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ABNAKOTCA TaKXXe BIApyCHbIe MH¢eKLlIAM, KOTOpre CI'IOCOGCTByIOT aKTuBauumn peTpOBneMeHTOB n CTMMyﬂFILI,I/IM IAHTepq)epOHOBOFO oTBeTa I'IpOAyKTaMI/I
nx SKCI'IpeCCI/IM C pa3BMTI/IeM XpOHIA‘-IECKOFO BOCna/zieHusa, C HaprJeHI/IeM perynﬂu,mm reHoB IAMMyHHOVI CUCTEMBI, MMKPOPHK N A/IMHHBIX HEeKoAWN-
pyiOLLlVIX PHK. nepCI‘IeKTVIBHbIM Hal'lpaBneHVIeM ne4vyeHuna aTepOCKneposa ABNAETCA 3NUreHeTn4ecKkoe BO3Ael7ICTBI/Ie Ha 3KCI'IPECCMFO cneu,mbwqecmx
reHoB, BOB/Ie4eHHbIX B MaToreHes aTepocmepoaa CMOMOLL b Ma/ibiX VIHTqu)ePVIPyK)LIJ,VIX PHK.B AAHHOM OTHOLWIEHUN I'IpOLIJIWI K/IMHN4YeCKune ncnbita-
HWA NpenapaTbl UHKAMCMPaH 1 0/MacupaH, NMoKasaslune CBO 3G HeKTUBHOCTb. [03TOMY aKTya/ieH MOUCK HOBbIX MOJIEKY/IAAPHBIX MULLEHEe B JaHHOM
HanpaB/IeHUK, B Ka4eCTBE KOTOPbIX MOTYT CNYXMWTb TPAHCMO30HbI, ABAAILMECA NCTOYHUKAMMU Hekoaupyowmx PHK. Mi3sMeHeHne akTMBHOCTM peTpo-
3/1EMEHTOB MpY CTapeHUM OKasbliBaeT r/106a/ibHOe peryiaTopHOe BAMAHWE Ha GYHKLMOHMPOBaHME BCEro reHoMa, CnocobCTBys pasBUTUIO BO3pacT-
aCcoLMMPOBaHHONM NaToNOrMK. AHann3 Hay4HOW AWTepaTypbl MO3BOAWA UAEHTUMLMPOBaTL 29 nMpousoleawnx oT peTposieMeHToB MUKPOPHK,
n3MeHeHunAqa 3KCI‘IPECCI/IVI KOTOPbIX onpep,eneHbl KaK I'IpM CTapeHVII/I, TakK un I'IPVI aTepocmepo3e, 4yTo nOATBePMAaeT npep,nono»(eHMe o POIWI aKTUBU-
POBaHHbIX I'IPVI CTapeHVIVI PeTpOBneMeHTOB B PaBBVITVIVI aTepocmepoaa. BbifiBNIE€HHbIE MVIKPOPHK npeAnonaraeTcn ncnosab3oBatb 414 TapreTHoro
BOBAeﬁCTBMﬂ C uesibro I'IPOAHEHVIH XU3HUN N nevyeHunsa aTePOCKneP03a.

Knro4deBbie cnoBa: amepocknepos, mukpoPHK, pemposnemeHmsl, mapzemHas mepanus.
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Abstract

Atherosclerosis is the leading cause of cardiovascular disease among adults. The incidence of atherosclerosis increases significantly with age,
which indicates the possible influence of aging mechanisms on the development of the disease, including changes in epigenetic factors caused by
pathological activation of transposable elements. Triggers of atherosclerosis are also viral infections, which promote the expression of retroelements
that stimulate the interferon response with the development of chronic inflammation. Activated retroelements also alter the regulation of immune
system genes and epigenetic factors, including the pathological production of microRNAs and long non-coding RNAs. A promising direction for
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atherosclerosis treatment is the epigenetic impact on the expression of specific genes involved in the pathogenesis of atherosclerosis using small
interfering RNAs. In this regard, the drugs inclisiran and olpasiran have undergone clinical trials and have shown their effectiveness. Therefore, it is
important to search for new molecular targets in this direction, which can serve as transposons, which are sources of non-coding RNAs. Changes in
the activity of retroelements during aging have a global regulatory effect on the functioning of the entire genome, contributing to the development
of age-associated pathology. An analysis of the scientific literature made it possible to identify 29 microRNAs derived from retroelements, changes
in the expression of which have been identified both during aging and atherosclerosis. These microRNAs can be used as tools for prolonging life and
treating cardiovascular pathology. The results obtained also indicate that retroelements pathologically activated during aging cause the development
of atherosclerosis.

Key words: atherosclerosis, microRNAs, retroelements, targeted therapy.
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Introduction

Atherosclerosis (AS) is the leading cause of cardio-
vascular diseases globally. AS is characterised by a long-
lasting latent period and frequently involves more than
one vascular bed. The key clinical manifestations of the
disease are AS with involvement of coronary, carotid
arteries, peripheral lower extremity arteries (AS PLEA),
etc., ischemic heart disease and cerebral ischemia. Fat
deposits on arterial walls gradually develop into seba-
ceous cysts and distinctive plaques, the quick rupture of
which causes local thrombosis and partial or complete
occlusion of the involved artery [1]. The global incidence
of AS PLEA (from the iliac segment to feet) has risen
by 45 % over the period from 2000 to 2015 and reached
5.6 % of the adult population globally (7.4 % — in high-
income nations and 5.1 % — in low- and medium-
income nations) [2]. IHD-caused mortality in Eastern
Europe, including Russia, was 434 per 100,000 for men
and 235 per 100,000 for women; while the rate of deaths
from ischemic stroke was 138 per 100,000 of population
in Russia. In addition to environmental factors, such
as smoking, unhealthy diet with dyslipidemia and obe-
sity [1], ageing and genetics have an important role to
play in aetiopathogenesis of AS [3]. AS development is
facilitated by kidney diseases due to faster calcification
both of vessel intima (resulting in calcium deposition in
atheromatous plaque) and of the middle layer (with an
increase in the vessel rigidity) [1]. Major contributors
(as compared to IHD) to the development of AS PLEA
are smoking and type 2 diabetes mellitus. However, two
thirds of patients with AS PLEA also have IHD and cere-
bral ischemia, evidencing the systemic nature of vessel
involvement. A simple and reliable test to diagnose AS
PLEA is the ankle-brachial index, which is calculated by
dividing ankle systolic arterial pressure by shoulder sys-
tolic pressure [3].

According to results of meta-analyses, peripheral ath-
erosclerosis is associated with allelic variants of SYTL3
(rs2171209), TCF7L2 (rs290481), CYP2B6 [3]. Isch-
emic heart disease is associated with polymorphisms
of 57 various genes [4]. Cerebral ischemia is associated
with allelic variants of VCAM1, LAMC2, GP1BA, PROC,
KLKBI, F11, which are planned to be used in the man-
agement of the disease [5]. However, it is impossible to
explain the role of these numerous genes in the devel-
opment of AS and to use them as targets for the target
therapy. A study of epigenetic mechanisms of AS, which
are reversible and can be efficiently corrected with the
help of non-coding RNA (ncRNA), would be more
promising. The epigenetic factors include DNA methyla-
tion, histone modification and RNA interference using
ncRNA. During the ontogeny, the epigenetic factors are
regulated by transposons, which include retroelements
(RE) and DNA transposons [6]. A comparative study
conducted in 2022 to study the epigenetic factors in
samples obtained from patients with AS and healthy con-
trols showed 47 activated (hypomethylated) and 90 inac-
tive (hypermethylated) genes in AS, as well as 10 key AS
genes (TCF7L2, CACNAIC, NRP1, GABBR2, FANCC,
DCK, CCDC88C, TCF12, ABLIM1, PBX1), differentially
expressed under the influence of microRNA and abnor-
mal methylation [7]. AS development is facilitated by
age-associated vascular wall inflammation [8], whereas
ageing is associated with abnormal activation of HERV
(human endogenous retroviruses) RE [9] and LINE-1
(long interspersed nuclear elements-1) [10], the prod-
ucts of transcription and translation of which stimulate
interferon hyperproduction, causing chronic inflamma-
tory processes in the body [9, 11]. The role of transpo-
sons in the initiation and development of AS is a result
not only of interferon-mediated inflammation, but also
of the participation in the immune system functioning.
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An evidence of this can be formation of RAGI and
RAG2 recombination from transposons necessary for
V(D)J [12], use of ERV as HLA-G gene enhancers [13]
and interferon-inducible genes (thus forming transcrip-
tional networks for interferon response [14]). Meta-
analyses demonstrated the role of RE dysregulation in
an autoimmune pathology [15], which is associated with
the development of AS [16].

AS presents with persistent inflammation as a result
of polarisation of AS-associated macrophages from anti-
inflammatory (M2-like) to pro-inflammatory (M1-like)
macrophages under the influence of epigenetic drug resis-
tance factors. Since macrophages are important for the
organisation of the entire process of AS development —
from initiation to plaque rupture — they are called AS-
associated macrophages. Since AS presents with persis-
tent inflammation, modern therapies, including statins,
ACE inhibitors, beta blockers and aspirin, have no effect
on disease progression, because they do not specifically
affect macrophages and their polarisation [17]. HERV-
K102 are expressed by activated monocytes and move
to vacuoles connected to their surfaces, making the cells
look foamy. HERV-K102 are released only during mac-
rophage lysis. HERV-K102 protect human cells against
viral infections and malignancies [18]. Since clinical
trials demonstrate that HIV, HSV-1 and HSV-2, hepatitis
C (HCV) and B, cytomegalovirus (CMV), T-cell leukae-
mia and papilloma (HPV), flu (similar to those described

in the systemic review [19]) contribute to the develop-
ment of AS, HERV-K102 hyperproduction to protect the
cells [18] can cause impaired gene expression in macro-
phages, leading to a pathology and involvement in AS
pathogenesis [20]. REs are activated by stress factors
[21].

Transposons regulate gene expression during human
ontogeny [22], acting as drivers of epigenetic regula-
tion [6], because they are sources of ncRNA, such as
microRNA [23] and long ncRNA [24, 25]. Therefore,
changes in expression of specific mcRNA in AS can
represent RE dysregulation in these processes (Fig. 1).
At the same time, ncRNA is not only involved in post-
transcription regulation of gene expression, but also is
a key driver of DNA and histone modification [6] due
to the mechanism of RNA-directed DNA-methylation
(RADM). This phenomenon, which was first observed
in plants, has been found in humans as well [26]. Over
the last decades, new methods to impact the inflamma-
tion in AS have been developed, such as blocking the
recruitment of inflammatory cells (using antagonists
of chemokine receptors and adhesion molecules), neu-
tralisation of pro-inflammatory factors (monoclonal
antibodies to chemokines and cytokines), plaques sta-
bilisation (matrix metalloproteinase inhibitors). How-
ever, almost all of them failed to demonstrate efficacy
during preclinical and early clinical trials. For example,
canakinumab, a monoclonal antibody to IL-1p, reduces
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Figure 1. Scheme of retroelements involvement in atherosclerosis development.
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C-reactive protein levels and the incidence of recur-
rent cardiovascular events without any impact on LDL
cholesterol levels. Therefore, one promising area can be
targeted change of macrophage polarisation as a result
of targeting the epigenetic factors with microRNA [17].
The most optimal scheme is the use of microRNA, both
for changing the macrophage polarisation and targeting
abnormally active transposons.

Role of MicroRNA Derived
from Retroelements

in the Development of
Atherosclerosis

RE involvement in aetiopathogenesis of atheroscle-
rosis is related not only to the impact on gene expres-
sion, but also to immune system activation, however
with mediation of direct formation of long ncRNA from
LINE [27] and HERV transcripts [28], which have an
important role to play in the development of AS [29].
Besides, microRNAs derived from retroelements [23]
and involved in AS pathogenesis interact with their
evolutionary sources (RE) in the genome structure and
with molecules of their transcripts, leading to formation
of abnormal gene networks, identification and descrip-
tion of which can become the basis of the efficient target
therapy in AS. A potential therapeutic target can be miR-
1246 originating from LTR-ERVL and partially comple-
mentary to its sequence [23]. This microRNA facilitates
proliferation, invasion and differentiation of vascular
smooth muscle cells (VSMC) [30]. Abnormal prolifera-
tion of VSMC causes AS plaques. VSMC can move to less
differentiated forms, where VSMC markers are present,
including macrophage-like cells, which facilitates pro-
gression of AS and inflammation [31].

Ageing-associated [32] miR-1248, which evolved
from SINE/Alu [23], inhibits thrombomodulin expres-
sion by endothelial progenitor cells, thus evidencing
its possible involvement in AS pathogenesis [33]. MiR-
1257, which evolved from ERVL [23], is involved in pro-
tein assembly pathways in the major histocompatibility
system (MHC) and regulates various target genes, mostly
CALR, as well as POMC, TLR4, IL10, ATF6, facilitating
AS progression [34]. Exosomes obtained from M2 mac-
rophages of patients with myocardial infarction demon-
strated high levels of miR-1271 [35], which evolved from
LINE2 [23]. An examination of coronary artery samples
of patients with AS showed a significant increase in
expression of miR-1273 [36], the family of which evolved
from LINE, SINE, ERVL [23].

Patients with ischemic stroke had higher levels of
miR-1290 (which evolved from SINE/MIR [23]) in
peripheral blood samples vs. healthy controls [37]. MiR-
147, which evolved from LINE1 [23], has atherogenic
effects and induces ICAM-1 (intracellular adhesion
molecule 1) expression by endothelial cells (EC) [38].
During the evolution, LINE2 was a source of miR-151

[23], which inhibits EC apoptosis and plays a vital role
in AS development. miR-151 targets IL-17A, BAX pro-
tein, c-caspases 3 and 9 [39]. Expression of miR-192
(which evolved from LINE2 [23]) is significantly higher
in serum of patients with AS. This microRNA facili-
tates proliferation and migration of VSMC [40]. Serum
of patients with AS demonstrates significantly reduced
levels of miR-211 [41], which evolved from LINE2 [23].

Plasma samples obtained from patients with unsta-
ble angina demonstrate significantly higher levels of
miR-28, which facilitates expression of ABCA1 (ATP-
binding cassette subfamily, a regulator of homeostasis
of cholesterol and phospholipids), which correlated
with activation of LXRa translation in macrophages
[42]. MiR-28 evolved from LINE2 [23] and is known
for specific expression in patients with unstable angina.
In this regard, miR-28 is a morphological substrate,
since it is involved in pathophysiological causes of
myocardial infarction. MiR-28 is located in intron 6 of
LPP (lipoma preferable partner) and regulates migra-
tion, adhesion, proliferation, apoptosis of cells, includ-
ing VSMC, in atherosclerosis [42]. High expression of
miR-31 (which evolved from LINE2 [23]) facilitate AS
progression as a result of effect on NOX4 (NADP oxi-
dase-4, a non-phagocytal cell ferment which catalyses
reconstruction of molecular oxygen to various active
forms) [42]. Patients with chronic IHD have specifi-
cally higher expression of miR-320b, which regulates
cholesterol outflow from macrophages. Administration
of miR-320b to experimental animals caused atheroscle-
rosis plaques to grow; the number of damaged macro-
phages increased; and pro-inflammatory cytokine levels
increased due to higher phosphorylation of NF-kB [43].
During the evolution, the source of miR-320b is LINE2
[23]. Targeting miR-320b during AS therapy [43] can
be a promising area, since it is the basis for resolving
the issue with regulation of macrophage polarisation in
a majority of current studies [17].

MiR-325, which evolved from LINE2, facilitates AS
development due to inhibition of expression of KDM1A
(which encodes lysine demethylase 1A, a component of
HDAC), reducing SREBF1 (a transcription factor bind-
ing to promoter gene of low-density lipoprotein recep-
tor) levels and inhibiting activation of PPARy-LXR-
ABCAL1 pathway [44]. Plasma levels of miR-335, which
evolved from SINE/MIR [23], were high in patients with
AS [45]. Peripheral mononuclear cells demonstrated high
levels of miR-342 [46], which evolved from SINE/tRNA-
RTE [23] and positively correlated with serum concen-
trations of IL-6 and TNF-a [46]. Serum levels of miR-
374 (which evolved from LINE2 [23] and stimulates
proliferation and migration of VSMC) in patients with
AS were high [47]. Reduced outflow of free cholesterol
from macrophages and increased inflow of oxidised low-
density lipoproteins is an important factor of AS devel-
opment. MiR-378, which evolved from SINE/MIR and
LINE2 [23], is involved in metabolic pathways regulating
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these processes [48]. MiR-384 [49], which evolved from
LINE-Dong-R4, also contributes to the development of
AS due to effects on macrophages (interfering with their
autophagy) [23].

Low expression of miR-421 (which originates from
LINE2 [23]) in serum, plaques and VSMC in patients
with THD results in higher levels of CXCL2 (a secre-
tory protein, which is involved in immunoregulatory
and inflammatory processes) [50]. MiR-4487 (which
evolved from LINE1 [23]) stimulates VSMC migration
and survival and inhibits their apoptosis by targeting
RASA1 (RAS suppressor, which controls cell prolifera-
tion and differentiation) [51]. Expression of miR-493 in
large vessels of patients with AS is reduced as com-
pared to controls [52]. This microRNA evolved from
LINE2 [52]. MiR-495 (originating from ERVL [52])
is involved in AS pathogenesis by binding to circular
RNA hsa_circ_0126672 [53]. MiR-520d (originating
from SINE/Alu [23]) inhibits expression of PCSK9 (pro-
protein convertase subtilisin/kexin, type 9, mutations
in which cause familial hypercholesterolemia), which
causes degradation of low-density lipoprotein recep-
tors [54]. Fat tissue around coronary arteries of patients
with THD has reduced miR-548 expression. MicroRNAs
in this family evolved from various REs (LINEI, LINE2,
LTR-ERVL, LTR-Gypsy, LTR-ERV1, SINE/MIR) and
DNA-TE (TcMar, hAT Charlie) [23]. MiR-548 regu-
lates expression of HMGBI1 (nonhistone protein binding
chromatin and involved in control of DNA transcription,

replication and reparation) [55]. Expression of miR-552
(which evolved from LINE1 [23]) in cerebral vessels of
patients with AS increases under the influence of PDGF-
BB (platelet-derived growth factor-BB) in VSMC, thus
stimulating their proliferation, invasion and migration
[56].

Circular RNA circ_0086296 induces AS via feed-
back pathway of IFIT1/STATI1, acting as a sponge for
miR-576 (which evolved from LINEI [23]). The latter
inhibits expression of IFITI (interferon induced protein
with tetratricopeptide repeats) and prevent AS develop-
ment [57]. Circular RNA has_circ_0008896 stimulates
VSMC proliferation and migration by interacting with
miR-633 (which evolved from SINE/MIR [23] and reg-
ulates CDC20B (cell division cycle 20B)) [58]. Expres-
sion of miR-641 (which evolved from SINE/MIR [23]) is
reduced in VSMC, induced by oxidised low-density lipo-
proteins. This microDNA interacts with a long ncRNA
MIAT, which regulates proliferation, migration and inva-
sion of VSMC [59]. MiR-708, which evolved from LINE2
[23], is expressed in large numbers in epithelial cells of
neointima in damaged vessels where the blood flow is
normal. This micro RNA has anti-inflammatory effects;
it inhibits expression of kinase linked to IL-1 recep-
tor, IL-6 receptor, conserved helix-loop-helix ubiqui-
tous kinase, inhibitor of subunit-y of nuclear factor kB
kinase [60]. Therefore, we have described 29 microRNAs
which originate from RE and are involved in AS develop-
ment in various ways (see Fig. 2).
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Figure 2. Scheme of influence of microRNAs derived from retroelements in atherosclerosis development.
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Association with Ageing of
MicroRNAs Originating from
Retroelements, Which Are
Involved in Atherosclerosis
Pathogenesis

Since, during the development, REs are a source of
the mentioned microRNAs, which are associated with
AS, it can be assumed that one of the causes of changes in
expression of these microRNAs is abnormal RE activa-
tion due to body ageing [9, 10] and resulting in chronic
inflammatory processes [9, 11]. This is due to the pres-
ence of complementary RE sequences and derivative
microRNAs and involvement in common epigenetic
regulatory networks. In order to prove this hypoth-
esis, scientific literature was analysed and the associa-
tion between changes in the 29 microRNAs and ageing
was identified. An analysis of common transcriptomic
changes in microRNA with human fibroblast ageing
vs. early passage cells, conducted in 2009 (Maes et al.,
2009), demonstrated an association with ageing of miR-
147 and miR-633 [61]. In 2010, similar works (Marasa
et al., 2010) identified an increased expression of miR-
1246, miR-1257, miR-1271, miR-1273, miR-548, miR-
576, miR-641 [62]. In 2011, similar studies (Dhahbi et
al., 2011) managed to identify changes in expression of
miR-1246, miR-1290, miR-548 [63]. Serum of elderly
patients (over 64 years of age) had lower miR-1248 and
miR-151 concentrations as compared to a younger popu-
lation [32].

A comparative analysis of extracellular vesicles
showed significantly higher expression of miR-192 in
old experimental animals (mice) vs. young animals. This
microRNA turned out to be associated with immune pro-
cesses and regulation of cytokine signalling [64]. Changes
in microRNA levels in serum samples corresponded
to reduced miR-211 and increased miR-374 levels in a
group of people with short life expectancy vs. long-liv-
ers. MiR-211 targets mRNA of CREB5 (encodes cAMP
response element 5-binding protein), DDIT4 (encodes
DNA-damage-induced transcript 4), IGF2R (encodes
insulin-like growth factor 2 receptor). MiR-374 targets
mRNA of ATM (encodes serine threonine kinase ATM),
BCL2 (encodes BCL2 apoptosis regulator), CDKNIA
(encodes cycline-dependent kinase 1A inhibitor), CISH
(encodes cytokine-induced SH2-containing protein),
EP300 (encodes El1A-binding protein p300), HMGB2
(encodes high mobility group box 2), PARPI (encodes
poly(ADP-ribose) polymerase), TP73 (encodes tumour
protein p73) [65]. As far as circulating microRNAs are
concerned, miR-28 [66] levels are reduced in physiologic
ageing. The role of increased miR-31 expression in skin
ageing has been identified, which has direct effect on
mRNA of the circadian rhythm gene Clock, activating
MAPK/ERK cascade and depleting stem cells of skin hair
follicles [67]. Higher expression of miR-320b in ageing
is associated with higher TNF-a levels [68]. Reduced

production of miR-325 contributes to chondrocyte
ageing due to activation of p53/p21 pathway [69]. MiR-
335 induces EC ageing and inhibits mRNA of sKlotho (a
protein gene product, acts as a humoral factor reducing
peroxide-caused apoptosis and cellular ageing in EC)
[70].

Peripheral blood mononuclears demonstrate reduced
expression of miR-342 with ageing. This microRNA inter-
acts with the coding sequence of mRNA of SIRT6, which
facilitates ageing [71]. Computer-generated simulation
aimed at decoding the impact of microRNA on skeletal
muscles ageing demonstrated that miR-378 maintains
stable myogenesis due to inhibition of Msc expression
during late stages of differentiation. MiR-378 is located
in the intron of PGC-1f, which regulates energy metabo-
lism. MiR-378 also targets mRNA of IGF-1 [72]. With
ageing, expression of miR-384 is significantly higher in
mesenchymal stem cells of the brain, which causes inhi-
bition of osteogenetic differentiation, thus contributing
to ageing. MiR-384 inhibits mRNA of Gli2 (encodes
the protein of zinc finger family GLI2) [73]. In ageing,
expression of miR-421 in the anterior lens capsule is
significantly reduced, which facilitates cataract develop-
ment. MiR-421 is an apoptosis inhibitor and induces cell
proliferation [74]. A study of skin samples taken from
people of various ages demonstrated that increased
expression of miR-4487, which interacts with circular
RNAs, has a role to play in skin ageing [75]. The role of
reduced miR-493 expression in myocardium ageing has
been established [76].

Higher miR-495 expression contributes to cell apop-
tosis and ageing of mesenchymal stem cells by impacting
BM!1 (encodes proto-oncogene BMI1) [77]. It has been
established that miR-520d reduces expression of the long
ncRNA GPRC5D-AS1, which inhibits cell apoptosis and
activates factors of muscle regulation Mef2c, Myf5, MyoD,
Myo G. MiR-520d facilitates skeletal muscles ageing [78].
One sign of skin ageing is impaired calcium gradient.
Higher calcium concentrations in the basal layer inhibit
cell proliferation, while reduced concentrations in the
granular layer change the keratinised layer composition.
Keratinocytes respond to calcium-induced blocking of
mitosis with higher expression of specific microRNAs,
including miR-552 [79]. With ageing, expression of miR-
708 in joint tissue and serum drops [80]. Table 1 presents
data on the changes in expression of the 29 microRNAs
originating from RE, in ageing and atherosclerosis. The
results allow assuming that, with ageing, RE activation
leads to immunopathological processes and disorders
in epigenetic networks for gene regulation, resulting
in modified expression of specific microRNAs (which
evolved from REs and have complimentary sequences),
which contribute to AS development.

According to a systematic review of scientific litera-
ture conducted in 2023, both experimental and clinical
trials are ongoing which seek to explore the direct impact
on epigenetic factors of atherosclerosis. The role of




Apxusb BHYTpeHHE MeAuuMHEL ® No 2 o 2024

AEKINU

Table 1. Association of retroelement-derived miRNAs with atherosclerosis and aging

Changes in miRNAs expression | Changes in miRNAs expression

Ne MiRNA Retroelement-source in atherosclerosis (increase — T, |  during aging (increase — T,
decrease — |) [author] decrease — |) [author]
1. miR-1246 ERVL 1 [30] 1 [62, 63]
2. miR-1248 SINE/Alu 1 [33] 1[32]
3. miR-1257 ERVL T[34] 1 [62]
4. miR-1271 LINE2 T[35] T [62]
5. miR-1273 LINE, SINE, ERVL T [36] T [62]
6. miR-1290 SINE/MIR T [37] T[63]
7. miR-147 LINE1 1138 L [61]
8. miR-151 LINE2 1 [39] 1[32]
9. miR-192 LINE2 1 [40] 1 [64]
10. miR-211 LINE2 1[41] 1 [65]
11. miR-28 LINE2 1 [42] L [66]
12. miR-320b LINE2 T [43] T [68]
13. miR-325 LINE2 T [44] 1 [69]
14. miR-335 SINE/MIR 1 [45] 1 [70]
15. miR-342 SINE/tRNA-RTE 1 [46] L[71]
16. miR-374 LINE2 1 [47] 1 [65]
17. miR-378 SINE/MIR, LINE2 T [48] 1 [72]
18. miR-384 LINE-Dong-R4 1 [49] 1 (73]
19. miR-421 LINE2 1 [50] 1 [74]
20. miR-4487 LINE1 1 [51] 1 [75]
21. miR-493 LINE2 1 [52] 1 [76]
22. miR-495 ERVL 1 [53] T(77]
23. miR-520d SINE/Alu 1 [54] T (78]
24. miR-548 LINE, ERV, SINE 1 [55] 1 [62,63]
25. miR-552 LINE1 1 [56] 1 [79]
26. miR-576 LINE1 1 [57] 1 [62]
27. miR-633 SINE/MIR 1 [58] T [61]
28. miR-641 SINE/MIR 1 [59] T [62]
29. miR-708 LINE2 1 [60] 1[80]

medicinal products in the mechanisms of the disease is
being studied as well. For example, clinical trials demon-
strated that aspirin absorption results in reduced meth-
ylation of ABCBI (encodes a member of ATP-binding
cassette subfamily) in patients with stenotic intracraneal
arteries. The role of plant mixes used in China, as well as
of curcumin, resveratrol and geniposide on DNA meth-
ylation in AS was established. The efficacy of DNA meth-
yltransferases (DNA-MT) inhibitors [81] (which are
actively used in the treatment of malignancies [82]) for
the treatment of AS was demonstrated. In mice experi-
ments, an analogue of cytosine (5-azacytidine) inhibited
AS development. Antisense oligonucleotides, e.g. MG98,
can be successfully used as DNA-MT inhibitors for

the treatment of AS. Epigenetic therapy can target his-
tone modification enzymes; histone methyltransferase
inhibitors (iHMT) and histone acetyltransferase inhibi-
tors (iHAT) can be used. Currently, iHMTs are an unem-
ployed resource, the most potent of them being GSK126, a
highly-selective component to methyltransferase EZH2,
which can inhibit expression of pro-inflammatory genes.
Anacardic acid and garcinol are natural iHATs. MG149,
a synthetic analogue of anacardic acid, inhibits NF-xB
pathway, which contributes to AS development. A prom-
ising class of products is histone deacetylase inhibitors
(iHDA), because they have already been approved by the
FDA for the treatment of haematologic cancers and can
re-activate silent genes by targeted impact on target gene
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promoters. In mice experiments, the most promising
iHDA was Vorinostat (approved for T-cell lymphoma)
[81]. In addition to the described impact of plant mixes
and known medicinal products on epigenetic changes in
AS, an experiment on 36 male C57BL/6] mice with zero
ApoE aged 10 weeks demonstrated an effect from exer-
cises on microRNA expression: reduced miR-155 levels
and increased miR-126, miR-146a levels. Mice were
placed in a chamber with a run track 10 minutes before
the running started. The pace was 13 m/min for 60 min-
utes daily from 06.00 pm to 07.00 pm, with a zero per-
cent slope. These mice demonstrated higher expression
of miR-126 and miR-146a, which facilitated reduction
in inflammatory vascular damage by inhibition of TRAF
and TLR4 signalling, vs. controls (statins and no treat-
ment) [83].

