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Pesiome

PeBMaToMAHbIN apTpuT (PA) ABAAETCA XPOHMYECKMM ayTOMMMYHHBIM 3a60/1€BaHNEM C BbICOKOWM UHBA/IMAU3MPYIOLEN CMOCOBHOCTbIO, PaHHAA Aua-
FHOCTMKa KOTOPOro MMeeT K/lo4YeBOoe 3HaYeHWe ANA CBOEBPEMEHHOrO Ha3HayeHWA 6a3nCHbIX NPOTMBOPEBMaTMYECKMX MpenapaToB W y/y4lleHns
nporHosa. B nocneaxue gecatunetua ocoboe BHMMaHWe yensaeTca Ceposiorniecknm 6romapkepam, Cpean KOTOPbIX BeAyllyto PO/b UrpatoT peB-
MaTouaHbli paktop (PP) u aHTUTENA K LMTPYANMHUPOBaHHbIM 6e/kaM (ALLB), Bkatouas aHTM-CCP (aHra. anti-cyclic citrullinated peptide antibodies,
aHTUTENA K LUKAMYECKOMY LMTPY//IMHUPOBAHHOMY nenTuay) u aHtu-MCV (aHra. anti-mutated citrullinated vimentin antibodies, aHTutena
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K MyTaHTHOMY LUTPY/I/IMHAPOBAHHOMY BUMEHTUHY). DTV MapKepbl MO3BO/IAIOT HE TONIbKO NOATBEPAUTb AMArHO3, HO U MPOrHO3MPOBaTh PUCK arpec-
CVMBHOTO Te@HEHWA U 3PO3MBHBIX M3MeHeHUI CycTaBoB. COBpeMeHHble MeTO/bl MMMYHOaHa/IM3a CyLL,eCTBEHHO PacLUMPUAN ANArHOCTUHECKUE BO3MOXK-
HOCTU. Hapsgy ¢ TpaanLMOHHBIMU MOAXOAAMU (aTeKC-arrtTUHALMUA, UMMYHOGEPMEHTHbIN aHanms (M®A), TypbuanMeTpus) akTUBHO BHEAPAIOTCA
VNHHOBALMOHHbIE TEXHO/IOTUM: /1eKTPOXMMUYECKas UMMeaHCHasA CreKTPOCKONMA, CNIeKTPOCKONMUA KOMBUHALMOHHOIO PaccesiHUA C YCUIEHWUEM MO-
BepxHOCTH (SERS), GOTO3/IEKTPUHECKIE CEHCOPbI U MUKPOXUAKOCTHbIE NaaTdopmbl. OCo60€e 3HAYEHWE UMEIOT MY/IbTUM/IEKCHbIE UMMYHOaHaIN-
3bl, 06ecrneynBatoLL e OAHOBPEMEHHOE BbisiIB/IEHNE HECKO/IbKMX BMOMapKepoB B 0OHOM 06pasLie, 4TO MoBbIAET TOYHOCTb ANArHOCTMKM, obieryaet
CTpaTUPUKALMIO NALMUEHTOB U CMOCO6CTBYET peann3alyy NpUHLMMOB MEpCOHaNN3MPOBaHHON MeAuLMHbL. HecMOTpsA Ha oueBUAHbIE MpenMylie-
CTBa, My/IbTUM/IEKCHbIE METOAbI CTA/IKUBAIOTCA C PALOM OrpPaHUYEHMI: HEOBXOAUMOCTBIO UCMOJ/Ib30BaHNSA BbICOKOCTELMPUYHBIX aHTUTEN, PUCKOM
NepeKpECTHON PeaKTUBHOCTU, OTCYTCTBMEM YHUPULIMPOBAHHbBIX 3TA/NOHHbIX CTaHAApTOB A/ ALLB, a TakxKe C/I0XKHOCTAMU B 06ecrneyeHnn KOHTPOIS
KayecTBa. [lanbHelllee pa3BUTME TEXHO/IOMMI CBA3AHO C CTaHAApTM3aLMell aHanM30B, BHEAPEHUEM MEXAYHAPOAHBIX KOHTPO/IbHBIX MaTepUanoB
1 ONTUMU3aLmMeit ANarHoCTUYECKMX NOPOroB. TaknuM 06pasoM, MHTErpaLus CoBpeMeHHbIX METOA0B MMMYHOAHanAM3a U My/IbTUN/IEKCHbIX MAaTGopM
B K/IMHUYECKYHO NPaKTUKY OTKPbIBAeT HOBble BO3MOXHOCTM ANS PaHHEN ANArHOCTUKM U NPOrHO3MPOBaHWA PA, 4TO B KOHEYHOM UTOMe MOXKET CHU3UTb
4acTOTy MHBa/IMAU3ALUN N YNYHLLNTb Ka4eCTBO XU3HU NaLUEeHTOB.

KnroyeBbie c/10Ba: pesmamoudHbiii apmpum, ceponozudeckue 6UoMapKepbl, peBMamoudHbIl pakmop, aHmumena K WUMpYAAUHUPOBAHHBIM
6eskam, aHmu-CCP, aHmu-MCV, uMMyHOaHanu3, My/IbMUNAEKCHbIE MeXHON02UU, PaHHAS dUa2HOCMUKa, NePCOHAaNU3UPOBAHHAA MEOUUUHA
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Abstract

Rheumatoid arthritis (RA) is a chronic autoimmune disease with a high potential for disability, where early diagnosis is crucial for timely initiation
of disease-modifying antirheumatic drugs (DMARDs) and for improving long-term outcomes. In recent decades, particular attention has been paid
to serological biomarkers, among which rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA), including anti-CCP and anti-MCV,
play a leading role. These markers not only confirm the diagnosis but also help predict the risk of aggressive disease course and joint erosions.
Modern immunoassay methods have significantly expanded diagnostic opportunities. Along with traditional approaches such as latex agglutination,
enzyme-linked immunosorbent assay (ELISA), and turbidimetry, innovative technologies are actively being implemented, including electrochemical
impedance spectroscopy (EIS), surface-enhanced Raman spectroscopy (SERS), photoelectrochemical biosensors, and microfluidic platforms.
Multiplex immunoassays are of particular importance, as they allow the simultaneous detection of multiple biomarkers in a single sample, thereby
increasing diagnostic accuracy, facilitating patient stratification, and promoting the principles of personalized medicine. Despite their advantages,
multiplex methods face several limitations: the need for highly specific antibody pairs, the risk of cross-reactivity, the lack of standardized reference
materials for ACPA, and challenges in quality control. Future development of these technologies depends on assay standardization, implementation
of international reference standards, and optimization of diagnostic thresholds. In conclusion, the integration of modern immunoassay techniques
and multiplex platforms into clinical practice provides new opportunities for early diagnosis and prognosis of RA, ultimately reducing disability rates
and improving patients’ quality of life.

Key words: rheumatoid arthritis, serological biomarkers, rheumatoid factor, anti-citrullinated protein antibodies, anti-CCP, anti-MCV, immunoassay,
multiplex technologies, early diagnosis, personalized medicine
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune
disease, which involves inflammatory damage to the
joints and their destruction, as well as various extraar-
ticular manifestations and associated complications of
various degree of intensity [1]. The disease can occur
at any age; however, it is more common in women, and
its prevalence varies depending on the region, gener-
ally being higher in industrialised countries [2]. Despite
significant advances in basic science, the etiology of RA
has not yet been fully established. It is believed that the
pathogenesis is based on an interaction between genetic
predisposition, environmental factors, and characteris-
tics of the microbiome [1, 3].

Over the past two decades, the management of
patients with RA has changed significantly due to the
introduction of new medications and a deeper under-
standing of the mechanisms underlying the develop-
ment of the disease [4]. At present, the key principle of
treatment is the earliest possible diagnosis of RA and
the prompt initiation of disease-modifying antirheu-
matic drugs (DMARD:s). It has been demonstrated that
timely treatment can prevent significant structural joint
damage in 90% of patients and substantially improve
prognosis [5]. At the same time, early diagnosis remains
challenging because the clinical manifestations at disease
onset are often nonspecific. Imaging techniques, such as
ultrasonography and magnetic resonance imaging, are
used to clarify the diagnosis; however, their effectiveness
is limited, and they are primarily indicated for patients
with pronounced clinical symptoms [6].

Serological markers are of particular importance in
the early diagnosis of RA. The most valuable markers
are rheumatoid factor (RF) and anti-citrullinated pro-
tein antibodies (ACPA). These autoantibodies can be
detected several years before the onset of clinical mani-
festations, making them important not only for diagnosis
but also for predicting disease course, assessing the risk
of developing erosive arthritis, and evaluating response
to therapy [7, 8]. Accordingly, RF and ACPA were incor-
porated into the 2010 classification criteria developed
by the American College of Rheumatology (ACR) and
the European Alliance of Associations for Rheumatol-
ogy (EULAR) [9]. They are also included in the Russian
Ministry of Health’s Clinical Guidelines “Rheumatoid
Arthritis” (approved by the Ministry of Health of the
Russian Federation in 2021), which recommend their
determination as mandatory laboratory criteria for the
diagnosis and monitoring of the disease [10].

