioceramics have

a structure that promotes the growth of bone tissue on their
surface. However, ceramics, as a rule, are not outstandingly
osteoinductive, like some other materials; it is more of a
framework for bone tissue, a mechanical support. Allogeneic
implants obtained from donors of the same species often have
pronounced osteoinductive and osteoconductive properties.
They can be both mineralized and demineralized, and it is
the latter type that is more osteoinductive. Xenoimplants
of animal origin may offer good osteoconductivity, but their
osteoinductivity is limited. Due to differences in cellular
components and proteins, xenoimplants may not always
interact effectively with human bone tissue, which limits their
osteoinductive potential compared to alloimplants. They can be
used to replace bone tissue in certain situations, but their new
bone growth stimulation potential is more modest [10].

The choice of the method of sterilization is especially
important from the viewpoint of the safety and effectiveness
of medical devices and implants. There are many sterilization
methods available to medical professionals, and each of
them has a different effect on implantable biomaterials.
Physical methods rely on thermal treatment, filtration,
and radiation. Chemical methods involve use of chemical
agents to kill microorganisms (sterilization with gas or liquid)
[11, 12]. Combined methods, like hydrogen peroxide gas
plasma sterilization and generation of active oxygen species
under ultraviolet, show high efficiency [13, 14].

Previous studies have shown that sterilization alters
physico-chemical properties of implants made of porous
bioceramic materials, but they did not compare the biological
effects produced by different methods of sterilization on the
said materials [11, 15].

This study aims to determine the cytotoxicity of porous
ceramic samples sterilized using common methods, with the
goal of applying the findings to further improve the materials
and manufacturing technology for ceramic implants.

METHODS
Sample preparation
Preparation of the digital model

At the first stage, we designed the geometry of the samples
in the Kompas-3D software (ASCON Group Proyektirovaniya,
Russia): cylinders 2 mm high and 4 mm in diameter. The size
of the samples was adapted to the standard trays used for
MTT (methyl thiazolyl tetrazolium) assay, which ensured full
conformity of their shapes to the regulatory requirements. The
shrinkage during heat treatment and binder annealing was
about 20%, which is typical for ceramic materials undergoing
high-temperature sintering. Figure 1 shows a cylindrical 3D
model of a ceramic sample (diameter 4 mm, height 2 mm), built
with the 20% shrinkage factored in.

Printing samples of hydroxyapatite, tricalcium phosphate,
and aluminum oxide

Before starting the 3D printing, we conducted a preliminary
polymerization test, thus establishing parameters such as the
wavelength of the laser radiation and the thickness of the layer of
the photopolymerized paste. The test yielded optimal values of
these parameters, which were used for printing. The technology
employed to make samples of hydroxyapatite, tricalcium
phosphate, and aluminum oxide was laser stereolithography.
We used a Ceramaker 900 printer (3D Ceram Sinto, France),
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and photopolymerized ceramic paste with a 355 nm laser,
which ensured high accuracy and uniformity of the structure of
the samples (Figure 2).

Cleaning of samples

After the printing, the samples were cleaned mechanically in a
Cerakleaner system (3D Ceram Sinto, France). Figure 3 shows
printed samples cleaned of unpolymerized paste residues.
The cleaning was necessary to prepare the samples for heat
treatment.

Next, the samples were put into a high-temperature furnace
Kittec CLL15 (KITTEC GmbH, Germany) for annealing at 800 °C.
The heating rate was 3 °C per minute; the total time of exposure
equaled 4 hours. These parameter values ensured uniform
heating of the sample, which reduced the likelihood of cracking
and completely removed moisture as well as the polymer binder.

At the final stage, the samples were heat-treated and
sintered in an L15/14/C450 laboratory furnace (Nabertherm GmbH;
Germany). The temperature conditions of sintering were
selected individually for each type of ceramic material in order
to prevent undesirable structural changes. For AO, we opted for
higher temperatures, since this material retains its structure even
under intense heat. For TCP and HA, the sintering temperatures
were lower, since high heat can alter their structure: TCP is
subjects to phase transformations, and HA can be partially
transformed into TCP. Taking these specifics into account, we
selected optimal temperature conditions to avoid undesirable
changes and produced three types of ceramic samples with
different porosities: high, medium, and low [16]. Figure 4 shows
the final samples after heat treatment under different sintering
conditions.

Printing of samples from bone allograft suspension

To perform 3D printing with the DLP (Digital Light Processing)
technology, we prepared a suspension from bone allograft
powder grounded to a fraction of 0-5 microns. The samples
were polymerized from the suspension in an Elegoo Mars 4 3D
printer (ELEGOO, China); the layer thickness was 25 pm (Fig. 5).

3D printing yielded "green body" samples; the next stage
was to subject them to two-stage heat treatment. The first
stage, in which the samples were heated to a temperature of
700 °C at arate of 3 °C per hour, produced weakly consolidated,
highly porous (up to 42.3%) samples (Fig. 6). The second stage
involved sintering at 1300 °C for 1 hour with the heating rate
of 120 °C per hour, and yielded relatively durable and dense
samples.

Determination of porosity and density

In our study, the porosity and density of each sample were
determined using data on mass, volume, and theoretical
density of the respective material.

The mass of each sample was measured with the help of
analytical scales (accuracy 0.001 g).

The volume was calculated from the samples' geometric
parameters (cylindrical shape) using the following expression:

V=mxr2xh,

where V is the volume of the sample, r is the radius of the
cylinder base, and h is the height of the sample.

The density ( sample) of each sample was determined in
accordance with:
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Fig. 1. Cylindrical 3D model of ceramic samples, 20% shrinkage factored in

Fig. 2. Printing samples of hydroxyapatite on a Ceramaker 900 3D printer
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Fig. 3. 3D printed ceramic samples after mechanical cleaning
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Fig. 4. Ceramic samples from HA and TCP after annealing and sintering

m sample
p sample = ——™—,
V sample
where m sample is the mass of the sample, V sample is the
volume of the sample.
Porosity (P) was determined by the following expression:

p sample

Porosity (%) = (1- )x 100,

p theoretical
where p theoretical is the theoretical density of the material
without pores.

Having measured the mass, volume, density, and porosity
of the samples, we found that the selected parameters produce
significant variations depending on the type of ceramic material
and the sintering mode (see Table). These variations stem from
the peculiarities of phase transitions during heat treatment,
which affect the degree of compaction of the material and the
formation of pores.

Electron microscopy

Scanning electron microscopy (SEM) was used to evaluate the
microstructure, average particle size, and degree of sintering
under various temperatures. Before scanning, the samples
were precisely fractured to obtain sections showing internal
structure and allowing to thoroughly analyze microstructural
changes after sintering. The microscope used for the

Fig. 5. Printing of ceramic samples from a bone allograft in an Elegoo Mars 4
3D printer

purpose was a Quattro S environmental scanning electron
microscope (Thermo Fisher Scientific, the Netherlands); the
level of magnification was x10,000. We paid special attention
to determining the average size of the particles and the degree
of their compaction during sintering (Figure 7).