The problem of epigenetic therapy is its low bio-
availability and side effects, because target molecules
are expressed in tissues all over the body. Therefore,
nanomaterials are used to ensure targeted exposure of
atherosclerotic foci in vessels. For this purpose, specific
liposomes, micelles and nanoparticles of high-density
lipoproteins are used [81]. The use of biologically
mineralised, framed nanoparticles with a neutro-
phil membrane coating, containing anti-miR-155, has
been described, which ensured inhibition of miR-
155 expression in the endothelial wall of vessels, thus
preserving translation of BCL6 [84]. Currently, new
drugs from the group of a modified double-stranded
short interfering RNA have been registered and are
used, e.g. Inclisiran, which inhibits translation of pro-
protein convertase subtilisin/kexin, type 9 (PCSK9), in
liver and ensures stable reduction in LDL cholesterol.
Phase 3 randomised, placebo-controlled clinical trials
in 3,660 subjects demonstrated that, when Inclisiran
is prescribed twice a year with or without the maxi-
mum tolerated statin dose, this drug is efficient, safe
and well-tolerated in lowering LDL cholesterol levels in
adult patients with heterozygous familial hypercholes-
terolemia and AS [85]. Another short interfering RNA,
Olpasiran, inhibits expression of LPA at the mRNA
level. Since plasma concentrations of apolipoprotein (a
component of LDL), encoded by LPA, positively corre-
late with the risk of AS, Olpasiran is used in the therapy
of AS. Olpasiran enters the liver via N-acetylgalactos-
amine fragment, which binds to apolipoprotein recep-
tor on the liver surface. In hepatic cells, this short inter-
fering RNA binds to mRNA of LPA with the help of an
RNA-induced silencing complex (RISC) due to nucleo-
tide sequence complementariness. A multicenter ran-
domised, placebo-controlled trial OCEAN(a)-DOSE in
patients with atherosclerosis and high apolipoprotein
levels after Olpasiran therapy for 48 weeks (SC injec-
tions of the drug once every 12 weeks) demonstrated
efficacy and safety vs. placebo [86]. The search for
new drugs, where the main component is non-coding
RNA, is ongoing. New potential RNA-targeting agents

for reliable reduction of apolipoprotein levels are drugs
encoded like SLN360 and LY3819469 (Lepodisiran),
which are also short interfering RNAs targeting post-
transcriptional inhibition of mRNA of LPA [87]. The
microDNAs, described in this article and originating
from RE, can also be the basis for inhibition of trans-
posons, activated in atherosclerosis, which is one of the
methods to overcome side effects caused by non-spe-
cific exposure to epigenetic therapy in AS.

Conclusion

Analysis of scientific literature allowed to conclude
that the key role in AS initiation and development is
played by ageing-mediated excessive activation of REs,
which causes interferon stimulation and immunopath-
ological processes. Viral infections and stress are also of
importance; they activate RE to protect cells, which can
be a cause of early onset and progression of AS. Since
statins and aspirin used in the therapy of AS do not
affect specifically macrophages and their polarisation
and do not impact disease progression, new ways to
affect AS should be searched for. There were attempts
to use monoclonal antibodies to chemokines and cyto-
kines, antagonists of chemokine receptors and adhesion
molecules, matrix metalloproteinase inhibitors in the
therapy of AS. However, these methods did not demon-
strate any significant effect. The most promising area is
epigenetic exposure of the genes involved in AS patho-
genesis, PCSK9 (Inclisiran) and LPA (Olpasiran), to
short interfering RNAs, which demonstrated significant
effect in clinical trials. Therefore, targets for epigenetic
exposure in AS should be searched for; these can be
REs. Their ageing-mediated excessive activation results
in interferon stimulation and immunopathological
processes. Since REs are a source of long ncRNAs and
microRNAs, their impaired expression in AS reflects
RE dysregulation. Thus, a promising therapy for this
disease can be target therapy with specific microRNAs,
directed against pathologically activated REs involved
in AS pathogenesis. The 29 RE-originating microR-
NAs described in this study, which are associated both
with ageing and AS, can be used as tools for epigenetic
target therapy. These microRNAs are involved not only
in immune reactions, but they also impact expression
of various genes in VSMC, EC and macrophages, thus
demonstrating complex mechanisms of AS develop-
ment with involvement of various signalling pathways
in specific cell types.
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Pe3sloMe

Ll,enb o630pa: I'IPeACTaBVITb COBpeMeHHbIVI B3rzia4 Ha 0C06eHHOCTVI KIMHUYECKOro Tte4yeHud, AVI(I)(PepeHLWIaﬂbHOVI AVNArHoCTUKM n nevyeHua
IgG,-ckneposvpytowero xonaHruta. OcHoBHble NonoxeHuA. 1gG,-CKNepO3UPYIOWMX XONAHTUT — GpUEpO3HO-BOCNaAMTeNbHOE 3abonesaHue, Npu
KOTOpOM I'IOpa)KaI'OTCH BHyTpVII'IeHeHO‘-IHbIe N BHerne4yeHoO4YHble Xe/n4yHble I'IPOTOKVI. I'Ipoaneva IgG4-CKnep03Mpyrou.|,ero XO/1aHINTa CXOXU C nuaMe-
HEeHUnAMU I'IPVI I'IepBVHHOM CKnepoawpylomeM XO0/1aHTunTe, OI'IyXOHFIX e/N4YHbIX I'IPOTOKOB n I'IOA)KenyAO‘-IHOl‘/'I Kenesbl, B CBA3U C 4YeM, 60/168 TpeTI/I
nauneHToB C IgGA-CKnepoawpyrou.mM XO/1aHTUTOM I'IO,CI,BepFaIOTCFI OI'IepaTVIBHbIM BMellaTenbcTBaM. Ha AaHHbIl‘/'I MOMEHT OTCyTCTBleT CI'IeLl,VIq)VI‘{HbIe
n l{yBCTBl/ITeﬂI:-HI:pIe MeToAbl ANAarHOCTUKU AaHHOIo 3aGO/1€BaHVIH. [NoBblweHue yPOBHﬂ CblBOpOTO‘-IHOFO |gG4 Ha6/1|0,qae‘rcn I'IpVI MHOIrmx ApyFVIX 3a60-
neBaHnAx. YeTbipéxkpaTHoe nosbiweHwe IgG, B CbIBOPOTKe KPOBM ABAAGTCA 6o/lee HaAeXHbIM MapKkepoM ANs AMarHOCTUKM 1gG,-cKneposvpyowero
XO/1aHTrnTa, OAHAKO TaKoe 3Ha4yeHune Ha6mop,aeTc;| Nb y He60}1bLIJOI7I A0 NauneHTOB. I'IpM Bwayanwaauww Xe/N4YHbIX I'IPOTOKOB BbIAB/IAKOTCA Cer-
MeHTaprIe nnn I'IpOTFI)KeHHbIe CTPVIKTbeI C I'IpeCTeHOTI/I‘-IECKI/IM pacumpeHMeM n yTOﬂLl.leHVIeM CTEeHOK. rﬂlOKOKOpTVIKOCTepOVIAbI OocCTakrTCA nepeoﬁ
NNHWENn Tepanvwl Ansa I/IHAyKLI,VII/I n I'IOAAep)KaHVIFI PeMVICCVIVI 3a6oneBava. PeLU/IAI/IB Ha6mo,qaeTc;| 60/1ee yem y MO/ZI0BUHBbI MAaLMUEHTOB. HekoTo-
pble nccnenoBaHUA TaKxKe yKa3bIBaIOT Ha MOBbILLEHHbIN pVICK pa3BVITVIﬂ 3/10Ka4eCTBeHHbIX onyxonei/'l. B AaHHOM o63ope ocBelleHbl KInHn4yecKkue
1 nabopaTOpHO-MHCTPyMeHTa/bHble npossaeHus |gG,-CKepo3npyoWero XonaHrnTa, NpoBeAeHa CPaBHUTE/IbHAA XapaKTepUCTUKa C nepsuy-
HbIM CKnep03VIpyIOLLWIM XO/1aHTUTOM U XOnaHFI/IOKaPLI,VIHOMOVI, a TaKXXe I'IpeACTaBneHbl BO3MOXHOCTU Tepanvm, I'IpOFHO3 n ncxoabl 3aboneBaHUA.
3akntoyenme. |gG,-CKePO3VPYIOWMIA XONAHTUT — PeAKOe U CIOKHO AMarHocTupyemoe 3abonesaHue, Tpebytolee NpoBeAeHUs TaTenbHoh and-
¢epeHL|,V|aan017| ANArHOCTUKU C I'IePBVI‘-IHbIM CKnep03VIpyIOLLWIM XONIaHTUTOM, paKOM YeN4YHbIX I'IpOTOKOB n I'IOA)KeﬂyAOLIHOf;I Xenesbl. HECMOTPH Ha
OTHOCUTE/IbHO 6}16FOI'IPVIFITHOQ TeyeHune " 3¢¢eKTVIBHOCTb FHIOKOKOPTMKOCTEPOI/IAOB, 3aboneBaHne 4acTo peLWIAVIBVIpyeT N UMeeT HeU3BEeCTHbIN
AOHFOCPO‘{HI:IVI I'IpOFH03. OC060€ BHUMaHue y,qenﬂeTc;l pMCKy pa3BVITVIFI 3/10Ka4eCTBEeHHbIX HOBOO6pa3OBaHVIl‘/'I y AaHHOVI prl‘ll‘lbl nayneHToB, 4TO
I'IOA‘-IepKVIBaeT H€06XOAMMOCTb MOXWN3HEHHOro Ha6/’IPOA€HVI$I 3a nauyuneHTamun.

KnroueBbie cnoBa: IgG ~CKA1epOo3Upyrowull XoNaH2um, nNepBuYHbIl CKAEPO3UPYIOWUL XONaH2UM, XONAH2UOKaPYUHOMA, UMMYHO2/106ynuH 19G,
ayMmOoUMMYHHbIU naHKpeamum

KoH)AMKT nHTepecos
ABTOpr 3aABAAKOT, YTO AaHHaA pa60Ta, eé TeMa, npeaMeT U cogepxaHue He 3aTparuBaloT KOHKYpPUPYHOLWNUX UHTEPECOB

*KonTakTer: AnHa KoncrantnHoBHa I'ycesa, e-mail: ufimtseva_a_k@student.sechenov.ru
*Contacts: Anna K. Guseva, e-mail: ufimtseva_a_k@student.sechenov.ru
ORCID ID: https://orcid.org/0000-0002-4244-6815




Apxusb BHYTpeHHE MeAuuMHEL ® No 2 o 2024 OB3OPHBIE CTATbMU

McTo4yHmnKn $puHaHcpoBaHma
ABTOpr 3anB/1AI0T 06 OTCYyTCTBUU ¢MHaHCMPOBaHMFI npu nposeAeHnn nccaefoBsaHuA

CraTba nonyyera 06.02.2024 r.
MpuHaTa k nybankayum 12.03.2024 r.

Ana LUUTUPOBaHUA: lycesa A K., Oxnobbicti A.B. OCOBEHHOCTU KIMHUYECKOTO TEHEHMNA, ANDDEPEHLMATIBHOW ANATHOCTUKM
M NEYEHWNA IgG,-CKNIEPO3MPYIOLLIETO XOJIAHTUTA. ApXuBs BHYTpeHHel MeauLMHLI. 2024; 14(2): 96-107. DOI: 10.20514/2226-6704-2024-14-2-
96-107. EDN: FGADIS

Abstract

The aim: To present the state-of-the-art of clinical features, differential diagnosis and treatment of IgG,-related sclerosing cholangitis. Key
points: IgG,-sclerosing cholangitis is a fibrotic inflammatory disease affecting the intrahepatic and extrahepatic bile ducts. The clinical features of
IgG,-sclerosing cholangitis are similar to those of primary sclerosing cholangitis, bile duct cancer and pancreatic cancer. More than one third of
patients with 1gG,-sclerosing cholangitis undergo surgery. Currently, there are no specific and sensitive methods to diagnose this disease. Increased
serum IgG, levels are observed in many other diseases. A fourfold increase in serum IgG, levels is a more reliable marker, but this feature is found in
only a small percentage of patients. The imaging of bile ducts usually reveals segmental or extended strictures with prestenotic dilatation and wall
thickening. Glucocorticosteroids are the first-line therapy for induction and maintenance of disease remission. More than a half of patients develop
relapses. Several studies have found an increased risk of malignant tumors. This review describes the clinical, laboratory, and instrumental features
of 1gG,-sclerosing cholangitis. Comparative evaluation of diseases manifestations versus primary sclerosing cholangitis and cholangiocarcinoma is
presented along with options of therapy, prognosis and outcomes of the disease. Conclusion: IgG,-sclerosing cholangitis is a rare and difficult to
diagnose disease that requires careful differential diagnosis with primary sclerosing cholangitis, bile duct cancer and pancreatic cancer. Despite its
relatively benign course and efficacy of glucocorticosteroid therapy, the disease recurs frequently and has an unknown long-term outcome. Special

attention is paid to the risk of malignant neoplasms in this group of patients, emphasizing the need for lifelong follow-up.

Key words: igG -related sclerosing cholangitis, primary sclerosing cholangitis, cholangiocarcinoma, immunoglobulin IgG,, autoimmune pancreatitis
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AIP — autoimmune pancreatitis, GCS — glucocorticosteroids, MNP — malignant neoplasms, CT — computer tomography, MRI — magnetic resonance
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Introduction

Immunoglobulin G,-associated sclerosing cholangi-
tis (IgG,-SC) is a biliary manifestation of systemic IgG,-
associated disease (IgG,-AD) [1, 2]. IgG,-SC manifests
as diffuse or focal inflammatory infiltration with IgG,-
positive plasma cells of intrahepatic and extrahepatic
bile ducts, development of moire fibrosis, often with
type 1 autoimmune pancreatitis, and rapid response to
glucocorticosteroid therapy [3]. Due to similar clinical
and instrumental manifestations of this condition and
primary sclerosing cholangitis (PCS), bile duct and pan-
creatic cancer, over a third of patients undergo various
surgeries [4]. The outcome and prognosis of this disease
are understudied; however, more and more information
suggests a higher risk of malignant neoplasms (MNOs)
in patients with IgG,-SC [1, 5, 6]. Glucocorticosteroids

(GCS) are used as an induction and maintenance ther-
apy for disease remission [3]. Nevertheless, according to
various studies, 30-50 % of patients experience relapses
within 6 months after glucocorticosteroid discontinu-
ation[7, 8]. This review presents current information
on clinical course, differential diagnosis and therapy of

IgG,-associated sclerosing cholangitis.

Epidemiology

According to the literature, the incidence of IgG,-
SC is 2 cases per 100,000 people [9]. IgG,-SC affects
primarily men (the ratio of 4 : 1) over 60 years of age
(median age: 66.2 years old) [10, 11]. However, accord-
ing to the studies, where the condition was observed in
patients of 23 to 83 years of age, it can affect younger
patients [7, 11].
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Aetiology and Pathogenesis

Aetiology and pathogenesis of IgG,-SC are under-
studied [12]. The impact of genetic factors has been
discussed, e.g. a genome-wide association study
(GWAS), which enrolled 835 patients from Japan with
various variants of IgG,-AD, established that genes
HLA-DRB1 and FCGR2B are associated with a higher
risk of IgG,-AD [13]. A majority of studies conclude
that an autoimmune inflammation has a role to play
in the disease pathogenesis. Patients with IgG,-SC
had antibodies to galectin-3, laminin 511-E8, prohibi-
tin 1, and annexin All [14-17]. However, no specific
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autoantibodies have been found. There is an evidence
of a possible contribution by allergic mechanisms in
IgG,-AD. Increased serum IgE levels are observed in
30 % of patients with type 1 autoimmune pancreatitis
(AIP), and every fifth patient has a history of aller-
gic diseases, such as bronchial asthma, drug-induced
allergy or chronic rhinosinusitis [17]. The possible role
of changed microbiota in IgG,-SC development has
been studied. An examination of faeces of patients with
PSC, IgG,-SC and controls demonstrated reduced alpha
diversity and changes in microbiota composition in

the study groups vs. controls [18]. Besides, significant
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Figure 1. Proposed pathogenesis of IgG -related sclerosing cholangitis

Note: Exposure to autoantigens, DAMPs/PAMPs (produced by altered microbiome/malignant tumors) and hazardous industrial factors, through molecular mechanisms of mimicry,
are possible causes of IgG,-CX development. Activation of the innate immune system leads to disruption of the adaptive immune system. IgG, and IgG, plasmablasts produce
autoantibodies against annexin A1l, laminin 511-E8, galectin-3, and progibitin 1. Antibodies against annexin A11 disrupt Cl and Ca** transport via ANOI to the apical membrane
of cholangiocytes. Antibodies against laminin 511-E8 block binding to membrane receptors (ITGA6B1), impairing cholangiocellular barrier function. Antibodies to galectin-3 and
progibitin-1 affect B- and T-cell activation. Oligoclonal IgG, plasmoblasts support immune dysregulation through stimulation and reactivation of oligoclonal CD4 SLAMF?7 cytotoxic
T cells. In addition, due to PDGF secretion they contribute to the formation of storiform fibrosis.

Abbreviations: ANO1 — anoctamin 1; BAFF — B-cell activation factor; CD4 — cluster of differentiation 4; CTLs — cytotoxic T lymphocytes; DAMPs — damage-associated
molecular patterns; PAMPs — pathogen-associated molecular patterns; FCyR2B — Fc y receptor 2B; ITGA6B1 — integrin a6f1; SLAMF7 — signaling lymphocytic activation
molecule family member 7; PDGF — platelet-derived growth factor; SLC4A2 — solute carrier family 4 member 2; Tfh — follicular T helper 2 cells; TGF-p — Transforming growth

factor-P; Tph — peripheral T helper cells; Tregs — regulatory T cells.
The figure was created using smart.servier.

98



Apxusb BHYTpeHHE MeAuuMHEL ® No 2 o 2024

OB3OPHBIE CTATbHU

differences in microbiota composition in patients with
PSC and IgG,-SC [21] have been noted. The study of
unfavourable environmental factors is also of great
importance. A study of 101 patients with IgG,-SC and
autoimmune pancreatitis (AIP) showed that 68 % of
them were blue-collar-workers, i.e. those who were
manual industrial labourers exposed to industrial sol-
vents and gases [19]. This value was far higher than in
controls, where blue-collar-workers accounted for 39 %
(OR = 3.66; 95 % CI: 2.18-6.13; n = 404; p < 0.0001).
Moreover, it has been found out that prolonged contact
with industrial gases, dust and organic substances, such
as asbestos, for over a year is associated with a higher
risk of IgG,-SC and AIP (OR = 2.14; 95 % CI: 1.26-3.16;
p <0.001, and OR =2.95; 95 % CI: 1.78-4.90; p < 0.001,
respectively) [19]. Figure 1 shows key concepts of pos-
sible pathogenesis of IgG,-SC.

Clinical Presentation

Approximately 25 % of IgG,-SC cases are asymp-
tomatic [11]. Most common manifestations of 1gG,-SC
are obstructive jaundice (35-80 %), sharp weight loss,
moderate abdominal pain, rarely — skin itching (13 %)
[11]. Often, patients who underwent bile duct treat-
ment and diagnostic procedures experienced signs of
infectious cholangitis, such as fever [20]. According to
various sources, 72-95 % of IgG,-SC patients had con-
comitant type 1 AIP [11, 21, 22]. Such cases presented

with manifestations associated with the development of

exocrine and endocrine deficiency of pancreas (53 %
and 37 %, respectively) [7]. Also, in numerous cases,
IgG,-SC was concomitant to other IgG,-associated
diseases, such as tubulo-interstitial nephritis (5 %),
dacryoadenitis (15 %), salivary adenitis (26 %), retro-
peritoneal fibrosis (5 %), mediastinal and axillary lym-
phoadenopathy (8 %) [10].

Laboratory Diagnostics

Blood samples of patients with IgG,-SC demonstrate
higher cholestasis marker levels: alkaline phospha-
tase, gamma-glutamyltranspeptidase, total bilirubin,
mainly due to direct fraction [3, 23]. Increased serum
IgG, levels of > 1.35 g/L were observed in 75-90 % of
patients with IgG,-SC [22, 24, 25]. Studies showed that
a 4-fold increase in blood IgG, levels was highly spe-
cific and had positive prognostic value (100 %); how-
ever, sensitivity was significantly reduced and made
42 % (95 % CI: 31-55) [3, 24, 26]. Also, there are cases
of moderately increased serum IgG, levels in patients
with PSC (9-22 %) and cholangiocarcinoma (CC)
(8-14 %)[22, 27, 28]. Table 1 shows average serum
IgG, levels in IgG,-SC and other diseases. According to
a Japanese study, the threshold value of serum IgG, of
2.07 g/L can be a useful additional tool to differentiate
types 3 and 4 IgG,-SC and CC [22]. In order to differ-
entiate IgG,-SC and PSC, the threshold value of serum
IgG, was 1.77 g/L, with the sensitivity and specificity
being 91.5 % and 87.6 %, respectively [22]. A study

Table 1. Mean serum IgG, levels in IgG -sclerosing cholangitis, primary sclerosing cholangitis, cholangiocarcinoma

and pancreatic cancer

Serum IgG, (M+SD)
Disease
Hirano et al. 2006[33] Ohara et al. 2013 [22] Nakazawa et al. 2012[34] Oseini et al. 2011[35]
1gG,-SC 6,4616,62 2,771+0,552"
IgG,-SC type 1 6,1346,18° 5,48+7,71"
vs vs vs
PCa 0,593+0,659° 0,49+0,73
IgG,-SC type 2 7,99+8" 8,84+8,54°
vs vs vs
PSC 0,687+0,86 0,5+0,45
IgG,-SC 6,46+7,11° 5,14+5,42"
types 3,4 vs Vs vs
CC 0,523+0,468" 0,64+0,59"
PSC 1,86+2,41
CC 0,624+0,378 0,646+0,063™
PCa 66+3,8

Note: IgG,-SC — IgG,-sclerosing cholangitis; PSC — primary sclerosing cholangitis; CC — cholangiocarcinoma; PCa — pancreatic cancer.

‘p<0.05
“M+SEM
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by Boonstra K. et al. established that, if IgG, levels are
up to two normal values, it is recommended to mea-
sure the IgG,/IgG, ratio, which in IgG,-SC was > 0.24,
with the sensitivity and specificity being 86 % and
95 %, respectively [26]. Similar results were obtained
by Liming Tan et al. (2019), who analysed blood levels
of IgG,, CA19-9, autoantibodies (ANA, ASMA, AMA,
ANCA) in 45 patients with IgG,-SC, 80 — with PSC,
41 — with biliary duct tumour, 52 — with pancreatic
cancer, and 48 healthy volunteers [29]. The study dem-
onstrated that a higher serum IgG, level was observed in
patients with IgG,-SC (86.67 %) vs. controls (p < 0.01)
[29]. Serum IgG, levels were also elevated in patients
with PSC (25 %), bile duct cancer (7.32 %) and pancre-
atic cancer (9.62 %) [29]. Positive ANAs were observed
in patients with IgG,-SC and PSC (40 % and 32.5 %,
respectively); however, the difference was not statisti-
cally significant [29]. The rate of ANCA, ASMA and
AMA in patients with IgG,-SC was significantly lower
than in patients with PSC (p < 0.01) [29]. Positive
ANCAs were observed more often in patients with PCS
as compared to patients with IgG,-SC (61.25 % and
6.67 %, respectively) (p < 0.01)[29]. CA19-9 levels were
higher in over a half of patients with IgG,-SC (51.11 %)
and in a majority of patients with bile duct adenocar-
cinoma and pancreatic cancer (92.68 % and 90.38 %,
respectively) [29]. Significant changes in CA19-9 levels
reduced in the presence of jaundice. Also, there are
published data on increased bile IgG, levels in patients
with IgG,-SC. The threshold value of 0.038 g/L allowed
differentiating IgG,-SC and patients with PSC and CC,
with sensitivity and specificity being 100 % and 77 %,
respectively [30]. However, in order to implement this
method in the wide clinical practice, additional studies
are required. Patients with IgG,-SC and AIP had higher
IgG, values as compared to patients with isolated auto-
immune pancreatitis or primary sclerosing cholangitis,
with high specificity (97 %) and positive prognostic
value (91 %) [38]. High IgG, levels (8.2 + 2.6 g/L) indi-
cated primary sclerosing cholangitis [31]. Also, it has
been established that the IgG,/IgG ratio of > 0.129 was
more often indicative of IgG,-AD (OR 31.25; 95 % CI:
15.31-63.79; p < 0.001) [32].

Classification

In 2004, Nakazawa et al. proposed an IgG,-SC clas-
sification taking into account the cholengiography pat-
tern [36]. Type 1 (64 %) is associated with narrowing
of the distal section of the choledochous duct. Isola-
tion of this type is disputable, because some experts

believe that duct narrowing is a result of compression
of an enlarged pancreatic head [37]. However, is some
cases, type 1 IgG,-SC is not associated with autoim-
mune pancreatitis [38]. This type should be differenti-
ated from pancreatic head tumour, pancreatic pseudo-
tumor and cholangiocarcinoma. Type 2 is characterised
by involvement of intrahepatic and extrahepatic bile
ducts. This type is further subdivided into type 2a (5 %)
and type 2b (8 %). Type 2a presents with narrowing of
intrahepatic bile ducts and prestenotic enlargement.
In type 2b, narrowing of intrahepatic bile ducts is com-
bined with reduction in the number of side ducts, how-
ever, without prestenotic enlargement. In this type, dif-
ferential diagnosis is with PSC. Type 3 of IgG,-SC (10 %)
is characterised by narrowing of the distal section of the
choledochous duct and confluence area. Type 4 (10 %)
manifests only with duct narrowing near the hepatic
hilum. Types 3 and 4 of IgG,-SC mimic changes typical
of CC, therefore, morphological verification is essential
in order to rule out tumour. If changes on a cholan-
giogram do not correspond to any of these types, the
condition should be classified as an unidentified type.
Comparison of IgG,-sclerosing cholangitis, primary
sclerosing cholangitis and cholangiocarcinoma is pre-
sented in Table 2.

Methods of Instrumental

Diagnostics

Images of bile ducts in IgG,-SC patients demon-
strate segmental or extensive stenosis of bile ducts,
with prestenotic enlargement and wall thickening [49].
PSC is characterised by short, moniliform stenosis,
with diverticula-like duct protrusion [36]. According
to another study, typical signs of IgG, sclerosing chol-
angitis seen during intraduct ultrasound were circular
symmetric thickening of bile duct wall with even exter-
nal and internal edges, as well as wall thickening up to
> 0.8 mm outside the stenosis area [50]. This thresh-
old wall thickness was highly sensitive (95-100 %) and
specific (91 %) for differentiation from CC [50]. Com-
parison of changes seen during intraduct ultrasound
is presented in Table 3. According to studies, CT signs
of IgG,-SC include: circular duct wall thickening with
an even external and internal contour; uniform con-
trast accumulation in arterial phase; involvement of the
intrapancreatic section of the bile duct; discontinuity of
involvement; concomitant changes in pancreas; visible
lumen; funnel-like narrowing of the proximal section
of the common bile duct; extended bile ducts proximal
to stenosis to 9 mm [51]. A comparative study by Yata
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Table 2. Comparative characterization of IgG -sclerosing cholangitis, primary sclerosing cholangitis and

cholangiocarcinoma
Parameter IgG,-SC PSC CC
Prevalence 2/100.000[9] 1-16/100.000[39] 5,9/100.000[40]
Age (years) 50-60[24] 25-45[41] 50-70[42]
Gender (m:f) 4-8:1[23] 2:1[43] 1.5:1[44]
jaundice, asymptomatic in early stages,

Clinical features significant weight loss,

epigastric pain [24]

up to 50 % asymptomatic, especially in intrahepatic CC;

jaundice, pruritus [45] painless jaundice in 90 % of patients

with extrahepatic CC [46]

Other organ involvement

Elevated serum IgG, level

type 1 AIP (up to 90 %),
generalized lymphadenopathy,
sialoadenitis,
retroperitoneal fibrosis [24]

74-90 %[26]

50-80% IBD [45]
(85-90% — UC;
10-15% -CD)

9-22%(27]

12%
47-97 U/ml[29]

61%[29]

periportal sclerosis, onion-
skin fibrosis[47]

5-25%[27]

metastases

8-22%[22,28]

93%
329-384 U/ml[29]

dysplasia,
biliary neoplasia,
atypical cells[47]

25% (n=4)[48]

51 %

CA-19-9 ’
153-292 U/ml[29]
PANCA 7%[29]
lymphoplasmacellular infiltrate
Histology (>10 IgGa+ plasma cell, 1gG4/1gG>0,40),
storiform fibrosis, obliterative phlebitis[47]
Immunohistochemistry:
50-90%[24]

IgG,+ plasma cell

Immunohistochemistry:
) >0.40[24]
IgG,+:IgG+ plasma cell ratio

Response to GS rapid, distinct in the early stages(3,23]

Prognosis favorable[23,24]

no[39] -

at 5 years after diagnosis, survival
rates range from 7 % to 20 %[40]

progressive disease, depends
on the response to UDCA [41]

Note: IgG,-SC — IgG,-sclerosing cholangitis; PSC — primary sclerosing cholangitis; CC — cholangiocarcinoma; GS — glucocorticoids; UDCA — ursodeoxycholic acid

M. et al. (2016) demonstrated that a combination of the
above CT signs was sensitive (80 %) and specific for
differentiation from CC [51]. Besides, a double contour
see on CT was highly specific for cholangiocarcinoma
(90 %), unlike single-layer contrast accumulation in
IgG,-SC [51]. Tokala A. et al. (2014) proposed to use
the wall thickness of the common bile duct of > 2.5 mm,
seen on MRI, as a diagnostic criterion to differentiate
from PSC [49]. In 71.4-100 % of cases, thickened bile
duct walls evenly accumulated contrast [49, 52, 53],
and were iso- or hyperintense during the portal vein or
delayed phase vs. hepatic parenchyma [49, 52, 53].