Modern approaches to the laboratory diagnosis of
RA involve the implementation of multiplex immunoas-
say methods, which enable the simultaneous detection of
multiple biomarkers. This creates opportunities for more
accurate patient stratification, optimisation of treatment

selection, and the implementation of personalised dis-
ease management strategies [11].

This article aims to analyse the clinical and prognos-
tic significance of RF and ACPA in RA, evaluate current
methods for their detection, and discuss the potential of
multiplex technologies to enhance the effectiveness of
early diagnosis and improve patient outcomes.

Biomarkers for Early Diagnosis
of Rheumatoid Arthritis

Rheumatoid Factor

Rheumatoid factor was the first autoantibody identi-
fied in patients with RA; it recognises antigenic determi-
nants in the Fc region of immunoglobulin G (IgG) [12].
RF was first described by Erik Waaler in 1940 as a factor
exhibiting hemagglutinating activity in the sera of
patients with RA [13]. In 1949, H. M. Rose confirmed
this observation and, together with Waaler, developed
a test based on the agglutination of sensitised sheep
erythrocytes, which became known as the Waaler-Rose
test [14].

In the following decades, the determination of RF
became an integral part of the classification criteria
for RA in 1956, 1958, and 1987. Initially, antibodies
were detected using manual methods; however, with
the advancement of laboratory diagnostics, automated
approaches, including turbidimetry and enzyme-linked
assay (ELISA), introduced,
improving both the sensitivity and specificity of testing.
Modern methods enable the quantitative assessment of
different RF isotypes, including IgM, IgA, and IgG [15].

A systematic analysis by Motta et al. showed that RF
IgA has the highest specificity, but lower sensitivity as
compared to RF IgM, whereas RF IgG has limited diag-
nostic value [16]. In a study by Sieghart et al., in which
RE anti-citrullinated protein antibodies (ACPA), and
RA33 were assessed in parallel, RF IgM demonstrated
the highest sensitivity among the nine antibody isotypes
tested [17]. At the same time, in patients with undiffer-

immunosorbent were

entiated inflammatory arthralgia, the combined assess-
ment of different RF isotypes did not demonstrate any
advantage over the isolated measurement of RF IgM and,
in some cases, even increased the risk of false-positive
results [18]. Therefore, RF IgM remains the most popular
marker in routine clinical settings.

According to meta-analyses, the specificity of RF
in RA patients is approximately 85 %, while sensitivity
varies between 60% and 90% [19]. High RF titres are
associated with a more severe disease and unfavourable
prognosis, especially at early stages [8].

Of particular interest are the interactions between
RF and ACPA. It has been shown that the presence of
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RF IgM enhances the ability of immune complexes con-
taining ACPA to activate macrophages, stimulating the
production of pro-inflammatory cytokines and thereby
accelerating disease progression [20, 21]. Moreover, the
simultaneous presence of RF and ACPA in serum is asso-
ciated with more pronounced systemic inflammation
and a shorter preclinical phase of RA [22].

Anti-citrullinated
Protein Antibodies

Anti-citrullinated protein antibodies are a large group
of autoantibodies directed against citrullinated epitopes
of native proteins or synthetic peptides. These antibod-
ies are detected both in the serum and in the synovial
fluid of patients with RA and are characterised by high
specificity and sensitivity, making them among the most
important serological markers for the early detection
and prognostic assessment of the disease [23].

Under conditions of chronic inflammation, enzymes
of the peptidyl arginine deiminase (PAD) family catalyse
the conversion of arginine residues into citrulline, gen-
erating new antigenic determinants. Targets of ACPA
include fibronectin, vimentin, keratin, a-enolase, type
IT collagen, and histones, which are expressed in vari-
ous tissues throughout the body [24]. Citrullinated pro-
teins can be incorporated into major histocompatibility
complex (MHC) structures, activate T lymphocytes, and
stimulate B cells to produce additional autoantibodies.
These processes contribute to increased inflammation,
bone resorption, and pain in RA [25].

Although rheumatoid factor was the first serological
marker used in the diagnosis of RA, ACPA have demon-
strated significantly higher specificity and comparable,
and in some cases even superior, sensitivity. This makes
them a valuable tool for the early detection of the disease,
prediction of its course, and timely initiation of targeted
therapy, ultimately helping to slow disease progression
and reduce the risk of disability [26].

Antibodies to Citrullinated

Filamentous Protein

The first RA-specific autoantibodies from the ACPA
group to be described were the anti-perinuclear factor
(APF) and anti-keratin antibodies (AKA). In 1964, Nien-
huis et al. reported the presence of antibodies against
perinuclear factor in the serum of patients with RA,
which demonstrated high specificity [27]. Later, in 1979,
Young et al. identified AKA, which also demonstrated
a strong association with RA [28]. Initially, keratin was
thought to be the target of these antibodies; however, in
1995, Sebbag et al. established that, for both APF and
AKA, the target antigens are citrullinated intermedi-
ate filament proteins of epidermal cells. This led to the

introduction of the general term “antibodies to citrulli-
nated filamentous protein” [29].

APF is found in rheumatoid nodules and synovial
fluid and is often found together with RF. This marker
can be used for the differential diagnosis of RA and other
inflammatory arthropathies, with its specificity esti-
mated at approximately 94.3 % [30]. AKA, in turn, can
be detected even before the clinical manifestations of RA
become apparent. Moreover, they have been shown to be
strongly associated with erosive bone changes, making
them important prognostic markers [31]. According to
a meta-analysis, the specificity of AKA reaches 94 %,
whereas their sensitivity remains relatively low (approxi-
mately 46 %) [32].

Thus, despite their high specificity, the limited sen-
sitivity of APF and AKA reduces their value in routine
clinical settings. Nevertheless, these antibodies played
a key role in shaping our understanding of the pathogen-
esis and serological diagnosis of RA, serving as precur-
sors to more modern markers, such as anti-CCP anti-
bodies and other ACPA tests.

In 2000, Schellekens et al. were the first to propose
the use of a synthetic cyclic peptide containing a citrul-
line residue as an antigenic substrate for the detection
of anti-cyclic citrullinated peptide (anti-CCP) antibodies
using an enzyme-linked immunosorbent assay (ELISA).
The test was shown to have high specificity (up to 96 %)
for RA and to be of significant value for the early diag-
nosis of the disease [33]. Several studies have confirmed
that anti-CCP antibodies outperform RF in terms of
specificity and diagnostic accuracy, particularly in the
evaluation of patients with early undifferentiated arthral-
gia and in predicting a more aggressive comcvurse of
the arthropathy [34].

Currently, second-generation (anti-CCP2) and
third-generation (anti-CCP3) tests are available, based
on the use of synthetic mixtures of cyclic citrullinated
peptides. These tests provide substantially higher sensi-
tivity while maintaining high specificity compared with
first-generation assays [35]. According to prospective
studies, anti-CCP3 plays an important role in predicting
the development of inflammatory arthritis in high-risk
individuals who are already positive for anti-CCP2 [36].
Vos et al. showed that the results of anti-CCP2 and anti-
CCP3 tests are generally comparable; however, the risk of
developing RA was significantly higher among patients
who tested positive on both assays [37].

It is worth mentioning that some patients with RA
have negative serological markers, both RF and ACPA.
Moreover, these patients are not only unprotected against
severe disease but also face an increased risk of disability
and premature mortality, underscoring the need to iden-
tify more sensitive biomarkers for seronegative forms of
RA [38].
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In recent years, a test has been developed to detect
both IgG and IgA isotypes of anti-CCP antibodies (anti-
CCP3.1). It was hypothesised that this assay might
offer higher sensitivity than standard anti-CCP3 tests,
which predominantly detect IgG antibodies [39]. How-
ever, subsequent studies showed that after adjusting the
cutoff values to maintain high specificity, the differences
in diagnostic accuracy between anti-CCP3.1 and anti-
CCP3 were no longer significant [40]. Thus, the inclu-
sion of IgA isotypes in test systems did not demonstrate a
meaningful improvement in the diagnostic value of anti-
CCP antibodies [41].

Vimentin belongs to the class of intermediate fila-
ments of the cytoskeleton, which are located in the
cytoplasm of various cells, including macrophages.
During activation of the inflammatory process, an
increase in intracellular Ca®* concentration leads to
the activation of peptidyl arginine deiminase (PAD)
enzymes, which catalyse the citrullination of vimentin.
The modified protein acquires new antigenic prop-
erties, contributing to the activation of the immune
response, persistence of chronic inflammation, syno-
vial hyperplasia, and destruction of joint structures in
patients with RA [42].

Antibodies to mutated citrullinated vimentin (anti-
MCV) are considered a promising marker within the
ACPA group. According to clinical studies, the sensitiv-
ity of anti-MCV is approximately 77 %, while specificity
reaches 89 % [43,44]. The diagnostic value of this test is
comparable to that of anti-CCP and RF; however, there
are several distinctive features. Anti-MCV is more fre-
quently associated with a more aggressive course of RA
and pronounced changes in the peripheral joints. More-
over, the combined assessment of anti-MCV, anti-CCP,
and RF increases the likelihood of detecting the disease
in patients who are seronegative on standard anti-CCP
and RF testing [45, 46].