Cytotoxicity assessment method

To assess cytotoxicity, we used the MTT test, which determines
the total metabolic activity of living cells by the ability of
mitochondrial succinate dehydrogenase to reduce MTT
(8-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl-tetrazolium bromide),
which has a yellow color, to dark purple formazane, the crystals
of which dissolve in dimethylsulfoxide (DMSO).

For the MTT test, we diluted the cells to a concentration
of 50,000 cells/ml, and plated 200 pl per well in a 96-well
plate, with or without prepared implants. The plate was then
placed in a CO, incubator for 24 hours. During the plating, the
suspension was mixed by repeated pipetting (3 times).

According to regulatory documents, a negative control sample
is a piece of material that, when tested under the respective
standard, does not exhibit cytotoxicity. A positive control sample
is a piece of material that, when tested under the said standard,
exhibits cytotoxicity, and the results of such a test are reproducible.

For negative control, we used cells without the studied samples
of materials, cultivated on polypropylene. The positive control
was a DMSO solution at a final concentration of 10% in the well.

Fig. 6. Ceramic samples from bone allograft after annealing and sintering
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Fig. 7. The microstructure of the additive material made from hydroxyapatite (A1-3), tricalcium phosphate (B1-3), aluminum oxide (C1-3)

There were five samples of each material. To control the
reagent, we allocated three wells of the plate, filled them with a
complete culture medium, but not the cells.

MTT test protocol

The MTT test was conducted after 24 hours of cultivation. At the
end of the cultivation, the serum-containing medium was replaced
with a serum-free culture medium, and each well received 20 pl of
MTT solution with a concentration of 5 mg/ml in saline solution,
which made the ultimate concentration 0.5 mg/ml. After 3.5 hours,
we observed intense formation of formazane crystals through a
microscope. Then, the medium was carefully removed from all the
wells, without affecting the bottom with cells and samples.

DMSO was added in a volume of 100 pl, half of the volume of
the medium in each well during cultivation. After 60 minutes, 100 i
of the purple solution were transferred to a new 96-well plate in
the same order, and analyzed in a Tecan Spark 10M plate reader
(Tecan, USA) at 530 nm, with a reference wavelength of 620 nm.

To assess viability, we normalized the results by subtracting
the average value as a reagent control measure. The relative
viability was assessed using the following expression:

Vb = M x 100,

D...~D

530 620
where Vb is the relative viability, D
the sample at 530 nm, D, is the optical density of the sample
at 620 nm, D,,, is the average optical density at 530 nm for
negative control, D, is the average optical density at 620 nm
for negative control.

s I8 the optical density of
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Sterilization methods

Steam sterilization under pressure (autoclaving) was conducted
in a NUT-2540EKA autoclave sterilizer (Tuttnauer, Israel) at 1 atm.,
120 °C, for 45 minutes.

For radiation sterilization, we used a complex built on the
LU-7-2 linear resonance accelerator (Russian Federal Nuclear
Center — Russian National Experimental Physics Research
Institute, Russia), following the medical devices radiation
sterilization protocol "Alloplant Surgical Allografts TR-119-
RS-2007". The beam was positioned perpendicular to the
conveyor, the frequency was 5 Hz. The movement speed was
6 mm/s, the time of exposure — 25 seconds, and the absorbed
dose — 25 kGy. The absorbed dose was measures using SO
PD(F)-5/50 detectors (All-Russian Scientific Research Institute
for Physical-Engineering and Radiotechnical Metrology, Russia).

Plasma peroxide sterilization was conducted ina STERRAD®
100S system (Advanced sterilization products, USA); the time
of exposure was 42 minutes.

For dry heat sterilization, we used a Binder FD53 drying
oven (Binder GmbH, Germany), parameters of the process
were 180 °C and 60 minutes.

RESULTS

The results of the MTT test demonstrate that cell survival
directly depends on the sterilization method, degree of porosity,
and type of material.

The results presented in the table indicate that cell viability is
the highest after dry heat sterilization. Medium and low porosity,
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Table. MTT test results for the studied materials with different porosities

Positive control 0.025 + 0.019
Negative control 0.608 + 0.004
Negative control (alloplant) 0.881 + 0.008
Sample parameters Optical density of samples for different sterilization methods
Sample material Porosity level Porosity value (%) Autoclaving Fast electron flow Pla;Zraisaetrig):de Dry heat
High 35.11 0.167 + 0.049 0.096 + 0.043 0.122 + 0.024 0.567 + 0.70
Hydroxyapatite Moderate 26.91 0.256 + 0.046 0.440 + 0.074 0.372 + 0.050 0.541 + 0.051
Low 18.33 0.261 + 0.054 0.427 + 0.060 0.337 +0.046 0.531 £ 0.047
High 56.02 0.064 + 0.012 0.103 + 0.003 0.104 + 0.002 0.333 + 0.042
Aluminum oxide Moderate 22.13 0.058 + 0.003 0.097 + 0.005 0.103 + 0.005 0.372 + 0.052
Low 10.27 0.105 + 0.011 0.338 + 0.021 0.337 + 0.046 0.433 + 0.056
High 20.34 0.059 + 0.013 0.098 + 0.006 0.103 + 0.000 0.511 + 0.001
Tricalcium phosphate Moderate 15.57 0.070 + 0.007 0.073 + 0.008 0.103 + 0.000 0.519 + 0.002
Low 10.69 0.072 + 0.006 0.130 + 0.040 0.205 + 0.002 0.516 £ 0.010
Alloplant p0468 0.457 + 0.042 0.616 + 0.059 0.412 + 0.054 0.542 + 0.052
Alloplant p0476 0.435 + 0.038 0.494 + 0.053 0.485 + 0.048 0.638 + 0.045
Relative survival rate (%)
High 35.11 27.67 15.97 20.26 93.82
Hydroxyapatite Moderate 26.91 42.38 72.85 61.64 89.58
Low 18.33 43.14 70.64 55.79 87.95
High 56.02 10.54 17.05 17.23 55.18
Aluminum oxide Moderate 22.13 9.66 16.11 1741 61.62
Low 10.27 17.38 56.01 55.71 73.29
High 20.34 9.77 16.27 17 84.66
Tricalcium phosphate Moderate 15.57 11.59 12.14 17.08 85.84
Low 10.69 11.92 215 33.89 85.48
Alloplant p0468 51.87 69.92 46.77 61.52
Alloplant p0476 49.38 56.07 55.05 72.42

as a rule, provides optimal conditions for cell viability, combining
sufficient area for cell adhesion and mechanical strength.

The analysis of the subgroups indicates that for hydroxyapatite
implants, high porosity increases values in the context of a
switch from autoclaving (0.1115) to combined plasma peroxide
sterilization (0.2023) (Fig. 8). Medium and low porosity show
similar results, with peaks in dry-heat sterilization (0.4954 and
0.4505, respectively). As for aluminum oxide, the values are
moderate for all porosities, but they were pushed up by dry
heat sterilization. The test results for tricalcium phosphate are
relatively stable, but in low porosity, the values were growing
noticeably after autoclaving (0.078 to 0.182).