Morphological

Characteristics

Typical morphological changes in IgG,-SC are lym-
phoplasmacytic infiltration, moire fibrosis, obliterat-
ing phlebitis, sometimes — eosinophilic infiltration
[3]. In order to verify IgG,-SC morphologically, it is

required to observe at least 10 IgG,-positive plasma
cell HPF (x400) in the fine-needle aspiration mate-
rial, or > 50 cells in intraoperative samples, including
edge biopsy, and the ratio of IgG,/IgG-positive cells of
at least 40 % [20, 55]. However, IgG,-positive plasma
cells can be observed in PSC and cholangiocarcinoma
[9, 28]. Typical morphological changes in IgG,-SC were
usually absent, since the key changes take place in sub-
mucosa and deeper [9].Moreover, stenting can cause
non-specific changes, such as atypical epithelial cells,
epithelial ulceration and inflammatory infiltration,
which can facilitate incorrect interpretation as signs of
PSC and CC [56, 57]. In fine-needle biopsy of the liver,
only 57 % of patients with intrahepatic involvement of
hepatic ducts had > 10 IgG,-positive plasma cells and
only in 8 % of cases — with involvement of extrahepatic
bile ducts only [58]. Sensitivity and specificity of intra-
ductal biopsy were 52 % and 96 %, respectively [59].
Biopsy of major duodenal papilla ampulla is indicated
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Table 3. Comparative characterization of intraductal ultrasound findings in patients with IgG -sclerosing cholangitis,

primary sclerosing cholangitis and cholangiocarcinoma

Parameter Naitoh L., et al., 2009[50] Kubota K., et al., 2011[6] Naitoh L, et al., 2015[54]
IgG,-SC
intrahe- [ extrahe- cc 1gG,-SC cc PSC 1gG,-SC PSC
patic biliary [ patic biliary | (n=11) (n=6) (n=12) (n=10) (n=35) (n=15)
ducts ducts
(n=16) (n=9)
Wall thickness (mm)
MSD 2,3+0,4 2,6+0,3 3,3+1,2 3,7£0,9 2,8+0,6 2,6+0,9 22 24
Me(IQR) T T T T T T (2.2-29) | (1.8-3.0)

Wall thickness (n):
symmetric:asymmetric 11:4' 6:3 1:9 6:0° 1:11 2:8 27:6' 1:14°
Outer margin (n):
clear: unclear 15:0 9:0% 2:9 - - - 33:0° 2:13"
Inner margin (n):
- smooth:irregular 15:0 9:0% 0:9 6:0" 111 1:9° 33:0° 0:15"
- papillary 0 0 - - - -
- diverticulum-like outpouching - - - - - 0 10°
Internal echo (n):
homogeneous:heterogeneous 15:0" 9:0? 1:10 - - - 33:0" 7:8
Extrinsic compression 1 0 - - - 2 0
Three layers structure (n):
- preservation:disappearance - - - - - 33:0° 0:15"

Note: [gG,-SC — IgG,-sclerosing cholangitis; PSC — primary sclerosing cholangitis; CC — cholangiocarcinoma.

'p <0.01 IgG,-SC with intrahepatic biliary duct involvement vs CC
’p <0.01 IgG,-SC with extrahepatic biliary duct involvement vs CC
P <0.05

for patients with IgG,-SC and concomitant type 1 AIP;
however, this procedure was associated with a high
risk of complications, such as pancreatitis, recurrent
Hayem-Widal syndrome and papillitis [59].

Treatment

GCSs are a first-line therapy for remission induc-
tion in IgG,-SC. A recommended GCS dose is 0.5-
0.8 mg/kg/day per os (a standard starter prednisolone
dose is 30-40 mg/kg/day) for 4 weeks with subsequent
dose reduction by 5 mg once every 1-2 weeks [3, 45].
Results show that the average prednisolone dose (0.5-
0.6 mg/kg) wasasefficient as the high dose (0.8-1 mg/kg)
for remission [60]. Given a high rate of relapses after
GCS discontinuation (> 50 %) [24], studies recom-
mend using a maintenance low-dose therapy with GCS
(2.5-7.5 mg/day), for one to three years [61]. According
to a retrospective analysis, maintenance therapy with
low-dose prednisolone for over three years improved
survival rates of patients with IgG,-SC [62]. In case of
insufficient response to GCS therapy or disease relapse,
it is recommended to use immunosuppressants as a

send-line therapy for remission maintenance [3]. This
group of drugs includes thiopurines (azathioprine,
6-mercaptopurine), mycophenolate mofetil, metho-
trexate and calcineurin inhibitors (tacrolimus, cyclo-
sporin A) [63-65]. A retrospective analysis to compare
cyclophosphamide and mycophenolate mofetil did
not demonstrate any superiority of one drug over the
other in terms of remission induction [66]. Rituximab
was prescribed to induce and maintain remission if
GCS and steroid-sparing drugs were contraindicated,
or if these agents were inefficient [67, 68]. According
to a meta-analysis, complete response in 6 months was
observed in 88.9 % (95 % CI 80.5-93.9), the rate of
relapses was 21 % (95 % CI 10.5-40.3), median time
to relapse was 10 months [67]. A higher relapse rate of
35.9 % (95 % CI 17.3-60.1) was recorded in patients
with multisystemic damages (in addition to pancreas
and/or bile ducts) [67]. Adverse events were observed
in 25 % of patients: infusion reactions (8 patients),
infectious complications (9 patients), hypogamma-
globulimenia (1 patient), gall bladder cancer (1 patient)
[67]. The rate of relapses after rituximab induction was
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still high; the drug should be used with caution in IgG, -
SC, given the potential risk of infectious complications,
such as bacterial cholangitis, cholecystitis and hepatic
abscesses [12].

There are various approaches to the matter of bile
duct stenting in patients with IgG,-SC. In their study,
Miyazawa M. et al. (2020) emphasise a higher risk of
chololithiasis in patients who undergo stenting before
GCS initiation [69]. Out of 69 patients with IgG,-SC,
only 41 patients received GCS without stenting and
achieved clinical improvements, including 10 patients
with obstructive jaundice [69]. The other 28 patients
(40.6 %) underwent bile duct stenting before GCS ini-
tiation [69]. In this group, after successful GCS therapy,
the stent was removed in 13 patients (46.4 %), while
10 patients (35.7%) experienced spontaneous stent
displacement [69]. During the follow-up period, three
patients (4.3 %), who underwent stenting, had bile
duct stones, while no patients after GCS therapy had
this condition (p = 0.032) [69]. Another study demon-
strated that the incidence of stenting-associated acute
cholangitis was significantly lower in patients who had
previous steroid therapy as compared to those who did
not have any steroids (the incidence of no acute chol-
angitis in one month): 100 % vs 90 %; log-rank test
p =0.0278) [70].

Outcomes and Prognosis

Given the high efficacy of glucocorticosteroids,
prognosis for patients with IgG,-CS is favourable.
10-25 % of patients with IgG,-SC can experience
spontaneous remission [71]. The long-term progno-
sis is poorly studied; biliary cirrhosis is observed in
4.5-7.5 % of cases [72]; also, there are individual cases
of portal hypertension [73] and one case of hepatic
decompensation, requiring liver transplant [74]. Ken-
suke Kubota et al. (2023) conducted a retrospective
data analysis of 924 patients with IgG,-SC [62]. Accord-
ing to the study results, malignant neoplasms were
recorded in 15 % (139/924) of patients: before IgG,-CS
developed — 48 cases, simultaneously with the diag-
nosis of IgG,-SC or within 3 months after the diagno-
sis — 18 cases, after IgG,-SC diagnosis — 83 cases [62].
In patients who had malignant neoplasms diagnosed
significantly earlier than IgG,-SC, it was most com-
monly localised in colon (27 %; 13 cases out of 48) and
urinary system (25 %; 12 cases out of 48) [62]. Where
cancer and IgG,-SC were diagnosed at the same time,
the most common malignancy was malignant neoplasm
of the upper section of the GI tract (33 %; 6 cases out

of 18) [62]. When cancer was diagnosed after the IgG,-
SC diagnosis, the most common cancer was urinary
tract cancer (36 %; 30 cases out of 83), stomach and
duodenum cancer (34 %; 28 cases out of 83) and colon
cancer (28 %; 28 cases out of 83) [62]. Also, eight cases
of bile duct cancer and nine cases of pancreatic cancer
were diagnosed, all of them, but one, developed after
IgG,-SC. In the majority of cases, pancreatic cancer was
diagnosed within 10 years after the diagnosis of IgG,-
SC, while bile duct cancer was diagnosed within two
years [62]. Also, a multifactor analysis revealed that an
IgG,-SC relapse is an independent risk factor for malig-
nancy [62]. Relapses were observed in 19.7 % (182/924)
of patients [62]. Overall, the standardised incidence
ratio (SIR) for MNPs after the diagnosis of IgG,-SC
was 12.68 (6.89-8.79) [62]. SIR values for bile duct and
pancreatic cancer were 27.35 (23.39-31.12) and 18.43
(16.44-02.97), respectively [62]. Cumulative survival
was statistically higher in patients who had mainte-
nance steroid therapy (p < 0.001) [62]. Another retro-
spective study concluded that patients with IgG,-SC are
at a higher risk of malignancies, including pancreatic
and bile duct cancer [5]. SIR for pancreatic and bile
duct cancer was 10.30 and 8.88, respectively [5]. The
risk of malignancies was high during the first year and
five years after the IgG,-SC diagnosis; SIR was 2.58 and
2.44, respectively [5].

Conclusion

IgG,-SC is a rare condition which is challenging
to diagnose; it can be mistaken for other bile duct
diseases, such as PSC and CC. Diagnosis requires a
comprehensive assessment of clinical, laboratory and
instrumental data and often histological confirma-
tion. In many cases, the condition is diagnosed after
an assessment of the efficacy of a trial GCS therapy,
usually with fast and positive response. Prognosis is
favourable; however, life-long follow-up is required
due to a high rate of relapses and a high risk of malig-
nant transformation.
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Post-COVID Syndrome:
Persistence of Symptoms and Risk Factors
(Longitudinal Observational Study)

Peslome

Lienb nccnepoBaHus: U3yyeHue AMHAMUKL CUMITOMOB MOCTKOBUAHOIO CUHAPOMA (B 3aBMCMMOCTY OT Pe3y/IbTaToB NONVMEpPasHOW LeMHOMN peakumm Ha
SARS-CoV-2) 1 $paKTopoB, OKasblBaloWmx Ha Hee BanAHWe. MaTepuanbl u MeTogbl. VicciesoBaHne KOropTHOE, 06cepBaLMOHHOE NpogosIbHOe. | aTan:
OAHOMOMEHTHbIN aHA/IN3 MEANLMHCKUX KapT NauMeHToB ¢ AaBHocTbio COVID-19 12 Mec. (aHKeTa Ha MOCTKOBUAHBIA CUHAPOM, aHanM3bl KpoBw). Il aTan:
MOBTOPHOE aHKEeTUPOBaHWe, AaBHOCTb 3a60/1€BaHNA — 24 Mec. BbigeneHbl TecToBas (MosoUTeIbHasA NO/IMMepasHas LienHas peakuus, 138 yes.) n KoH-
TposibHas (oTpULaTeIbHasA NONMMepasHasn LenHas peakuus, 87 yen.) rpynnbl. CTaTUCTUYECKMIA aHanM3: nakeT Statistica 13.5.0.17. PesyabTaThl. Yepes
1rog nocne COVID-19 yacToTa NposABAeHMIA NOCTKOBMAHOIO CMHAPOMA COCTaBMAA (TECTOBAs Vs KOHTPO/IbHAA rPyNMbl): acTeHus 63 % vs 64 %; CHke-
HUe KayecTsa Mu3Hu 59 % vs 56 %; pecnmpaTtopHblin cuHAPoM 60 % vs 49 %; apTpanrum 55 % vs 49 %; kapaunanbHbliii CMHAPOM 47 % vs 46 %, (pasHuua
He AOCTOBEpPHA); CUMMNTOMBI, CBA3aHHbIE C XeHCKUM nosoM (r=0,231-0,379), Tawectbio COVID-19 (r=0,187-0,425); A-aumep (r=0,244-0,328). Yepes
2 roja 4actoTa CMMNTOMOB COCTaBWAa: acTeHna 43 % vs 45 %; kapamnanbHble cuMnToMbl 23 % vs 15 %; pecnupaTopHble cMMNTOMbI 18 % vs 22 %; KOXHble
nposBneHus 8 % vs 12 %; CHUKeHWe KavecTsa m3Hu 7 % vs 9 %, pasHuLa He JOCTOBEPHA; CUMIMTOMbI, CBA3aHHbIE ¢ Bo3pacToM (r=0,208-0,402). Ha npo-
TAXKEHUM ABYX JIET CUMMTOMbI KOppennpoBanm ¢ Tpomboumntamm (r=-0,322-0,403), pepmeHTamm neyenm (r=0,216-0,298), imnugamm kposw (r=0,188-
0,257). 3akntoueHme. BblpaKeHHOCTb MOCTKOBUAHOMO CUHAPOMA HE 3aBUCWT OT Pe3y/IbTaToB Mo/IMMepasHoM LienHoi peakuyumn Ha SARS-CoV-2. YacroTa
KapAMasbHbIX Y PeCn1paTOpHbIX CUHAPOMOB Yepes 2 roja CHKaeTcs B 2-3 pasa; KaieCTBO XKM3HM yaydluaeTcs. ACTEHUA — caMblii 40IrOCPOYHbIN
cnHApoM. DakTopbl pUCKa MOCTKOBUAHOMO CMHAPOMA B TeueHune 1-ro roga — tsectb COVID-19, )eHCKuiA no, ypoBeHsb /1-AnMepa; co 2-ro roga — Bo3-
pact. B TeyeHve ayx et nocse COVID-19 TpebyeTcs KOHTPOIb PEPMEHTOB NEYEHU, IMNUAHOTO CNEKTPaA, TPOMOGOLUTOB.

KnroyeBbie c10Ba: nocmkosudHbIli cuHOPOM, UHAMUKa, NOAUMEPA3Has UenHas peakyus, pakmopsl pucka
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Abstract

The aim — studying the dynamics of symptoms of post-COVID syndrome (depending on the results of depending on the results of the polymerase
chain reaction for SARS-CoV-2) and the factors influencing it. Materials and methods. A study is a cohort, observational longitudinal. Stage I: snapshot
analysis of medical records of patients with COVID-19 disease history 12 months. (questionnaire for post-COVID syndrome, blood tests). Stage II:
questionnaire repeat, disease history — 24 months. There were test (positive polymerase chain reaction, 138 people) and control (negative polymerase
chain reaction, 87 people) groups. Statistical analysis: package Statistica 13.5.0.17. Results. 1 year after COVID-19, the frequency of manifestations of
post-COVID syndrome was (test vs control group): asthenia 63 % vs 64 %, decreased quality of life 59 % vs 56 %, respiratory syndrome 60 % vs 49 %,
arthralgia 55 % vs 49 %, cardiac syndrome 47 % vs 46 % (the difference is not significant); symptoms are associated with female gender (r=0.231-
0.379), severity of COVID-19 (r=0.187-0.425), D-dimer (r=0.244-0.328). After 2 years, the frequency of symptoms was: asthenia 43 % vs 45 %, cardiac
symptoms 23 % vs 15 %, respiratory symptoms 18 % vs 22 %, skin manifestations 8 % vs 12 %, decreased quality of life 7 % vs 9 %, the difference is not
significant; symptoms are associated with age (r=0.208-0.402). During two years, symptoms have been correlating with platelets (r=-0.322-0.403),
liver enzymes (r=0.216-0.298), blood lipids (r=0.188-0.257). Conclusions. The severity of post-COVID syndrome does not depend on the results of
the polymerase chain reaction for SARS-CoV-2. The frequency of cardiac and respiratory syndromes after 2 years decreases by 2-3 times; quality of life
improves. Asthenia is the most long-term syndrome. Risk factors for post-COVID syndrome during the 1st year — severity of COVID-19, female gender,
D-dimer level; from the 2nd year — age. For two years after COVID-19, monitoring of liver enzymes, lipids, and platelets is required.
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Introduction

The term “post-COVID syndrome” is used to describe
persistent or new symptoms arising three months after
acute COVID-19 and not associated with alternative
diagnoses [1, 2]. The incidence of post-COVID syn-
drome varies significantly — from 10-20 % (according to
the WHO) to 60-80 % (meta-analyses and original stud-
ies) [3-5]. The significant difference in the information
on the incidence of post-COVID syndrome is a result of
its high clinical heterogeneity, as well as the lack of a uni-
fied and specific definition of this condition.

Various clinical symptoms comprising post-COVID
syndrome are grouped into clusters (cognitive, neural
and mental, cardiac and respiratory, digestive, asthenic,
etc) [6]. Several risk factors of this syndrome have been
identified; they are elderly age, higher body mass index,
comorbidities, specific symptoms of acute COVID-19
(particularly dyspnoea), number of symptoms during
the acute phase, and female sex [3, 7, 8].

It has been demonstrated that over time the inci-
dence of symptoms reduces significantly; however, 6,
12, 18, and 24 months after COVID-19 diagnosis, the
share of patients with at least one symptom is 32.3 %,
30.5 %, 25.8 %, and 33.3 %, respectively [9]. Accord-
ing to authors, the most long-lasting consequences
of COVID-19 (with the longest follow-up period of
20 months) are sleep disorders, depression, paresthe-
sia [6], hyposmia and fatigue [10], changes of skin and
mucous membranes, excessive sweat, oedema [11]; the
most long-lasting symptoms were found in women
aged 20 years old and over [4].

There are evidences on the relationship between the
severity of clinical manifestations of post-COVID syn-
drome and laboratory test results: D-dimer, markers
of inflammation and hepatic cytolysis [8, 12], as well
as the presence of positive polymerase chain reaction
(PCR) to SARS-CoV-2 during the acute phase of the dis-
ease [13]. Therefore, continued observational studies of
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post-COVID syndrome are of some interest: identifica-
tion of its maximum duration and risk factors of symp-
tom persistence.

Study objective: To study the changes in symp-
toms of post-COVID syndrome (depending on SARS-
CoV-2 PCR results) and impacting factors.

Materials and Methods

Study type: cohort, observational longitudinal study.
The study was conducted in the City Polyclinic LLC
(Perm). The study consisted of two stages.

Stage one: a snapshot analysis of 447 medical records
of outpatient patients aged 19 to 91 years old, who under-
went comprehensive medical examination during a
period from July 2021 to October 2022 (Order No. 6981
of the Ministry of Health of the Russian Federation
dated 01 July 2021, On the Approval of the Procedure of
Citizen Referrals to a Comprehensive Medical Examina-
tion, Including Categories of Citizens Who Undergo a
Priority Comprehensive Medical Examination. [Digital
resource]. Garant.ru, informational and legal web portal,
1990-2021. Electronic data https://www.garant.ru/prod-
ucts/ipo/prime/doc/401344234/ (accessed on 25 Janu-
ary 2024) and had novel coronavirus infection (NCVI).
All subjects were divided into two subsets: study subset
with positive SARS-COV-2 PCR (227 subjects) and con-
trols — with negative PCR (200 subjects). On the aver-
age, subjects had COVID-19 12 months before medical
examination. Questionnaires for post-COVID syndrome
identification [13], biochemical and clinical test results
were evaluated.

Stage two: repeated questionnaires of subjects
included in stage one in order to identify symptoms of
post-COVID syndrome (phone calls). Response was pro-
vided by 138 subjects (61 %) in the PCR-positive subset
and 87 subjects (44 %) in the PCR-negative subset, thus
defining the final size of the study and control groups for
descriptive and comparative statistics. During repeated
questionnaires, the average time after recovery after
COVID-19 was 24 months. The characteristics of groups
are presented in Table 1.

The study group and controls are comparable in terms
of age, sex, severity and time of NCVIL.

Ethics. All patients provided their written consent for
personal data processing upon inclusion in the advanced
medical examination program.

Table 1. Characterization of the test and control groups

Statistical analysis. Quantitative test parameters with
non-normal distribution are presented as median (Me),
25(Q25) and 75(Q75) percentiles — Me (Q25-Q75 %),
while qualitative variables are presented as percentage
of an absolute number of patients in the groups. Sta-
tistical data processing was performed using the Kol-
mogorov-Smirnov test, Mann—Whitney test, Pearson’s
X? (comparison of frequencies in independent groups),
McNemar test (comparison of frequencies in repeated
questionnaires), Spearman’s rank correlation in Statistica
13.5.0.17 application.

Results and Discussion

Laboratory test results from stage one of the study
are presented in Table 2. Creatinine values in the study
group were higher than in controls; nevertheless, they
are within the normal range. The blood count was com-
parable in both groups.

Information from primary (stage one of the study)
and repeated questionnaires (stage two of the study), as
well as a comparative analysis of the incidence of sub-
jective symptoms of post-COVID syndrome in patients
with positive and negative PCR results, is presented in
Table 3. The most common manifestations in primary
questionnaires (on the average, 12 months after COVID-
19) in both groups were symptoms of asthenic and respi-
ratory clusters, as well as poorer quality of life and artic-
ular syndrome. Also, almost a half of respondents in the
study group had anosmia and loss of taste, while the most
common symptom in controls was cardiac syndrome.

Repeated questionnaires (on the average, 24 months
after acute NCVI) demonstrated similar trends in persis-
tence of post-COVID syndrome manifestations: the top
five most common manifestations were asthenic, respi-
ratory clusters, cardiac syndrome, skin symptoms and
poorer quality of life. Nevertheless, there was a shift in
accents within a set of symptoms: two years after NCVI,
cardiac symptoms and respiratory manifestations were
on the second place (in terms of incidence) after asthenic
syndrome in the study group and controls, respectively.
It is also worth mentioning that, while during the first
year after acute COVID-19, poorer quality of life (second
place in terms of incidence after physical and mental
asthenia) was a dominant symptom, two years after the
disease it shifted to the fifth place, and articular syn-
drome was less common than skin manifestations in
both groups.

Parameter Test group, n=138 Control group, n=87 P
Number of men, abs. (%) 27 (20) 18 (21) >0,1
Age, years, Me (Q25-75 %) 61 (47-70) 59 (44-67) 0,199
Mild severity of COVID-19, abs. (%) 59 (43) 49 (56) >0,1

Note: p — level of significance of difference
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Table 2. Blood parameters of patients with laboratory confirmed (test group) and unconfirmed (control group) COVID-19

Test group, Control group, n=87
Parameter n=138 p
Me (Q25-75 %)
Clinical blood test
Red blood cells, x10'2/L 4,4 (4,3-4,8) 4,5 (4,3-4,7) 0,606
Hemoglobin, g/l 134 (125-138) 133 (126-140) 0,769
Platelets, x10°/L 235 (210-270) 246 (216-270) 0,041
Leukocytes, x10°/L 6,3 (5,6-7,0) 6,2 (5,6-7,3) 0,882
ESR, mm/h 12 (7-15) 10 (7-14) 0,075
Blood chemistry
ALT, U/L 18,7 (14,9-23,9) 17,4 (12,0-25,5) 0,262
AST, U/L 20,0 (17,2-24,4) 19,2 (17,3-23,0) 0,759
Glucose, mmol/l 5,1 (4,8-5,6) 5,0 (4,6-5,5) 0,102
B-lipoproteins, mmol/l 3,0 (2,3-3,8) 3,3 (2,6-4,0) 0,296
Cholesterol, mmol/l 5,2 (4,5-6,2) 5,4 (4,7-6,1) 0,530
Creatinine, pmol/l 90,0 (83,7-95,0) 89,0 (86,0-97,0) 0,004
LDH, U/L 184,9 (161,3-206,3) 187,5 (164,6-216,3) 0,449
D-dimer, ng/ml 0,36 (0,2-0,5) 0,31 (0,21-0,48) 0,283

Note: p — level of significance of difference

Table 3. Survey data of patients with laboratory confirmed (test group) and unconfirmed (control group) COVID-19

to identify post-COVID syndrome

| Parameter | Test group, n=138 | Control group, n=87 | P
Primary survey
Fatigue, muscle pain, dysautonomia, cognitive deficit, % 63,0 64,4 0,841
Decreased quality of life and performance, % 59,4 56,3 0,558
Shortness of breath, exercise intolerance, cough, % 56,5 49,4 0,115
Joint pain, % 55,1 49,4 0,409
Anosmia, ageusia, % 50,7 42,5 0,707
Chest pain, tachycardia, leg swelling, % 48,6 46,0 0,707
Hair loss, skin rash, % 42,0 32,2 0,139
Diabetes mellitus: newly diagnosed, unstable hyperglycemia, % 14,5 12,6 0,695
Temperature increase, % 13,8 14,9 0,806
Repeated survey

Fatigue, muscle pain, dysautonomia, cognitive deficit, % 42,8 44,8 0,760
Chest pain, tachycardia, leg swelling, % 23,2 14,9 0,132
Shortness of breath, exercise intolerance, cough,% 18,1 21,8 0,493
Hair loss, skin rash, % 8,0 11,5 0,376
Decreased quality of life and performance, % 7,2 9,2 0,600
Joint pain, % 6,5 4,6 0,547
Anosmia, ageusia, % 5,1 2,3 0,301
Diabetes mellitus: newly diagnosed, unstable hyperglycemia, % 0,0 0,0 -
Temperature increase, % 0,0 0,0 -

Note: p — level of significance of difference
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Changes in subjective manifestations of post-COVID
syndrome during the year are presented in Figures 1 and
2. Study and control subjects had significantly fewer symp-
toms (even high temperature and hyperglycemia resolved),
except for physical and mental asthenia. The examined
cohort demonstrated similar changes in symptoms.

The most significant reliable relations between post-
COVID syndrome manifestations and examined factors
are presented in Table 4. Of note, the existence of symp-
toms one year after acute COVID-19 is greatly impacted
by being a female in the study group, severity of past
NCVI and D-dimer values in both groups.

Temperature increase

Anosmia, ageusia

Joint pain

Hair loss, skin rash

Diabetes mellitus: newly diagnosed, unstable
hyperglycemia

Fatigue, muscle pain, dysautonomia, cognitive deficit

Chest pain, tachycardia, leg swelling

Shortness of breath, exercise intolerance, cough

Decreased quality of life and performance

B Primary survey

p=0,000
p=0,000

p=0,000

p=0,587
p=0,004

p=0,014
p=0,002 0
T 1

0 20

40 60 80

B Repeated survey

Figure 1. Dynamics of symptoms of post-Covid syndrome in laboratory-confirmed (test group) SARS-CoV-2 infection
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Shortness of breath, exercise intolerance, cough
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B Primary survey

Diabetes mellitus: newly diagnosed, unstable...

Fatigue, muscle pain, dysautonomia, cognitive...

B Repeated survey

Figure 2. Dynamics of symptoms of post-Covid syndrome in laboratory-unconfirmed (control group) SARS-CoV-2 infection
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Table 4. Correlation analysis of manifestations of post-COVID syndrome in patients with laboratory confirmed
(test group) and unconfirmed (control group) SARS-CoV-2 infection

Correlation coefficients in the test group/control group, r, p <0,05
Fatigue, muscle Decreased Shortness of Chest pain
Parameter pain, dysauto- | quality oflife | breath, exercise . . pain, Anosmia, Hair loss, skin
. . R Joint pain tachycardia, leg .
nomia, cogni- and perfor- intolerance, . ageusia rash
. g swelling
tive deficit mance cough
Gender 0,379/- 0,374/- 0,231/- 0,289/- 0,296/- 0,281/- %3203%/
0,402/ 0,208/
Age 0,223 ) ’ ) 0,235 /0,237 ’
Severity of 0,285/ 0,187/ 0,182/ 0,288
COVID-19 10,329 0,349 /0,406 0,425 0,311 /0,265 10,226
-/-0,370
Platelets 0,403/ - -/-0,347 - -/-0,322 - -
Alaninaminotrans-
ferase, Aspartatami- -/0,229 -/0,220
notransferase, Lac- 0.216/- 0,249/- /0,258 /0,298 0,244/- ) /0,222
tate dehydrogenase
Cholesterol, -/0,224 0,257/- 0,188/- 0,212/- - - -
B-lipoproteins
D-dimer 0,244/- - 0,308/0,315 - -/0,328 - -/0,328

Note: correlation coefficients identified at the 2nd stage of the study are highlighted in red

Two years later, symptom prolongation is affected by
age (asthenic, cardiac syndromes in both groups, loss
of taste and anosmia in controls). During a two-year
follow-up period, platelet count, hepatic enzymes and
blood lipids still impact subjective manifestations of
post-COVID syndrome. Lower platelet count in controls
is associated with asthenic and respiratory syndromes
during the first year, with cardiac syndrome two years
after the acute phase; in the study group — with asthenia
persisting for two years. Hepatic cytolysis is related to
the major symptoms during the first year in controls and
the second year in the study group; the quality of life and
cardiac syndrome are affected the most. Total cholesterol
and LDL levels are related to the quality of life, respi-
ratory and articular syndromes in the study group and
with asthenic syndrome in the control group (two years
after NCVTI).

Overall, the results of our study did not conflict
to the literature data; however, there are some clarifi-
cations and updates. According to available reviews,
during the first year after acute NCVI, the incidence of
the most common signs of post-COVID syndrome are:
physical and mental asthenia is recorded in 46-67 %,
loss of taste and anosmia — in 27-41 %, respiratory
symptoms — in 15-37 %, cardiac symptoms — in
31 % [6, 10, 11], joint pain — in 39 % [5]. In examined
patients, the incidence of symptoms was slightly higher
than the mentioned value and did not depend on SARS-
CoV-2 PCR results. The high incidence of post-COVID
syndrome resulted in significantly lower quality of life
and disability during the first year after NCVI in over a
half of patients.

During the second year after acute COVID-19, the
incidence of subjective symptoms was considerably
lower, except physical and mental asthenia, which can
be considered the most prolonged manifestation of post-
COVID syndrome. Lower severity of manifestations and
adaptation to the condition over time made socialisa-
tion of post-NCVI patients possible, thus the number
of patients who reported poorer quality of life dropped
6-7-fold. Unfortunately, the number of studies with the
longest follow-up period of post-COVID-19-patients of
20-24 months is limited; nevertheless, they also dem-
onstrate long-lasting signs of fatigue and cognitive dis-
orders [3, 6]. Long-lasting post-COVID symptoms also
include cardiac, respiratory and skin clusters. The latter
is less common than articular syndrome during the first
year after recovery; however, it is more persistent. Long-
lasting NCVI manifestations are associated with delayed
immune clearance of SARS-CoV-2 antigen or a high viral
load during acute COVID-19 [14]. The latter is doubtful,
since we have not found any difference in manifestation
of post-COVID syndrome in patients with laboratory-
proven and not confirmed SARS-CoV-2 infection. How-
ever, negative PCR results during the acute phase can be
caused not only by test system faults, but also a low viral
load.