Thus, anti-MCV antibodies expand the possibilities
of laboratory diagnosis of RA, particularly in challeng-
ing diagnostic cases, and may be used as an additional
prognostic marker for risk stratification of an aggressive
disease course.

In addition to the well-studied markers, patients
with RA may also have other antibodies directed against
citrullinated autoantigens. These include autoantibod-
ies against fibrinogen, a-enolase, and type II collagen.
These antibodies can also be detected at early stages of
the disease and are characterised by high specificity for
RA [47].

Their formation is thought to be associated with
both genetic predisposition and environmental fac-
tors; however, the mechanisms underlying the involve-
ment of these antibodies in the pathogenesis of RA, as
well as their clinical significance, remain insufficiently

understood. At present, there is no convincing evidence
of their independent diagnostic or prognostic value. Fur-
ther research is needed to assess their role in risk stratifi-
cation and their potential application in the comprehen-
sive diagnosis of RA.

Combined Analysis

of Rheumatoid Factor
and Anti-Citrullinated
Protein Antibodies

The diagnosis of RA is based on a combination of cri-
teria, including the pattern of joint involvement, sero-
logical biomarkers, acute-phase inflammatory markers,
and symptom duration [9]. Among the serological mark-
ers, RF and ACPA are of particular importance, as they
can predict the development of the disease in individuals
at high risk of disease onset. However, the results of RF
and ACPA testing may vary depending on the methodol-
ogy used, which affects sensitivity and specificity, par-
ticularly for RF [48, 49]. This variability complicates the
standardisation of diagnostic criteria and may reduce the
accuracy of RA classification.

It should be noted that RF is detected not only in
RA but also in other autoimmune diseases, chronic
infections, and in some clinically healthy individuals.
Furthermore, RF is absent in 30-45 % of patients with
RA, which limits its diagnostic value [50]. Recently,
Oskam et al. described a novel RF variant targeting the
T3-17 epitope, which demonstrated high specificity for
RA and was not detected in patients with Sjogren’s syn-
drome or healthy donors. This marker may potentially
have greater prognostic value than conventional IgM
RF; however, the available data are currently limited to
seropositive patients, and further studies in other popu-
lations are required [51].

To date, there are no serological assays with absolute
specificity for RA alone, highlighting the need to develop
new strategies to improve the sensitivity and accuracy of
diagnosis. One such approach is the combined assess-
ment of RF and ACPA. It has been shown that combin-
ing anti-CCP and RF testing significantly improves diag-
nostic and prognostic value compared with the use of
either marker alone [52]. In a study by Martinez-Prat et
al., the likelihood of RA development and progression
was shown to increase in patients with double or triple
serological positivity [53].

In the context of precision medicine, the integration
of biomarkers, particularly the simultaneous testing of
RF and ACPA, may improve the accuracy of RA diag-
nosis and classification, as well as reduce the number of
seronegative cases [54]. Table 1 presents a comparison of
the main characteristics and clinical significance of RF
and ACPA.
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Table 1. Comparative Characteristics of Rheumatoid Factor (RF) and Anti-Citrullinated Protein Antibodies (ACPA)

Parameter Rheumatoid Factor (RF) Anti-Citrullinated Protein Antibodies (ACPA)
Sensitivity 60-90% [19, 50] 65-85% [23, 26]
Specificity ~85% [19, 50] 90-98% [23, 26]

Time of appearance ~ Usually at the onset of clinical symptoms [19]

Prognostic value
manifestations [8, 50]

Limitations
well as in healthy individuals [50]

Associated with severe disease course and extra-articular

Detected in other autoimmune and infectious diseases, as

May be detected years before RA manifestation [23, 26]

Predicts erosive arthritis and rapid disease progression
[23,26]

Absent in some patients (seronegative RA forms) [26]

Note. RF — rheumatoid factor; ACPA — anti-citrullinated protein antibodies; RA — rheumatoid arthritis

Immunoassay Methods for the
Detection of Biomarkers in RA

Immunoassay Methods for the Detection

of Rheumatoid Factor

Accurate and sensitive detection of IgM RF is of crit-
ical importance for the early diagnosis of RA. In clini-
cal practice, latex agglutination, enzyme-linked immu-
nosorbent assay (ELISA), and immunoturbidimetry are
traditionally used [48]. Latex agglutination is simple to
perform and provides rapid results; however, it offers
only qualitative or semi-quantitative assessment, which
limits its value in early diagnosis. ELISA enables the
detection of individual RF isotypes and has prognostic
value, but it remains a relatively labor-intensive method
requiring several sequential steps. Therefore, the devel-
opment of faster and more reliable methods with high
sensitivity, a broad linear range, and accurate quanti-
tative determination of IgM RF remains an important
objective.

In recent years, innovative rapid diagnostic tech-
nologies, including nanomaterial-based biosensors,
have been actively developed. These technologies
show promise due to their high sensitivity and reliabil-
ity, as well as their potential applicability to the clini-
cal diagnosis of RA. For example, Chinnadayala et al.
proposed an electrochemical immunosensor based on
impedance measurements. In this system, RF antigen
was immobilised on a thiocyanic acid-functionalised
self-assembled monolayer (TA-SAM) deposited on an
interdigitated wave-shaped microelectrode (IDWUE).
The resulting system provided a low detection limit and
good selectivity, although its storage stability remained
limited [55].

Veigas et al. developed a colorimetric immunosen-
sor based on gold nanoparticles. The presence of RF IgM
in the sample induced aggregation of the nanoprobes
and a colour change in the solution from red to purple,
allowing the result to be detected visually without the
use of additional antibodies or complex washing steps.

This approach provides a rapid and simple assay, offering
advantages over traditional methods [56].

Schmidt et al. proposed a lateral flow immunoas-
say (LFIA) using fluorescent dye-labeled polymethyl
methacrylate (PMMA) nanoparticles as indicators. For
the detection of RF IgM, the assay employed the follow-
ing binding scheme: anti-human IgM antibodies were
immobilised on the nanoparticles, while the Fc fragment
of IgG was immobilised on the test line and protein G on
the control line. This system enabled specific binding of
the labelled nanoparticles only in the presence of RF IgM
in the sample. Compared with commercial ELISA, this
method required a smaller serum volume and substan-
tially reduced the assay time, making it a promising tool
for point-of-care diagnostics [57].

Immunological Methods for the Detection

of Anti-Citrullinated Protein Antibodies

Modern approaches to the detection of ACPA include
enzyme-linked immunosorbent assay (ELISA), surface-
enhanced Raman spectroscopy (SERS), and electro-
chemical methods. In recent years, a number of novel
immunosensors with improved analytical performance
and greater ease of use compared with conventional
ELISA have been developed, although ELISA remains
labour-intensive and time-consuming [58].

Particular attention is being paid to label-free electro-
chemical impedance spectroscopy (EIS). Miniaturised
systems based on microelectrode arrays can achieve high
sensitivity while offering the advantages of miniaturisa-
tion and rapid analysis. Chinnadayala et al. developed a
sensor based on interdigitated microelectrodes using a
simple biotin-based affinity-binding system. This sensor
demonstrated high selectivity for the detection of anti-
CCP antibodies and was suitable for early screening
[59]. The same group developed screen-printed elec-
trodes modified with polyaniline (PANI)/MoS,, which
enhanced the signal and improved sensitivity [60]. Wu et
al. employed interdigitated electrodes modified with
gold nanoparticles (AuNPs) and demonstrated that the
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Table 2. Modern Rapid Immunoassay Methods for the Detection of RF and ACPA

Method Principle Advantages References

Latex agglutination Agglutination of latex particles with Simplicity and rapid performance, low cost (48]
immobilized antigen

Enzyme-linked immunosorbent assay ~ Detection of antibodies using conjugates Quantitative analysis capability, [48]

(ELISA) and enzymatic reaction determination of antibody isotypes

Electrochemical impedance Measurement of impedance changes on High sensitivity, miniaturization, label- [59-60]

spectroscopy (EIS) modified electrodes free detection

Colorimetric immunosensor based on ~ Color change of the solution due to Simplicity, rapid visual result without [56]

gold nanoparticles nanoparticle aggregation complex reagents

Lateral flow immunoassay (LFIA) Binding of antibodies on the test line using ~ Rapid testing, small sample volume, [57]
fluorescently labeled nanoparticles suitable for point-of-care diagnostics

Photoelectrochemical biosensor Use of bacteriorhodopsin or nanomaterials ~ High specificity, innovative signal [63]
to register photocurrent detection principles

SERS immunosensor Surface-enhanced Raman spectroscopy Extremely low detection limits, high [64,67]

using nanoparticles

selectivity

Note. RF — rheumatoid factor; ACPA — anti-citrullinated protein antibodies; POC — point-of-care; SERS — surface-enhanced Raman spectroscopy; LFIA — lateral flow

immunoassay; EIS — electrochemical impedance spectroscopy.

density and distribution of the nanoparticles influence
anti-CCP binding, enabling high sensitivity with a short
response time [61].