DISCUSSION

To date, there is no consensus on which of the methods of
sterilization of new materials is the safest in terms of the effect
on cell viability in the context of cytotoxicity [17].

Steam sterilization under pressure (autoclaving) is one of the
most common methods that ensures complete decontamination
of medical devices in a short time, but implant materials can
be sensitive to temperature and pressure. This method is
applicable to metals and bio-glass, but it is highly probable that
applying it to other materials will alter their physico-chemical
characteristics, resulting in a loss of operational properties [18].

In our study, autoclaving had a negative effect on ceramic
samples, which resulted in lower cell viability as shown by the
MTT test, especially for materials with low and high porosity.
The possible reason is modification of the surface of the

samples under the influence of temperature and pressure,
which complicates cell adhesion.

Sterilization by dry heat was the method that ensured
highest cell viability. One of the possible explanations is that this
treatment eliminates moisture absorbed into the hygroscopic
structure of porous ceramics from the air. However, this
assumption is based on the general mechanisms of thermal
effects on implants, and requires further confirmation using
materials science methods, such as X-ray phase analysis and gas
chromatography. In addition, we should not discard the possible
alteration of physical characteristics of the samples' surface after
dry heat sterilization, which could affect cell adhesion.

Thus, the dry heat method is promising for the sterilization
of ceramic implants, but additional studies are needed to
definitively assess its effect on the material's microstructure
and mechanical properties. Such studies would confirm
or deny the effect of sterilization by dry heat on the
characteristics of the materials. The effect of ionizing radiation,
a high-energy electron beam, can trigger formation of nano-
and submicropores, crystallization of amorphous calcium
phosphate, recrystallization of crystalline hydroxyapatite,
phase transformations (possibly the formation of tricalcium
phosphate with a monoclinic lattice and an amorphous
phase). In addition, high-energy electron irradiation can
modify the sample surface by coating it with thin nanoscale
particles of CaO, a-Ca3(PO,),, and hydroxyapatite. Despite
its effectiveness, this method may be not applicable in cases
where it is necessary to preserve the exact structure of the
material [19].
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Fig. 8. The dependence of cell survival in the studied samples on the degree of porosity when subjected to various sterilization methods

CONCLUSIONS

The results of the study showed that the viability of cells
depends both on the method of sterilization and on the degree
of porosity of the material. Sterilization by dry heat yielded better
cell viability figures; autoclaving and irradiation by fast electrons
had a more pronounced negative effect. Analysis of the effect
of porosity has shown that the dependence of cell viability on
this parameter is not linear. In some cases, materials with low
porosity demonstrated higher relative cell survival, which may
be due to the peculiarities of cell adhesion and interaction
with the biomaterial. At the same time, medium porosity
ensured an optimal combination of mechanical strength and
cellular viability. Thus, the choice of the sterilization method
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COGNITIVE CORRELATES OF DECEPTION RECOGNITION IN THE ELDERLY AND SENIORS
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The relevance of the proposed study is due to the need to find solutions in reducing the vulnerability of elderly and seniors to deception and fraudulent actions. The
purpose of the study is to assess the cognitive correlates of deception recognition in the elderly and seniors. The sample size was 87 elderly and senile subjects
(60-89 years old) — 38 men and 49 women. Research methods: MoCA (Montreal Cognitive Assessment); Sally-Anne test; Pragmatic intervention short stories
Winner's Task; experimental method Read the Mind in the eye (RMET); Dembo-Rubinstein self-esteem scale; trust self-esteem scale. Based on the findings of the
study, the cognitive correlates of deception recognition in the elderly and seniors were identified. It is reliably found that with age, as ageing progresses regardless
of education level, there is a decline in cognitive level, which, in general, is natural in the process of normative ageing. These changes lead to a decrease in the
level of understanding of the mental model, which in turn makes it more difficult to recognise emotions and increase trust. The empirical study supported the
hypothesis that there is a correlation between cognitive level and the ability to recognise deception. The lower the general cognitive level, the worse the deception
is recognised and the more trusting a person becomes.
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KOIM'HUTUBHbIE KOPPEJATbLI PACIMTO3HABAHNA OBEMAHA B NOXXNJTOM U CTAPHECKOM BO3PACTE

E. A. Metpaw'=, A, A. llucuikuHa', A. C. Kapnerko?, B. B. HukuwvHa', A. W. MonoHel!

" Poccuiickuin HaUmMoHaNbHbIA MCCReaoBaTeNbCK MeANLMHCKIIA YHUBepcuTeT uMenn H. V1. Muporosa, Mockea, Poccus
2 MOCKOBCKWI1 rOCYAapCTBEHHbIN MHCTUTYT MEXOyHapOAHbIX OTHOLLEHNI (YHBEPCUTET) MUHMCTEPCTBA MHOCTPaHHbIX Aen Poccuiickon Gepepaumm, Mocksa, Poccus

AKTyanbHOCTb MpefiaraemMoro UccnefoBaHus 0bycnoBneHa HEOOXOAVMOCTLIO MOMCKA MYTEN CHKEHWS YA3BMMOCTI ML, MOXKMIIONO 1 CTapHeCKOro Bo3pacTa
K 0BMaHy 1 MOLLEHHNYECKM OeCTBMSM. Llenbio nccnenoBanmns 6bi0 OLEHWUTb KOTHUTUBHBIE KOPPENSTbI PACNO3HaBaHKs 0O6MaHa B MOXUIOM ¥ CTapHECKOM
Bo3pacTe. O6beM BbIGOPKIN COCTaBNN 87 UCMbITYEMbIX MOXWIOrO 1 cTap4eckoro BodpacTa (60-89 net) — 38 My>kKHnH 1 49 >xeHLMH. Vcnonb3oBan MeToamnky
MoCA (Montreal Cognitive Assessment); TecT Cannv-3HH; Pragmatic intervention short stories Winner’s Task; akcnepumeHTanbHyto metoamky Read the Mind in
the eye (RMET); wkany camooLeHkn Jembo—-PyOuHLITENH; Lkany caMOOLEeHK foBeprs. Ha ocHOBaHWMM NOMyYeHHbIX Pe3yNsTaToB NCCNefoBaHVs BbIBEHbI
KOMHUTUBHbIE KOPPENSATbI pacnosHaBaHns obMaHa B MOXMWIOM 1 CTapHeckoM Bo3pacTe. [JoCTOBEPHO YCTaHOBMEHO, YTO C BO3PACTOM, MO Mepe CTapeHUsi BHe
3aBMCUMOCTH OT YPOBHS 06Pa30BaHNs MPOVCXOAUT CHUXKEHNE KOTHUTUBHOMO YPOBHS, HYTO, B LIEIOM, SBNSIETCH 3aKOHOMEPHbIM B MPOLECCe HOPMAaTUBHOMO
cTapeHnst. STv N3MEHEHUSI MPYBOLST K CHYDKEHWIO YPOBHSI MOHUMAaHNSt MOLENN NMCUXUMHYECKOrO, YTO, B CBOIO O4epedb, 3aTPYAHSET pacrno3HaBaHne sMOoLmni 1
MOBbILLAET YPOBEHb AOBEPVIS. IMMUPUHECKOE MCCNefoBaHne NOATBEPANIO MMMOTE3Y O HAMHMM KOPPENALWN MEXOY KOTHUTVBHBIM YPOBHEM 1 CMIOCOBHOCTBLIO
pacno3HaBaTb 06MaH. YeM Hike OOLLMIA KOTHUTVBHBIA YPOBEHb, TEM Xy>Xe Pacno3HaeTcs obMaH 1 TeM 6onee [OBEPUMBLIM CTAHOBUTCH YENOBEK.