There are some indications in literature that sub-
jective signs of post-COVID manifestations last for
7-12 months in hospitalised patients and 4 months in
non-hospitalised patients, thus confirming the relation-
ship between symptoms persistence and severity of the
acute phase [4]. This study has also established the rela-
tionship between post-COVID syndrome and NCVI
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severity in both groups. On the other hand, acute phase
severity matters only for the number of manifestations of
post-COVID syndrome during the first year, thus prob-
ably explaining the difference in test results: some studies
claim that disease severity does not impact long-lasting
COVID-19 [9, 10].

In our study, female sex, which the majority of authors
include in risk factors of post-COVID syndrome [2, 4, 7,
9], is a risk factor only during the first year after an acute
infection; during the second year, persistent symptoms
(particularly astehnia, cardiac symptoms, anosmia, loss
of taste) are associated with age, which can be due to
slower recovery and adaptation in older patients.

It is worth mentioning that, 12 months after NCVT,
blood counts, blood biochemistry and D-dimers nor-
malise, irrespective of baseline values during the acute
phase and laboratory confirmation of NCVI. However,
persistent post-COVID syndrome is affected by platelets
count (negative correlation coefficient), LDH, AST, ALT,
cholesterol and LDL, D-dimer (positive correlation coef-
ficients), while the latter impacts the presence of subjec-
tive symptoms only during the first year after NCVI, all
other parameters — during two years. These parameters
make sense for several years for the purposes of assessing
the long-term residual organ damage (lungs, heart, cen-
tral nervous system, peripheral nervous system), since,
for instance, it has been proven that the cardiovascular
risk rises even one year after an acute disease, irrespec-
tive of long-lasting symptoms of COVID-19 [15].

Currently, multicenter, cohort studies are ongoing,
which assess post-NCVT patients [2], the results of which
will add to the data on the duration and signs of post-
COVID syndrome, standardise test methods and iden-
tify approaches to patient management.

Conclusions

1. The incidence of signs of post-COVID syndrome
does not depend on PCR results during acute
SARS-CoV-2 infection.

2. Symptoms of post-COVID syndrome persist for at
least two years; during the entire follow-up period,
the main signs are: asthenia, cardiac and respiratory
clusters, poorer quality of life, articular syndrome
(the latter is less common than skin manifestations
after the first year).

3. Physical and mental asthenia is the most long-lasting
manifestation of post-COVID syndrome, its inci-
dence does not reduce after two years after the acute
phase and persists practically in a half of all patients.

4. After two years after COVID-19, the incidence of the
main manifestations of post-COVID syndrome (car-
diac and respiratory clusters) drops 2-3-fold; poorer
quality of life is 6-7 times less common.

5. The risk factors for post-COVID syndrome are sever-
ity of acute NCVI and female sex during the first year,
after that — age.

6. D-dimer is associated with subjective signs of post-
COVID syndrome during one year after the acute
phase; hepatic enzymes, lipid profile and platelet
count should be monitored for at least two years.
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Chronic kidney disease in older patients:
the contribution of kidney pathology
to the estimated glomerular filtration

Pestome

Llesb — oLieHUTb 3HaueHKe BKNaja NaToNor1mM NoYeK B PacyeTHYH0 CKOPOCTb KNY604KOBOM GUALTPALMM 1 €ro MPOrHOCTUYEeCKOe 3HaueHe y nauu-
€HTOB MOXM/IOr0 U CTapyecKkoro Bospacta. MaTtepuasnbl u MeTogbl. O6cnefoBaHo 472 nauveHTa (241 xeHwmHa 1 231 MyXunHa, CpeHNIA Bo3pacT
69,6+7,3 net) co cTabubHOM CepAe4YHO-COCYAMCTOM NaTONOrMEN NOXKUIOrO 1 cTapyeckoro BospacTa. XbIM Habaoganack y 302 (63,9 %) naumeHToB
MOXM/IOrO U CTAapYeCKOro Bo3pacTa. PacyeTHyto CKOpocTb Kny6oukosoit dpunbTpauumn (pCK®) onpeaensnu, ucnonbsys ypastenue CKD-EPI (Mogu-
dmrauus 2011). Bknag natonorum noyek (BMM) 8 pCK® paccunTbiBanm no pasHuue Mexay «peanbHoi» pCK® (paccumtanHoii no popmysne CKD-EPI,
2071 Ha OCHOBAHUM «PeasbHOr0» KpeaTUHWHA CbIBOPOTKM) U NMPOrHO3WMPYeMO AN AaHHOrO Bo3pacTa u nona pCK® (nateHt N2 RU 2723748 C1).
Cpok HabntoaeHnsa coctaBun 12 Mecsues. B kayecTBe NepBUYHON KOHEYHON TOYKU OLLeHMBanach oblas cMepTHoCTb. PesyabTathl. BI1M B pCKD
Y MaLMEHTOB MOXW/IOrO U CTApYeCKOro Bo3pacTa coctasun 26,3 (14,9;35,7) %, ysennumsascs ¢ TskecTbio XBIM. BMM B pCK® y naumeHToB NoXuaoro
1 cTapyeckoro Bospacra ¢ XBI He pasnnyanca B 3aBMCUMOCTM OT nona v Bospacta (p >0,05). MogudnumposaHHbIN MHAEKC KOMOp6UAHOCTU Yapa-
COH 6b1/1 60/1e€ BbICOKUM Y naumeHTos ¢ XBI ¢ BMIM 8 pCK® 6onee 43,3 % no cpaBHeHwto ¢ naumeHtamu ¢ BMNM B pCK® meee 43,3 (p=0,004). BN
B pCK® 6onee 43,3 % accounmpoBascs C pUCKOM CMepTU B TeyeHue roaa y naumentos ¢ X6 (OP 4,7; 95 % /1M1 1,99-10,9; p<0,0001). Mpwu oueHKe
nporHoctuyeckoro 3HaveHuna Bl B pCK® Hesasncrmo ot Hannuma XbI ycraHosneHo, uTo ysennyeHue Bl 8 pCK® 6onee 17,9 % accouunposaHo
C PUCKOM CMepTH B TEYEHME FOAa Y MaLMEeHTOB MOXMIOrO 1 CTAPYECKOro BO3pPacTa CO CTabuUbHOM CepAedHo-cocyancTor natonorueit (OP 2,47;
95% /AN 1,31-4,67; p=0,004). 3akntouenue. BN B pCKP y naumeHTOB NOXKMAOIO U CTapyecKoro Bospacta ¢ XBI1 u crabunbHomn cepgeyHo-co-
CyANCTON KOMOP6MAHOCTBIO yBennumBaeTcs ¢ TAXecTbio XBI1 1 He 3aBMCMT OT Nona v Bo3pacTa. Y NaLMeHTOB MOXW/IOro M CTapyecKoro Bo3pacTa
co cTabuibHON cepAeyHo-cocyancTon natonoruein Brln B pCK® nmeeT nporHocTUYeCKMe NpenMyllecTBa Npu OLeHKe rof0BOM NeTaNbHOCTU MO
cpaBHeHuto ¢ oueHkoi pCK® no popmyne CKD EPI (2011).
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Abstract

The purpose of the study was to assess the contribution of kidney pathology to the estimated glomerular filtration rate and its prognostic value in
elderly and senile patients. Materials and methods. 472 elderly and senile age patients (241 women and 231 men, mean age 69.6+7.3 years) with stable
cardiovascular diseases were examined. CKD was observed in 302 (63.9 %) elderly and senile patients. Estimated glomerular filtration rate (eGFR) was
determined using the CKD-EPI equation (modified 2011). The contribution of kidney pathology (CKP) to eGFR was calculated by the difference between
the “real” eGFR (calculated using the CKD-EPI, 2011 formula based on the “real” serum creatinine) and the predicted eGFR for a given age and sex
(patent No. RU 2723748 C1). The follow-up period was 12 months. The primary endpoint was overall mortality. Results. The CKP in eGFR in elderly
and senile patients was 26.3 (14.9;35.7) %, increasing with the severity of CKD. The CKP in eGFR in elderly and senile patients with CKD did not differ
depending on gender and age (p>0.05). The modified Charlson comorbidity index was higher in patients with CKD with CKP in eGFR more than 43.3 %
compared to patients with The CKP in eGFR less than 43.3 (p = 0.004). The CKP in eGFR more than 43.3 % was associated with a 1-year risk of death in
patients with CKD (OR 4.7; 95 % Cl 1.99-10.9; p<0.0001). When assessing the prognostic value of CKP in eGFR, regardless of the CKD it was found that
an increase CKP in eGFR more than 17.9 % was associated with a 1-year risk of death in elderly and senile patients with stable cardiovascular diseases
(OR 2.47; 95% Cl 1.31-4.67; p=0.004). Conclusion. The CKP in eGFR in elderly and senile patients with CKD and stable cardiovascular comorbidity
increases with the severity of CKD and does not depend on gender and age. In elderly and senile patients with stable cardiovascular diseases, the CKP
in eGFR has prognostic advantages when assessing annual mortality compared to eGFR assessment using the CKD EPI formula (2011).
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AH — arterial hypertension, CABG — coronary artery bypass grafting, BP — blood pressure, RPC — renal pathology contribution, CI — confidence
interval, IHD — ischemic heart disease, MI — myocardial infarction, CInd — comorbidity index, ACE — acute cerebrovascular event, OR — odds ratio,
eGFR — estimated glomerular filtration rate, AF — atrial fibrillation, CKD — chronic kidney disease, CHF — chronic heart failure, PCI — percutaneous

coronary intervention.

Introduction

The key causes of a chronic disease are still arterial
hypertension and diabetes mellitus [1, 2]. Age is an inde-
pendent non-modifiable risk factor for chronic kidney
disease (CKD) development and progression, with
chronic kidney disease being a sign of premature ageing
[3, 4]. In elderly and old patients, CKD is not always
timely diagnosed and is often seen as age-related changes
of the renal function [5]. Some authors propose intro-
ducing a term “age-related deterioration in renal func-
tion” in order to prevent a hike in the incidence of CKD
in elderly patients [6]. At the same time, despite any age-
related changes, reduction in glomerular filtration rate is
not mandatory in healthy population [7].

The varying significance of the age factor needs to be
taken into account: younger patients with eGFR of less
than 45 mL/min/1.73 m?* have a higher risk of end-stage
kidney failure; on the contrary, in 85-year-old patients, the
risk of death outweighs the risk end-stage kidney failure
irrespective of the eGFR value [8]. It is worth mention-
ing that in elderly patients, CKD is usually diagnosed due
to an isolated reduction in estimated glomerular filtration
rate and not albuminuria [9, 10]. Estimated glomerular fil-
tration rate will not allow assessing the contribution from
pathology to eGFR, since this parameter also includes age-
related reduction in renal function.

Study objective: To assess the significance of renal
pathology contribution to the estimated glomerular

filtration rate and its prognostic value in elderly and old
patients.

Materials and Methods

We examined 472 elderly and old patients (241 female
and 231 male patients, mean age: 69.6 + 7.3 years old)
with a stable cardiovascular pathology. Elderly patients
were aged 60-74 years old, while old patients were aged
75-89 years old, according to the World Health Organ-
isation’s criteria (2012) [11].

The study is an open-label, prospective, cohort
study using continuous sampling method. Exclusion
criteria were: acute cardiovascular pathology (acute
myocardial infarction, instable angina, decompensated
cardiac failure, acute cerebrovascular event within six
months prior to enrolment); end-stage renal disease
requiring replacement renal therapy, clinically apparent
hepatic failure, acute infectious diseases and/or chronic
disease relapses, mental disorders, apparent cognitive
disorders which hinder tests, absence of the informed
consent to take part in the study. The follow-up period
was 12 months. Overall mortality was the primary
endpoint.

CKD was diagnosed in accordance with the National
Guidelines on the Key Principles of Screening, Diagnosis,
Prevention and Management of Chronic Kidney Disease
(Russian National Society of Nephrology, 2012) [12].
The analysis took into account the Clinical Guidelines

117



118

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 2 e 2024

on the Chronic Kidney Disease (Russian Nephrology
Association, 2021) [2].

Estimated glomerular filtration rate (eGFR) was
determined using a formula proposed by the CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration,
2011 modification). Renal pathology contribution (RPC)
to estimated glomerular filtration rate (eGFR) was cal-
culated on the basis of the difference between the actual
eGFR (calculated using CKD-EPI, 2011 formula on the
basis of the real blood creatinine value) and eGFR value
predicted for a specific age and sex, assuming that serum
creatinine is 80 pmol/L for women and 100 pumol/L for
men (Patent No. RU 2723748 C1), formula (1).

A (%) = (B-C)*100 % / B, (1)

where A is renal pathology contribution to estimated
glomerular filtration rate;

B is a predicted (optimal) estimated glomerular filtra-
tion rate;

C is the real estimated glomerular filtration rate.

Cardiovascular pathologies were diagnosed in accor-
dance with the current Russian guidelines.

Clinical characteristics of subjects are presented in
Table 1.

Chronic kidney disease was diagnosed in 302
(63.9 %) of elderly and old patients. More common was
CKD with eGFR of less than 60 mL/min/1.73 m2 —
277 patients (91.7 %) out of 302. CKD was diagnosed
on the basis of an isolated reduction in eGFR below
60 mL/min/1.73 m2 — in 218 CKD patients (72.2 %).
Structural renal changes were observed in 67 CKD
patients (22.2 %), albuminuria/proteinuria — in 62 CKD
patients (20.5 %) (n = 302). Thus, there were no cases
of stage 1 CKD; stage 2 CKD was diagnosed only in
25 patients (8.3 %), stage 3a was observed in 185 patients
(61.3 %), 3b — in 83 patients (27.5 %), stage 4 — in
9 patients (2.9 %) of elderly and old age (n = 302).

Comorbidity was assessed in accordance with the
Clinical Guidelines on Comorbid Pathologies in Clini-
cal Practice [13], modified Charlson comorbidity

Table 1. Clinical characteristics of elderly and senile patients with stable cardiovascular diseases

Parameters | n=472
Women, n (%) 241(51)
Men, n (%) 231(49)
Age (M£SD, years) 69,6+7,3
Location:
urban residents, n (%) 415(87,9)
rural residents, n (%) 57(12,1)
Smoking, n (%) 55(11,7)
Heredity for cardiovascular pathology, n (%) 205(43,4)
AH, n (%) 452 (95,8)
CHF, n (%) 335 (70,1)
CAD, n (%) 349 (74)
including history of myocardial infarction, n (%) 132 (27,9)
History of PCI/CABG, n (%) 54 (11,4)
AF, (n%) 156 (33)
including permanent AF, n (%) 81 (17,2)
Diabetes mellitus type 2, n (%) 129 (27,3)
Peripheral artery disease, n (%) 70 (14,8)
History of stroke, n (%) 60 (12,7)
Non-coronary heart diseases (cardiomyopathies, heart defects), n (%) 48 (10,2)
Pathology of the musculoskeletal system, n (%) 275 (58,2)
Obesity, n (%) 200 (42,4)
Dementia, n (%) 97 (20,5)
Anemia, n (%) 92 (19,1)
Pathology of the thyroid gland, n (%) 73 (15,4)
Primary kidney diseases (chronic glomerulonephritis, chronic pyelonephritis, urolithiasis), n (%) 67 (14,2)
Chronic nonspecific lung diseases (chronic obstructive pulmonary disease, bronchial asthma), n (%) 47 (9,9)
Peptic ulcer, n (%) 27 (5,7)
Connective tissue diseases, n (%) 19 (4,0)
Malignant tumors without metastases (complete remission >5 years are excluded), n (%) 18 (3,8)
History of viral hepatitis, n (%) 11 (2,3)

Notes. AH — arterial hypertension, CABG — coronary artery bypass grafting, CAD — coronary artery disease, CI — comorbidity index, ACVA — acute cerebrovascular accident,
AF — atrial fibrillation, CKD — chronic kidney disease, CHF — chronic heart failure, PCI — percutaneous coronary intervention




Apxusb BHYTpeHHE MeAuuMHEL ® No 2 o 2024

OPUTMHAABHBIE CTATHU

index (CInd) was used (Patent No. RU 2706975 C1) [10].
Comorbidity was high is CInd was more than 6 points.

Statistical data analysis was performed using StatSoft-
Statistica v.10.0.1011.6 (StatSoft, Inc, USA) and MedCalc
11.6 (MedCalc Software Ltd, Belgium). Data distribu-
tion was assessed using Shapiro-Wilk’s W test. Depend-
ing on analysis results, data were presented as M+SD,
where M is the arithmetic mean, SD is standard devia-
tion (in normal distribution), or Me (IQR), where Me is
median, IQR is interquartile range: 25th percentile-75th
percentile (in a distribution other than normal). Groups
were compared using Student t-test and Mann-Whit-
ney U test) (in a distribution other than normal). Test
method accuracy was assessed using ROC analysis; event
probability was predicted using logistic regression analy-
sis. Survival rate analysis was performed using Kaplan-
Meier method. Qualitative parameters were compared
using Pearson’s chi-square test. Differences were statisti-
cally significant at p < 0.05.

Results

Pathology contribution to eGFR in elderly and old
patients was 26.3 % (14.9 %;35.7 %) %, increasing along
CKD severity (Fig. 1).

Given the concept of the cardiorenal syndrome
(where failure of one organ causes impaired function of
the other organ), stage 2 CKD patients were not included
in the analysis, and negative RPC values are probably
associated with hyperfiltration and preserved filtration
function at this CKD stage.

Renal pathology contribution to eGFR in elderly
and old patients was independent of the age: 23.1%
(17.3 %;36.1 %) and 25.6 % (12.7 %;36.7 %) for man
and women, respectively, p = 0.19. There were no differ-
ences in RPC to eGFR in elderly and old patients: 26.3 %
(16.2 %;33.7 %) and 26.4 % (11.0 %;36.7 %), respectively,
p = 0.81) (relationship between RPC to eGFR and patient
age: r =-0.09, p = 0.13) (Fig. 2).
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Figure 1. Contribution of kidney pathology to eGER in elderly and senile patients depending on the stage of CKD

Notes eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease
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Figure 2. Contribution of kidney pathology to eGFR in elderly and senile patients depending on age group

Notes eGFR — estimated glomerular filtration rate
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Out of 472 elderly and old patients with stable cardio-
vascular pathology, prognosis was assessed in 405 patients
(85.8 %). During the follow-up period, 47 elderly and old
patients (11.6 %) with a stable cardiovascular pathology
(38 patients with CKD and 9 patients without CKD) died.
Given the lack of the data on the cause of death in a number
of patients, cardiovascular mortality was no analysed.

Thelogistic regression analysis established that the pres-
ence of CKD with eGFR of less than 60 mL/min/1.73 m?*in
elderly and old patients with cardiovascular pathologies is
associated with a considerable risk of one-year mortality
(OR2.37;95 % CI 1.11-5.09; p = 0.017).

Assessment of the prognostic value of RPC to eGFR
in elderly and old patients with a stable cardiovascular

p=0,003

pathology with or without CKD demonstrated that an
increase in RPC to eGFR of over 17.9 % is associated with
one-year mortality in elderly and old patients with stable
a cardiovascular pathology (OR 2.47; 95 % CI 1.31-4.67;
p = 0.004) (Fig. 3).

Renal pathology contribution to estimated GFR of
over 43.3 % was associated with a risk of one-year mor-
tality in elderly and old patients with CKD with eGFR
of less than 60 mL/min/1.73 m? (OR 4.7; 95 % CI 1.99-
10.9; p < 0.0001). Patient survival analysis is presented
in Figure 4.

An increase in RPC to eGFR of over 43.3 % was
associated with anaemia (OR 2.81; 95 % CI 1.28-6.17;
p = 0.009), a history of acute cerebrovascular event
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Figure 3. Cumulative survival of elderly and senile patients with stable cardiovascular pathology depending on the

contribution of kidney pathology to eGFR

Notes. eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease
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Notes. eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease
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(OR 2.82; 95 % CI 1.19-6.66; p = 0.02), atrial fibrillation
(OR 2.37; 95 % CI 1.07-5.28; p = 0.03) (Table 2).

Modified Charlson comorbidity index was higher in
patients with CKD with RPC to eGFR of over 43.3 % vs.
patients with RPC to eGFR of less than 43.3 %: 8 (6;9)
and 7 (6;8), respectively, p = 0.004.

Clinical and laboratory values in elderly and old
patients with a stable cardiovascular pathology and CKD,
depending on RPC to eGFR, are presented in Table 3.

Elderly and old patients with CKD with RPC to eGFR
of over 43.3 % had higher body mass index as compared
with patients with RPC to eGFR of less than 43.3 %
(p = 0.02). Also, it is worth mentioning that elderly and
old patients with CKD and RPC of over 43.3 % had higher
WBC count (p = 0.005), neutrophils count (p = 0.003)
and neutrophil/lymphocyte ratio (p = 0.008). Besides,
in patients with CKD and RPC to eGFR of over 43.3 %,
serum potassium was higher than in patients with CKD
and lower RPC to eGFR: 4.9 (4.4;5.7) and 4.5 (4.1;4.9)
mmol/L, respectively, p = 0.004.

Table 2. Relationship between the contribution of kidney
pathology to eGFR more than 43.3 % and comorbidity

in patients with CKD with eGEFR less than

60 ml/min/1.73 m?

R
Diabetes 1,29 0,59-2,79 0,51
Metabolic syndrome 1,1 0,51-2,42 0,79
Obesity 1,81 0,89-3,68 0,09
Coronary artery disease 1,35 0,6-3,04 0,46
Elfsat:crgo‘f myocardial 1,02 0,49-2,15 0,95
CHF 0,74 0,15-3,55 0,70
History of stroke 2,82 1,19-6,66 0,02
Anemia 2,81 1,28-6,17 0,009
Atrial fibrillation 2,37 1,07-5,28 0,03

Notes. CI — confidence interval, ACVA — acute cerebrovascular accident, OR — odds
ratio, eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease,
CHF — chronic heart failure

Table 3. Clinical and laboratory parameters of elderly and senile patients with CKD with eGFR less than
60 ml/min/1.73 m2 depending on the contribution of kidney pathology in eGFR

Patients with a contribution of | Patients with a contribution of
kidney pathology to eGFR of kidney pathology to eGFR of p
more than 43.3 % (n=36) less than 43.3 % (n=241)

Parameters Me(IQR)

Body mass index, kg/m? 30,4 (27;37,9) 29,0 (25,9;32,7) 0,02
Body fat mass index, kg/m? 11,1 (9,4;17,4) 10,2 (7,9;12,9) 0,02
6-minute walk test, m 305,5 (295;350) 302,5 (290;380) 0,53
SBP, mmHg 130 (130;142,5) 135(139;144) 0,66
DBP, mm Hg. 80 (80;90) 80 (8090) 0,95
Heart rate, beats per minute 76 (71;84) 72,5 (66;83,5) 0,19
Hemoglobin, g/l 122,5(112;148) 135(121;148) 0,08
Red blood cells, 10'2/n 4,5 (3,9;4,9) 4,5 (4;4,8) 0,82
Leukocytes*10°/ 8,4 (6,4;11,8) 6,8 (5,5;8,2) 0,005
Neutrophils, *109/1 5,7 (4,4;8,4) 4,1 (3,3;5,3) 0,003
Lymphocytes, *10°/1 1,7 (1,4;2,2) 1,8 (1,4;2,2) 0,72
Monocytes, *10°/n 0,4 (0,3;0,6) 0,4 (0,2;0,6) 0,77
Eosinophils, *10°/n 0,09 (0;0,22) 0,07 (050,15) 0,59
N/L ratio 3,2 (2,3;5,3) 2,3 (1,7:3,4) 0,008
Eo/Leu ratio 0,03 (0;0,22) 0,02 (0,01;0,07) 0,24
M/L ratio 0,29 (0,17;0,4) 0,24 (0,15;0,35) 0,46
Platelets, * 10%/n 224 (178;269) 219 (189;268) 0,68
ESR, mm/h 18,5 (11;36,5) 12 (6;22) 0,01
Blood glucose, mmol/I 6,3 (5,4;6,9) 5,9 (5,2;7) 0,56
Total protein, g/l /Total cholesterol, mmol/l 68,4(62,8;71;6) 69,8(64,7;74;4) 0,08
Total cholesterol, mmol/l / 4,7(3,6;5,7) 4,9(3,9;5,8) 0,05
Triglycerides, mmol/l 1,34(0,95;1,49) 1,19(0,87;1,78) 0,82
Sodium, mmol/l 140,5 (137;143,5) 142 (139;144) 0,15
Potassium, mmol/l 4,9 (4,4;5,7) 4,5 (4,1;4,9) 0,004
Fibrinogen, g/1 3,5 (3;4,8) 3,3 (2,7;4,0) 0,16

Notes. DBP — diastolic blood pressure, BMI — body fat mass, SBP — systolic blood pressure, ESR — erythrocyte sedimentation rate, eGFR — estimated glomerular filtration rate,
CKD — chronic kidney disease, HR — heart rate. N/L ratio — ratio of neutrophils to lymphocytes, Eo/Leu ratio — ratio of eosinophils to leukocytes, M/L ratio — ratio of monocytes

to lymphocytes
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Discussion

Renal function impairment with ageing is a seri-
ous concern: in individuals over 40 years of age, GFR
reduces by 1 mL/min/1.73 m?[4, 14]. Age-related reduc-
tion in GFR is caused by glomerular sclerosis, tubular
atrophy, reduced cortex activity and smaller kidney size
[15-17]. Age-related changes in tubular function result
in impaired sodium reabsorption, with it being a risk
factor for rapid dehydration in elderly people; reduced
potassium excretion causing, together with medications,
hyperkalaemia; impaired concentration capacity of kid-
neys, which leads to nocturnal enuresis [18].

In elderly patients, reduced renal function is associ-
ated with almost two-fold increase in the incidence of
arterial hypertension, ischemic heart disease and car-
diac failure [19]. In addition to eGFR assessment, it is
essential to take into account the gerontological status
of elderly patients (frailty, cognitive disorders, self-care
ability) and their comorbidities [20, 21].

The use of calculation formulas for GFR assessment
in elderly people with CKD has a number of limita-
tions. The MDRD (Modification of Diet in Renal Dis-
ease) and CKD-EPI (Chronic Kidney Disease Epidemi-
ology Collaboration) formulas are highly accurate, but
they underestimate CKD severity in this cohort [22].
The use of the Cockcroft-Gault equation in elderly
people is also inaccurate, mostly because the equation
uses body weight in calculations: elderly people have
less lean body mass due to comorbidities, frailty and
malnutrition. In validation of calculation formulas, the
number of elderly people over 70 years of age was insuf-
ficient. For instance, for the MDRD formula, the mean
age in the population was 50.6 + 12.7 years old, for the
Cockeroft-Gault equation, the percentage of patients
over 70 years of age was just 23 % [23, 24]. Also, it is
worth mentioning that among elderly and old people
with CKD there are a lot of patients with diabetes melli-
tus, who experience hyperfiltration even at early stages
of diabetic nephropathy [25].

Given the complexity and ambiguousness of the
approach used for elderly and old patients with CKD, the
European Renal Association-European Dialysis Trans-
plantation Association (ERA-EDTA) and the European
Union Geriatric Medicine Society (EUGMS) devel-
oped Clinical Guidelines for the management of elderly
patients with stage 3b+ chronic kidney disease [26]. The
CKD-EPIcr-cys equation is proposed to be used as the
most optimal alternative to direct measurement of the
renal function in elderly people (2C is a low-quality rec-
ommendation with a low level of evidence) [26].

Therefore, it is recommended to use CKD-EPIcr-cys
both for the screening of elderly patients and develop-
ment of a treatment approach. However, in this case, it
is still unclear how a renal pathology contributes to esti-
mated glomerular filtration rate. The proposed method
for the determination of RPC is better in forecasting

the risk of mortality in elderly people with CKD and
a cardiovascular comorbidity.