New peptide-based sensors are also being devel-
oped. Lin et al. developed a label-free electrochemical
sensor using a guanine-modified peptide capable of
self-assembly on the surface of a gold electrode, thereby
increasing the binding area and sensitivity [62]. Chen
et al. proposed a photoelectric sensor based on bac-
teriorhodopsin, in which a decrease in photocurrent
was used as a quantitative parameter [63]. Szarka et al.
synthesised a multi-epitope peptide and incorporated
it into a surface plasmon resonance sensor, achieving
high sensitivity and detecting antibodies in 90 % of
patients with RA [64].

Nanomaterials significantly expand the capabili-
ties of biosensors due to their high specific surface
area and unique electronic properties. Zhao et al.
synthesised asymmetric polyaniline-gold (PANI-Au)
nanohybrids, which were used to develop an electro-
chemiluminescence (ECL) sensor with high specificity
and stability [65, 66]. Hwang et al. proposed a surface-
enhanced Raman spectroscopy (SERS) method using
anisotropic bimetallic core-satellite nanohybrids,
which demonstrated excellent optical properties and
enabled accurate quantitative determination of anti-
CCP antibodies [67].

Efforts are also underway to improve ELISA and tur-
bidimetric methods. Ramos et al. developed a microflu-
idic ELISA-based sensor using magnetic nanoparticles,
which reduced the sample volume and shortened the
analysis time [68]. Deng et al. proposed a turbidimet-
ric method using latex particles immobilised with cyclic

citrullinated peptide, enabling rapid diagnosis [69].
Sheng et al. developed a time-resolved immunofluores-
cence assay based on lanthanides and chelating agents,
which demonstrated high stability and good correlation
with commercial assay kits [70]. Tai et al. presented a
microfluidic platform integrating a reaction chip with
a microspectrometer, opening up opportunities for the
early diagnosis and monitoring of RA in both laboratory
and clinical settings [71].

To date, numerous biosensor platforms have been
developed, including peptide-based optical and elec-
trochemical sensors. These technologies have demon-
strated promise for clinical applications due to their
relative stability, high affinity for target molecules, and
ease of use [72]. Nanomaterials play an important role
in the development of this field, as their unique physi-
cochemical properties enable the detection of biomark-
ers at extremely low concentrations with high sensitivity
and selectivity. However, the diagnostic accuracy of such
systems largely depends on the appropriate selection of
biomarkers. In the near future, a key objective will be
to integrate additional serological and molecular mark-
ers associated with RA into unified multiplex platforms.
This will enable comprehensive analysis and improve
diagnostic accuracy [73].

Multiplex Immunoassay
Methods for the Detection
of RA Biomarkers

Combined assessment of RF and ACPA has demon-
strated that the prognostic value of multimarker test-
ing exceeds that of either marker alone. Simultaneous
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detection of RF and ACPA improves the accuracy of
early diagnosis, facilitates patient stratification, and
enables prediction of the response to disease-modifying
antirheumatic drugs (DMARDs). Therefore, multiplex
immunoassay methods, which allow the simultaneous
determination of multiple biomarkers in a single sample,
are considered a promising tool for personalised man-
agement of patients with RA.

Multiplex Immunoassay Methods for the

Detection of RF and ACPA

Immunosensors offer a number of advantages,
including high sensitivity, selectivity, rapid response,
and the potential for portable use. At the same time,
systems designed for the simultaneous detection of
multiple markers provide greater diagnostic value than
single-channel biosensors [74].

Guerrero et al. developed a dual electrochemical
biosensor based on functionalised magnetic micropar-
ticles and dual screen-printed carbon electrodes. This
approach enabled the simultaneous detection of RF
and anti-CCP antibodies while reducing the required
serum volume fourfold compared to conventional
ELISA, without compromising sensitivity [75]. Subse-
quently, the same research group introduced a quadru-
plex electrochemical immunosensor capable of simul-
taneously detecting RF, anti-PAD4, anti-MCV, and
anti-CCP antibodies. The device demonstrated high
sensitivity and specificity, along with a broad linear
range [76].

Hwang et al. proposed a novel SERS biosens-
ing method using hybrid bimetallic nanostructures
(CBCPHNs) and magnetic beads (MBs). The result-
ing sandwich-type immune complexes enabled the
simultaneous detection of anti-CCP and RF with high

sensitivity [77]. In another study, the same group syn-
thesised anisotropic bimetallic nanoparticles (ABPNs),
which were used as SERS probes for multiplex analy-
sis. This technology provided strong signals and good
reproducibility [78].

Wu et al. developed a dual-purpose microfluidic
chip with a symmetrical architecture that enabled the
simultaneous and automated detection of RF and anti-
CCP. The system demonstrated high sensitivity and
specificity, as well as suitability for clinical diagnostic
applications [79].

Garcia-Moreno et al. developed a multiplex assay
based on eight chimeric citrullinated peptides identi-
fied from the synovial fluid of patients with RA. This
approach enabled high specificity in the detection of
ACPA while simultaneously reducing the required
serum volume [80]. Chen et al. proposed a miniaturised
optical sensor using light-emitting diodes (LEDs) and
silicon photomultipliers, enabling rapid detection of RF
and anti-CCP with a minimal sample volume [81].

Renger et al. developed an LFIA test for the simul-
taneous detection of anti-MCV and RF. The assay was
based on the capillary migration of the sample across a
nitrocellulose membrane, resulting in the formation of
a visible line. This method demonstrated high sensitiv-
ity and ease of use in clinical settings [82]. In a subse-
quent study, Zandman-Goddard et al. showed that the
diagnostic accuracy of LFIA was comparable to that of
conventional ELISA, with positive agreement reaching
97 % and negative agreement 98 %. These findings sup-
port the potential use of such kits in outpatient settings
for the rapid diagnosis of RA [83].

Table 3 presents various multiplex immunoassay
methods for the simultaneous detection of RF and
ACPA.

Table 3. Multiplex Immunoassay Methods for the Simultaneous Detection of RF and ACPA

Method Detected Markers Advantages References
Dual electrochemical biosensor (magnetic RF, anti-CCP Fourfold reduction in sample volume, high [75]
microbeads + screen-printed carbon electrodes) sensitivity
Quadruplex electrochemical immunosensor RF, anti-PAD4, High sensitivity and specificity, wide linear range [76]
anti-MCV, anti-CCP
SERS biosensor with hybrid nanostructures RF, anti-CCP High selectivity and sensitivity, multiplex detection [77]
(CBCPHNs + MBs)
SERS biosensor with anisotropic bimetallic RF, anti-CCP Strong signal, good reproducibility [78]
nanoparticles (ABPN)
Dual-purpose microfluidic chip RF, anti-CCP Automated analysis, high accuracy, clinical [79]
applicability
LFIA test for simultaneous detection of anti-MCV RF, anti-MCV Simplicity, rapid results, accuracy comparable to [82-83]

and RF

ELISA

Note. RF — rheumatoid factor; ACPA — anti-citrullinated protein antibodies; PAD4 — peptidylarginine deiminase 4; MCV — mutated citrullinated vimentin; CCP — cyclic
citrullinated peptide; LFIA — lateral flow immunoassay; SERS — surface-enhanced Raman spectroscopy.
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Limitations of Multiplex Immunoassay

Methods in Clinical Practice

The simultaneous detection of RA-associated auto-
antibodies using clinically validated multiplex plat-
forms can significantly simplify the diagnosis of the
disease in routine laboratory practice. However, several
major challenges remain in the implementation of this
technology.

A key obstacle is the need to select highly specific
antibody pairs to minimise cross-reactivity, as well as
to effectively block interfering substances that may dis-
tort assay results [84]. Todd et al. demonstrated that
the presence of RF can substantially affect the mea-
sured concentrations of cytokines and chemokines in
patients with RA, with the risk of nonspecific binding
being higher in multiplex systems than in single-ana-
lyte assays [85].

Additional challenges are associated with differ-
ences in protein immobilisation strategies, which
reduce reproducibility and lead to signal variabil-
ity. Conformational changes in antigens on the solid
phase may increase the frequency of false-positive
results [86].

Difficulties also arise in quality control: multiplex
assays require the simultaneous assessment of mul-
tiple biomarkers, making test validation more labour-
intensive compared with single-analyte methods [87].
The lack of standardised control samples remains one
of the major unresolved issues. While serum samples
with high levels of antibodies against a single auto-
antigen may serve as adequate controls for that par-
ticular marker, obtaining serum samples containing
reproducible concentrations of multiple antibodies
simultaneously is extremely challenging [88].

Thus, despite methodological and organisational
limitations, multiplex immunoassays represent a prom-
ising tool for the comprehensive monitoring of autoan-
tibodies in RA patients. Their further development and
standardisation will be of critical importance for opti-
mising diagnosis and improving the accuracy of patient
stratification.

Recommendations for Improving

the Diagnostic Performance

of Combined RF and ACPA Testing

Acceleration of early RA diagnosis is possible through
the standardised determination of key biomarkers and
the selection of optimal autoantibody combinations. For
example, parallel or sequential measurement of anti-
CCP and IgM RF can improve diagnostic sensitivity.
However, autoantibodies are complex analytes whose
levels vary both between patients and within the same
patient over time, making complete standardisation
of testing methods challenging. Nevertheless, further
improvement of combined RF and ACPA assays remains
an important objective for enhancing the quality of early
diagnosis [89].