KntoueBble croBa: NoXIon BO3pacT, CTapHeCKMin BO3PaCT, MOfESb NMCUXNYECKOro, pacno3HasaHye obmaHa, KOrHUTUBHbIA YpOBEHb
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According to statistics from the Unified Center of Legal Defense,  influence, rather than in the context of total digitalization.

between 2014 and 2024, the number of people deceived by
phone frauds increased by 72%, with more than 79% of victims
being elderly people. According to the FBI Elder Fraud Report
for 2023, the total amount of money lost as a result of financial
crimes against the elderly was approximately $3.4 billion.
This age group is characterized by cognitive changes with
a tendency to a decrease in cognitive abilities, which increases
the risk of being deceived.

The formation of functional systems, as well as their
differentiation during the ontogenetic development of elderly
people, occurred under conditions of lesser technological
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Accordingly, in today’s realities in the conditions of intensive
digitalization and technological changes, deception in most
cases is carried out through means of technical mediation
(phone calls, instant messengers), which, in turn, along with the
naturally occurring decrease in neuroplasticity of the brain as
normative aging occurs, complicates their resistance to fraud.

Conducting a theoretical and methodological analysis of
the scientific elaboration of the issues under consideration,
a bibliometric analysis of publication activity was carried out
(according to the scientific database “The Lens”). It is worth
noting that in the foreign literature in the chronological range
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of the last 14 years (2010-2025), searching for scientific
publications by keywords — scholarly search "lie detection" an
increase in research interest is recorded. This is evidenced by
a steady increase in publication activity in the specified period.
The total number of publications in the specified period from
01.01.2010 to 14.01.2025 is 1830 scientific papers. At least
100 works are published annually, therefore a steady interest in
the chosen topic can be noted, however, since 2017 there has
been an increase in publication activity by 30% (from 102
works in 2017 to 143 in 2025). Then, specifying our request in
accordance with the age category of the carrier, namely elderly
and old people. By request — scholarly search — elderly, field
of study — lie detection, only 4 publications were found, which
is less than 3% of the total share of publications on the specified
topic. Based on the conducted analysis of the studies, two
research vectors are formed — the vector of research on the
recognition of deception and the vector of research on the
process of deceptive actions.

Analyzing the deception recognition methods used in
existing studies, two main directions are clearly visible:
the subjective assessment of the verifier and the objective
assessment of deception using specialized auxiliary tools.
Subjective assessment of the verifier is based on parameters
that are considered to be signs of a lie based on observation —
facial expression, gestures, postures, change in voice,
frequency of eye contact and other telltale signs; or based on
linguo semantic analysis — change in intonation, speech rate,
change in voice timbre and the appearance of a tremor in the
voice). Objective assessment methods of deception include
hardware methods (EEG, PET, MRI, non-verbal behavior
scanning method and psychophysiological changes using a
polygraph). Objective methods allow us to record changes in
the brain activity of the cerebral cortex, as well as the structures
of the limbic system.

A content analysis of scientific publications indicates that
the most active researcher in the field of detection is Aldert Vrij.
The author has published more than 300 papers on the subject
matter, 108 for the period from 2010 to 2025. The author's
most focused attention is on the topic of the relationship
between verbal and non-verbal behavior and deception, and
he also addresses issues of speech content and deception.
A. Vrij identified 17 non-verbal parameters of lies, dividing them
into vocal and non-vocal non-verbal behavior [1-10].

Also, in the works of one of the leading experts in the field
of lie detection by recording facial micro expressions is Paul
Ekman. The author uses the concepts of lies and deception
as synonyms: ‘| define a lie or a deception as an act that is
intended to foster in another person a belief or understanding
that the deceiver considers false. It is done intentionally, without
prior notification of the intent to deceive, and without having
been explicitly asked to do so by the target” [6-10]. At the
same time, for the identification of deception, tools related
to verbal (semantic meaning of the word, characteristics
of the tempo and prosody of speech, grammatical structure
of statements) and non-verbal (micro expressions, facial
expressions, gestures, posture, visual contact) manifestations
of the participant in communication are used. Some of the
listed parameters are also used by A. Vrij.

In Russian science, understanding deception is a less
studied and relatively new area of research. One of the authors
studying a similar topic is the Soviet and Russian scientist,
a specialist in the field of psychology of understanding,
V.V. Znakov [11], thanks to whose works it is possible to
differentiate the terms lie, untruth and deception. On the one
hand, any judgment supplied with distorted facts should be

considered false, regardless of the speaker’s intention to lie or
the lack of it. On the other hand, when classifying a lie within
the framework of psychology, in order to classify a judgment as
false, it is enough for one of the participants in communication to
believe that he is lying. That is, the determining factor is precisely
the intention to distort the facts. The main similarity between
deception and lies is the conscious, purposeful intention of the
participant in communication to distort the truth. But still, these
semantically similar concepts have a key aspect that will allow
us to draw a line in their differentiation. Deception is a half-truth
communicated to a partner with the expectation that he will
draw erroneous conclusions from it that do not correspond to
the intentions of the deceiver [11]. In this case, the concept of
"half-truth" implies a partial communication of true facts and
details with the conscious concealment of others necessary
for a complete understanding. Thus, deception aims to direct
the movement of the participant's thoughts "along the path
of actualizing frequently encountered familiar situations" [11].
The deceived person, against his will, becomes an accomplice
to the deceptive act, because he becomes a victim of biased
knowledge.

Recognizing deception is a complex process that involves
several aspects at once — cognitive, emotional, social. To
understand deception, a necessary condition is the ability to
understand and interpret one’s own mental state and the mental
state of another. “Representations of mental states allow us to
predict and explain human behavior, i.e. the conceptual system
underlying such representations has explanatory power...” [12].

Mental models (in foreign literature the definition Theory of
mind is used), representing a metacognitive ability, provide a
person with the opportunity to form an idea of the intentions,
desires, sincerity of another person in the context of a changing
social context in order to make an appropriate decision.

One of the most crucial elements of the theory of mind is the
understanding that one's own mental state differs significantly
from another's state, it is not identical to another's state. Since
mental states are not directly observable, the assumption
that other people have them becomes a tool that helps make
predictions and interpret the behavior of others.

The theory of mind begins its development in early
childhood and undergoes certain changes throughout life,
moving along a U-shaped trajectory. The phenomenon of
understanding deception, which is subject to change, shows
that as people approach elderly and old age, they make more
mistakes in understanding the hidden intentions of others and
become less sensitive to signals that warn of the unsafety of
the current situation.