Conclusion

Renal pathology contribution to estimated GFR in
elderly and old patients with CKD and a cardiovascular
comorbidity grows along with CKD severity and is inde-
pendent of sex and age. In elderly and old patients with a
stable cardiovascular pathology, renal pathology contri-
bution to estimated GFR of over 17.9 % has prognostic
significance in the assessment of one-year mortality vs.
eGFR calculation using the CKD EPI formula (as modi-
fied in 2011) (OR 2.47; 95 % CI 1.31-4.67; p = 0.004).
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Pestome

AKTyanbHOCTb. [1pOTMBOBMPYCHas Tepanus aHasoraMu HyK/a1eo3(T)UAOB XPOHWYECKOro renatuTa B Hanpas/ieHa Ha npesoTBpalLeHue Nporpeccu-
poBaHuA 3a6o/ieBaHNA U Pa3BUTUA OCNOXHeHN. OHaKo CyliecTBytollan Tepanua He No3BOAET MKBUAMPOBATL BUPYC renatuta B, u ana coxpa-
HeHWA KMHMYecKoro 3¢dekTa y 60/bWMHCTBA NaLVeHTOB TpebyeTcs AMTeNbHOe eyeHune. B cBA3M € 3TUM M3yyeHKe GpaKTOpOB, aCCOLUMPOBAH-
HbIX C 3GPEKTUBHOCTbIO aHA/NOrOB HYK/1E03(T)MAOB, ABAETCA aKTyasbHbIM. Liesib — oueHKa 3$pdeKTUBHOCTY 1 BbIAB/IEHWE MPEAUKTOPOB OTBETa Ha
MPOTUBOBMPYCHYIO TEpanuio aHanoraMm HyK1eo3(T)MA0B y NaLMEHTOB C XPOHWYECKMM renatutom B. MaTepuasibl v MeToAbl. PeTPOCNeKTMBHO-NPO-
CreKTUBHOE 06CepBaLMOHHOE UCC/IeA0BaHME BKAKOYA/IO 71 NaLueHTa C XpOHUYECKMM renaTUToM B, nonyyaBLumnx aHanoru Hykneos(T)ugos B LieHtpe
AVMArHOCTUKU U IeYeHUs XPOHMUYECKUX BUPYCHBIX FenaTuTos B nepuog ¢ 2008 r. no 2023 r. 3$deKTUBHOCTL Tepanumu aHanoraMn Hykeos(T)uaos
oueHnBanach Yepes 24, 48 1 96 Hegenb npuema npenapaToB. BbiM M3yyeHbl NPOrHOCTMYECKNE GpaKTOPbI, aCCOLMMPOBaHHbIE C MOAYYeHeM BUPY-
CONIOTMYECKOro OTBETa Yepes roj NMPOTUBOBUPYCHOW Tepanun 1 C AOCTUXKEHMEM BbIPaXEHHOTO CHUXKEHMA NIOTHOCTY NeYeHy Npy TPaH3UeHTHOM
anactoMeTpun. PesynbTaThl. HacToTa BUPYCONOrMYECKOrO M BUOXMMMYECKOro OTBETa YBe/IMYMBaiach Mo Mepe NpoAo/HKeHNA NPOTUBOBUPYCHOW
Tepanuu, a yepes 96 Hegenb NpMeMa aHaNOroB HyKNeo3(T)UAos coctaBuna 92,6 %. VICXOAHbI ypOBEHb BUPYCHOM Harpy3ku npeacrasiseT coboi
HE3aBMCHMbI MPOrHOCTUYECKMIA PaKTOP AOCTUKEHUS aBUpeMUM Yepes 48 Heaenb Tepanuu (p=0,022). Knnperc HBsAg Habatogancay 2 (2,8 %) na-
LMeHTOB, KnmpeHc HBeAg — y 5 HBeAg-no3nTuBHbIX nauueHToB. Ha ¢poHe npreMa aHanoroB HyK1eo3(T)MA0B 6bI10 OTMEUEHO 3HAUMMOE CHUKEHIE
¢$unbpo3a neyeHn No JaHHbIM TPAH3NEHTHOMN 31aCTOMETPUN, NPY 3TOM ee BbICOKMIA YpPOBEHb B Ha4asie MPOTMBOBUPYCHOW Tepanuu ABiseTca $pakTo-
POM, CBA3AHHBIM C BbIPAXXEHHbIM CHUXKEHWUEM MNOTHOCTU nevenn (Ha 25 % v 6onee) (p=0,022). 3akntoueHue. MPOTMBOBUPYCHaA Tepanuns aHaaoramMu
HyK/1€03(T)1AOB NPOAEMOHCTPUPOBA/A BLICOKYHO 3GPEKTUBHOCTL MPY MOAABAEHUM PENIMKALMM BUPYCA renaTuta B, HOpManusaLum akTMBHOCTM
amMuHoTpaHcdepas 1 yMeHblueHUn ¢prnbposa neyeHun. MicxoaHble ypOBHM BUPYCHOW Harpysku U TPaH3MEHTHON 3/1aCTOMeTPUN ABAAIOTCA Hanbonee
Ba)XXHbIMU MPOrHOCTUHECKUMU HAKTOPaMM, aCCOLUMPOBAHHBIMU C 3EKTUBHOCTbIO MPOTUBOBUPYCHOM Tepanum aHaoramu Hykneos(T)uaos.
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Abstract

Background: Antiviral therapy with nucleos(t)ide analogs for chronic hepatitis B is aimed at preventing disease progression and the development
of complications. However, current therapies do not allow elimination of hepatitis B virus, and long-term treatment is required to maintain
clinical effect in most patients. In this regard, the study of associated factors with the efficacy of antiviral therapy of nucleos(t)ide analogs is
actual. Aim: To evaluate efficacy and identify predictors of response to antiviral therapy with nucleos(t)ide analogs in patients with chronic
hepatitis B. Materials and methods: This retrospective-prospective observational study included 71 patients with chronic hepatitis B who received
nucleos(t)ide analogs at the Center for Diagnosis and Treatment of Chronic Viral Hepatitis from 2008 to 2023. The efficacy of antiviral therapy
with nucleos(t)ide analogs was evaluated after 24, 48, and 96 weeks of drug intake. The prognostic factors associated with obtaining a virologic
response after one year of antiviral therapy and with achieving a significant decrease in liver density by transient elastometry were examined.
Results: The virologic and biochemical response rate increased as antiviral therapy continued, and after 96 weeks of taking nucleos(t)ide analogs
was 92.6 %. Baseline viral load level was an independent prognostic factor for achieving aviremia after 48 weeks of antiviral therapy (p=0.022).
HBsAg clearance was observed in 2 (2.8 %) patients, HBeAg clearance — in 5 HBeAg-positive patients. On nucleos(t)ide analogs treatment there
was a significant decrease of liver fibrosis measured by transient elastometry, and a high level of transient elastometry at the beginning of antiviral
therapy is a factor associated with a significant decrease in liver density (by 25 % or more) (p=0.022). Conclusion: Antiviral therapy with nucleos(t)
ide analogs has demonstrated high efficacy in suppressing hepatitis B virus replication, normalizing aminotransferase activity, and reducing liver
fibrosis. Baseline viral load and transient elastometry levels are the most important prognostic factors associated with the efficacy of antiviral
therapy with nucleos(t)ide analogs.
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Introduction
or early clinical development stage. The key objective of

Despite the availability of an efficient hepatitis B
virus (HBV) vaccine, chronic hepatitis B (CHB) remains
a serious global healthcare concern. According to the
World Health Organisation, approximately 300 mil-
lion people suffer from CHB all over the globe and are
at risk of severe hepatic complications [1]. Every year,
almost 1 million people all over the world die of hepatic
cirrhosis and hepatocellular carcinoma [2]. Accord-
ing to an analysis presented by the Russian Agency for
Health and Consumer Rights in 2022, the incidence
of CHB in the Russian Federation was 6.37 cases per
100,000 people (9,297 cases), i.e. the rate has increased
by 42.5 % vs 2021 [3].

Currently, complete recovery from HBV infections is
still impossible because the virus DNA integrates with the
host genome, and products which can block or destroy
covalently closed circular HBV DNA are at preclinical

the therapy in patients with CHB is extension of their
life expectancy and improvement of the quality of life by
preventing disease progression [4].

According to clinical guidelines, nucleoside ana-
logues (NA) are the first-line drugs for antiviral therapy
(AVT) in patients with CHB due to their high antiviral
activity and safety [4-6]. However, with the use of NAs,
the rate of aviremia achievement and fibrosis sever-
ity vary. Incomplete virological response (VR), which
depends on blood HBV DNA after 12 months of therapy,
is observed in 10-30 % of patients who underwent NA
therapy [4, 7]. This problem can cause poor compliance
among patients.

Therefore, the objective of this study is to assess the
efficacy of antiviral therapy with NAs and to identify pre-
dictors of therapy response in patients with CHB.
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Materials and Methods

A retrospective-prospective, observational study
included 71 patients with CHB, who were treated with
NAs at the Centre for Diagnostics and Therapy of
Chronic Viral Hepatitis in 2008-2023.

Inclusion criteria:

1. Patients with CHB

2. Over 18 years of age, both males and females

3. Antiviral therapy with NAs.

Exclusion criteria:

1. Patients with markers of HIV, hepatitis C, hepati-
tis D

2. Pregnancy and breastfeeding.

Patients were treated with the following NA products:
50 (70.4 %) — entecavir (ETV), 13 (18.3 %) — telbivu-
dine (TBV), 5 (7.0 %) — tenofovir disoproxil fumarate
(TDF), 3 (4.2%) — lamivudine (LAM). The therapy
lasted for 6 to 192 months, mean value: 15.0 [12.0-31.0]
months.

The efficacy of NA AVT was assessed on the basis of
the following:

- Virological response (HBV DNA < 50 I[U/mL)

- Biochemical response (alanine aminotransferase

(ALT) level of < 40 U/L)

- Serological response (HBsAg clearance/sero-
conversion, HBeAg clearance/seroconversion in
HBeAg-positive patients)

Reduction in fibrosis severity.

Changes in hepatic fibrosis (HF) during AVT were
assessed by transient elastometry (TE) using Fibroscan®
(model 502 Touch Echosens, France) in accordance with
the standard operating procedures. Marked liver density

reduction (MLDR) means reduction in TE value by at
least 25 % from the baseline.

Statistical processing was performed using SPSS soft-
ware (version 25.0; SPSS Inc., USA). Categorial clinical
data between independent groups were compared using
chi-square and Fischer’s exact test, while numerical
information was compared with the help of Mann-Whit-
ney test. Changes in numerical data during the therapy
were evaluated with Wilcoxon test; McNemar chi-test
was used for categorial data. Event probability (taking
into account independent variable values) was calculated
using binary logistic regression. Reliability operating
characteristics (ROC) were analysed in order to assess
the factor efficacy for therapy response forecasting and
to calculate sensitivity, specificity, area under ROC curve
(AUROC), and optimal threshold value. p < 0.05 was sta-
tistically significant.

The study was approved by the Local Ethics Commit-
tee at the N. I. Pirogov Russian National Research Medi-
cal University at the Ministry of Health of Russia (Min-
utes No. 213 dated 13 December 2021).

Results

The test group included 36 male and 35 female
patients. The mean age at baseline was 47.0 [30.0-
57.0] years old. The majority of patients (81.7 %) were
HBeAg-negative. Baseline characteristics of HBeAg-
negative and HBeAg-positive patients are presented in
Table 1.

HBeAg-positive patients were younger and had high
activity of ALT, aspartate aminotransferase (AST) and
HBV DNA, as compared to HBeAg-negative patients.

Table 1. Comparative baseline characteristics of HBeAg-negative and HBeAg-positive patients treated with nucleos(t)ide

analogs

Parameter HBeAI:g:;;gatlve HBeAl;gz—llwgsnlve P
Age, years 48,0 [33,0-58,0] 30,0 [27,0-43,0] <0,05
Male, n (%) 28 (48,3) 8 (61,5) >0,05
Platelets, 10%/1 227 [183-267] 219 [200-250] >0,05
HBV DNA, log, TU/mL 4,0 [3,5-4,8] 7,9 [4,3-8,0] <0,05
Alanine aminotransferase, ITU/L 33,5 [18,5-60,0] 60,6 [45,0-90,0] <0,05
Aspartataminotransferase, [U/L 27,4 [20,1-46,5] 53,8 [34,2-70,0] <0,05
Transient elastometry, kPa 6,8 [5,4-10,4] 6,1 [5,4-11,8]
Fibrosis stage FO-1, n (%) 23 (50,0) 6 (60,0)
Fibrosis stage F2, n (%) 9 (19,6) 1(10,0) >0,05
Fibrosis stage F3, n (%) 8 (17,4) 1(10,0)
Fibrosis stage F4, n (%) 6 (13,0) 2 (20,0)

Notes: data are presented as median [25th-75th percentiles] or number (%); p — significance level (statistically significant differences in bold)
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Virological response

After 24, 48, 96 weeks of AVT, the rate of virologi-
cal response (VR) was 69.0 % (47/71), 87.6 % (57/65) and
92.6 % (25/27), respectively (Fig. 1).

On week 24 of AVT, VR was achieved in 77.6 %
(45/78) of HBeAg-negative and 30.8 % (4/13) of HBeAg-
positive cases, including after the therapy with ETYV,
TBV, TDF and LAM — 36/50, 10/13, 0/5 and 3/3 cases,
respectively.

After 48 weeks of therapy, aviremia was recorded in
92.7 % (50/54) of HBeAg-negative and 63.6 % (7/11)
of HBeAg-positive patients. VR was observed as fol-
lows: ETV — 42/46, TBV — 10/12, TDF — 2/4, and
LAM — 3/3 patients.

The rate of aviremia on week 96 of AVT was 95.2 %
(20/21) of HBeAg-negative patients and 83.3 % (5/6) of
HBeAg-positive patients.

It has been shown that the rate of VR after 24 and
48 weeks of NA AVT in HBeAg-positive patients was

p=0,002

0 III

24 week
= Total

Frequency of achieving aviremia, %

» HBeAg-negative

lower than in HBeAg-negative patients (p < 0.05).
However, after 96 weeks of therapy, no differences were
observed (p > 0.05) (Fig. 1).

A linear logistic regression model, which included
sex, age, platelet count, baseline HBeAg status, baseline
HBV DNA, ALT, AST, TE values, demonstrated that ini-
tial HBeAg status (p =0 .016, 95 % confidence interval
(CI) 0.028-0.690), HBV DNA level (p = 0.001, 95 % CI
0.259-0.711) and ALT value (p = 0.048, 95 % CI 0.876-
1.000) were associated with aviremia on week 48 of AVT.
According to multivariance analysis results, only base-
line HBV DNA level (odds ratio (OR) = 0.534; 95 % CI
0.312-0.914; p = 0.022) is an independent prognostic
factor of VR.

An analysis of the ROC curve showed that the baseline
HBV DNA at the threshold value of < 5.1 logl (< 10°)
IU/mL was a good VR predictor at week 48 of therapy
(AUROC = 0.894; 95 % CI 0.804-0.984; p < 0.001), with
sensitivity of 87.5 % and specificity of 82.5 % (Fig. 2).

I
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96 week
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Figure 1. Frequency of virologic response in HBeAg-negative and HBeAg-positive patients after 24, 48 and 96 weeks of

therapy
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Figure 2. Baseline HBV DNA level as a predictor of virologic response at week 48 of therapy
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Biochemical response

After24, 48, 96 weeks of AVT, biochemical response
was observed in 84.5 % (60/71), 89.2 % (58/65) and
92.6 % (25/27) of cases, respectively (Fig. 3).

On week 24 of therapy, ALT activity normalised in
96.5 % (56/58) of HBeAg-negative and 30.8 % (4/13) of
HBeAg-positive patients; on week 48 — in 98.1 % (53/54)
and 45.5 % (5/11), respectively; on week 96 — in 95.2 %
(20/21) and 83.3 % (5/6), respectively.

It has been demonstrated that, after 24 and 48 weeks
of NA AVT, the rate of biochemical response in HBeAg-
positive patients was significantly lower than in HBeAg-
negative patients (p < 0.05); however, after 96 weeks
of treatment, no differences were observed (p > 0.05)

(Fig. 3).

Serological response

Two (2.8 %) patients on ETV had HBsAg claerance.
HBsAg seroconversion (anti-HBsAg) was observed in
one patient, 27 months after completion of ETV therapy.
HBsAg clearance was recorded only in HBeAg-positive
patients (2/13).

HBeAg clearance was observed in 5/13 (38.5%)
HBeAg-positive patients, including four patients with
HBeAg seroconversion. HBeAg clearance was achieved
in three cases of ETV therapy, 1 case of TBV therapy, and
one case of TDF therapy.

Changes in hepatic fibrosis

Changes in HF were assessed using TE in 43 cases,
with the mean interval between first and repeated proce-
dure of 21.0 [12.0-30.0] months.

According to the METAVIR scale, TE data were used
to diagnose stage FO-1 at the beginning of AVT in 22
(51.2 %) patients, F2 — in 8 (18.6 %) patients, F3 —in 6
(14.0 %) patients, and F4 — in 7 (16.3 %) patients.

The therapy resulted in TE value reduction from 6.7
[5.3-11.1] kPa to 5.3 [4.3-6.8] kPa (p < 0.001), and in
patients with F2-4 this reduction was statistically sig-
nificant (from 11.1 [7.8-14.6] kPa to 6.8 [6.0-8.9] kPa
(p < 0.001)) (Fig. 4).

HF regression by at least 1 point was observed in
55.8 % of cases. After AVT, a share of patients with HF
stage FO-1 increased from 51.2% to 76.7 %. The major-
ity (72.1 %) of patients demonstrated reduction in TE
values by at least 10 %, and MLDR (by at least 25 %) was
achieved in 15 (34.9 %) cases.

According to linear logistic regression results, MLDR-
associated factors were age (p = 0.027, 95 % CI 1.006-
1.102), sex (p = 0.048, 95 % CI 1.028-13.515) and TE at
the beginning of AVT (p = 0.008, 95 % CI 1.086-1.710).
A multivariance analysis demonstrated that the baseline
TE level (OR = 1.345; 95 % CI 1.044-1.732; p = 0.022)
should be treated as an independent prognostic factor of
MLDR achievement.

ROC curve analysis showed the TE value at the
beginning of AVT with the threshold value of > 7.9 kPa
as a predictor of MLDR (AUROC = 0.851; p < 0.001),
where sensitivity is 73.3 % and specificity is 85.7 %
(Fig. 5).

Discussion

Currently, NAs are recommended as a first-line
therapy for patients with chronic HBV infection due to
its high efficacy in inhibition of virus replication and
prevention of disease progression [4-6].

This study has demonstrated higher rates of achiev-
ing non-detectable HBV DNA levels and ALT activity
normalisation with continued NA AVT. In their work,
J.-Y. Cho et al. reported anaemia in 80.0 %, 95.6 % and
99.4 % of patients during year 1, 3 and 5 of ETV ther-
apy, respectively [8]. F. Suzuki et al. observed virologi-
cal response in 81 %, 89 % and 91 % of patients under-
going ETV therapy after 1, 2 and 3 years, respectively
[9].

Our data demonstrated that the rate of virologi-
cal and biochemical response after 24, 48 weeks of
treatment was significantly lower in HBeAg-positive
patients as compared with HBeAg-negative patients.
However, after 96 weeks of therapy, there were no
statistically significant differences. This result can be
explained by higher levels of HBV DNA and trans-
aminases at the beginning of AVT in HBeAg-positive
patients vs. HBeAg-negative patients. Rapid achieve-
ment of aviremia and ALT activity normalisation in
HBeAg-negative patients was also described in a paper
by Ibragimov EK et al. [10] and in a paper by Jacobson
IMetal. [11].

In this study, HBV DNA at the beginning of AVT
of > 10° IU/mL was an independent predictor of
delayed virological response during the first year of
therapy. Similar data on delayed aviremia in patients
with a high baseline HBV DNA level were obtained by
H. Zhou et al. [12].

Earlier studies demonstrated that reduction in TE
values correlates with less severe HF [13, 14]. W. Xu
et al. showed that reduction in TE values by 25 % and
more is optimal for forecasting HP regression based on
liver biopsy results [14].

AVT resulted in reduction in HF severity (accord-
ing to TE), and a significant drop in the TE value was
observed in patients with F2-F4. The share of patients
with stage FO/F1 increased from 51.2 % to 76.7 %.

MLDR (reduction in TE by > 25 %) was observed
in 34.9 % of patients receiving NAs. ROC curve analy-
sis demonstrated that the baseline TE at the thresh-
old value of > 7.9 kPa is a good predictor of MLDR,
with sensitivity of 73.3 % and specificity of 85.7 %.
The obtained results allowed seeing that the efficacy
of NA AVT was higher in patients with marked fibro-
sis in comparison to minor fibrosis, thus pointing out
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to the significance of AVT in hepatic cirrhosis and
marked fibrosis [15].

Conclusions

NAs are efficient in inhibiting virus replication;
they normalise functional status of the liver and reduce
HF severity. Low HBV DNA levels at the beginning of
AVT are an independent prognostic factor of aviremia
achievement during the first year of the therapy. The
use of TE in clinical practice makes it possible to effi-
ciently monitor changes in HF during the treatment
with NA AVT in patients with CHB.
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with Sepsis Secondary to Pneumonia

A6cTpakT

HecMoTps Ha 3HauMTe/IbHbIV Nporpecc B 061acTv NpOPUNAKTUKM, paHHEN ANArHOCTUKM U aHTUGaKTepUanbHOM Tepanuu, BHe60IbHUYHAA MHeB-
MOHMA MO-MNpeXHeMy COXpaHsAeT CTaTyC He TO/IbKO Hanbonee pacnpoCTPaHEHHOro CpeAn OCTPbIX MHGEKLMOHHbIX 3aboaeBaHuMi, HO U ABAAETCA
4acCTblM MCTOYHMKOM pPa3BUTMA Cencrca, MHOrOKPaTHO MOBbILWIAIOLLEro BEPOATHOCTb /1eTa/lbHOr0 MCX0/a B JaHHON rpynne naymeHTos. Llesbto nc-
cne,0BaHUA CTa/I0 BbINOJIHEHME CPAaBHUTE/IbHOMO aHaNn3a KAMHUKO-N1abopaTOPHbIX NMoKasaTesiel U OLeHKa XapakTepa UX U3MeHeHWI B nepBble
48 4acoB OT MOMeHTa BepudpuMKaLmn cencuca, pasBuBLIErocs Ha poHe NMHEBMOHWUM, Y NaLMeHTOB TepaneBTUYeCKOro OTAe/IeHUA B 3aBUCMMOCTM
oT ucxoaa rocnutanmsauun. KamHuyeckue rpynnbl u MeToabl UCCef0BaHUA. BbinoNHEHO peTpOCNeKTUBHOE CPaBHUTE/IbHOE WCCaef0BaHMe,
BK/IIOYMBLLIEE METO/Z0M CM/IOWHON BbIGOPKM NaLMEeHTOB C CENnc1coM, pasBMBLIEMCA Ha GpOHE MHEBMOHWUM Y NaLMEeHTOB, FOCMUTaAN3UPOBaHHbIX
B TepaneBTUYeckne knnHuku PT6OY BO Cn6IrMY Munsapaea Poccum B nepuog ¢ 01.01.2019 r. no 30.04.2023 r. Bcero B uccnegoBaHme BK/OYe-
Hbl 40 NauMeHTOB 060€ero Nnosa ¢ NoCAeAYOLMM pasjeNeHNeM Ha ABe FPYMbl CPABHEHMUS B 3aBUCMMOCTM OT MCXOAa roCnuTannsaumm (Bbinmcka us
CTauMOHapa UM HaCTyMIEHNE 1eTaNIbHOrO UCXOAQ) AR AMHAMUYECKO OLLEHKN KJIMHUKO-aHAMHECTUYECKUX U 1a6OpaTOPHbIX MapaMeTpoB B paH-
HUe CPOKM Pa3BUTMA CENTUYECKOro COCTOAHMA (nepBble 48 YacoB) C Le/blo ONpeseneHns UX CBA3U C UCXOAOM rocnuTanusauuun. PesynbraTsl.
Bce nauueHTbl 6b11 pasgenieHsl Ha 2 rpynnbl. Mepsyto rpynny (n=17, 42,5 %) cocTaBuAM NaLMeHTbl C 61aronpuUATHLIM UCXOA0M FrOCMUTAAM3AL MM
(BbI3gopoBneHue), BTopyto rpynny (n=23, 57,5%) cocTaBuAM NaumMeHTbl C eTaNbHLIM UCXO40M. Ha MOMEHT BepudUKaLMmn cencuca naymeHThb
€ 61aroNpUATHBIM UCXOAOM MME/IM 3HAYMMO HMKe 6ann no wkane SOFA (3 (2; 6) 6anna), 4eM y NaUMEHTOB € eTanbHbIM ncxoaoM (6 (5; 7) 6an-
noB), p=0,037. VI3MeHeHMe KOHLEHTPALMM MOYEBUHbI B MepBble 48 YacoB OT MOMEHTa BepuMKaLMK Cencuca B rpynne BbRKUBLUIMX COCTABUAO
-1,3 (-4,4; 1,99) Mmonb/n, a B rpynne ymepwwx 5,5 (-1,5; 12,2) mmons/n, p=0,020. B rpynne yMeplumx naymeHtos 8 yenosek (34 %) Ha MOMeHT
BepudMKaLmMK cencuca MMenu coyetTanune runoTorunmn (<90/60 MM pT. CT.) U COAepIKaHue NaKTaTa B CIBOPOTKE KPOBM >5 MMO/b/A. B rpynne Bbi-
XKMBLUMX FMMNOTOHUSA HabAoganack ToNbKO y 2 Yenosek (11%), npuyeM nokasaTenn ypoBHs NaKTaTa y 3TUX NaLMeHTOB HAXOAUANCH B AUanasoHe
4,5-4,6 MMoAb/Nn. B Touke 1 nokasaTe/in He3pesbiX FPaHy/NoOLMTOB CTaTUCTUYECKU 3HAYMMO HE PasINyanucCh Y BbDKMBLUMX U YMepLIMX NaLMeHToB
(1,2 (0,7; 2,1)% vs 0,8 (0,6; 1,5)%, cooTBeTcTBEHHO, p>0,05). Yepes 48 4acoB ypoBeHb He3pe/biX FPaHy/IOLMTOB HAPAcTan y BbIKUBLUMX NaLm-
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eHToB 80 1,5 (1; 3,2)% v Hao6oporT, cHxanca go 0,65 (0,45; 1,45)% B rpynne yMepLimnx, NpUYEM pasHMLLA 3TUX NoKasaTesnei Mexay rpynnamu
CTasa CTaTUCTMYeCKM 3Ha4mMol, p <0,05. 3akatoueHme. Y NaLMeHToB C CeNcMCOM Ha GOHe TAXKEeNOM MHEBMOHMM NeTaNbHOCTb cocTaBuna 57,5 %.
C uenbto BblAe/IeHUA TPYMN BbICOKOIO PUCKa IeTaslbHOrO Mcxoda NOMUMO oLeHKM no wkane SOFA cneayeT ocylecTBAATb AMHAMUYECKUI KOH-
TPO/b B NepBble 48 4acoB OT MOMEHTa BepUPMKALMN CENTUYECKOTO COCTOAHUA TaKMX BMOMapKepoB, KaK YpOoBeHb MOYEBMHbI, IaKTaTa, ypOBeHb
He3pe/iblX FPaHy/IoLUTOB 1 PETUKY/IOLUTOB.

Knro4eBbie c/n0Ba: cencuc, nemanbHoCMb, NHEBMOHUS, NPEOUKMOPbI 1€ManbHO20 UCX0da
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Abstract

Despite significant progress in the field of prevention, early diagnosis and antibacterial therapy, community-acquired pneumonia still retains
the status of not only the most common among acute infectious diseases, but is also a frequent source of sepsis, which greatly increases the
likelihood of death in this group of patients. The purpose of the study was to perform a comparative analysis of clinical and laboratory parameters
and assess the nature of their changes in the first 48 hours from the moment of verification of sepsis that developed against the background
of pneumonia in patients of the therapeutic department, depending on the outcome of hospitalization. Clinical groups and research methods.
A retrospective comparative study was carried out, which included, using a continuous sampling method, patients with sepsis that developed
against the background of pneumonia in patients hospitalized in therapeutic clinics of the Federal State Budgetary Educational Institution of
Higher Education Siberian State Medical University of the Ministry of Health of Russia in the period from 01/01/2019 to 04/30/2023. In total,
the study included 40 patients of both gender, followed by division into two comparison groups depending on the outcome of hospitalization
(discharge from hospital or death) for the dynamic assessment of clinical, anamnestic and laboratory parameters in the early stages of the
development of a septic condition (the first 48 hours) in order to determine their relationship with the outcome of hospitalization. Results. All
patients were divided into 2 groups. The first group (n=17, 42.5 %) consisted of patients with a favorable outcome of hospitalization (recovery),
the second group (n=23, 57.5%) consisted of patients with a fatal outcome. At the time of verification of sepsis, patients with a favorable
outcome had a significantly lower SOFA score (3 (2; 6) points) than patients with a fatal outcome (6 (5; 7) points), p = 0.037. The change in
urea concentration in the first 48 hours from the moment of verification of sepsis, which in the group of survivors was -1.3 (-4.4; 1.99) mmol/l,
and in the group of deceased 5.5 (-1.5; 12. 2) mmol/l, p=0.020. In the group of deceased patients, 8 people (34 %) at the time of verification of
sepsis had a combination of hypotension (<90/60 mm Hg) and serum lactate >5 mmol/L. In the survivor group, hypotension was observed in only
2 people (11%), and lactate levels in these patients were in the range of 4.5-4.6 mmol/l. At point 1, the indicators of immature granulocytes were
not statistically significantly different between surviving and deceased patients (1.2 (0.7; 2.1)% vs 0.8 (0.6; 1.5)%, respectively, p>0. 05). After
48 hours, the level of immature granulocytes increased in surviving patients to 1.5 (1; 3.2)% and, conversely, decreased to 0.65 (0.45; 1.45)% in
the group of deceased patients, and the difference in these indicators between groups became statistically significant, p <0.05. Conclusion. Thus,
in patients with sepsis against the background of severe pneumonia, the mortality rate was 57.5 %. In order to identify groups at high risk of death
due to sepsis due to pneumonia, in addition to the SOFA scale, dynamic monitoring of biomarkers such as urea, lactate, immature granulocytes
and reticulocytes should be carried out in the first 48 hours from the moment of verification of the septic state.
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@ —o
Introduction incidence of community-acquired pneumonia among
Pneumonia remains the most common acute infec-  adults was 410 per 100,000 people [2]. In 2018 in Russia,

tious diseases and, according to the World Health Orga- ~ pneumonia mortality was 17.0 per 100,000 people [3].
nization, it takes the fourth place among causes of death ~ Severe community-acquired pneumonia, which com-
globally [1]. In 2109 in the Russian Federation, the  plications include marked acute respiratory failure
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and/or sepsis, is of special interest. According to some
authors, the need for intensive care in patients hospi-
talised with community-acquired pneumonia can be as
high as 21 % because of organ dysfunction and sepsis
[4]. According to The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3), set-
ting forth new definitions and diagnostic criteria, sepsis
is an “acute, life-threatening organ dysfunction, caused
by impaired regulation (dysregulation) of host response
to infection” [5, 6]. Since clarification of the source of
infection is important for sepsis verification, the cri-
teria for pneumonia-associated sepsis should include
the presence of an identified site of infection and acute
organ dysfunction, confirmed with assessment results
of > 2 points under the SOFA (Sequential Organ Failure
Assessment).

According to various authors, mortality caused by
pneumonia-associated mortality is relatively high and
is 41 % to 50 % in various populations [7, 8]. Despite
the developed diagnostic scales used in early diagnosis
of a septic condition, the search for predictors to iden-
tify patients at a high risk of death is ongoing. Accord-
ing to literature, promising prognostic factors can be age,
lactate concentration, body temperature, oxygenation
index, bilirubin levels, Glasgow coma scale, hepatic dis-
orders, cancer, organ transplantation, troponin T levels,
neutrophil-to-lymphocyte ratio (NLR), and use of vaso-
constrictors [9]. The main requirement for these param-
eters is their ability to change over time and the possi-
bility to accurately forecast disease outcome. Currently,
the search for such predictors is ongoing; therefore, it
is important to assess the early changes in clinical and
laboratory parameters in order to evaluate their prog-
nostic value in hospitalised patients with pneumonia-
associated sepsis.

Thus, the objective of this study is a compara-
tive analysis of clinical and laboratory parameters and
assessment of the nature of their changes during the
first 48 hours after verification of pneumonia-associ-
ated sepsis in patients, depending on hospitalisation
outcome.