The majority of commercial assay systems for detect-
ing autoantibodies in RA lack unified international ref-
erence standards, resulting in variability in results and
assay heterogeneity [90]. For RF, calibration is typi-
cally performed using standards from the World Health
Organisation (WHO) or the UK National Institute for
Biological Standards and Control (NIBSC). In con-
trast, the ACPA standard developed by the U.S. Centers
for Disease Control and Prevention (CDC) is based on
serum from a single donor and has not been endorsed
by the WHO [91]. Recently, the NIBSC reference mate-
rial 18/204 was recognised as suitable for standardising
ACPA assays, helping to improve result comparability
and clinical interpretation [92]. Thus, the use of certi-
fied international standards for RF and ACPA facilitates
comparison across different methods; however, it does
not resolve all issues, as differences in antigen sources
and analytical principles persist [93].

For practical application, it is important to establish
diagnostically optimal cutoft values for RF and anti-CCP
within a range that provides high specificity and allows
RA to be differentiated from other rheumatic diseases
[94]. Several researchers emphasise the need to estab-
lish these cutoff values based on population data from
healthy individuals, which requires large-scale con-
trol studies [90]. The use of likelihood ratios (LRs) and

Table 4. Limitations of Multiplex Immunoassay Methods and Possible Solutions

Limitation

Consequence

Possible Solutions

Cross-reactivity of antibodies

RF interference Distortion of cytokine and chemokine

concentrations, risk of misinterpretation

Variability of protein

immobilization positive signals

Quality control challenges
universal reference materials

False-positive results, decreased assay specificity

Reduced reproducibility and accuracy, false-

Difficulties in test validation, absence of

Use of highly specific antibody pairs, optimization
of blocking conditions [84]

Implementation of RF-blocking algorithms, adjustment
of multiplex assay protocols [85]

Standardization of immobilization methods, control
of antigen conformation [86]

Development of multi-analyte standards, creation
of combined serum panels [87-88]
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ROC analysis enables objective assessment of test per-
formance and determination of optimal diagnostic cutoff
points [95, 96].

The probability of developing RA can also be refined
by taking into account other laboratory and clinical
parameters, including C-reactive protein (CRP) levels,
erythrocyte sedimentation rate (ESR), clinical presenta-
tion (pattern of joint involvement, morning stiffness, and
systemic manifestations), and characteristics of the local
population. Several studies have calculated LRs for RE,
ACPA, and their combination, making it possible to esti-
mate post-test probabilities based on pre-test probabili-
ties and thereby confirm or exclude the diagnosis more
accurately [97].

Additional opportunities to improve diagnostic accu-
racy are associated with adjusting the weighting coefhi-
cients of serological criteria. Given the higher specific-
ity and diagnostic value of anti-CCP compared with RE,
greater weight should be assigned to these antibodies in
the classification criteria. Priority should be given to the
following criteria:

o Dual seropositivity (RF + ACPA) compared with
isolated seropositivity

o Anti-CCP compared with RF

» High antibody titres compared with low titres
[98-102].

Numerous studies have shown that high anti-CCP
levels are associated with a greater likelihood of disease
and a poorer prognosis [53, 101]. Therefore, incorporat-
ing serological stratification (based on the presence and
levels of antibodies) into the classification criteria for RA
may increase their specificity while maintaining high
sensitivity, thereby improving diagnostic accuracy at the
early stages of the disease.

According to clinical guidelines [10], determination
of rheumatoid factor (RF) and anti-CCP is included
among the mandatory laboratory tests in patients with
suspected RA. The guidelines emphasise that the detec-
tion of these serological markers is of key importance for
establishing the diagnosis, assessing disease prognosis,
and selecting the appropriate treatment strategy. The
presence of anti-CCP and/or high RF levels is regarded
as a supportive diagnostic criterion and a factor associ-
ated with an unfavorable prognosis in RA.

A promising area is the adaptation and implementa-
tion of multiplex immunoassays capable of simultane-
ously detecting multiple autoantibodies (RF, anti-CCP,
anti-MCV, and anti-PAD4). Such systems are already
being evaluated at leading federal rheumatology centers
in Moscow, St. Petersburg, and Kazan and are regarded
as a step toward personalised diagnosis and risk strati-
fication for aggressive disease. In the long term, the
localisation of manufacturing and standardisation of

multiplex platforms could substantially improve access
to high-precision RA diagnostics across Russian regions
while also reducing dependence on imported reagents.

Conclusion

Over the past several decades, the serological diagno-
sis of rheumatoid arthritis has undergone significant evo-
lution. The determination of rheumatoid factor and anti-
citrullinated protein antibodies has become an essential
component of the diagnostic algorithm, enabling not
only confirmation of the diagnosis but also prediction
of disease course, the likelihood of erosive joint damage,
and treatment response. The introduction of anti-CCP
and anti-MCV assays has substantially increased diag-
nostic specificity, while the combined assessment of RF
and ACPA has significantly improved the accuracy of
early RA detection.

Modern immunological assay methods, including
electrochemical, optical, and nanotechnology-based
platforms, have enabled more sensitive and rapid detec-
tion of autoantibodies. The development of multiplex
systems has opened up opportunities for the simulta-
neous determination of multiple biomarkers, thereby
increasing the informativeness of testing, facilitating
patient stratification, and supporting the implementa-
tion of personalised medicine.

Nevertheless, several challenges remain unresolved,
including variability in results among commercial assay
systems, the lack of standardised reference materials for
ACPA, difficulties in quality control of multiplex systems,
and interference caused by RE Improving the reliability
of test results will require further standardisation of ana-
lytical methods, the implementation of international ref-
erence materials, and the establishment of optimal cutoff
values based on population-based studies.

In modern rheumatology, particular importance is
placed on integrating serological data with the clinical
presentation, acute-phase reactants, and imaging meth-
ods. The combined use of RF and ACPA, along with the
implementation of multiplex technologies, can substan-
tially improve the accuracy and reproducibility of RA
diagnosis, ultimately facilitating earlier initiation of ther-
apy, reducing the incidence of disability, and improving
patients” quality of life.
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Clustering of Diabetes:
Implications for Personalized Treatment

Pesiome

MpeanocbINKK. VICTOpUYECKY caxapHbiil AnabeT NoApasaensioT Ha cieaytolime rpynnbl: caxapHblii guabet 1-ro Tuna (CA1), caxapHbiii guabet 2-ro
tvna (C/12), rectaumoHHbIi gnabeT n Apyrve creumduyeckme TUMbl caxapHoro AvabeTa. Hoeas MoAe/b KnaccudUKaLmMmM BKAIOYAET 5 rpymn: Tsxe-
Nblii @y TOUMMYHHBbIN gnabeT (SAID), Taxenblit MHCYAMH-A4edULMTHBIN anabeT (SIDD), Tsxe bl UHCYIMHOPE3UCTEHTHBIN AnabeT (SIRD), cBsizaHHbIM
C oXupeHueM auabet cpegHeri cteneHmn TmxecTy (MOD) 1 Bo3pacTHoii anabeT cpeaHeii cTeneHm Taxecty (MARD). B ocHoBe HOBOW Knaccudukaumm
Nexart 6 KIMHUYeCKMX NepeMeHHbIX: BO3PacT, MHAEKC MacChl TeNa Npy NOCTaHOBKe AMarHo3a, nokasaTenn rVKMpOBaHHOMO reMor/IobuHa, aHTuTena
K AekapboKcunase rayTaMUHOBOM KUCAOThI, OLl@HKa roMeocTaTUYeckol Moaen GpyHKLUM 6eTa-KNeToK 2 U Pe3UCTEHTHOCTb K MHCYAuHY. Mogenb
CnocobCTBYET HasHaYeHUIO NepPCOHNPULMPOBAHHOI Tepanmm 1 No3Bo/IAeT NPOrHO3MPOBaTh 0C/I0XHeHMA. Llesib. B 3ToM 0630pe npoBoanTCA OLeH-
Ka KAMHWYECKUX U TepaneBTUYECKUX acneKTOB NPUMeHeHNA KnaccuduKaumm, OCHOBaHHOM Ha 5 rpynnax, C UCMno/ib30BaHUEM JaHHbIX, MO/yYeHHbIX
B 2010-2023 rogax, v aHasM3UpyeTcs BAUAHUE Ha 3GPEKTUBHOCTb Tepanum 1 NepCcoHMPULMPOBaHHYO nomMollb. MeToael. O630p orpaHnymBancs
nocnegHumn 15 rogamMmm 1 NpoBOAUACA C NpUMeHeHVeM 6a3 gaHHbiX 1 niaTdopm PubMed, Web of Science n Google Scholar. Ncnonbsosanmce
cnegytolme TEPMUHBI: MPeLM3MOHHan Tepanua, noarpynnsl gnabeta, SAID, SIDD, SIRD, MOD u MIRD. B 0630p BK/tO4€HbI AOKIMHUYECKUE U KU-
HUYeCKne flaHHble UCKNIOYNTE/IbHO Ha aHI/IMIACKOM A3bike. PesynbTaTbl. OcHOBaHHasA Ha 5 rpynnax MoAesb BhifBAAET crnelmduyeckne KanHYe-
ckue BekTopbl: SIRD cBasaH ¢ HepponaTumei, SAID v SIDD BbI3bIBAIOT 60/Iblee KOIMYECTBO OC/NOMHEHMUI (HanpyMep, HeMpONaTuio, KETOALMAO3)
1 MMEeIoT TAXKesI0e TedeHne. MeTabonmyeckme paccTpoiictsea v ancoyHkumsa opraHos (MARD n MOD), KoTopble Yalle BCTPeYaloTcA Y NaumeHToB
C OXMpeHueM, NpoTeKatoT B 6onee fierkoin popMe. BannaaLmoHHble NCCeA0BaHUA BbIABUIN PErMOHa/bHbIE U STHUYECKME Pa3/Inumna B pacnpocTpa-
HeHHocTM SIRD 1 MOD. B yacTHOCTU, npescTaBaseTcs, YT y wuTtenein FOwHown Asum SIRD BcTpevaeTcs valle, YeM y apprKaHCKOrO HacesieHus,
1 MOD npeBanvpyeT. B 3ak/toueHue, yunTbiBaa MeTaboMyecKknin npodub Npuy onpejeneHnn TepanesBTUYECKOro NoAX0/a, OCHOBaHHbIN Ha 5 rpyn-
nax, MeToz, cnocobcTByeT BHePeHWIO NPeLM3MOHHON MeANLMHBI; Tepanma A0/xHa OCHOBbIBaTbCA Ha bronorum.