According to studies on the influence of age on the
functioning of the mental model, changes can be observed as
early as 60 years of age [13], while other authors indicate that
changes begin at the age of 50 [14]. Although time frames may
vary, most studies contain similar conclusions, according to
which elderly and senior people make more errors in interpreting
false beliefs than young adults.

The present study aims to shift the focus from the liar's
influence and its characteristics to the methods and features
of processing verified information, as well as the cognitive
characteristics of the verifier.

The theoretical and methodological foundations were based
on the provisions of the theory of the mental model (theory of
mind) developed by G. Woodruff and D. Premack [15], further
developed by E.A. Sergienko [12,16,17]; the provisions of the
emotional theory of P. Ekman [6-10]; the provisions of the
theory of A. Vrij on the model of truthfulness assessment
[1-5].
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David Premack and Guy Woodruff were the first to
propose the concept of a theory of mind and emphasized that
understanding the mental states of others has a significant
impact on everyday life and affects the quality of life. Later
studies conducted with patients with mental disorders and
local brain lesions [15] showed that the theory of mind should
be divided into two structural components. The cognitive or
“cold” component includes cognitive processing of thoughts,
beliefs, and intentions of other people, and understanding of
non-literal statements. Within the cognitive component, first-
and second-order representations are distinguished. First-
order representations are representations of an individual’s
own thoughts that arise through the formation of one’s own
point of view (“l think she thinks that...”). Thus, we have the
ability to understand that others have their own consciousness
and perception, which differs from ours. Second-order
representations are more complex constructions of deep ideas
about oneself and involve the simultaneous acceptance of two
points of view (“he thinks she thinks that...”). In this case, first-
order representations develop first in ontogenesis.

The emotional "hot" component of the mental model
includes understanding of feelings, emotions, and affective
states of other people. It is necessary to differentiate between
the similar at first glance concepts of empathy and the
emotional component. Empathy implies the ability to feel and
experience emotions, feelings of another person, without
necessarily understanding the reason that caused them. While
the emotional component assumes the ability to accept the
point of view of another ("to step into his shoes.") with a true
understanding of his mental state without the need to feel his
emotions, feelings.

Moreover, the behavior of other people is not completely
predictable, and therefore the success of interaction with
the social environment correlates with the ability to decipher
the mental states and intentions of others. The presence of
changes in the components of the mental model (theory of
mind) leads to a decrease in susceptibility and assessment of
those signals that would warn of possible negative, dangerous
actions on the part of other people. This is what allows us to
classify older people as a more vulnerable category of the
population, which exposes them to the risk of becoming
victims of social exploitation, fraud and deception. This, in turn,
leads to an increased level of stress, empathic distress, and,
consequently, to difficulties in establishing friendly and family
relationships [18].

As E.A. Sergienko points out in his works, age-related
changes in social contacts and their emotional accompaniment,
occurring with age, lead to the manifestation of selective
motivation in relation to various forms of social activity. The
main manifestation of this is the voluntary structuring of one's
social space: protecting oneself from negative and traumatic
experiences while focusing primarily on trusting relationships.
However, even with such socio-emotional selectivity, in old
age, when interacting with other people, a person needs to
understand the intentions and their truthfulness, beliefs, and
emotions of other people. And such an ability to understand
the mental world of the Other is not limited to either intellectual
or cognitive abilities [12].

The theory of mind, which is a cognitive mechanism that
ensures successful interaction with another person, allows
one to understand not only emotions, but also to perceive
multilayered structures (the so-called first-, second-, and
third-order representations). The theory of mind is a natural
human ability, but its full development requires many years of
experience in social interaction. Different people can develop
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more or less effective models of mind [15]. Examples of the
emotion category are expressed using facial movements that
vary to some extent around a typical set (prototype). The
"skeleton" of each emotion prototype can also be variable,
but within certain limits [6-8]. According to A. Vrij's truthfulness
assessment model, those who tell the truth provide more
details that can be verified and receive a higher coefficient of
such details (verifiable details/total number of details) than liars.
Moreover, these details are manifested precisely in behavior [4-5].

As a result of conceptual modeling, a model of cognitive
markers in the process of deception recognition was formed,
including the stages of implicit recognition (the stage of the first
impression and putting forward two alternative hypotheses
about truth/falsity; the stage of obtaining information through
special signal systems that confirm or refute hypotheses;
the stage of assessing information and drawing conclusions
about the degree of sincerity/insincerity of the interlocutor)
and explicit recognition (the stage of emotional response in
the form of conscious experiences; the stage of using certain
information/abilities/skills in detecting lies). At the same time, in
implicit recognition, cognitive markers are implemented in the
recognition of emotions and the formation of a mental model;
in explicit recognition, cognitive markers are realized in the level
of self-esteem and behavioral strategies (Fig. 1).

The aim of the study was to investigate cognitive markers of
deception recognition in old and senile age.

METHODS

The study involved 87 elderly and senior subjects (60-89
years old) — 38 men and 49 women. Inclusion criteria for
the study: elderly and senior ages; absence of cognitive
impairments, implying loss of orientation in place, time and
one’s own personality (MoCA range from 17 to 30 points).
Exclusion criteria were the presence of diagnosed mental and
behavioral disorders; history of acute circulatory disorders;
severe impairments of motor functions, as well as impairments
of gnostic functions. The subjects were divided into study
groups based on age: the first study group consisted of
42 elderly people, which corresponds to 60-75 years (according
to WHO). The second study group consisted of 45 people aged
75-89 years, which corresponds to senior age.

The study was conducted at the Russian Gerontological
Scientific and Clinical Center under the conditions of written
voluntary informed consent.

The study was conducted using the following methods:
the MoCA (Montreal Cognitive Assessment) technique for
assessing neurocognitive status [19]; the Sally-Ann Test
for assessing the integrity of the mental model [18, 20]; the
Pragmatic intervention short stories Winner's Task, which allows
assessing a person’s ability to understand false statements and
differentiate them from humorous statements (which also allows
assessing the integrity of the mental model) (6 stories out of 10
were used: stories No. 1, No. 2, No. 3, No. 6, No. 7, No. 8) [21];
the experimental Read the Mind in the eye (RMET) technique,
which allows assessing the ability to non-verbally recognize the
internal states of other people [18, 22]; the Dembo-Rubinstein
self-esteem scale (based on indicators of health, ability, beauty,
intelligence, authority, confidence, character); a trust scale that
allows you to subjectively assess your own level of trust (how
trusting am | in relation to other people).

Among the research methods, a clinical interview with audio
recording was also conducted, including three main questions:

e Can you remember a situation when someone tried to
deceive you and how you behaved at that moment?
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Fig. 1. Schematic diagram of the conceptual model of cognitive markers of deception recognition in elderly and senior age

e By what signs would you determine that your interlocutor
is lying?

e How many friends and close relatives do you have and
how often do you communicate with them?

The primary processing of the research results was
represented by quantitative data processing and included the
compilation of a final diagnostic card with coding of nominative
data, compilation of a general data table with calculation of the
mean value, mean deviation, minimum and maximum value,
and median.