Clinical Groups
and Study Methods

The study protocol approved by the Local Ethics
Committee (LEC) at the Siberian State Medical Uni-
versity of the Ministry of Health of Russia (LEC resolu-
tion No. 8616/1 dated 29 March 2021) was used to con-
duct a retrospective, comparative study of patients with

pneumonia-associated sepsis hospitalised to the Clinic
of the Siberian State Medical University of the Ministry
of Health of Russia during the period from September 1,
2019 to April 20, 2023, who were included in the study
under the continuous sampling method. 40 male and
female patients were included in the study and divided
into two groups, depending on the hospitalisation out-
come (discharge or death), for dynamic assessment of
their clinical and laboratory parameters at early stages
of a septic condition (first 48 hours), in order to establish
their relation to hospitalisation outcome.

The study enrolled patients with pneumonia and
SOFA score of > 2 points (Sequential Organ Failure
Assessment, which includes hypotonia (systolic blood
pressure below 100 mm Hg), respiratory distress (respi-
ratory rate at least 22 respirations per minute), as well
as altered mental status, assessed using the Glasgow
coma scale (< 15 points), where each indicator was
assigned 1 point), as well as availability of complete
information about the disease and clinical and labora-
tory parameters, stated in the inpatient medical record
and information registration system used by the medi-
cal institution.

In this study, the information on the nature, duration
and outcome of hospitalisation, anthropometric data
(sex, age, height, weight, body mass index (BMI)), pres-
ence of comorbidity/underlying pathology (including
potential causes and confirmed immunodeficient condi-
tions) were analysed. All patients had their gSOFA and
SOFA recorded; also, the following information was doc-
umented: duration of the septic condition, information
on patient’s admission to the intensive care unit (ICU)
(duration, artificial pulmonary ventilation, vasoconstric-
tor support); objective parameters (BP, HR, conscious-
ness, SpO2) were monitored. All patients underwent
assessment of the results in accordance with the unified
list of laboratory tests during verification (point 1) and
48 hours later (point 2): serum iron, electrolytes, arterial
blood gases, C-reactive protein (CRP), lactate, procal-
citonin, sodium, potassium, urea, total bilirubin, direct
bilirubin, calcium, CBC+DIFF (with calculation of the
neutrophil-to-lymphocyte ratio (NLR) and eosinophil
count). In this study, we used a differentiated approach
to the calculation of reticulocyte count, depending on
their maturity, using Sysmex XN-1000 blood analyser
(Sysmex, Germany). Reticulocyte measurements were
based on the principle of fluorescent flow cytometry with
the use of a nucleinic acid colourant oxazine 750, which
stains RNA cells. Depending on their maturity, reticulo-
cytes have different fluorescence intensity, thus, they are
subdivided into three subtypes: mature reticulocytes with




Apxusb BHYTpeHHE MeAuuMHEL ® No 2 o 2024

OPUTMHAABHBIE CTATHU

limited fluorescence are called “low fluorescence reticu-
locytes” (LFR), intermediately mature reticulocytes are
“medium fluorescence reticulocytes” (MFR), while very
immature reticulocytes are “high fluorescence reticulo-
cytes” (HFR). Immature reticulocyte fraction (IRF) is
the percentage of immature reticulocytes calculated as
the sum of MFR and HFR; it represents erythropoietic
activity.

Statistical analysis was performed in Statistica 12.0
(IBM SPSS Statistics, USA). Quantitative parameters
are described using median (25th; 75th percentiles).
Qualitative parameters are described using abso-
lute and relative frequencies, n (%). Quantitative and
qualitative parameters in independent samples were
compared with the help of Mann-Whitney U test and
Pearson’s chi-square test or Fisher’s exact test. Quanti-
tative parameters in dependent samples were compared
using Wilcoxon rank sum test. ROC analysis was per-
formed in MedCalc SW, Version 18.9.1. The area under
curve (AUC) with 95 % confidence interval, cutoff
point using Youden’s index, sensitivity and specificity
of this point, were assessed. Results were statistically
significant at p < 0.05.

Study Results

18 female (45 %) and 22 male (55 %) patients were
included in the study. All patients were divided into
17, 42.5 %) were patients
with a favourable outcome of hospitalisation (recovery);

two groups. Group 1 (n =

group 2 (n = 23, 57.5 %) were patients who died. There
were no statistically significant differences in age (68 (41;
77) years old and 67 (58; 81) years old, p = 0.373) and BMI
(25.45 (20.76; 30.72) and 25.85 (23; 27.68), p = 0.711,
respectively) between the groups. In the survivors group,

64.7 % were men and 35.3 % were women, whereas in the
other group 47.8 % were men and 52.2 % were women
(p > 0.05). The most common comorbidities in the group
of patients with unfavourable outcome were IHD, hyper-
tensive disease, a history of myocardial infarction, stage
2-3 CHF; however, there were no statistically significant
differences in comorbidities between the groups (inter-
group p for all conditions was > 0.05) (Table 1).

In this study, in 56 % of patients, sepsis was diag-
nosed on the first day of hospitalisation. It is interesting
to note the trend towards earlier diagnosis of sepsis in
the group of patients with lethal outcome (day 1 (1; 4) of
hospitalisation) as compared to survivors (day 2 (1; 5) of
hospitalisation); however, there were no statistically sig-
nificant differences, p > 0.05.

The qSOFA scale was used as a preliminary sorting
tool, because the study enrolled patients with confirmed
pneumonia and qSOFA score of > 2 points (Table 2).
An analysis of differences using Fisher’s exact test dem-
onstrated that, in the group with favourable outcome,
16 (94.12 %) patients had qSOFA score of 2 points and
only one patient had a score of 3 points, whereas in the
group with lethal outcome, 14 (60.87 %) patients had a
score of 2 points and 9 (39.13 %) patients — 3 points
(p =0.018).

At the moment when sepsis was verified on the basis
of an assessment of organ dysfunction severity (SOFA),
statistically significant differences were observed.
At the moment when sepsis was verified, patients with
favourable outcome had a significantly lower SOFA
score (3 (2; 6) points) as compared to patients who died
(6 (5; 7) points), p = 0.037.

Patients who died had spent less time in an inpa-
tient unit because of their unfavourable outcome: 7 (2;

16) days vs 30 (13; 48) days in the group of patients

Table 1. Presence of concomitant pathology in patients diagnosed with sepsis

Concomitant patholo Patients with a favorable outcome, Fatal patients,
p 8y (%) n (%)
Cardiac ischemia 9 (52,9 %) 16 (69,5 %)

Hypertonic disease

History of myocardial infarction
Chronic heart failure stages 2-3
Diabetes mellitus type 2

COPD

HIV

Addiction

10 (58,8 %) 18 (78,7 %)

3(17,6%) 8 (34,7 %)
9 (52,9%) 12 (52,2%)
5(29,4%) 5 (21,7 %)
2 (11,7%) 3(13,0%)
5(29,4%) 2 (8,6%)
5 (29,4%) 2 (8,6%)

Note: COPD — chronic obstructive pulmonary disease, HIV — human immunodeficiency virus
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Table 2. Clinical characteristics of patients

1. Patients with

2. Fatal patients

a fax;\(/)[l;a(lgel ;o(ggc)ome Me (Q1; Q3) P,
Number of people, n (%) 17 (42,5%) 23 (57,5%) -
Duration of hospitalization, bed days 30 (13;48) 7(2; 16) 0,0003
Age, years 68 (41;77) 67 (58; 81) 0,373
BMI, kg/m? 25,45 (20,76; 30,72) 25,85 (23; 27,68) 0,711
Number of qSOFA points, point 2(2;2) 2(2;3) 0,017
Diagnosis of sepsis from the beginning of hospitalization, day 2(L;5) 1(1;4) 0,678
Duration of hospitalization for sepsis, days 6(3;9) 4(2;8) 0,236
ﬁlsesgs(;r;l:x;tc;)lfet’};eccs;:erlty of organ dysfunction according to 32:6) 6(:7) 0,037
Duration of stay in the ICU, bed days 6(3;12) 4(1; 4) 0,115
Duration of use of vasopressors, days 3,5(2;5) 1(1; 3,5) 0,141
Objective data at the time of diagnosis of septic condition

Body temperature, °C 38 (37,7; 38,5) 37,8 (36,6; 38) 0,085
Heart rate, beats/min 101 (90; 115) 110 (90; 120) 0,467
NPV, in a minute 25 (24;28) 26 (24; 30) 0,499
Systolic blood pressure, mm hg art. 100 (97; 120) 100 (90; 120) 0,362
Diastolic blood pressure, mm hg art. 60 (60; 70) 60 (60; 70) 0,156
Pulse blood pressure, mm hg frt. 40 (305 50) 40 (305 50) 0,625
SpO,, % 90 (90; 96) 93 (905 95) 0,923
Glasgow scale, point 13 (13;13) 13 (13;13) 0,086

Note: BMI — body mass index, (qQ)SOFA — (quick) Sequential Organ Failure Assessment, scale for (quick) assessment of organ failure, ICU — intensive care unit, HR — heart rate per
1 minute, RR — respiratory rate movements per minute, BP — blood pressure, SpO2 — oxygen saturation of peripheral blood

with favourable outcome of sepsis, p < 0.001. Duration
of ICU admission and number of days on vasoconstric-
tors and antibiotics in the survivors group were lower
in survivors; however, differences were not statistically
significant (Table 2). It is worth mentioning that in the
survivors group there were only two cases (11.7 %) of
artificial pulmonary ventilation and vasoconstrictors,
whereas in the other group such interventions were
required by 11 patients (47.8 %).

Of note, at the moment when sepsis was diagnosed,
such objective parameters as body temperature, HR,
RR, arterial and pulse pressure, oxygen saturation
and Glasgow coma scale score were not significantly
different in the groups of favourable and poor out-
comes (Table 2). It proves that it is not possible to
forecast disease outcome only on the basis of these
parameters.

All patients had their key biochemical and haemato-
logical parameters analysed.

Creatinine and Urea
As Renal Function Markers

It has been shown that, at the moment when sepsis
was verified, 85 % of patients were diagnosed with
changes in biochemical parameters, which corre-
spond to kidney injury (increased urea and/or creati-
nine levels). Urea levels in point 1 were lower in sur-
vivors vs. patients who died (10.8 (8.9; 19.8) vs 16.9
(10.7; 28.2) mmol/L; however, there were no statisti-
cally significant differences between the groups. Over
time (point 2, 48 hours later), urea levels in survivors
dropped to 10.4 (5; 19.3) mmol/L (no significant dif-
ference vs baseline), whereas in the group of patients
with poor outcome, urea rose to 24 (14.8; 32.6) mmol/L
(0.020); and 48 hours later, serum urea concentration
in this group was considerably higher than in survivors,
p = 0.020. Changes in urea concentration during the
tirst 48 hours after sepsis verification in survivors was
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-1.3 (-4.4; 1.99) mmol/L, while in the other group — 5.5
(-1.5; 12.2) mmol/L, p = 0.020.

A similar pattern was observed for creatinine; how-
ever, there were no statistically significant differences
between the groups either in point 1 (108 (78; 150) umol/L
vs 139.2 (75.5; 195) pmol/L, respectively, p > 0.05) or in
point 2 (48 hours later), despite a trend towards lower
creatinine levels in survivors (76 (64; 134) umol/L) and
increased creatinine levels in the other group (148.3 (76;
255) umol/L).

Lactate As a Marker
of Cellular Damage

It is well known that, if serum lactic acid levels rise
to the concentration of over 5.0 mmol/L and pH drops
below 7.25, metabolic acidosis (lactic acidosis) develops.
Lactic acidosis is an acute complication, caused by a sharp
increase in blood lactate levels, which can result in death,
especially if combined with hypotonia [5]. In this study,
baseline lactate levels of over 4.5 mmol/L were recorded
in 16 patients (40 %). When blood concentrations of this
biomarker were analysed in point 1, it has been shown
that in survivors the blood lactic acid levels were con-
siderably lower (3.6 (3.1; 4.5) mmol/L vs the group with
poor outcome (5.2 (4; 5.6) mmol/L (p = 0.004). When this
parameter was assessed in point 2, there was a common
trend towards reduction in both groups; however, there
still were statistically significant differences between sur-
vivors and those who died (2.75 (2.1; 3.6) mmol/L vs 3.9
(3; 6.5) mmol/L, respectively, p = 0.011).

In the group with poor outcome, at the moment
when sepsis was verified, 8 patients (34 %) had hypo-
tonia (< 90/60 mm Hg) and high serum lactate levels
(> 5 mmol/L). In survivors, hypotonia was observed
only in 2 patients (11 %), with lactate levels being
4.5-4.6 mmol/L.

Blood Count

Recently, literature sources actively describe one
parameter of complete blood count — relative and
absolute count of immature granulocytes (IG). The
term “immature granulocyte” includes promyelocytes,
myelocytes, metamyelocytes. Normally, immature gran-
ulocyte are not present in peripheral blood and appear
only when neoplastic or infectious inflammatory pro-
cesses begin. Positive correlation of this parameter with
WBC and procalcitonin levels in infectious inflamma-
tory processes has been observed [10, 11]. An analy-
sis of relative immature granulocyte count in groups

with favourable and poor outcome demonstrated that
in point 1 the IG value is not statistically different in
both groups (1.2 (0.7; 2.1) % vs 0.8 (0.6; 1.5) %, respec-
tively, p > 0.05). In 48 hours, IG increased in survivors
to 1.5 (1; 3.2) %, and vice versa dropped to 0.65 (0.45;
1.45) % in the poor outcome patients, and the differ-
ence between groups became statistically significant,
p < 0.05. Similar trends were observed for the absolute
immature granulocyte count (Table 3). It is important
to note that WBC count was higher both at the moment
of sepsis verification and after 48 hours in patients with
poor outcome of the disease (Table 3).

Reticulocytes. Development of respiratory distress
activates compensatory erythropoiesis. The number of
immature reticulocytes in peripheral blood represents
the erythropoietic activity of the bone marrow. In this
study, the relative immature reticulocyte count (IRF%)
in point 1 was significantly higher in patients with poor
outcome vs survivors (27.5 (16.1; 31.2) % vs 10.9 (7.8;
15.6) %, p = 0.005). In 48 hours, the relative immature
reticulocyte count reduced in both groups, but remained
high in patients with poor outcome (20.8 (13; 28.7) %
vs 7.8 (4.8; 10.1) %), p = 0.024).A similar trend was
observed for the relative count of medium reticulocytes
(MFR, %) (Table 4).

The relative mature reticulocyte count (LFR, %) was
initially higher in patients with favourable outcome
(p = 0.004). In point 2, this parameter rose in both
groups, and the difference between groups was not sta-
tistically significant (Table 4).

In this paper, we conducted ROC analysis of a number
of parameters and identified some potential predictors of
death.

« Organ dysfunction severity using the SOFA score:
AUC 0.692 [95 % CI 0.526; 0.828], p = 0.0281.
SOFA > 3 is a factor of poor outcome, where sen-
sitivity and specificity are 82 % and 53 %, respec-
tively.

o Urea levels in point 2 (48 hours after sepsis di-
agnosis): AUC 0.751 [95 % CI 0.560; 0.890],
p = 0.0055. Urea levels of > 14.5 mmol/L are a
factor of poor outcome, where sensitivity and
specificity are 77 % and 64 %, respectively. Also,
an important factor to predict poor outcome is
an increase in urea values of > 2.5 mmol/L dur-
ing the first 48 hours after sepsis diagnosis: AUC
0.751 [95 % CI 0.560; 0.890], p = 0.0072, where
sensitivity and specificity are 61 % and 88 %, re-
spectively.

o Lactate levels upon diagnosis (point 1) and in
48 hours (point 2). Lactate levels of > 4.6 mmol/L
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in point 1 (AUC 0.810 [95 % CI 0.621; 0.931],
p = 0.0003, sensitivity 67 %, specificity 93 %) and
lactate levels of > 3.7 mmol/L in point 2 (AUC
0.799 [95 % CI 0.591; 0.931], p = 0.0013, sensi-
tivity 63 %, specificity 86 %) can be prognostic of
poor outcome.

Relative count of immature granulocytes in point 2
(48 hours after sepsis diagnosis) of < 0.9 %: AUC
0.762 [95 % CI 0.556; 0.905], p = 0.0151, sensitiv-
ity 75 %, specificity 86 %.

o Absolute count of immature granulocytes in

point 2 (48 hours after sepsis diagnosis) of

< 0.11*10°/L: AUC 0.735 [95 % CI 0.527; 0.887],
p = 0.0233, sensitivity 66 %, specificity 78 %.
Absolute reticulocyte count (RET#) in point 2 of
> 46.3*10°/L is a predictor of death: AUC 0.800
[95 % CI 0.539; 0.951], p = 0.0157, sensitivity
80 %, specificity 85 %.

Relative immature reticulocyte count (IRE, %): a
level of > 12.2 % in point 1 (AUC 0.855 [95 % CI
0.640; 0.967], p = 0.0001, sensitivity 100 %, speci-
ficity 67 %) and > 10.1 % in point 2 (AUC 0.829
[95 % CI 0.571; 0.964], p = 0.0032, sensitivity
80 %, specificity 85 %) is a predictor.

Table 3. Biochemical parameters in patients with favorable and unfavorable outcomes

1. Patients with

2. Fatal patients

Index a fa\;)[za(lgel ;ogt;)ome Me (Q1; Q3) P,
Urea, mmol/l, initially 10,8 ?8:,;;719,8) 16,9 (23,27?28,2) 0,077
Urea, mmol/l, after 48 hours 10,4n(:51;179,3) 24 (11411,:81;332,6) 0,020
Change in urea concentration (T2-T1), mmol/l -1,3 (-4,4; 1,99) 55 (-ri,:51;312,2) 0,020
Creatinine, pmol/l, initially 1081(17:81;7150) 139’21(17:52’?;; 195) 0,373
Creatinine, umol/l, after 48 hours 76 (22;1134) 148,3n(:7183;, 255) 0,068
Change in creatinine concentration (T2-T1), umol/l _16n:3127; 5) L6 ({12:11;?;1’3) 0,121
Serum iron, pmol/l, initially 5)5?2:;; 8) Sn(;’l(;) 0,525
Serum iron, umol/l, after 48 hours 612;;88) 5123:;96) 0,625
C-reactive protein, mg/l, initially 185 (22:,167, 345) 200,2;?12301; 401) 0,401
C-reactive protein, mg/l, after 48 hours 120,3r(11:21,77; 195) 129);(;164;1 200) 0,382
Change in the concentration of C-reactive protein (T2-T1), mg/l n=17 n=14 0,404
-25 (-196; -4) -29,6 (-105,3; 72)
Lactate, mmol/l, initially 36 E;:,11;44,5) 5,212;1553,6) 0,004
Lactate, mmol/l, after 48 hours 2’75?;11% 3.6) 3;}:;)5) 0,011
Change in lactate concentration (T2-T1), mmol/l 075 r(lj,lg) 01 09 I(l_zl,lgl’ 1.4) 0,602
Procalcitonin, ng/ml, initially 2.9 (I(;,:51;536,3) 3.25 (rll’:2199’ 12,1) 0,821
Procalcitonin, ng/ml, after 48 hours 3.795 2;;;{ 8,38) 1.26 ?0:);;127)4) 0,761
Change in procalcitonin concentration (T2-T1), ng/ml n=13 n=11 0,077

-1,7 (-16,3; -0,45)

-0,45 (-1,5; 12,53)

Note: T — research point: T1 — initial value and T2 — after 48 hours
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Table 4. Hematological parameters in patients with favorable and unfavorable outcomes

1. Patients with

2. Fatal patients

Index a faw;\(/)[t;a(lgel ;oatsc)ome Me (Q1; Q3) P,
1G%, initially 2 ?0:,;:*2,1) 0.8 Z):,é?l, 5) 0,221
I1G%, in 48 hours L 5“(11‘31,2) 0,65 (‘32152; 145) 0,023
1G#, 10°/1, initially 0.08 (3’20154; 0.19) 016 (8;)17? 0.34) 0,465
1G#, 10°/1, in 48 hours 0,165 2;1;1 0,25) 0,00 (0?(;3152; 0.165) 0,041
Change IG# (T2-T1), 10°/1 0,045 (nozllzz 0.19 003 (o 6 0.02) 0,165
Change [G# (T2-T1) & % 28,42(-24:,41&;348,33 -26,32 (-I;;Z,lzll; 22,22) 0123
MCHC, g/l, initially 338 (3?3:1;1?60,5) 334 (;:5?;); 345) 0,082
MCHC, g/l, in 48 hours 135 (‘;;5 347) 128 (’;193 333) 0,025
Change MCHC (T2-T1), t/n T Ss) 0,416
% MCHC -0,3 ({10:,51; 1,2) -1,43 r(ljis; 1,6 0,369
RDW-CV, %, initially 13,95(?;,1165;15,4) 15,95 ({Zig; 17,55) 0,030
RDW-CV, %, in 48 hours 137 8;13% 14,9) 15,9“(:115?: 17) 0,014
IRF; %, initially 10,9 (r71:89 15,6) 27,5 (111;113 31,2) 0.005
IRF, %, in 48 hours 28 2;;710)1) 208 31;02 67 0,024
LER, %, initially 87,8 (SIZZ 90,5) 72,2 (2;183 83,9) 0,004
LER, %, in 48 hours 92)2(;9:, ;95)2) §3.6 (2;130 50.9) 0,050
MER, %, initially 06 (;T;913,9) 141 (‘11;113 15.8) 0,021
MEFR, %, in 48 hours - (121:57 75) I 4;’&1;017’8) 0,004
HER, %, initially L6 (?:29 1) 05 (‘21}1;31 5.0 0,029
HFR, %, in 48 hours 22“(:07 3 27 (’2‘2011,9) 0,087
WBC, 10%/], initially 13,9 (r7l,:313Z21,5) 17,09 (1nl:2223 22,33) 0,345
WBC, 1071, in 48 hours 1201 ?7: ;Z 17.2) 3 ?;E; 17.5) 0,330
RET, %, initially 1,05 (3,?3;1,41) 178 ?1:013 25) 0,052
RET, %, in 48 hours 0,68 ((;l,;; 0,82) 1,405?;,1506; 1,8) 0,063
RET, x10%/1, initially 37,75 (Izlg,i; 45,9) 75,5 (2?,193; 83,2) 0,070
RET, x10°/1, in 48 hours - (2“1:;1 6.3) 60.55 ‘(’;{i 74.5) 0,039
Changing the number RET (T2-T1), x10°/x, 03 (3;79; 2.2) 1 (3;}2 0,8) 0,922
Changing the number RET (T2-T1), % n=7 n=10 0,845

-1,79 (-54,99; 5,77)

-13,37 (-26,61; 4,020)

Note: T — research point: T1 — initial value and T2 — after 48 hours; IG% — relative number of immature granulocytes in%; IG# — absolute number of immature granulocytes; MCHC —
average hemoglobin content in erythrocyte; RDW-CV — erythrocyte distribution index; IRF — immature reticulocytes; LFR — low fluorescent (mature) reticulocytes; MFR — medium
fluorescent reticulocytes (at the stage of intermediate maturity); HFR — highly fluorescent (very immature) reticulocytes; WBC — leukocytes; RET — reticulocytes.
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Figure 1. Factors that increase the likelihood of death in respiratory sepsis

Note: T1 — initial value and T2 — after 48 hours; SOFA — Sequential Organ Failure Assessment, organ failure rating scale, IRF — immature reticulocytes, LFR — low fluorescent
reticulocytes, MFR — medium fluorescent reticulocytes, HFR — highly fluorescent reticulocytes, RET# — reticulocytes

o Relative count of low fluorescence reticulocytes
(LFR, %): < 86.1% in point 1 (AUC 0.863 [95 %
CI 0.650; 0.971], p = 0.0001, sensitivity 100 %,
specificity 66.7 %) and < 87 % in point 2 (AUC
0.786 [95 % CI 0.524; 0.943], p = 0.0171, sensitiv-
ity 70 %, specificity 85.7 %) is a predictor.
o Relative count of medium reticulocytes (MFR, %):
> 10.6 % in point 1 (AUC 0.795 [95 % CI 0.571;
0.935], p = 0.0090, sensitivity 100 %, specificity
66.7 %) and > 7.5 % in point 2 (AUC 0.914 [95 %
CI 0.676; 0.994], p = < 0.0001, sensitivity 90 %,
specificity 85.7 %) is a predictor.
» Relative count of highly immature, high fluores-
cence reticulocytes (HFR, %): > 1.7 % in point 1 is
a predictor (AUC 0.778 [95 % CI 0.552; 0.925],
p = 0.0229, sensitivity 92.3 %, specificity 77.7 %.
For a schematic representation of identified critical
values of factors, which increase the probability of death,
please see Figure 1.

Discussion

Mortality levels in patients with pneumonia and
sepsis are very high. A search for early predictors of
death is very important. This study demonstrated that
the total percentage of patients with pneumonia and

sepsis who died was 57.5 %. According to WHO data for
2020, mortality among patients with sepsis, irrespective
of the source of infection, was about 27 % in therapeutic
wards in 42 % in ICUs [12].

According to a meta-analysis of 13 studies
(80,520 subjects) to evaluate the role of gender as an
independent prognostic factor of deaths in patients with
sepsis admitted to ICUs, female patients had slightly
higher all-cause mortality during a 28-day period (OR
1.18, 95 % CI 1.05-1.32) [13]. Despite the fact that in
this study, the number of women in the group with poor
outcome was slightly higher than men, no statistically
significant differences were observed.

According to some authors, prognostic factors
include SOFA score, dysfunction of more than two
organs, origin of sepsis, lactate and urea levels [14-
17]. The obtained results confirmed that the SOFA
score of > 3 at diagnosis is a significant factor of poor
outcome, with a high AUC value and high sensitivity.
Serum lactate levels of > 4.6 mmol/L (baseline) and
> 3.8 mmol/L (after 48 hours) have also proven to be
predictive of poor outcome in patients with pneumo-
nia-associated sepsis. This study demonstrated that
urea concentrations of > 14.5 mmol/L in 48 hours after
sepsis verification can be a prognostic marker of death.
An increase in urea concentration of > 2.5 mmol/L
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during 48 hours after the diagnosis was associated with
mortality in the patients.

A brand-new predictor of poor outcome in sepsis
can be immature granulocyte (IG) count. It has been
proven that their higher count in infectious diseases
and sepsis can be a marker of bacterial inflammation
[18]. However, currently there are no published stud-
ies, where this parameter and its changes are seen as a
major predictor of disease severity and poor outcome
in patients with sepsis. In this study, immature granu-
locyte (IG) count of < 0.9 % of the leukocyte count and
< 0.11x10%/L in peripheral blood 48 hours after sepsis
verification was associated with death. The lack of an
adequate increase in immature granulocyte levels in the
general leukocyte population in patients with pneumo-
nia at early stages of sepsis therapy can be indicative of
depleted regenerating capabilities of the immune system
as a result of limited proliferative functions of the bone
marrow. Therefore, understanding how this biomarker
behaves in sepsis can be an objective of future studies
of disease outcome forecasting and assessment of drug
therapy efficacy.

Also, the results of our study demonstrated the
practicability of a dynamic assessment of erythropoi-
esis activity at early stages of pneumonia-associated
sepsis, on the basis of a differential identification of
reticulocyte maturity in peripheral blood. An increase
in reticulocyte count in peripheral blood represents
erythropoiesis activation in the red bone marrow,
which is also typical for a number of severe infectious
disease and their complications, including sepsis. For
example, in a study by Téth J. et al. (2017), sows with
septic shock caused by Escherichia coli infection had
a significant increase in blood reticulocytes 2 hours
later [19]. A study by Buoro S. et al. (2017) of 62 ICU
patients demonstrated that reduction in the relative
reticulocyte count (%) was associated with a risk of
a septic condition (OR = 0.35, 95 % CI 0.14-0.87)
during the following 24 hours [20]. Currently, there is
a limited number of published studies involving dif-
ferential assessment of reticulocyte formation with
identification of various reticulocyte maturity forms
in sepsis. None of these studies assessed the role of
such cells with various degrees of maturity as a poten-
tial predictor of deaths un patients with sepsis. In a
study by Tiirkmen D. et al. (2021), a group of critically
ill patients with sepsis had a higher immature reticulo-
cyte fraction (IRF) vs healthy volunteers [21]. There-
fore, our data are of special interest. A significant
increase in immature reticulocyte fraction (IRF, %) in
peripheral blood at early stages of sepsis and a reduced

fraction of low fluorescence reticulocytes (LFR) can
be associated with deaths in patients with sepsis and
severe pneumonia. Additional studies are necessary
to evaluate the practical significance of a differential
assessment of reticulocyte maturity in sepsis. How-
ever, given a good availability of blood analysers, this
approach can be justified in identification of patients
at a high risk of death.