Knrodesble cnoBa: pesucmenmHocms K uHCYAUHY, 0C0XKHeHUs duabema, Npeyu3uoHHas MedUYUUHa, NepCoHUPUYUPOBaHHAsA mepanus, 2pynnbl
duabema, SAID, SIDD, SIRD, MOD, MIRD
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Abstract

Background: Diabetes mellitus traditionally classified into type 1 (T1D), type 2 (T2D), gestational, and other specific types. A novel five-cluster
model severe autoimmune diabetes (SAID), severe insulin-deficient diabetes (SIDD), severe insulin-resistant diabetes (SIRD), mild obesity-related
diabetes (MOD), and mild age-related diabetes (MARD). This new classification was based on six clinical variants: age, body-mass index at diagnosis,
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glycosylated hemoglobin, glutamic acid decarboxylase antibodies, homeostasis model assessment 2 beta and insulin resistance. This model enhances
personalized treatment and complication prediction. Objective: This review evaluates the clinical and therapeutic implications of the five-cluster
classification, synthesizing evidence from 2010-2023 to assess its impact on treatment efficacy and personalized care. Methods: This review was
limited to the last 15-years and was done using PubMed, Web of Science and Google Scholar. Terms used included “precision therapy,” “diabetes
sub-categories,” “SAID,” “SIDD,"” “SIRD," “MOD" and “MIRD." Only preclinical and clinical data in English were used. Results: The five-cluster model
highlights specific clinical trajectories: SIRD is associated with nephropathy, while SAID and SIDD clusters have more complications (e.g., neuropa-
thy, ketoacidosis) severity. The metabolic and organ dysfunction (MARD and MOD) that is more common in obesity, is less severe. Validation studies
have brought attention to regional and ethnic disparities in the distribution of SIRD and MOD; specifically, it seems that South Asians have a higher
incidence of SIRD than African cohorts, where MOD is more prevalent. In conclusion, by customizing therapeutic applications to metabolic profiles,
the five-cluster method promotes precision medicine; therapy ought to be in line with biology.

Key words: insulin resistance, diabetic complications, precision medicine, individualized therapy, diabetes clusters, SAID, SIDD, SIRD,MOD and MIRD
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1. Introduction

Diabetes impacts 537 million adults all over the world
with estimates expecting this number to reach 783 mil-
lion by 2045. They remain, however, overly simplified
with their T1D and T2D diabetes classification systems
because their categorization strategies are holistic and
address the complexities of the disease heterogeneity
poorly [1].

Ahlqvist et al. [2] performed a cluster analysis and
was able to categorize subjects into five discrete clusters
using age at diagnosis, BMI, HbAlc, GADA, HOMA2-§,
and HOMAZ2-IR as six variables. While T1D and T2D
classifications remain foundational, their inability to
capture diabetes heterogeneity often leads to subopti-
mal treatment [3]. The five-cluster model (SAID, SIDD,
SIRD, MOD, MARD) addresses this gap by stratifying
patients based on pathophysiology, enabling targeted
therapies [4].

This review examines the clinical implications of a
model paradigm for diabetes classification, based on pre-
vious studies. The model aims to reduce complications
and improve treatment outcomes by combining clinical
data from different geographic locations.

2. Methodology

This review has been conducted through the last
15 years utilizing PubMed, Google Scholar, and Web of
Science. “Diabetes Clusters,” “SAID,” “SIDD. “SIRD,

“MOD,” “MARD;” and “personalized treatment” were
the search phrases used. The criteria for inclusion aimed
at concentrating on the classification of diabetes and its
traditional models versus the newly proposed classifi-
cation system based on five groups. Exclusion criteria
were applied to remove studies with small sample sizes,
non-randomized designs, or those lacking clarity in the
categorization of diabetes subtypes. Studies from Scan-
dinavian, Asian, and African cohorts were prioritized
to evaluate the model’s applicability across ethnicities,
addressing potential biases in cluster prevalence.

3. O1d Classification
of Diabetes

Diabetes mellitus is traditionally divided into a
number of types according to insulin dependency and
etiology. These include insulin-dependent diabetes (type
1 diabetes, or T1D), “non-insulin dependent” diabetes
(type 2 diabetes, or T2D), gestational diabetes mellitus,
and other forms [5]. The forms that stem from secondary
diabetes, such as those caused by pancreatic disorders,
medication and chemical disorders, or hormonal imbal-
ances, and monogenic diabetic syndromes like neonatal
diabetes as well as maturity-onset diabetes of the young
(MODY) are included [6].

The old classification of diabetes has weaknesses in
pathogenesis, treatment, and diagnosis. The hetero-
geneity of patient responses to treatment makes this
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classification insufficient. So, this review argues for fur-
ther classification steps by providing examples of situ-
ations that do not conform to traditional classification.

4. Characteristics of New
Diabetes Clusters (Table 1)

Measuring fasting C-peptide and glutamic acid decar-
boxylase antibodies (GADA) is the initial step in classi-
tying diabetes. In step two, HOMA2-IR and HOMA2-
are calculated using the following formulas:

HOMA2-IR=fasting insulinxfasting glucose22.5
HOMAZ2-IR=22.5fasting insulinxfasting glucose
HOMA2-B=20xfasting insulinfasting glucose-3.5
HOMA2-B=fasting glucose—3.520xfasting insulin

Finding the patient’s age and body mass index (BMI)
upon diagnosis is the third stage [4]. According to
Ahlqvist et al. [2], there are five subgroups or clusters
of diabetes: moderate obesity-related diabetes (MOD),
mild age-related diabetes (MARD), severe insulin-defi-
cient diabetes (SIDD), severe insulin-resistant diabetes
(SIRD), and severe autoimmune diabetes (SAID).

Cluster 1: Severe Autoimmune Diabetes (SAID)

This kind of diabetes is marked by being diagnosed
at a young age (early-onset diabetes), having a low BMI,
very high HbAlc (indicating poor metabolic control),

Table 1. New diabetes Cluster Profiles

high insulin resistance (high HOMA-IR), high p-cell
dysfunction (low HOMA-2-B), and positive glutamate
decarboxylase antibodies (GADA positive) [2,4].

Approximately 6% of adults belong to this clus-
ter. Studies have indicated that up to 7% of patients in
GADA-negative clusters have antibodies against islet
cells and/or insulin, suggesting that testing for additional
autoantibodies may increase the prevalence of this Clus-
ter [7].

Both T1D and LADA have certain characteristics in
common with SAID. The existence of blood autoanti-
bodies against pancreatic tissues, which can be utilized
as a diagnostic marker, is a characteristic shared by T1D
and LADA. The patient will eventually need insulin ther-
apy to control blood glucose levels if these antibodies are
detected [8].

Cluster 2: Severe Insulin-Deficient Diabetes (SIDD)

This form of diabetes is identified by low age at diag-
nosis (early-onset diabetes), low BMI, very high HbAlc,
high insulin resistance (HOMA-IR is high but lower than
in SIRD), high B-cell dysfunction (low HOMA-2-$), and
no glutamate decarboxylase antibodies (GADA negative).
Around 18 % of adult individuals fall into this Cluster,
sharing similar characteristics with SAID but without
the involvement of the immune system as the underlying
cause of their condition [2,4].