Secondary processing was carried out using mathematical
processing methods: correlation analysis within each group
(Fisher criterion), Mann-Whitney criterion and Wald—-Wolfowitz
criterion to identify differences between groups. Spearman's
r-rank correlation criterion was used to assess the relationships
of the parameters under study.

RESULTS

The study revealed significant differences in the assessment
of the neurocognitive level (p = 0.027), emotion recognition
(o = 0.034) and the integrity of the mental model (p = 0.022) in
elderly and senior age (Fig. 2).

More pronounced mild cognitive decline at a senior age
compared to the elderly leads to a lower level of understanding
of the theory of mind, which in turn leads to difficulty
understanding the emotions and intentions of others in the
process of interaction.

Carrying out a comparative analysis of first- and second-
order representations, which characterize the level of
understanding of the mental model, as a general trend, one
should note isolated difficulties in representing one’s own
thoughts (first-order representations), as well as the deficiency
of second-order representations both in elderly and senior age.
As a result of assessing the significance of differences between
the groups of elderly and senior subjects in terms of correct

answers when assessing the level of understanding of the
mental model, statistically significant differences were revealed
both in first-order representations (p = 0.022) and in second-
order representations (o = 0.024). It is necessary to note that
at senior age isolated errors in first-order representations and
a deficit in second-order representations are more significant
in comparison with elderly age. Both elderly and senior people
experience significant difficulties in accepting two points
of view simultaneously, which characterizes second-order
representations (“he thinks that she thinks that...”). Isolated
errors in first-order representations, which characterize the
representation of one’s own thoughts and are manifested
through the formation of one’s own point of view (‘I think that
she thinks...”), generally indicate the preservation of this level
of representation.

Analyzing the self-assessment scales, it was also established
that both elderly and seniors at the level of self-assessment
record a decrease in their intelligence and abilities indicators
with an increase in trustfulness (Fig. 2). Moreover, the specified
intelligence and abilities indicators at senior age are significantly
lower than in elderly age (o = 0.021 and p = 0.024, respectively),
and the indicators on the trust scale are significantly higher —
p = 0.034.

Next, each research group was divided into two by the level
of education in order to assess the significance of differences
in the level of expression of cognitive correlates of deception
recognition in elderly and senior age. The comparison was
carried out within the boundaries of each of the time frames
under consideration — separately in elderly and senior age —in
groups with higher and secondary specialized education. It was
reliably established that in both elderly and senior individuals
with higher education, the integrity of the mental model and
the cognitive level are significantly higher in comparison with
individuals of a senior age. At the same time, the level of
trust in these groups is significantly lower than in groups with
secondary specialized education (Fig. 3).
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Fig. 2. Indicators of average trends of the studied indicators by groups of subjects in elderly and senior age

To establish the relationships between the studied indicators
characterizing explicit and implicit recognition of deception, a
correlation analysis procedure was carried out for the studied
age groups (Table 1-2).

As a result, in the group of elderly subjects, directly
proportional statistically significant correlations were found
between the indicators of the cognitive level with the level of
understanding of the mental model (r = 0.64) and recognition
of emotions (r = 0.49) with inversely proportional statistically
significant correlations with the trust scale (r = —-0.27). Also,
statistically significant correlations were found between the
indicator of the level of understanding of the mental model
with recognition of emotions (- = 0.45) and the trust scale
(r = =0.31). Analyzing the obtained system of correlations, we
can state that the cognitive level acts as the leading correlate in
the recognition of deception in elderly age.

Similar results were obtained in the group of people of senior
age. Directly proportional statistically significant correlations
between the indicators of the cognitive level with the level of
understanding of the mental model (- = 0.57) and emotion
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recognition (- = 0.51) with inversely proportional statistically
significant relationships with the trust scale (r = —0.32). The trust
scale is also characterized by a statistically significant inversely
proportional correlation with the level of understanding of the
mental model (r = -0.48). In turn, the level of understanding of
the mental model is characterized by a statistically significant
directly proportional correlation with emotion recognition
(r=0.44) (Table 2).

However, statistically significant inversely proportional
correlations between age and cognitive level (r = -0.37)
and level of understanding of the mental model (r = -0.32) were
also found in the group of senior people. Such relationships
were not found in the group of elderly people.

Based on the data of the clinical interview with audio
recording, the following conclusions can be made, which
are mostly subjective assessments. Almost all participants
responded to the question about their level of gullibility by
saying, 'Yes, | am very trusting!" According to the trust scale
values distribution, it can be seen that most of the subjects
either gave half/slightly more than half, or almost the maximum
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Fig. 3. Indicators of average trends in the level of understanding of the mental model, cognitive level and level of trust in elderly and senior age, considering the level

of education

value. This confirms the fact that most subjects consider
themselves gullible. When asked about the rationality of such
high trust, the subjects give extremely idealistic answers. Many
believe that the people around them, for the most part, do not
have evil intent upon them and the chance of running into a liar
is extremely small. If this does happen, then "God will forgive."
This belief is a form of compensatory mechanism that helps to
justify the decrease in the ability to recognize one's worldview.

Among the subjects, regardless of age group, 30% do not
make any attempts to recognize lies. Therefore, it is not difficult
to deceive this group. Noting a high level of trust, 46% cannot
remember being deceived at least once. When asked how they
were able to determine that they are gullible if they have not
been lied to, patients find it difficult to answer. This fact also
speaks in favor of the emergence of a special compensation
mechanism due to a decrease in criticism. An explicit strategy
for recognizing deception prevails in 48% of the subjects. At
the same time, each from this group notes the importance of
eye movements during deception. This understanding of the
signs of a lie is very formulaic, but even such simple knowledge
can be useful.

Most subjects, when recalling a situation of deception, first
of all talk about phone fraud. At the same time, elderly people
are quite resistant to this particular type of scam. Theses were
often heard about the fact that one should not say the word

"yes" in a conversation, disclose personal data and the need to
verify any incoming information. Nevertheless, several patients
talked about situations of successful deception by phone. When
asked about the reason for the success of the fraud, the victims
noted the fast pace of speech, the abundance of information
and its substantive aspect, which concerned the health of the
victim or close circle. Based on the obtained data, it is possible
to conclude about the relative success of counteracting phone
fraud but also note the serious vulnerability in this regard in
case of exposure to a topic that is emotionally significant for
the recipient.

As an additional observation, it should also be noted
that only a few subjects actually read the voluntary informed
consent. The rest signed the document without reading it in
full and without any questions. This allows us to conclude
that the job status of the interlocutor has a high influence on
behavior. The patients were reassured by the fact that the
papers for signature were given to them by a person who
introduced himself as an employee of the clinic. This may
indicate the effectiveness of deceptive actions in relation to
the elderly using "authority" (for instance, introducing himself
as an employee of law enforcement or health care). 75% of
the subjects do not feel lonely. Most patients have hobbies
and an extensive social circle. Although many claim that at this
age they have fewer friends and relatives, and it is increasingly
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Table 1. Results of the correlation analysis of the studied parameters in the group of elderly subjects (Spearman's r-rank correlation coefficient, p < 0.05)

Parameters Age Cognitive level Li\fl?hgfmugggls :ﬁgggg Emotion recognition Trust scale
Age 1
Cognitive level -0.23 1
o oranesanae | o '
Emotion recognition -0.09 0.49* 0.45* 1
Trust scale 0.09 -0.27* -0.31* -0.15 1

Note: * — statistically significant correlation.

difficult to make new acquaintances, they do not experience
a lack of communication. Some of the interviewees noted the
effectiveness of the "Moscow Longevity" program as a way to
maintain stable interpersonal communication.