Conclusions

In order to identify groups at a high risk of death
among hospitalised patients with pneumonia during
the first 48 hours after sepsis diagnosis, such biomark-
ers as concentrations of urea, lactate, immature gran-
ulocytes and reticulocytes should be monitored over
time, in addition to an assessment of organ dysfunction
using SOFA scale.
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Assessment of Clinical and Diagnostic
Indicators of Cardiovascular Toxicity in Patients
with Non-Hodgkin’s Lymphomas in the Course
of Programmatic Antitumor Therapy

Pestome

Llenb nccnepgosanusa. M3yuntb accoumalmio KAMHUKO-ANArHOCTUYECKMX MOKasaTe/lell KapAnoBaCKyNAPHOW TOKCUYHOCTM Y MaLMeHTOB C HeXos-
HKMHCKMMMU IMMPOMaMU, HaXOAALLMXCA B MpoLiecce NPorpaMMHOI MPOTUBOOMYXOEBOM UMMyHOXUMMOTepanmn. MaTepuansl u MeToabl. [pocnek-
TUBHO 6bI10 OTO6PaHO 72 NauueHTa C NOATBEPHKAEHHBIM ANArHO30M «MHAONEHTHAA HEXOMKKMHCKanA IMMPOMa», KOTOPbLIM MOKa3aHO NpoBejeHne
NPOTMBOOMYX0/1€BOr0 NledeHns no cxeme R-CHOP. MauueHTsbl 6611 06cneaoBaHbl B 4Ba BusuTa: V1 — Ha cTapTe n V2 — nocsie 6 KypcoB Tepanuu.
B npouecce Habt0AeHMA NaLMeHTbI 6bIAM NOAE/EHDI HA 2 TPYNMbl: OCHOBHYIO — C MPU3HAKaMU CEPAEYHO-COCYAUCTON TOKCUYHOCTM (21 nauyueHT, 16
(76,2 %) My»umH, cpeaHuii Bospact 55,2 (9,8) 1eT) 1 KOHTposbHYto — 6e3 Hee (51 nauweHT, 21 (41,2 %) MyxunH, cpegHuit Bospact 53,7(13,6) neT.
KapavoBackynspHasa TOKCMYHOCTb BepUdULMPOBanach Ha OCHOBaHUM COYETaHUA Xanob C U3MeHeHUAMMN B COKPaTUTENbHON CMOCOBHOCTM MMOKap-
Aa: CHKeHWa GpaKumm BeIbpoca neBoro xenygo4ka >10 % oT UCXOAHOrO YPOBHS UM B abCONOTHOM BbipaXKeHUM MeHee, YeM 53 % n/nam cHuxe-
HVA NPOA0/IbHON CUCTONMYECKON AedOopMaLmm 1eBOTO Xenyaodka >12 % OT MCXOAHOTrO YPOBHA. Pe3ynbTaTbl. [10 OKOHYAHMIO OCHOBHOIO IeYeHNs
B 06eux rpynnax Hab/loAeHNs OTMeYeHO CTaTUCTMHECKM 3HaYMMoe yBendeHre QTc. 3HaYMMO MEHANOCh 3HauYeHVe rN06anbHOM NPOAONLHON CU1-
CTO/MYecKol AedopMaLIMK 1EBOTO XeNyA0uKa Y NalMeHTOB OCHOBHOW rpynMbl NPU OHOMOMEHTHOM OTCYTCTBUM K/KOYEBbIX CABUTOB B OTHOLLEHUN
dpakumm Boibpoca feBoro xenyaoyka. Hanbonee HyBCTBUTE/IbHLIM 1a60PaTOPHBLIM NOKa3aTe/ieM KapAMOBaCcKyIAPHOM TOKCMYHOCTM okasanca NT-
proBNP, KOHLeHTpaLMA KOTOPOro CTaTUCTUYECKM 3HAYMMO YBEeNMYMBaAach Y OCHOBHOM rPpynmbl NaLMeHToB. 3aKao4eHue. PacluimpeHme MUHUManb-
HOW AMarHoCTUYeCKOIN NaHeNn 1 KOMM/IEKCHbIN NOAXO/ K BepupMKaLMN KapANOBaCKYNAPHOM TOKCMYHOCTM Y NaLMEHTOB OHKOreMaTo/I0rn4yeckoro
npoeuasA, NoayHaroLWmnxX NOTEHLMANbHO TOKCUYHYIO A/1f CEpPAEYHO-COCY/AMCTON CUCTEMbI TEpPanuIo, MO3BO/IT CyILECTBEHHO YNYHLWNTb NOKasaTenu
3 PeKTUBHOCTY PaboThbl KNKOYEBLIX CYXKO 34paBOOXPaHEHMA, CHU3UTL GUHAHCOBbIE PACcXO/bl Ha HUBE/IMPOBaHME OC/I0XHEHWI 1 NOBbLICUTL Kave-
CTBO XW3HW NaLMEeHTOB.
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Abstract

Introduction. Standard antitumor immunochemotherapy used in the treatment of non-Hodgkin's lymphomas has clinically significant cardiovascular
toxicity for patients. Modern medicine of the XXI century dictates the need for oncological specialists to closely monitor the state of the cardiovascular
system of patients with malignant neoplasms, expanding the diagnostic panel with regard to early verification at the stage of subclinical changes.
The purpose of the study. To study the association of clinical and diagnostic indicators of cardiovascular toxicity in patients with non-Hodgkin's
lymphomas undergoing programmatic antitumor therapy. Materials and methods. 72 patients with a confirmed diagnosis of indolent non-Hodgkin's
lymphoma were prospectively selected, who were shown to undergo antitumor treatment according to the R-CHOP scheme. The patients were
examined in two visits: at the start and after 6 courses of therapy. During the follow-up, patients were divided into 2 groups: the main group with signs
of cardiovascular toxicity (21 patients, 16 (76.2 %) men, average age 55.2 (9.8) years) and the control group without it (51 patients, 21 (41.2 %) men,
average age 53.7 (13.6) years. Cardiovascular toxicity was verified based on a combination of complaints with changes in myocardial contractility: a
decrease in the left ventricular ejection fraction >10 % from baseline or in absolute terms less than 53 % and/or a decrease in longitudinal systolic
deformation of the left ventricle >12% from baseline. Results. At the end of the main treatment, a statistically significant increase in QTc was
noted in both follow-up groups. The value of global longitudinal systolic deformity of the left ventricle significantly changed in patients of the main
group with the simultaneous absence of key shifts in relation to the ejection fraction of the left ventricle. The most sensitive laboratory indicator of
cardiovascular toxicity was NT-proBNP, the concentration of which increased statistically significantly in the main group of patients. Conclusion. The
expansion of the minimum diagnostic panel and an integrated approach to verifying cardiovascular toxicity in patients with oncohematological profile
receiving potentially toxic therapy for the cardiovascular system will significantly improve the performance of key health services, reduce financial
costs for leveling complications and improve the quality of life of patients.
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Introduction . _ _ _
been studied: laboratory, instrumental, genetic. Patients

In modern healthcare, full attention is given to the
development of new drugs, which significantly improve
overall survival of patients with malignancies. Despite
better cancer therapies, some compounds used in the
treatment of the target group have toxic effects on cell
structures and the body in general. The most common
adverse event associated with all antineoplastic drugs is
cardiovascular toxicity (CT) [1]. Some chemotherapies
have just limited cardiovascular effects, while others have
broad effects and involve ion channels, receptors and
neurotransmitters. Currently, various CT predictors have

undergoing anticancer therapy have a basic assessment of
their cardiovascular function: electrocardiogram (ECG)
recording, transthoracic echocardiographic examination
(TTE), laboratory tests of some markers (highly-sensi-
tive troponins, natriuretic peptides, etc.).!

In 2022, the number of newly diagnosed malignancies
in the Russian Federation was 624,835, where 5.7 %
accounted for lymphatic and blood-forming tissue
conditions [2]. Among all hematologic malignancies,
non-Hodgkin lymphomas (NHL) play a significant
part; according to statistical records, NHLs were

! 2022 European Heart Journal, Volume 43, Issue 41, 1 November 2022, Pages 42294361, https://doi.org/10.1093/eurheartj/ehac244
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verified in 544,000 patients worldwide [3]. Patients
with confirmed NHL have several treatment options:
standard chemotherapy, targeted radiation therapy,
target drugs, haematopoietic stem cell transplantation or
(a more common case) a combination of several options.?
Obviously, due to some limitations (drug-related and/or
professional), in regions of the Russian Federation, a
commonly used option is standard antitumour
immunochemotherapy, which combines several drugs,
each of which affects the cardiovascular function in-its
owmrway.

Study objective: To study the association between
clinical and diagnostic parameters of cardiovascu-
lar toxicity in patients with non-Hodgkin lymphomas
undergoing programmed antitumour immunochemo-
therapy.

Materials and Methods
Study design

A study was conducted over the period from January
2022 to September 2023, which assessed the association
between clinical and diagnostic parameters of cardio-
vascular toxicity in patients with non-Hodgkin lym-
phomas undergoing programmed antitumour immuno-
chemotherapy. The Federal State Budgetary Institution
of Higher Education Samara State Medical University
of the Ministry of Health of Russia and the State Bud-
getary Healthcare Institution Samara Regional Oncol-
ogy Dispensary hosted an observational case-control
study of 72 patients with confirmed non-Hodgkin B-cell
lymphoma, cytologic type 1-2, who were prescribed
6 rounds of R-CHOP immunochemotherapy: Ritux-
imab 375 mg/m? IV infusion (day 0 or 1), Doxorubi-
cin 50 mg/m? IV infusion (day 1), Cyclophosphamide
750 mg/m? IV infusion (day 1), Vincristine 1.4 mg/m?,
no more than 2 mg in total (day 1), Prednisolone 100 mg
per os (days 1-5); therapy was resumed on day 22. Inclu-
sion criteria: patients over 18 years of age; confirmed
target diagnosis and indications for therapy; no prior
history of cardiovascular conditions; negative echocar-
diographic stress test (stress-echoCG); signed informed
consent form. Non-inclusion criteria: patients less than
18 years of age; decompensated comorbidities; a history
of cardiotoxic therapy; positive stress-echoCG. Exclu-
sion criteria: complications which make it impossible to
use scheduled therapy; emergence of conditions and/or
diseases which are among non-inclusion criteria; patient
refusal to undergo further assessments. The sample size
was pre-calculated using MedCalc (version 20.104, Med-
Calc Software Ltd). With type I error of 0.05 and type II
error of 0.2 (80 % power of the study) taking into account
30 % incidence of cardiac toxicity in the population and

the ratio between both groups of 1 : 2, the sample size
was 72 patients.

During the study, all patients were divided into two
groups: study group included patients with CT mani-
festations (21 patients, mean age: 55.2 (9.8) (M (SD))
years old, including 16 males (76.2 %)), and controls,
i.e. patients without cardiovascular complications
(51 patients, mean age: 53.7 (13.6) years old, including
21 males (41.2 %)). According to Russian experts spe-
cialising in prevention, diagnosis and therapy of cardio-
vascular toxicity (2021), CT is verified if left ventricle
ejection fraction (LV EF) is > 10 % of the baseline value,
or, in absolute terms, less than 53 %, and/or reduction in
longitudinal systolic deformity of left ventricle (LV LD)
> 12 % of the baseline value [4]. Patients with these para-
metritic values of myocardial contractility combined
with clinical signs were included in the study group. The
study did not involve a detailed description of baseline
clinical characterisation of patient groups (including
analysis of arterial blood pressure) due to demonstra-
tion of a limited part of the work within the scope of
clinical testing. The total duration of follow-up of each
patient was 6 months. The primary end point was CT
development.

Test methods

All patients had: complaint questionnaire; medi-
cal examination; 12-lead electrocardiogram (ECG)
using Fukuda FX-7102 device (Japan, Fukuda Denshi
Co.); TTE with LV LD assessment while lying on one
side via left-sided parasternal and apical access using
Mindray Resona I9 (China, Mindray)?’ assessment of
supposed laboratory markers of CT (troponin T, creatine
phosphokinase, myoglobin, C-reactive protein, total
cholesterol, N-terminal pro brain natriuretic peptide,
type B (NT-proBNP)), in two stages: before therapy and
after 6 rounds of therapy. Given the lack of patients from
the moderate, high and extremely high CT risk groups at
enrolment, changes in target parameters were assessed
after completion of the main treatment. Obtained
information was recorded in the case record form.

Ethics

This study presents a limited amount of informa-
tion obtained during the clinical testing approved by the
Ministry of Health of the Russian Federation in 2022,
The Method of Early Diagnosis of Cardiac Toxicity in
Patients with Indolent Non-Hodgkin Lymphoma. All
enrolled patients signed voluntary informed consent in
accordance with good clinical practice. Possible risks
from participation in the study are similar to those in
patients who were not included in the study. There are no
additional risks from participation in the study.

22020 Clinical Guidelines for Follicular Lymphoma https://cr.minzdrav.gov.ru/recomend/151 1
3 Otto K. M. Textbook of Clinical Echocardiography, translated from English/ K. M. Otto; ed. M. M. Galaguza, T. M. Domnitskaya, M. M. Zelenikina,
T. Yu. Kulagina, V. S. Nikiforova, V. A. Sandrikova. Moscow: Logosfera. 2019; 1352 p. ISBN 978-5-98657-064-8. EDN BUAHUQ.
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Statistical analysis

Statistical processing of obtained results was per-
formed using IBM Statistics SPSS, version 26 (USA).
Data were assessed under parametric and non-para-
metric statistic methods. Quantitative variables were
presented as arithmetic mean and standard deviation
with normal distribution (M (SD), median (Me), 25th
percentile and 75th percentile if an attribute was other
than normal distribution; qualitative parameters — as an
absolute number of patients and percentage (%). Among
non-parametric statistic methods for two unrelated pop-
ulations, Student t-test was used for normal distribution
of an attribute, Mann-Whitney U test was used for non-
normal distribution, while Wilcoxon rank sum test was
used for related variables in two groups. The significance
of differences in qualitative variables was assessed using
cross tables. If the number of observations in any cell of
these tables was at least 10, chi-square was used; for the
number of observations from 5 to 9 — Yates” correction
was applied; and where the number of observations was
below 5 in any cell, then Fisher’s ratio test was used.

The model was generated with the help of binary logis-
tic regression. In order to evaluate the predictive value

of the model, Nagelkerke coefficient of determination,
sensitivity, specificity, prognostic value of a positive and
negative result were calculated, and ROC analysis was
performed with the calculation of AUC value. An analy-
sis of the relationship between predictors included in the
model and the probability of CT outcome is presented
as odds ratio and their 95 % confidence interval; both
unadjusted OR (determined using one-factor logistic
regression) and adjusted OR (on the basis of a multifac-
tor model) were calculated.
Differences were statistically significant at p < 0.05.

Results and Discussion

This was a study to analyse the association between
clinical and diagnostic parameters of cardiovascular tox-
icity in patients with non-Hodgkin lymphomas under-
going R-CHOP antitumour therapy. All patients had
their disease verified, met inclusion criteria, and did not
present with any signs from the list of non-inclusion cri-
teria. Table 1 contains results of a comparative analysis
of the CT group and controls in terms of main clinical
parameters.

Table 1. Key characteristics of the patients included in the study

Indicator Mai::gzrlo ups Cont;(;lsztiroup, p — value

Age, full years* 55,2 (9,8) 53,7 (13,6) 0,597

BMI, kg/m? 24,2 (22,1;27,4) 22,1 (20,9;24,4) 0,015

Gender, m/w, n (%) 16 (76,2) / 5 (23,8) 21 (41,2) / 30 (58,8) 0,007

Smoking, n (%) 10 (47,6) / 11 (52,4) 13 (25,5) / 38 (74,5) 0,095

Notes. * — quantitative features are presented in the form of an arithmetic mean and standard deviation M (SD)

Abbreviations: BMI — body mass index

Table 2. The results of electrocardiographic examination in the study groups
Indicator Mailn::gzrloup, Cont:;lsglroup > p — value

HR before treatment, /min 75,0 (69,0;84,0) 70,0 (59,0;75,0) 0,033

HR after 6 courses of treatment, /min 74,0 (68,0;90,0) 75,0 (62,0;81,0) 0,413
p=0,0709 p=0,043

PQ before treatment, msec 120,0 (100,0;150,0) 147,0 (110,0;190,0) 0,087

PQ after 6 months of treatment, msec 110,0 (100,0;200,0) 160,0 (120,0;178,0) 0,232
p=0,481 p=0,847

QRS before treatment, msec 96,0 (90,0;100,0) 90,0 (80,5;100,0) 0,288

QRS after 6 months of treatment, msec 90,0 (80,0;100,0) 90,0 (80,0;100,0) 0,775
p=0,460 p=0,809

QTc before treatment, msec 360,0 (245,0;411,0) 333,0 (218,0;384,5) 0,193

QTc after 6 months of treatment, msec 411,0 (210,0;455,0) 345,0 (278,0;409,5) 0,139

p=0,020

p=0,014

Notes. * — quantitative features are presented in the form of an arithmetic mean and standard deviation M (SD)
Abbreviations: HR — heart rate; PQ — PQ interval; QRS — QRS complex; QTc — corrected QT interval
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Table 3. Echocardiographic parameters of the studied patients

Indicator Mai::gzrloup > Cont:;lsglroup ? p — value)
LVESD before treatment, mm 32,1 (32,0;39,0) 30,0 (27,0;32,8) 0,001
LVESD after 6 months of treatment, mm 34,0 (31,0;39,0) 30,0 (27,0;33,0) <0,001
p=0,686 p=0,886
LVEDD before treatment, mm 49,0 (41,0;52,0) 45,0 (37,5;48,0) 0,03
LVEDD after 6 months of treatment, mm 46,0 (41,0;51,0) 44,0 (40,0;47,0) 0,135
p=0,270 p=0,229
LVMMI before treatment, g/m? 89,0 (77,0;100,0) 74,0 (66,0;79,0) <0,001
LVMMI after 6 months of treatment, g/m? 87,0 (75,0;102,0) 72,0 (64,0;79,5) 0,002
p=0,431 p=0,321
LVEDV before treatment, ml 98,0 (90,0;114,0) 86,0 (71,0;97,0) 0,013
LVEDV after 6 months of treatment, ml 94,0 (77,05110,0) 87,0 (73,5;94,5) 0,077
p=0,244 p=0,118
LVESV before treatment, ml 59,0 (47,0;71,0) 44,0 (31,5;49,0) 0,001
LVESV after 6 months of treatment, ml 52,0 (38,0;70,0) 41,0 (35,0;50,5) 0,019
p=0,211 p=0,846
LVEF before treatment, % 55,0 (52,0;63,0) 58,0 (53,0;63,0) 0,49
LVEF after 6 months of treatment, % 54,0 (45,0;61,0) 57,0 (52,0;61,0) 0,368
p=0,217 p=0,079
LA volume before treatment, ml/m? 32,0 (31,0;35,0) 29,0 (27,0;32,0) 0,002
LA volume after 6 months of treatment, ml/m? 32,0 (30,0;33,0) 27,0 (24,0;32,0) 0,015
p=0,039 p=0,041
VROT2 before treatment, mm 30,0 (29,0;33,0) 29,0 (27,0;32,0) 0,146
31,0 (28,0;34,0) 29,0 (27,0;32,0) 0,136
VROT?2 after 6 months of treatment, mm p=0,835 p=0,732
VROT1 before treatment, mm 25,0 (22,0528,0) 22,0 (20,0523,5) 0,002
VROT]1 after 6 months of treatment, mm 24,0 (22,0;28,0) 22,0 (21,0;24,5) 0,037
p=0,875 p=0,106
RA volume before treatment, ml/m? 29,0(25,0;32,0) 24,0(21,0;27,0) 0,002
RA volume after 6 months of treatment, ml/m? 28,0(24,0;32,0) 24,0(21,0;27,5) 0,016
p=0,888 p=0,041
PA before treatment, mmHg 25,0 (22,0528,0) 22,0 (17,0;27,0) 0,166
PA after 6 months of treatment, mmHg 24,0 (21,0;31,0) 22,0 (15,5;25,5) 0,108
p=0,590 p=0,152
GLS LV before treatment, % |21,1 (19,7;22,4)| |21,0 (20,5;22,0)| 0,921
GLS LV after 6 months of treatment, % [17,0 (14,0;21,0)| [20,7 (19,0;21,5)| 0,001

p=0,003

p=0,080

Notes. * — quantitative features are presented in the form of an arithmetic mean and standard deviation M (SD)

Abbreviations: LVESD — left ventricular end- systolic diameter; LVEDD — left ventricular end- diastolic diameter; LVMMI — left ventricular mass index of the myocardium;

LVEDV — left ventricular end- diastolic volume, LVESV — left ventricular end- systolic volume; LVEF — the ejection fraction of the left ventricle; LA — the left atrium; VROT1 — distal
right ventricular outflow tract; VROT2 — proximal right ventricular outflow tract; RA — the right atrium; PA — pulmonary artery; GLS LV — global longitudinal strain, longitudinal

systolic deformity of the left ventricle
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Table 4. Laboratory indicators of the cardiovascular system

Main group,

Control group,

Indicator n=21 n=51 p — value

Total cholesterol before treatment, mmol/l 4,7(4,14;5,2) 4,1(3,41;4,45) 0,003

Total cholesterol after 6 months of treatment, mmol/l 5,2(4,4;7,9) 4,13(3,35;5,0) 0,002
p=0,0110 p=0,030

CPK before treatment, Units/l 110,0(97,0;114,0) 84,0(69,0;107,0) 0,033

CPK after 6 months of treatment, Units/l 91,0(57,0;109,0) 75,0(59,5;92,5) 0,321
p=0,022 p=0,008

CPK (MB) before treatment, Units/l 22,0(21,0;25,0) 16,0(12,0;21,0) <0,001

CPK (MB) after 6 months of treatment, Units/] 22.0(21,0;31,0) 16,5(12,5;21,0) 0,002
p=0,375 p=0,605

Myoglobin before treatment, mcg/1 47,0(37,0;51,0) 39,0(27,0;50,5) 0,152

Myoglobin after 6 months of treatment, mcg/1 50,0(34,0;67,0) 41,0(22,5;52,5) 0,107
p=0,422 p=0,521

Troponin before treatment, pg/ml 10,1(8,7;12,4) 10,9(7,07;14,9) 0,771

Troponin after 6 months of treatment, pg/ml 10,5(7,18;31,2) 11,1(8,85;52,5) 0,724
p=0,131 p=0,503

CRP before treatment, mg/1 2,2(0,5;4,3) 3,1(1,06;5,35) 0,111

CRP after 6 months of treatment, mg/1 2,5(1,1;5,2) 3,2(2,05;5,25) 0,581
p=0,204 p=0,564

NT-proBNP before treatment, mg/ml 77,0(67,0;109,0) 74,0(46,5;100,5) 0,301

NT-proBNP after 6 months of treatment, mg/ml 154,0(73,0;765,0) 55,0(39,0;88,0) <0,001

p=0,008

p=0,237

Notes. * — quantitative features are presented in the form of an arithmetic mean and standard deviation M (SD). Abbreviations: CPK — creatine phosphokinase; CPK (MV) — a form of
creatine kinase found in the heart muscle; CRP — C-reactive protein; NT-proBNP — N-terminal propeptide of the B-type natriuretic hormone.

An assessment of the key comparative attributes in
the groups demonstrated that patients were comparable
in terms of potentially cardiotoxic therapy, age and smok-
ing status (p > 0.05). Patients from the study group, who
developed cardiovascular complications during therapy,
had a higher baseline body mass index (p = 0.015), and
males prevailed (p = 0.007).

An analysis of two-stage electrocardiographic param-
eters (Table 2) showed a lower pre-therapy heart rate
(HR) combined with its relative increase in the control
group, with single-point normal values. More prominent
changes were observed in corrected QT interval (QTc): it
was higher in both groups after antitumour therapy com-
pletion (p = 0.020 and p = 0.014, respectively). No statis-
tically significant shifts were observed during the analy-
sis of other parameters.

Table 3 shows echocardiographic data obtained
during TTE.

A pre-therapy comparative analysis demonstrated
that patients with CT had higher (p < 0.05) end-systolic

dimension (ESD), end-diastolic dimension (EDD), end-
diastolic volume (EDV), end-systolic volume (ESV), left
ventricle myocardium mass index (LVMMI), left atrium
volume (LA), outflow tract (OT) distal diameter, right
atrium volume (RA) vs. controls, and studied parameters
are within the normal population range*. After antitumour
therapy completion and 6 months of follow-up, significant
hemodynamic parameters (p < 0.05) still were ESD, ESV,
LVMMI, LA volume, OT distal diameter, RA volume. It is
also worth mentioning that LV LD was statistically lower
(p = 0.003 and p = 0.080, respectively) in both groups as a
result of the therapy with cardiotoxic compounds.

Myocardial contractility parameters were supple-
mented with results of a direct correlation analysis with
potential laboratory markers of CT (Table 4).

According to study results, at the start of antitu-
mour therapy, patients from the study group had higher
total cholesterol, creatine phosphokinase (CPK) and
CPK (MB) as compared to controls; however, values
were within the normal range. Similar changes in total

* https://scardio.ru/content/Guidelines/recommendations_structure_heart 2012.pdf
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cholesterol and CPK (MB) persisted in the study group
after 6 rounds of antitumour therapy. Also, after 6 rounds
of antitumour therapy, statistically significant increase in
NT-proBNP level (p = 0.008) was observed in the study
group.

One method to assess CT manifestations in all par-
ticipating patients was collection of complaints about
cardiovascular disorders (Table 5).

Since the primary division of patients was based on
presence/absence of signs of CT, key clinical manifesta-
tions which were statistically significant were recorded
mostly in the study group (p < 0.05). No statistically sig-
nificant differences in thrombotic events were recorded
between the groups.

Table 5. Clinical manifestations of cardiovascular toxicity

We have developed a prognostic model for CT arising
during 6 months after the therapy, depending on clinical
and diagnostic factors, assessed before the therapy, under
the binary logistic regression method. The resulting
regression model is statistically significant (p < 0.001).
Taking into account the Nagelkerke coefficient of deter-
mination, 70.7 % of CT dispersion is due to the factors
included into the model. Characteristics of each factor
are presented in Table 6.

The threshold value of logistic function P was 50 %.
If P > 50 %, the risk of CT is high. If P < 50 %, the risk
of CT is low. The sensitivity and specificity of the model
with the mentioned threshold value were 66.7 % and
94.1 %, respectively. The positive and negative prognostic

Indicator Main group, Control group, P — value
n=21 n=51
Heart failure, n (%) 13 (61,9 %) 1(2,0%) <0,001
Arterial hypertension, n (%) 17 (81,0 %) 2 (3,9%) <0,001
Edema, n (%) 8 (38,1%) 1(2,0%) <0,001
Thrombotic events, n (%) 3 (14,3 %) 1(2,0%) 0,072
Cardialgia, n (%) 11 (52,4 %) 1(2,0%) <0,001
Hypotension, n (%) 4 (19,0 %) 0 (0,0 %) 0,006

Table 6. Characteristics of the relationship of predictors with the probability of CT

Single-factor regression analysis

Multivariate regression analysis

Predictors
COR; 95 % confidence interval p-value AOR; 95 % confidence interval p-value
Gender 4,570; 1,450-14,40 0,01
BMI, kg/m? 1,140; 1,010-1,290 0,034 1,314; 1,074-1,609 0,007
Smoking 2,660; 0,920-7,690 0,072
TC, mmol/l 2,770; 1,380-5,560 0,004 4,763; 1,427-15,90 0,011
KPC, Units/] 1,017; 1,001-1,034 0,041
GLS LV, % 0,937, 0,727-1,208 0,616
LVESV, ml 1,088; 1,039-1,140 0,001 1,126; 1,044-1,213 0,002
LVEDV, ml 1,028; 1,006-1,051 0,012
LVESD, mm 1,203; 1,067-1,357 0,003 1,296; 1,081-1,553 0,005
LVESD, mm 1,087; 1,003-1,177 0,043
LVMM]I, g/m? 1,084; 1,036-1,135 0,001
NT-proBNP, mg/ml 1,003; 0,991-1,014 0,657
Troponin, pg/ml 0,996; 0,899-1,037 0,34
KPK(MB) 1,160; 1,040-1,280 0,005
HR, /min 1,047; 1,009-1,088 0,016

Notes. Abbreviations: BMI — body mass index; TC — total cholesterol; KPC — creatine phosphokinase; GLS LV — global longitudinal strain, longitudinal systolic deformity of the left
ventricle; LVESV — left ventricular end- systolic volume; LVEDV — left ventricular end- diastolic volume, LVESD — left ventricular end- systolic diameter; LVEDD — left ventricular
end- diastolic diameter; LVMMI — left ventricular mass index of the myocardium; NT-proBNP — N-terminal propeptide of natriuretic hormone B-type; heart rate — heart rate
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values were 82.4 % and 87.3 %, respectively. The diagnos-
tic value was 86.1 %.

The area under ROC curve, which corresponded to
the relationship between CT prognosis and the value of
the logistic regression function, was 0.948 (0.024) with
95 % CI of 0.900-0.995. The resulting model was statisti-
cally significant (p < 0.001).

Usually, the standard programmed antitumour ther-
apy used for patients with non-Hodgkin lymphomas has
the highest negative effect for the cardiovascular system.
In a 2022 systematic review by Maria Adriely Cunha
Lima et al., who analysed 32,009 patients with malignan-
cies, just 2,255 cases (8.3 %) did not have CT [5]. Bin Lu
et al. (2022), who evaluated the efficacy of the therapy
of oncohaematological tumours and the impact of (R)-
CDOP therapy on cardiovascular system in patients with
non-Hodgkin lymphomas, established that the incidence
of CT was 7.45 % (confidence interval (CI) = 4.86-
10.44 %) [6].

Since such adverse events cause the need to reduce a
drug dose and very often result in loss of response to the
therapy, detection of subclinical changes to justify a car-
dioprotective strategy is important than ever. Currently,
there are numerous Russian and foreign articles dedi-
cated to attempted search for prognostic value of labora-
tory, instrumental and genetic predictors of CT.

One of the most common and widely used methods
to detect cardiovascular changes in oncohaematological
patients is ECG recording. Starting from 1990s, it was
found out that some chemotherapy agents had consider-
able impact on QTc and cause fatal rhythm disturbances,
including sudden cardiac arrest. In a 2017 systematic
review of ECG changes in patients with malignan-
cies who underwent a target therapy, prolonged QTc
of > 500 ms was recorded in 5.4 % of patients with CT
[7]. In this study including 72 patients with NHL, sig-
nificantly prolonged QTc was recorded with an increase
in the cumulative antitumour dose (from 360.0 (245.0;
411.0) to 411.0 (210.0; 455.0), with p = 0.020 in the study
group, and from 333.0 (218.0; 384.5) to 345.0 (278.0;
409.5), with p = 0.014 in controls).

In all currently published textbooks in oncology
and cardiology, standard TTE with LV EF assessment
is recommended as a first-line method in CT screening.
According to a large-scale work by Ainsley Ryan Yan
Bin Lee et. al. (2023), the number of cases of an absolute
reduction in LV EF by 10 % of the baseline value, or LV
EF reduction below 50 % in patients undergoing therapy,
including antracyclic antibiotics, was 17 % (CIL: 11-24;
71 %) [8]. In a study by A. T. Teplyakov et al. (2019) of
176 women with breast cancer who were treated with
antracyclic antibiotics as a component of antitumour
therapy, no significant changes in LV EF (TTE results)
vs. baseline data were recorded [9]. Normal LV EF
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Figure 1. Sensitivity and specificity of the model

values were recorded in 40 breast cancer patients over a
6-month follow-up period in a paper by scientists from
the Scientific Research Institute of Comprehensive Car-
diovascular Issues [10]. In this study, patients with NHL
treated with doxorubicin did not demonstrate statisti-
cally significant changes in LV EF over the entire follow-
up period.