Because of their extremely high HbAlc levels at diag-
nosis, SAID and SIDD are more directly linked to the risk

CLUSTER | % d;:gfl::is BMI HbAlc HOMA-IR HOMA-2-$ GADA COMPLICATIONS
SAID 6% Low age Low Very high High Low Positive Ketoacidosis
Retinopathy
Kidney diseases
SIDD* 18% Low age Low Very high High but Low Negative Ketoacidosis
lower than Retinopathy
SIRD Neuropathy
CV diseases
Erectile dysfunction
SIRD 15% High age High Normal Very high Low (but Negative Neuropathy
higher than Fatty liver
SAID &SIDD) Nephropathy
CV diseases
Erectile dysfunction
MOD 22% High age Very high Normal High but Normal Negative Retinopathy
lower than
SIRD
MARD**  39% Very high age Normal Normal Normal Normal Negative Low risk of complication

but kidney and CV diseases

may occur

*SIDD is similar to SAID but without GADA. ** MARD is similar to MOD, but the MOD is characterized by a high BMI (obesity), while MARD has a higher age at diagnosis.
CV= cardiovascular; SAID = severe autoimmune diabetes; SIDD = severe insulin-deficient diabetes; SIRD = severe insulin-resistant diabetes; MOD = mild obesity-related diabetes;
MARD = mild age-related diabetes.
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of ketoacidosis [2]. Diabetic sensorimotor polyneuropa-
thy and cardiac autonomic neuropathy were also more
common in SIDD patients upon diagnosis. According to
these results, early, intense therapy, regular monitoring
for complications, and sensitive diagnostic techniques
for early diagnosis would all be beneficial for people with
SIDD [7].

The greatest levels of liver fat and NAFLD-related
markers, such as the fatty liver index, AST-to-platelet
ratio index, and NAFLD fibrosis scores, were also found
in SIRD patients [7]. Also, people with SIDD and SIRD
are known to have a high prevalence of erectile dysfunc-
tion [9].

Cluster 3: Severe Insulin-Resistant Diabetes (SIRD)

This type of diabetes is marked by high age at diag-
nosis (late-onset diabetes), a high BMI (overweight to
obese), normal HbAlc, very high insulin resistance
(very high HOMA-IR), high B-cell dysfunction (low
HOMA-2-B, but higher than SAID & SIDD), and no
glutamate decarboxylase antibodies (GADA negative)
[2,4]. In SIRD, B-cell function is less impaired, and
HbA1lc levels are lower compared to SAID and SIDD.
This Cluster represents about 15% of adult individu-
als [10].

According to studies, between 10% and 20% of
diabetics exhibit objective neuropathy symptoms, and
the prevalence rises as the condition worsens. In com-
parison to other diabetes clusters, diabetes-related neu-
ropathy was most prevalent in the SIRD subgroup with
short-term diabetes (N=3455) and was comparable
across all subgroups with long-term diabetes (N=5580)
[11]. According to Ahlqvist et al. [2], diabetes-related
nephropathy was more common in the SIRD subgroup
with short-term diabetes than in other diabetes clus-
ters, although it was more common in the long-term
diabetes SAID, MARD, and MOD subgroups than in
SIDD and SIRD. Among participants with both short-
term (N=3418) and long-term (N=5502) diabetes, CKD
was most common in the SAID, SIRD, and MARD sub-
groups [11]. SIRD had a significantly increased risk of
kidney complications, emphasizing the link between
insulin resistance and kidney disease. Insulin resistance
has been associated with higher salt sensitivity, glomeru-
lar hypertension, hyperfiltration, and declining kidney
function, all of which are hallmarks of diabetes-related
nephropathy [12].

Cluster 4: Mild Obesity-Related Diabetes (MOD)

This kind of diabetes is associated with high age at
diagnosis (late-onset diabetes), high BMI (obesity),
normal HbAlc, high insulin resistance (high HOMA-
IR but lower than SIRD), normal B-cell dysfunction
(normal HOMA-Beta), and no glutamate decarboxylase

antibodies (GADA negative). About 22% of cases fall
into this category, and it is thought to be linked to obe-
sity [2,4].

Cluster 5: Mild Age-Related Diabetes (MARD)

This type of diabetes is characterized by a very high
age at diagnosis (late-onset diabetes), normal insulin
resistance (normal HOMA-IR), normal B-cell function
(normal HOMA-Beta), normal BMI, normal HbAlc,
and no glutamate decarboxylase antibodies (GADA
negative). The difference between MOD and MARD
is primarily based on the age at diagnosis and BMI;
MOD is characterized by a high BMI (obesity), while
MARD is diagnosed at a later age [2,4]. This Cluster
is the most common form of diabetes, accounting for
39 % of cases, and carries the lowest risk of diabetic
complications [10].

The Ahlqvist et al. [2] research (Scandinavian
cohorts) found that those with high BMIs were more
likely to have SIRD. According to further research in
Asian populations [6], South Asians had a greater prev-
alence of SIRD, which was linked to an increased risk
of NAFLD. The increased frequency of MOD in Afri-
can cohorts is probably caused by inequalities in adi-
posity. While the Scandinavian clusters were replicated
in some populations [13,14] in others they could not
be fully replicated [15,6]. Depending on age and sex,
SIDD, SIRD, and MARD were associated with a higher
risk of cardiovascular events, coronary events, and
stroke [16].

5. Clinical Advantages
of Clustering of Diabetes

While Scandinavian cohorts validated the origi-
nal clusters, Asian studies [6] identified higher SIRD
prevalence linked to NAFLD, underscoring the need
for region-specific adaptations. Understanding diabe-
tes’s various forms and Clusters is a crucial first step
in understanding its causes. This new classification
helps i) Improved reclassification based on clinical and
metabolic profiles [2], ii) Enhanced understanding of
Cluster-specific pathophysiology [4], iii) Better predic-
tion of complications (e.g., nephropathy, cardiovascular
disease) [17], and iv) Personalized treatment strategies
aligned with Cluster characteristics [6].

Clustering can help predict complications from diabe-
tes and inform treatment decisions, ultimately lessening
the impact of the disease. To implement this approach,
we need standardized diagnostic tests and effective treat-
ment algorithms, which calls for a well-defined plan [6].
The five-cluster diabetes model encounters several chal-
lenges in practical use, such as technical and infrastruc-
ture issues, necessitating specialized diagnostic tools,
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uniform protocols, and extensive training [4]. The cost
and availability of diagnostic procedures and treatments
may limit the application of this paradigm, which might
strain healthcare organizations’ finances [6]. Therefore, a
comprehensive assessment of cost-effectiveness is essen-
tial to provide fair access to treatment and successful
integration.

6. Treatment Strategies

The first-line treatment for regulating blood glucose
levels in people with SIRD, MARD, and MOD is met-
formin. Metformin is a biguanide, an oral drug that
helps stop the liver from producing too much glucose,
decreases intestinal absorption of glucose, and improves
the body’s reaction to insulin [18].

Metformin is favored as the initial treatment option
due to its effectiveness and strong supporting evidence,
including a reduced risk of major cardiovascular events
as demonstrated in the United Kingdom Prospective
Diabetes Study [19].

If metformin alone doesn’t sufficiently manage a
patient’s blood sugar, if metformin isn’t suitable due to
contraindications or if specific patient characteristics
necessitate additional treatment, several non-insulin
second-line medications are available. These include
sodium-glucose cotransporter 2 inhibitors (SGLT2is),
glucagon-like peptide-1 receptor agonists (GLP-1RAs),
dipeptidyl peptidase-4 inhibitors (DPP-4is), and sulfo-
nylureas [10].

SGLT2is directly targets SGLT2, a protein responsi-
ble for absorbing filtered glucose in the kidney’s proxi-
mal convoluted tubules. Inhibiting SGLT2 leads to glu-
cosuria, resulting in reduced HbA1c levels by 0.6-0.9 %
and fasting glucose by 1.1-1.9 mmol/L compared to a
placebo. SGLT2 is also associated with weight loss and
lower blood pressure [20]. Moreover, they have posi-
tive effects on cardiovascular death, heart failure, and
the progression of chronic kidney disease [21]. Several
studies indicate that treatment with SGLT2is improves
the sensitivity of B-cells to glucose. For instance, Fer-
rannini et al. [22] reported a 25 % increase in p-cell glu-
cose sensitivity after just 48 hours of SGLT2is treatment
in patients with T2D who were either treatment-naive
or on metformin. Additionally, SGLT2is can enhance
insulin sensitivity by reducing plasma glucose levels
and body weight [20].

GLP-1 is a hormone produced by the intestine’s
L-cells in response to food intake, particularly meals
rich in fat and carbohydrates. This hormone aids in
regulating glucose levels through various mecha-
nisms, including glucose-dependent insulin secretion,
reduced food intake, weight loss, and lowered glucagon
levels. Anholm et al. [23] found that a 12-week regimen

of metformin combined with GLP-1RA significantly
improved B-cell function, as measured by the dispo-
sition index, compared to a metformin-only or pla-
cebo group in a randomized, double-blind crossover
trial. Furthermore, the impact of GLP-1RAs on body
weight may explain their positive effects on hepatic and
peripheral insulin sensitivity, as observed in other stud-
ies [24].

DPP-4is belongs to a class of glucose-lowering drugs
that inhibit the enzyme DPP-4, which is found on the
surface of various cells, including adipocytes, kidneys,
the liver, and the small intestine. DPP-4is increases insu-
lin secretion and decreases glucagon secretion [25].