DISCUSSION

Based on the results obtained, cognitive correlates of
deception recognition in elderly and senior age were identified.
It has been reliably established that with age, as people get
older, regardless of the level of education, there is a decrease
in the cognitive level, which, in general, is natural in the process
of normative aging. These changes lead to a decline in the
comprehension of the theory of mind, which in turn complicates
emotion recognition and increases trust levels.

The results obtained correspond to the data of earlier
studies. Sergienko E.A. (2020) with co-authors points out that
after 60 years, elderly people arbitrarily structure their social
space and focus on trusting relationships, thereby trying to
minimize negative experiences [12, 16-17]. However, even with
such socio-emotional selectivity, it is impossible to completely
exclude interaction with other people, in which there is a need
to understand the intentions, truthfulness, beliefs, emotions
of other people. Such understanding is provided precisely
due to the theory of mind, which is understood as a cognitive
mechanism that ensures successful interaction with another
person. Violation of the integrity of the mental model, caused by
cognitive changes, just leads to an increase in the vulnerability
of elderly and senior people to deception.

However, unlike the results of the study presented in the
works of A.l. Milekhin (2019), which points to the phenomenon
of denial of sociocognitive changes or specific cognitive

anosognosia [23]; the majority of subjects who took part
in our study, both in elderly (76%) and in senior age (82%),
subjectively noted that they had become more trusting. At the
same time, our results are consistent with the results of A.l.
Milekhin in terms of the deficit of second-order representations
in determining the mental model with the relative preservation
of first-order representations.

CONCLUSIONS

An empirical study confirmed the hypothesis of a correlation
between cognitive level and the ability to recognize deception.
The lower the overall cognitive level, the worse the ability
to recognize deception and the more trusting a person
becomes.

During the clinical interview with audio recording, the most
common compensatory strategies were identified: idealism,
"biased optimism", "halo effect", positive bias. In addition,
patients demonstrated vulnerability to sensory overload due to
short-term memory impairment, observed in 46% of subjects.

Thus, based on the obtained results from empirical studly,
it has been reliably established that the cognitive correlates
of implicit deception recognition in elderly and senior age are
emotion recognition and the level of understanding of the
mental model. The correlates of explicit deception recognition
in elderly and senior age are self-assessment of the level of
one's own credulity and behavioral strategies. The success of
deception recognition is lower with increasing age. With age,
there is a decrease in the level of the mental model, which is
manifested in the difficulty of simultaneously understanding two
points of view (second-order representations), which, in turn,
leads to an increase in the level of trust.

Table 2. Results of the correlation analysis of the studied parameters in the group of senior subjects (Spearman's r-rank correlation coefficient, p < 0.05)

Parameters Age Cognitive level Level of understanding Emotion recognition Trust scale
of the mental model
Age 1
Cognitive level -0.37* 1
Level of understanding ~0.30* 0.57* 1
of the mental model
Emotion recognition -0.09 0.51 0.44* 1
Trust scale 0,09 -0,32* -0,48" -0,15 1

Note: * — statistically significant correlation.

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.010




OPUTMHAJIbHOE UCCJIEQOBAHWME | NMCUXOJ10I NA

References

1.

Vrij A. Detecting lies and deceit: Pitfalls and opportunities. Chichester,
UK: Wiley, 2008; 503 p.

2. Vrij A. Eliciting cues to deception and truth: What matters are the
questions asked. J of Applied Research in Memory and Cognition.
2012; 1 (2): 110-7.

3. Vrij A, Fisher R, Mann S, Leal S. A cognitive load approach to
lie detection. Journal of Investigative Psychology and Offender
Profiling. 2008; 5 (1-2).

4. Vrij A. Detekcija obmana i Izhi. SPb.: Prajm-evroznak. 2005, 320
s. Russian.

5. Vrij A. Vyjavlenie priznakov Izhi i pravdy: vazhny zadavaemye
voprosy. Zhurnal prikladnyh issledovanij v oblasti pamjati i
poznanija. 2012; 110-7. Russian.

6. Jekman, Pol. Psihologija Izhi. SPb.: Piter, 1999, 270 s. Russian.

7. Jekman, Pol., Frizen U. Uznaj Izheca po vyrazheniju. SPb.: Piter,
2010; 272 s. Russian.

8. Jekman, Pol. Psihologija jemocij. SPb.: Piter, 2010; 336 s. Russian.

9. Ekman P, Friesen WV, Scherer KR. Body movement and voice
pitch in deceptive interaction. Semiotica. 1976; 16 (1): 23-27.
Available from: https://doi.org/10.1515/semi.1976.16.1.23.

70. Ekman P. Deception, lying, and demeanor. N. Y., 1997; p. 93-105.

11. Znakov V. V. Psihologija vozmozhnogo: Novoe napravlenie
issledovanii ponimanija. M.: I1zd-vo «Institut psihologii RAN», 2022;
365 s. Russian.

12. ergienko E. A., Ulanova A. Ju., Lebedeva E. |. Model' psihicheskogo:
Struktura i dinamika. M.: 1zd-vo «Institut psihologii RAN», 2020;
503 s. Russian.

13. Egorov D. M. Psihologicheskaja specifika zakonomernostej
raspoznavanija Izhi. Vestnik Tomskogo gosudarstvennogo universiteta.
2015; 393: 191-5. Russian.

14. Zhbankova O. V. Primenenie ditrekinga v praktike professional'nogo
otbora kadrov. Jeksperimental'naja psihologija. 2018; 156-165.

JINutepatypa

7. Vrij A. Detecting lies and deceit: Pitfalls and opportunities. Chichester,
UK: Wiley, 2008; 503 p.

2. Vrij A. Eliciting cues to deception and truth: What matters are the
questions asked. J of Applied Research in Memory and Cognition.
2012; 1 (2): 110-7.

3. Vrij A, Fisher R, Mann S, Leal S. A cognitive load approach to
lie detection. Journal of Investigative Psychology and Offender
Profiling. 2008; 5 (1-2).

4,  O®pan O. Oetekums obmaHa 1 mxu. Cl6.: MNpaim-eBpo3Hak.
2005, 320 c.

5. OpanO. BbisiBNeHve Npr3HaKoB SHKW 1 MpaBdbl: BaXKHb! 3a0aBaeMble
BOMPOCHI. XKypHau NpuknaaHbIX UCCNefoBaHN B 061acTy naMsT
1 no3HaHnsa. 2012; 110-7.