Given the variability of LV EF values in cancer
patients, as well as parameter intactness before the
myocardium is irreversibly damaged, modern medi-
cal literature recommends using more sensitive meth-
ods for CT diagnosis®. Currently, LV LD analysis is
a very promising tool for verification of subclinical
signs of cardiovascular toxicity. A study of myocardial
contractility in 1,504 patients undergoing antitumour
therapy demonstrated that reduction in LV LD value by
10-15 % during therapy is a more informative parameter
in CT prognosis than a standard LV EF assessment [11].
This hypothesis is proven by a systematic review of
21 studies analysing 1,782 patients with malignancies,
including breast cancer, haematological malignancies
or sarcomas, who were treated with anthracyclines with
or without trastuzumab [12]. Results of this study do
not demonstrate any critical inconsistencies with global
medical literature: patients with NHL demonstrated
statistically significant reduction in LV LD values
during antitumour immunochemotherapy (from [21.1
(19.7;22.4)| to [17.0 (14.0;21.0)|, with p = 0.003 in
the study group, and from [21.0 (20.5;22.0)| to |20.7
(19.0;21.5)|, with p = 0.080 in controls).

* Eurasian clinical guidelines for cardiovascular complications of cancer treatments: diagnosis, prevention and treatment (2022)/ Chazova I. E., Ageev
F.T., Aksenova A. V. [et al.] // European Heart Journal. —2022. — No. 1(38). —P. 6-79. — DOI 10.38109/2225-1685-2022-1-6-79. — EDN SIVDQT.
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As far as CT diagnosis on the basis of laboratory
predictors is concerned, there is no consensus.
A study by Russian scientists of patients treated with
antracyclines, including 74 patients with non-Hodgkin
lymphomas, demonstrated a significant increase in
troponin I and NT-proBNP concentrations (p < 0.0001)
[13]. According to foreign literature, NTproBNP values
of > 900 pg/mL are a marker of severe cardiovascular
events in patients with non-Hodgkin lymphomas [14].
At the same time, some studies confirm high sensitivity
of NT-proBNP in CT; however, there are evidences
of other causes of increased values of this parameter,
including atrial fibrillation and valvular heart disease
[15]. In this article analysing laboratory parameters in
patients with NHL and verified CT, the most sensitive
marker of cardiovascular dysfunction is NT-proBNP:
a statistically significant increase of the value from
77.0(67.0;109.0) mg/mL to 154.0(73.0;765.0) mg/mL,
with p = 0.008 in the study group (patients with CT),
who had 6 rounds of antitumour immunochemotherapy,
was recorded.

A limiting factor of this study is the lack of direct
correlation analysis of a cardioprotective strategy and
changes in laboratory and instrumental parameters; a
relatively small sample size of patients (resulting from a
limited cohort of patients without a history of cardiovas-
cular disorders).

Conclusions

In this paper, a multifactor regression analysis of
patients with indolent non-Hodgkin lymphomas dem-
onstrated that some common risk factors of cardiovas-
cular events before therapy with potentially cardiotoxic
agents remain unchanged (sex, smoking status, total
cholesterol, BMI). Also, larger values of ESV, LV ESD
on TTE, which represent myocardial remodelling, at
the start of antitumour therapy supplement information
on the cardiovascular system functioning, allowing a
healthcare professional to implement a timely cardiopro-
tective strategy, even in low-risk patients. Currently, the
matter of early verification of CT in oncohaematologi-
cal patients appears relevant due to the need to improve
the quality of life of patients, especially during relapse-
free periods. The results for the target group show the
need for extending the diagnosis protocol for cardiovas-
cular complications by adding LV LD and NT-proBNP.
Besides, a comprehensive approach to the assessment of
cardiovascular system functioning will allow identifying
subclinical changes, implementing a timely cardiopro-
tective strategy in patients with malignancies, and reduc-
ing cancer-unrelated mortality.
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MMMYHOAOI'MYECKUE MAPKEPHI YV ITALIMEHTOB
CTACTPOOHTEPOAOTMYECKUMMU ITPOSIBAEHUSAMU
B PASAMYHBIE TEPUOABI COVID-19
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Immunological Markers in Patients with

Gastroenterological Manifestations During
Different Periods of COVID-19

Pestome

Llenb nccnepoBaHna — OLEHNUTL YPOBHM MMMYHO/IOTMYECKUX MapKepoB y nauueHToB, nepeHecnx COVID-19 n nmerowmx racTposHTepoiormye-
CKMe CUMMTOMbI B Pa3/inyHble Cpokn. MaTepuanbl u MeToAbl. Ha | 3Tane nposeAeHO peTpoCcneKTUBHOE UccaefoBaHue 785 MeaANLMHCKNX KapT nauym-
€HTOB, HaXOAMBLUMXCA Ha CTalMoHapHOM niedeHnm ¢ 05.2020 no 12.2020 r. ¢ gnarHo3om «Hoas kopoHaBupycHas nHekuna COVID-19» cpeaHero
1 TAXenoro TevyeHns. OCHOBHOM 3aayeii 6bi1a OLLeHKa KJIMHUYECKUX CUMIMTOMOB C pOKYCOM Ha BbiAB/IEHUE FaCTPOIHTEPONOTUYECKUX NPOABCHWIA
COVID-19. MNocne BLINUCKM U3 cTauMoHapa Yepes 3, 6 1 12 MecsLeB 6b110 NpoBegeHo TenlepOHHOE aHKETMPOBaHME C MPUMEHEHWEM CreLMasibHO pas-
paboTaHHOro OMpoCHWKa COTpYAHMKaMK Kadeapbl BHYTpeHHMX 6onesHeit PIEOY BO Balkupckuii rocyaapcTBeHHbIM MeAULIMHCKUN yHUBEpCUTeT
(BrMY) M3 P® ansi BbifBNIEHWS FaCTPOIHTEPO/IOTMYECKMX CUMITOMOB, @ TaK)Ke C UCMO/Ib30BaHUEM CTaHAAPTHOMO OMPOCHUKA OLLEHKM ey A04HO-
KnweyHbIx cumMnToMoB GSRS (Gastrointestinal Symptom Rating Scale — LLIKania OLeHKM ey A04HO-KMLEYHbIX CUMITOMOB) 1 BpUCTONBCKOM WKasbl
OLIEHKM Kana. B onpoce npuHsano y4actne 247 peCnoHAEHTOB, MOC/Ie Yero OHW 6blaM pasgesieHbl Ha 3 FpyMMbl MO KPUTEPUIO HAZIMYUSA U ANNTENIBHOCTY
CUMMNTOMOB CO CTOPOHbI e/lyJ04HO-KMLLIEYHOrO TpaKTa. 1 rpynna — nauueHTbl, C COXPaHAOLWMMUCA eNYyA04HO-KULLIEYHbIMM CUMNTOMaMM B NepUo,
oT 4 0 12 Hegenb (NpoAo/MKatowmincs cumnToMaTuyeckmii COVID) — 30 yenosek; 2 rpynna — NauueHTbl C A/IMTEbHOCTBIO XKeNyA0YHO-KMLIEYHbIX
cuMnToMoB 6onee 12 Hegesb (MOCTKOBUAHBIN cMHAPOM) — 75 yenosek. KoHTposibHYto rpynny (3 rpynna) coctasnam 151 nauueHT, nepe6onesiumii
COVID-19 6e3 pa3BuTHA NOCTKOBUAHOIO cMHApOMa. Ha |l 3Tane B Ka)kAol rpynne nayMeHToB 6blN UcCNeA0BaHbl CbIBOPOTOYHbIE KOHLLEHTpaLum
MUMMYHO/IOTUYECKUX MapKepoB (MHTepaeikuHbl (U1) 4, 6, 8, 18; peBMaTOMAHbIN $aKTOP, aHTUTENA K Ae30KCMPUEOHYKAenHOBOM KucnoTe (AHK)).
Pe3ynbTaTtbl. OTMeYaeTCA CTAaTUCTUYECKU 3HAUMMOE YBEIMYEHUE CpeHEro Bo3pacTa y naumenTos 1rpynnsi v 2 rpynnsi (p=0,02*10"1 p=0,01*10),
a TaKKe A/IMTeIbHOCTU FOCMMTaAn3aLmUm y 1-i rpynrbl NaLuMeHTOB B CPaBHEHUM C FPynmnoit KoHTpoas (p=0,04). XeHwwHbl npeobnaganm Kak 8 1-i
(p=0,01), Tak v Bo 2-1 rpynnax (p=0,002). Cpoku aMb6yNaTOPHOrO IeYeHMA 40 rOCNUTAIM3ALMM COCTABWU/IN B cpeaHeM 8,1 aHeit. B o6eunx rpynnax na-
LIMEHTOB OTMEYa/IMCb CTAaTUCTUYECKU 3HAYMMOe MoBbileHKe ypoBHs WJ/1-18 (p=0,095; p=0,88*10°), B rpynne 2 BbisIBNEHO MOBbILIEHWE YPOBHA PeEB-
MaTougHoro paktopa (p=0,044) B cpaBHeHMM C rPYNMoi KOHTPOASA. BbIAABNIEHO TaKXKe CTAaTUCTUYECKM 3HAYMMOe MoBblleHne yposHeit M1J1-6 B 06eunx
nccneyeMbix rpymnnax OTHOCUTE/IbHO Fpynnbl KOHTposA (p=0,020; p=0,000017), Npu 3TOM CpeAHMe 3HaYeHU HaXOAUIUCh B NpeAesax pedepeHT-
HbIX MHTepBasioB. BbiBogbl. TakuM obpa3oM, nauymeHTbl, nepeHecwne COVID-19 cpeAHETMIKENOrO U TAXKENOro TeYEHUs, MOABEPKEHbI Pa3BUTUIO
MOCTKOBUAHOIO CUHAPOMA, B TOM YMC/IE, C FAaCTPOIHTEPO/IONMYECKMMMU NPOABIEHNAMN. BriepBble BbifBEH MOBbIWEHHbIV YpoBeHb M/1-18 y aaHHOM
KaTeropum NaLMeHToB, YTO MOXET C/TYXMTb KaK AVarHoCTU4YeCKMM 61oMapKepoM, TaK U MOTeHLMaNbHON MULLEHbIO TapreTHOM Tepanuu.

Knrouyesbie cnnoBa: COVID-19, nocmkosudHbiii CUHOPOM, )KenyO00YHO-KUuWweYHbIl mpakm, U/1-18
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Abstract

Materials and Methods. A retrospective study of 785 medical records of patients hospitalized between 05.2020 and 12.2020 with a diagnosis of
moderate to severe new coronavirus COVID-19 infection was performed in phase I. The study was conducted. The primary objective was to evaluate
clinical symptoms with a focus on detecting gastroenterologic manifestations of COVID-19. After discharge from the Covid hospital in 3, 6 and
12 months, a telephone questionnaire was conducted using a specially developed questionnaire by the staff of the Department of Internal Medicine
of the FSBEU VO BSMU of the Ministry of Health of the Russian Federation to identify gastroenterological symptoms, as well as using the standard
questionnaire for the assessment of gastrointestinal symptoms GSRS (Gastrointestinal Symptom Rating Scale) and the Bristol Stool Assessment
Scale. 247 respondents took part in the survey, after which they were divided into 3 groups according to the criterion of presence and duration of
gastrointestinal symptoms. Group 1 — patients with persisting gastrointestinal symptoms in the period from 4 to 12 weeks (ongoing symptomatic
COVID) — 30 people; Group 2 — patients with duration of gastrointestinal symptoms more than 12 weeks (post-COVID syndrome) — 75 people.
The control group (group 3) consisted of 151 patients who had survived COVID-19 without the development of postcoviral syndrome. At stage II,
serum concentrations of immunologic markers (interleukins 4, 6, 8, 18; rheumatoid factor, antibodies to DNA,) were studied in each group of patients.
Results. There was a statistically significant increase in the mean age in group 1 and group 2 patients (p=0.02*10-4 and p=0.01%10-9), as well as
in the duration of hospitalization in group 1 patients compared to the control group (p=0.04). Women predominated in both groups 1 (p=0.01)
and 2 (p=0.002). The time of outpatient treatment before hospitalization averaged 8.1 days. In both groups of patients there was a statistically
significant increase in IL-18 level (p=0,095; p=0,88*10-9), in group 2 there was an increase in rheumatoid factor level (p=0,044) in comparison with
the control group. A statistically significant increase in IL-6 levels was also revealed in both studied groups in comparison with the control group
(p=0,020; p=0,000017), while the mean values were within the reference intervals. Conclusions. Thus, patients who have had moderate to severe
COVID-19 are susceptible to the development of post-Covid syndrome, including gastroenterological manifestations. For the first time, an elevated
level of IL-18 was detected in this category of patients, which can serve as both a diagnostic marker and a potential target for targeted therapy.

Key words: COVID-19, long-covid, gastrointestinal tract, IL-18
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Introduction appetite, heartburn and constipations [3], and the major-

The World Health Organisation (WHO) has officially
announced the end of the coronavirus infection 2019
(COVID-19) pandemic; however, currently there are
still a lot of open questions about the health condition of
patients who had acute COVID-19. Up to a half of patients
still have symptoms, which they had not had before the
novel coronavirus infection, and symptoms can last for
a long period of time after the infectious process resolu-
tion. According to the recommendations of the National
Institute for Health and Care Excellence (NICE), ongo-
ing (symptomatic) COVID is diagnosed in the presence
of symptoms 4 to 12 weeks after disease onset; post-
COVID syndrome (long COVID) is diagnosed if symp-
toms persist for over 12 weeks [1]. According to the defi-
nition by the WHO, the term “post-COVID syndrome”
is used to define a totality of various long-lasting symp-
toms in some individuals after past COVID-19; usually,
they are diagnosed by a healthcare professional at least
3 months after disease onset [2]. GIT clinical symptoms
of COVID-19 include nausea, abdominal pain, loss of

ity of initial symptoms resolve in 3-6 months. However,
according to a multicentre, retrospective study conduced
in New York (2021), 20.5 % of subjects with long COVID
had persistent diarrhoea, while 13.7 % of patients with
long COVID experienced loss of appetite even 7 months
after infection [4, 5]. A number of studies demon-
strated that both mild and severe COVID-19 can result
in a hyperinflammatory reaction, which manifests with
higher levels of multiple cytokines, including interleu-
kin-6 (IL-6), IL-8 and tumour necrosis factor (TNF-a)
[6, 7]. Nevertheless, the data on changes in the cytokine
regulation system are fragmented and relate mainly to
the acute stage of disease. Developing knowledge in this
area will ensure better understanding of the pathogenesis
of post-COVID syndrome in order to develop preven-
tion and therapy methods.

Objective: To assess levels of immunological markers
in post-COVID-19 patients who had GIT symptoms at a
various stage of the disease.
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Materials and Methods

The COVID Hospital of the Clinics at the Bashkir
State Medical University hosted a retrospective study
of medical records of 785 patients who were undergo-
ing inpatient treatment for moderate and severe novel
coronavirus infection COVID-19 from May 2020 till
December 2020. The mean age was 59 years old, includ-
ing 571 (72.3 %) patients with moderate and 214 patients
(27.2 %) with severe disease. In order to confirm COVID-
19, all patients had an oropharynx+nasopharynx swab
for SARS-CoV-2 by real-time polymerase chain reaction
(PCR) (Intifica SARS-CoV-2 kit, Alkor Bio LLC, Russia).
On the average, patients were hospitalised on day 7 after
first symptoms. 341 subjects (43 %) were males. The most
common comorbidities before COVID-19 infection
were hypertensive disease (40 %), ischemic heart disease
(17 %), and diabetes mellitus (types 1 and 2) (17 %). The
main characteristics of subjects are presented in Table 1.

The study was conducted in two stages. At stage I,
electronic medical records were analysed to assess clini-
cal symptoms, mostly to identify GIT signs of COVID-
19. During inpatient treatment, all patients had standard
laboratory and instrumental tests, included in the Global
Clinical Recommendations for Prevention, Diagno-
sis and Treatment of the Novel Coronavirus Infection,
Version 1 (January 29, 2020). Laboratory tests included
complete blood count (CBC); biochemical blood assay
(BBA)(creatinine, urea, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), bilirubin, elec-
trolytes, albumin); C-reactive protein (CRP); polymerase
chain reaction (PCR) tests for SARS-CoV-2 (severe
acute respiratory syndrome-related coronavirus 2, for-
merly 2019-nCoV) — enveloped virus single-strand
(+#) RNA virus. Instrumental examinations included
lung computer tomography (CT), electrocardiogra-
phy (ECG). Also, biological materials were sampled
(an informed voluntary consent form was signed for
research and biological material sampling); a biobank
for biological material storage at -80° C was created;
and a database was registered (Database Registration
Certificate No. 2021620499 dated March 16, 2021).
3, 6 and 12 months after acute COVID-19 infection, a
phone survey was conducted in accordance with a dedi-
cated questionnaire developed by the staft of the Chair of
Internal Diseases at the Bashkir State Medical University

Table 1. Characteristics of the total sample

of the Ministry of Health of Russia, and also using a vali-
dated Russian version of the Gastrointestinal Symptom
Rating Scale (GSRS) and the Bristol Stool Form Scale. The
original questionnaire and the validated version of GSRS
were used to find out common complaints and specific
chronic or acute symptoms, which are typical for GIT
involvement. The survey included 247 respondents, who
were divided into study groups: group 1 — patients with
GIT symptoms of COVID-19 persisting 4 to 12 weeks
(current symptoms of COVID), 30 subjects; group 2 —
patients with GIT symptoms lasting over 12 weeks (post-
COVID syndrome), 75 subjects; group 3 — controls, no
GIT symptoms, 151 subjects (stage I).

The main objective of stage II was to identify patients
with genuinely GIT symptoms, since initially formed
groups (stage I) had both current GIT symptoms and
other symptoms (joint pain, shortness of breath, etc.);
therefore, patients only with persistent GIT symptoms
(gastroenterological monosyndrome) were selected for
the study of immunological markers (measurement
of interleukins (IL) 4, 6, 8, 18, rheumatoid factor (RF),
anti-DNA antibodies). Immunological markers were
measured by enzyme-linked immunosorbent assay
(ELISA) using human blood sample using Vektor-Best
reagent kit (Vektor-Best JSC, Novosibirsk, Russia) in
order to determine IL-4 levels (sensitivity: 0.4 pg/mL,
measurement range: 0-100 pg/mL (reference values:
0.00-4.00)), IL-6 (sensitivity: 0.5 pg/mL, measurement
range: 0-300 pg/mL (reference values: 0.00-10.00)),
IL-8 (sensitivity: 2.0 pg/mL, measurement range:
0-250 pg/mL (reference values: 0.00-12.00); IL-18 (sen-
sitivity: 2.0 pg/mL, measurement range: 0-1,000 pg/mL
(reference values: 0.00-260.00); RF (reference values:
0.00-10.00); and anti-DNA antibodies (reference values:
0.00-20.00). Tests and assessments were conducted at
the unit of clinical laboratory diagnostics of the Clinics
at the Bashkir State Medical University.

As a result, 20 patients from group 1 and 38 patients
from group 2 were included in stage II; 30 patients were
controls. Inclusion criteria for stage II of the study were:
male and female patients aged 18 to 80 years old; persist-
ing GIT symptoms lasting 4 to 12 weeks and 12 and over
weeks after acute COVID-19 infection without any other
signs of post-COVID syndrome (shortness of breath,
joint pain, fever, etc.). Non-inclusion criteria for stage II
were: age of over 80 years old; patients with a history

Options

General sample

N=785
Age, years, Me [IQR] 59 [49; 67]
Hospitalization, days, Me [IQR] 11 [9; 14]
Time from the onset of symptoms to hospitalization, days, Me [IQR] 7 (65 10]
Men, N (%) 3341(43)

Note: N — Total quantity; Me [IQR] (Me is the median, IQR is the first and third quartiles).
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Figure 1. Study design

Note: Rheumatoid factor (RF), immunoglobulin G (IgG), antibodies (AT) IgG, interleukin (IL)

of GIT diseases before acute COVID-19; patients with
other persistent symptomatic and post-COVID mani-
festations (shortness of breath, joint pain, fever, etc.);
a history of/suspected malignancy in any location, any
immunodeficiency; pregnancy, breastfeeding, a history
of mental disorders; refusal from taking part in the study.

A schematic representation of the study is presented
in Figure 1.

An informed consent form for the use of medical data
for research purposes was signed both during inpatient
treatment and, later, for the phone survey. The study was
approved by the Local Ethics Committee at the Bashkir
State Medical University (Minutes No. 4 dated April 21,
2021).

Statistical data processing was performed using
Microsoft Excel 2010, Statistica 12.0. The normal-
ity of parameter distribution was assessed using Kol-
mogorov-Smirnov test. Depending on the normality of

distribution, data are presented as median with quartiles
and mean values with standard deviations. Intergroup
pair-wise comparison of two independent samples was
performed using Student t-test (for normal distribution)
and Mann-Whitney U test (for distribution other than
normal); statistically significant level was at p < 0.05. For
qualitative data, 2x2 cross tables were used with Yates
corrected x2, if the frequency in at least one cell of the
table was equal or less than 5. The degree of associations
was assessed with the help of odds ratio (OR).

Results

Complaints of GIT problems, including abnormal
bowel patterns and abdominal pain, were recorded
in 11 % and 8 % of cases, respectively; the duration of
symptoms was 4 [3; 4] and 2 [1; 2] weeks. The results are
presented in Table 2.

Table 2. Analysis of symptoms in patients who have had COVID-19

Symptoms N % Dur:/[tei:([)llg;:]eeks
Weight loss (kg) 33 13 7 [5; 10]
Loss of smell 27 11 4 [4512]
Weight gain (kg) 27 11 7 [5; 10]
Abnormal stool (constipation/diarrhea) 27 11 4[3;4]
Loss of taste 22 9 1[1;2]
Stomach ache 21 8 2(152]
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Table 3. Results of a comparative analysis of clinical and anamnestic characteristics in the study groups at stage 11

. Group 1 Group 2 Control group
Options N=20 N=38 N=30
59,2+7,8* 56,2+6,5**
+
Age, years p=0,02x10* p=0,01x10° 55,8 £5,4
Hospitalization, days 15,5+4,2*
+ +
(Me+SD) p=0,04 14+4,6 11,1+2,1
Time from the onset of symptoms to hospitalization, days 7 [5: 9] 7 (65 10] 6[5:8]
Me [IQR]
1(5)* 6 (15,7)**
0y
Men, N (%) p=0,01 p=0,04 12 (40)
Women, N (%) 19(95) 32 (84,3) 18 (60)

Note: N — Total quantity; p — statistical significance; Me+SD — mean + standard deviation; Me [IQR] (Me is the median, IQR is the first and third quartiles).

* Comparison of group 1 with the control group
** Comparison of group 2 with the control group

Table 4. Analysis of the intensity of gastroenterological syndromes in the formed groups 12 months after acute

COVID-19 infection

Intensity, points
Me [IQR]
Syndromes
Group 1 Group 2
N=30 N=75
Dyspeptic syndrome 5 [5; 6] 5 [4; 6]
Reflux syndrome 5(5;7] 5 [456]
Abdominal pain syndrome 6 [5,5; 6] 5 [4; 5]
Constipation syndrome 6[657] 6 [457]
Diarrheal syndrome 5 [5; 6] 7 [557]
Note: N — Total quantity; Me [IQR] (Me is the median, IQR is the first and third quartiles).
Table 5. Results of comparative analysis of immunological markers
. Group 1 Group 2 Control group
Options Reference values N=20 N=38 N=30
14,81 17,71; ‘
1}\1/[1: [gialQ;/ ml 0,00-10,00 [13,63;20,59]* [13,39;21,21]** . 16?1’.914;’ 3
; p=0,067 p=0,044 PES
3,43; 2,24; 3,181;
RF IgM, IU/ml 0,00-14,00 [1,45;13,01] [1,32;4,36] [1,78;4,11]
3,16; 3,98; 2,881;
AT (IgG) to double-stranded DNA IU/ml 0,00-20,00 [1,89:9,54] (1,54:7,24] [1,45:5.12]
. 2,88; 3,86; 3,885;
AT (IgG) to single-stranded DNA, IU/ml 0,00-20,00 (2.46:4,61] [2,54:5,02] [1,98:5,52]
3,86; 4,02; 0.96:
IL-6, pg/ml 0,00-10,00 [2,27:4,29]* [3,32;4,2]** 0 o ’16]
p=0,020 p=0,00017 7
0,16; 0,32; 0,41;
IL-8, pg/ml 0,00-12,00 [0,0151,37] [0,01;1,78] [0,0151,78]
0,48; 0,48; 0,20;
L4, | 00-4, ,48; ,48; ,20;
pg/m 0,00-4,00 [0,01;0,6] [0,01;0,82] [0,01;1,14]
394,74%; 378,32%; 121.16:
1L-18, pg/ml 0,00-260,00 [192,62;505,39] 351,2;513,96] [88:210,56]
p=0,095 p=0,88x10" e

Note: M[Ql; Q3] — median, first and third quartiles; N — Total Rheumatoid factor (RF), immunoglobulin G (IgG), antibodies (AT) IgG, interleukin (IL), deoxyribonucleic acid (DNA),

international unit per milliliter (TU/ml), picogram per milliliter (pg/ml)

* Comparison of group 1 with the control group
** Comparison of group 2 with the control group
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Statistically significant increase in the mean age
of patients in group 1 and group 2 (p = 0.02*10* and
p = 0.01*10?), as well as duration of hospitalisation in
group 1 vs controls (p = 0.04) were recorded. Females pre-
vailed both in group 1 (p = 0.01) and group 2 (p = 0.04).
Before hospital admission, outpatient treatment lasted
on the average for 7 days. A comparative analysis of the
study groups at stage II is presented in Table 3.

During the survey 12 months after acute COVID-
19 infection, patients who had GIT symptoms, under-
went an additional assessment of the nature and severity
of complaints using the GSRS scale. The most common
symptoms were heartburn (24 %), pain and discom-
fort in the upper section of abdomen (20 %), bloating
(15 %), constipations (14 %), abdominal murmur (13 %),
burping and bloating (9 %), hard stool (7 %); acid reflux
(5 %), nausea and liquid stool (4 %). Also, the groups
were assessed for the severity of GIT syndromes. The
results are presented in Table 4.

Evaluation of the results of immunological biomarker
assessment in group 1 and group 2 showed a statistically
significant increase in serum IL-18 concentrations vs
controls (p = 0.095 and p = 0.88x10°), respectively.

IL-18 levels were higher than the reference values
in 8 patients (72 %) from group 1 (p = 0.019) and in
15 patients (88 %) from group 2 (p = 0.014).

It is important to note a higher serum IL-6 concen-
trations in the study groups (p = 0.020; p = 0.000017) vs
controls, although they are within the reference range.

Total RF  concentrations were statistically
higher in group 2 patients (p = 0.044) vs controls.
In group 1 patients vs controls, total RF levels demon-
strated a trend (p = 0.067). The summary data on the
comparative analysis of biological markers is presented
in Table 5.

17 patients out of 20 in group 1 had higher rheu-
matoid factor values vs reference values (p = 0.008;
OR = 7.41 (95 % CI 1.78-30.77), in group 2 patients —
32 patients out of 38 (p = 0.001; OR = 6.97 (95 % CI
2.24-21.63) vs controls.

Discussion

The study conducted in San-Paolo (Milan, Italy) in
377 patients has proven that over a half of individuals
who had acute COVID-19 reported persistent symp-
toms for a certain period of time. Symptoms can last for
6-7 months and longer. In a multifactor analysis, female
sex and elderly age were predictors of long COVID
(OR = 3.3 and OR = 1.03, respectively), correlating
with our results [8]. According to a systematic review
and a meta-analysis by Choudhury A. et al. (2022),
GIT symptoms of a past acute COVID-19 infection
include abdominal pain (2.7 %), nausea and vomiting
(4.6-10.3 %), diarrhoea (7.4-13.2 %) [9]. In this study,
abdominal pain was recorded more frequently (8 %);
the frequency of bowel disorders was comparable (11 %)

with that of earlier studies. A majority of initial symp-
toms (abdominal pain, nausea, vomiting and diarrhoea)
resolve in 3-6 months (in 90.5 % and 89.4 % of cases,
respectively) [4]. In this study, complaints persisted for
5.17 £ 4.94 and 2.61 + 2.34 weeks, respectively.

According to literature, patients with post-COVID
symptoms had higher IL-6, SRP and TNF-a levels; and
a higher IL-6 value was higher in all patients during
7 months after discharge from the hospital [10], corre-
lating with our results. Also, we have found out higher
rheumatoid factor values in patients with GIT symp-
toms of post-COVID syndrome. According to literature,
higher levels of this biomarker were observed in patients
with coronavirus infection both during the acute phase
and for some time after the infectious process had
resolved [11]. At the same time, the importance of RF
assessment requires additional evaluation, since there is
positive cross-reaction between rheumatoid factors and
antibodies to Sars-Cov-2 virus [12].

According to Satis H. et al. (2021) [13], in patients
with COVID-19, IL-18 levels correlated with IL-6 con-
centration, while baseline IL-18 values were a prognostic
marker of severe disease. However, available literature
does not contain any data on IL-18 levels in patients
during various periods after COVID-19. In this study,
evaluation of immunological biomarker assessment
in group 1 and group 2 showed a statistically signifi-
cant increase in serum IL-18 concentrations vs controls
(p = 0.095 and p = 0.88x10-9), respectively. IL-18 levels
were higher than the reference values in 8 patients (72 %)
from group 1 (p = 0.019) and in 15 patients (88 %) from
group 2 (p = 0.014).

Therefore, our results make it possible to better
understand the immunopathogenesis of post-COVID
syndrome; patients after the novel coronavirus infection
had higher delayed IL-18 levels. Measurement of this
biomarker is justified in this category of patients (inven-
tion patent No. 2807947. Method of Forecasting GIT
Symptoms in Post-COVID Syndrome Using Immuno-
logical Markers) [14].

Conclusions

Therefore, patients who had moderate and severe
COVID-19, are susceptible to post-COVID syndrome,
including GIT manifestations. A higher IL-18 level
in this category of patients has been identified for the
first time; therefore, it can be used both as a diagnostic
marker and a potential target in target therapy.
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