6.  OkmaH, Non. Meuxonorusa mxku. Cr6.: Mutep, 1999, 270 c.

7. OkmaH, lNon., ®puaeH Y. YaHai mxeLa no BbipaxeHuto. Cl6.:
Mutep, 2010; 272 c.

8. OkmaH, Mon. Meunxonorunst amoumia. Cr6.: Mutep, 2010; 336 c.

9.  Ekman P, Friesen WV, Scherer KR. Body movement and voice
pitch in deceptive interaction. Semiotica. 1976; 16 (1): 23-27.
Available from: https://doi.org/10.1515/semi.1976.16.1.23.

70. Ekman P. Deception, lying, and demeanor. N. Y., 1997; p. 93-105.

11. 3HakoB B. B. lNcuxonornst BO3MoXxHoro: HoBoe HanpasneHve
ncenefoBanHuii noHMManna. M.: 13a-Bo «IHCTUTYT ncuxonornm
PAH», 2022; 365 c.

12. CeprueHko E. A., YnaHoa A. tO., Jlebegesa E. . Monenb
ncuxudeckoro: CTpykTypa 1 auHamunka. M.: N30-Bo «/IHCTUTYT
ncuxonorun PAH», 2020; 503 c.

13. Eropos [. M. lNcuxonornyeckas crneumndrka 3aKkOHOMEPHOCTEN
pacnosHaBaHnsa K. BeCTHMK TOMCKOro rocyaapcTBEHHOro
yHmBepcuTeTa. 2015; 393: 191-5.

14. >KbaHkoBa O. B. [llpuMeHeHWe alTpekuHra B npakTuke

15.

16.

17.

18.

19.

20.

21.

22.

23.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Russian.

Premack D, Woodruff G. Does the chimpanzee have a theory
of mind? Behavioral and Brain Sciences. 1978;.1 (4): 515-26.
Available from: https://doi.org/10.1017/s0140525x00076512.
Sergienko E. A. Model' psihicheskogo (Theory of mind) kak
mental'nyj mehanizm stanovlenija sub#ektnosti. Sub#ekt, lichnost' i
psihologija chelovecheskogo bytija. 2005; 113-45. Russian.
Sergienko E. A. Model' psihicheskogo i social'noe poznanie.
Psihologicheskie issledovanija. 2015; 8 (42): 6. Available from:
http://psystudy.ru/index.php/eng/2015v8n42e/1174-sergienko4
2e.html. Russian.

Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I. The
Reading the Mind in the Eyes Test Revised Version: A Study with
Normal Adults, and Adults with Asperger Syndrome or High-
functioning Autism. Journal of Child Psychiatry and Psychiatry.
2001; 42

Nasreddine ZS, Philips NA, Bédiran V, Charbonneau S, Whitehead V,
Collin 1, et al. The Montreal Cognitive Assessment, MoCA: a
brief screening tool for mild cognitive impairment. Journal of the
American Geriatrics Society. 2005; 53 (4): 695-9.

Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a
“theory of mind”? Cognition. 1985; 21: 37-46.

Winner E, Leekam S, Brownell H, Happé F, Blum A, Pincus D.
Distinguishing lies from jokes: theory of mind deficits and discourse
interpretation in right hemisphere brain-damaged patients. Brain
and Language. 1998; 62 (1): 89-106.

Leslie AM, Frith U. Autistic children's understanding of seeing, knowing
and believing (aHrmn.) British Journal of Developmental Psychology.
1988; 6 (4): 315-24. DOI: 10.1111/j.2044-835X.1988.tb01104 .x.
eljohin A. I. Specifika ponimanija obmana v pozhilom i starcheskom
vozraste. Psihologija i pravo. 2019; 9 (4): 187-210. DOL:
10.17759/psylaw.2019090414. Russian.

npodeccroHanbHoro otéopa KagpoB. ISKcrnepumeHTanbHas
ncuxonorusa. 2018; 156-165.

Premack D, Woodruff G. Does the chimpanzee have a theory
of mind? Behavioral and Brain Sciences. 1978;.1 (4): 515-26.
Available from: https://doi.org/10.1017/s0140525x00076512.
CeprueHko E. A. Mopenb ncuxumdeckoro (Theory of mind) kak
MeHTasIbHbI MEexXaHU3M CTaHOBMEeHMs CyObeKTHOCTN. CyObekT,
JIMHYHOCTb 1 NCUXONOrUs YenoBedeckoro obimus. 2005; 113-45.
CeprueHko E. A. Mogenb NCUxXmM4ecKoro 1 coLmansHoe NosHaHve.
[Necunxonornyeckne ncenepoBaHns. 2015; 8 (42): 6. Available from:
http://psystudy.nu/index.php/eng/2015v8n42e/1174-sergienko42e.html.
Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I|. The
Reading the Mind in the Eyes Test Revised Version: A Study with Normal
Adults, and Adults with Asperger Syndrome or High-functioning Autism.
Journal of Child Psychiatry and Psychiatry. 2001; 42

Nasreddine ZS, Philips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, et al. The Montreal Cognitive Assessment, MoCA: a
brief screening tool for mild cognitive impairment. Journal of the
American Geriatrics Society. 2005; 53 (4): 695-9.

Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a
“theory of mind”? Cognition. 1985; 21: 37-46.

Winner E, Leekam S, Brownell H, Happé F, Blum A, Pincus D.
Distinguishing lies from jokes: theory of mind deficits and discourse
interpretation in right hemisphere brain-damaged patients. Brain
and Language. 1998; 62 (1): 89-106.

Leslie AM, Frith U. Autistic children's understanding of seeing, knowing
and believing (aHrn.) British Journal of Developmental Psychology.
1988; 6 (4): 315-24. DOI: 10.1111/].2044-835X.1988.tb01104 .x.
MenéxuH A. V1. Cneumndurka noHMaHms obmaHa B NOXUIOM U
cTapyeckoM BogpacTe. [Ncrxonorus 1 npaso. 2019; 9 (4): 187-210.
DOI: 10.17759/psylaw.2019090414.

BECTHUK PITMY | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2025.010



ERRATUM

In issue 6 (November-December 2024) of the Bulletin of RSMU a few errors were made:

IMPACT OF TUMOR ON THE CELL CYCLE AND DIFFERENTIATION OF HEMATOPOIETIC STEM CELLS
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The following corrections should be applied:

Published text:

Correction:

p. 27, item
“Funding”

Funding: the study was supported by the Russian
Science Foundation, project No. 23-25-10099.

Funding: the study was supported by the Russian
Science Foundation in cooperation with the
Government of the Novosibirsk Region, project No.
23-25-10099.

C. 27, NyHKT
«DrHaHCMpOBaHVe»

drHaHCMpPOBaHUNE: UCCNeAOBaHNE BbIMNOMHEHO NP
drHaHcoBon nopaepxxke Poccuinckoro Hay4Horo
®doHpaa, npoekT Ne 23-25-10099.

DurHaHCcpoBaHWe: NccnefoBaHne BbIMOMHEHO Npw
hrHaHcoBo nopgaepxke Poccuinckoro HayyHoro
®doHpa coBmecTHO ¢ lMpaBuTensctBom HoBoCcnbuMp-
ckoli obnacTu, NpoekT Ne 23-25-10099.
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