Due to their overlapping mechanisms of action,
it is not advisable to use GLP-1RAs and DPP-4is in
combination, as both medications increase circulating
GLP-1 levels and they are unlikely to exhibit greater effi-
cacy when used together [10]. However, the final choice
of treatment for T2D patients should also consider other
diabetes-related factors. For instance, in the presence
of cardiovascular disease, GLP-1RAs or SGLT2is are
preferred options without regard to specific subgroups.
Other factors such as the presence of kidney disease, the
importance of weight loss alongside lifestyle changes,
patient age, preferences, and potential side effects should
also be taken into account [26].

Treatment of SAID is similar to those with T1D and
LADA requires early introduction of insulin supple-
mentation. SIDD Cluster requires early introduction of
insulin supplementation, but they also take oral medica-
tions [27]. They could benefit from most of the current
second-line anti-diabetic treatments. Since the SIDD
group is associated with a lower BMI, there is also no
preferred type of medication for those patients to cor-
rect body weight. SIDD may also benefit from DPP4is or,
when cost is a major issue, a sulfonylurea [10].

Patients with SIRD may benefit most from treat-
ments that promote weight loss and improve insu-
lin sensitivity, such as SGLT2is or GLP-1RAs. These
treatments may help enhance insulin sensitivity and
lead to significant reductions in body weight, while
also addressing the risk of cardiovascular disease or
nephropathy. If safety and efficacy are established, new
insulin sensitizers (e.g., peroxisome proliferator-acti-
vated receptor agonists) or anti-inflammatory drugs
could also provide targeted treatment for SIRD [27].
Pioglitazone treatment is effective in improving insulin
sensitivity and reducing NAFLD but should be consid-
ered only when no other treatment options are available
due to the well-known side effects of weight gain and
other adverse effects associated with pioglitazone use.
DPP-4is do not seem to play a therapeutic role in this
group as they have no established effects on insulin sen-
sitivity, weight reduction, or NAFLD [10].
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Lifestyle modifications, weight loss, increased phys-
ical activity, and metformin may suffice as the sole
therapy for individuals with mild cases of MARD and
MOD [28]. MOD patients might benefit most from
GLP-1RAs and SGLT2is because both medications sub-
stantially reduce body weight. The use of pioglitazone
should be avoided in this group due to its association
with weight gain [29].

For patients with MARD, sulfonylureas and DPP-4is
could be viable additional therapies if metformin alone
cannot adequately control blood sugar levels. While
sulfonylureas do not impact insulin sensitivity, they can
initially enhance p-cell function [29]. However, SGLT2is
and GLP-1RAs may also be options for patients with
established end-organ diseases such as cardiovascular
disease and reduced kidney function. Since this popu-
lation tends to be older, decisions regarding additional
treatment should be made thoughtfully, taking into
consideration the potential side effects associated with
each medication type [10]. On the other hand, indi-
viduals with MARD should receive treatments that do
not lead to weight loss and sarcopenia, such as protein-
balanced diets and moderate resistance training [27].

Lastly, each subtype requires a different course
of treatment due to its unique pathophysiology. The
broad use of this new classification system in diabetes
care will depend on pragmatic factors like customized
treatment plans and suitable diagnostic equipment. The
implementation of cluster-specific therapies is limited
by the high cost of diagnostic tools (such GADA test-
ing) and the need for clinical training, even when there
are promising therapy alternatives. Ensuring that policy
efforts may be implemented globally requires equitable
access [4,6].

7. Conclusion and Future
Directio

The five-Cluster model is a precision medicine
framework that helps physicians choose diabetic treat-
ments and anticipate problems. It advocates for health
policies incorporating cluster-based diabetes treatment
into standard care. However, more study is needed to
validate this strategy across age and ethnic groups and
assess its long-term impacts on reducing diabetes-related
complications.
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Hay4Ho-nccnegoBatenbCKuUil UHCTUTYT Tepanuu U NpoduNakTUYECKON MegNLHbI —

dunnan PepepanbHOro rocysapCcTBeHHOro 610XeTHOro Hay4YHOro y4pexaeHun

«®PefepasnbHblil UcCNefo0BaTENbCKUIA LLeHTP MIHCTUTYT LMTONOM MM U FreHeTUKn CMBUPCKOro oTaeneHus
Poccuiickoin akagemum Hayk» (HUUTIMIM — dunvan ULuT CO PAH), Hosocnbupck, Poccus

ACCOLIMALTMM AAUTIOKVHOBOT'O ITPODUAS
KPOBU M HAAMYM S XPOHUYECKOTO BPOHXUTA
V MOAOABIX AUI]

A.D. Afanasyeva, L.V. Shcherbakova, Ya.V. Polonskaya,
V.S. Shramko, E.V. Kashtanova, Yu.l. Ragino

Research Institute of Internal and Preventive Medicine — branch of the Institute of Cytology
and Genetics, Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia

Associations Of Blood Adipokine Profile
and The Presence of Chronic Bronchitis
in Young Individuals

Pesome

Lle/iblo ;aHHOMO UCCe0BaHMSA ABASETCA MOWUCK acCOLMALMM HAUYUA XPOHUYeCKoro 6porxuTa (XB) 1 ypoBHS aAMNOKMHOB KPOBU Yy AL, 25-44 net
C abA0MUHaNbHbBIM OXMpeHueM (AO) 1 6e3 Hero. ViccnegoBaHWe BbINOIHEHO Ha NOMYNALMOHHOM BbIGOPKe XuTenei ropoaa Hosocnbupcka (1415 ye-
noBeK). Moc/e UCKN0YeHNA WL, C 3apUKCUPOBAHHOM BPOHXO0BCTPYKLMEN N C OTCYTCTBMEM AaHHbIX CIMPOMETPUM Ans aHaausa 6bina chopMmpo-
BaHa noABbI6opka B pasmepe 1086 yenoBeka, BO3pacT o6cnefoBaHHbIX coctasua 37,8 [32,0;41,9] roga. BceM muam nponsseseHa aHTpONoMeTpus,
c6op aHaMHe3a 1 3abpaHa KPOBb 13 JIOKTEBOW BeHbI /1/1f ONpe/e/IeHNA NoKasaTenen IMNMAHOro NpoduAs, ypoBHA FOKO3bI U aAVNNOKMHOB. [lnarHos
XB BbICTAaBAANCA HAa OCHOBaHMM CTaHAAPTHOMO 3NWUAEMUONOrMHECKOro ONPOCHMKA NPU HAa/IMYUM KaLlA C MOKPOTOI He MeHee 3 MecALLeB B roAy Unu
MpY HaMYUM MeANLIMHCKOM ncTopum 3abonesanunsa. PesynbtaThl. Y any ¢ Xb n AO peructpuposanuch 6o/1ee BbICOKME 3Ha4eHUA CUCTONNYECKOTO ap-
TepuanbHoro gasnenus (CAZ) (p=0,001) u gnactonuyeckoro aprepuansHoro gaenenus (JAZL) (p=0,003), HabntogannCh aTeporeHHble U3MeHeHUs
B /MNUAHOM npodune (60/1ee BbICOKME MOKA3aTe M X0/1eCTepUHA IMMONPOTENHOB HU3KOW NaoTHOCTU (XC-JIHM), Tpuravuepuaos (TT), HU3Kve xone-
CTepvHa IMMONPOTENHOB BbICOKOM MIOTHOCTM (XC-/IBIM)) 1 60/1ee BbICOKME MOKasaTe/In MoKO3bl MO CPaBHeHMIo ¢ vuamu 6e3 AO. LLiaHe Hannuus
XB 6b11 accouumpoBaH ¢ kypeHuneM, AO u ysesnuyeHvem CA/. [Mpu M3yHeHUM KOHLLEHTPaLUM aAUMOKMHOB KpoBW Y anL, ¢ Xb 1 6e3 Hero nosiy4eHo, 4To
y im, ¢ XB 1 AO pernctpupoBanuncs 60s1ee BbiCOKMe ypoBHU pesucTuHa (p=0,023), ammanna (p=0,041), nHtepaeiikuna 6 (IL-6) (p=0,002), C-nentuga
(0,0001), uHcynuna (p=0,035), nentuna (p=0,0001), pakTopa Hekposa onyxonu anbda (TNFa) (p=0,003) u ratokaroH-nogo6Horo nentuaa 1(GLP-1)
(p=0,001) no cpaeHeHuto c cimuamm ¢ Xb n 6e3 AO. Mpu npoBeaeHNN 04HOGAKTOPHOTO NOTMCTUHECKOrO PerpeccOHHOrO aHaamn3a noay4eHo, YTo
waHc Hannuus Xb o6paTHO accoummnpoBaH ¢ ypoeHeM pesuctuHa (OLL 0,998 A 0,997-0,999) u nentuga YY (PYY) (OLU 0,994 AM 0,989-0,999),
MOZe/I CTaHAAPTM30BaHbI MO NOJTY, BO3PAcTy, OKpyxHocTv Tanum (OT) u ctaTycy Kypenus. Mpu BK/tOYeHUM 06erX MONEKY/ B MOAE/b MHOTOdaK-
TOPHOrO IOFMCTUYECKOrO perpeccMoHHoro aHaamsa smecte ¢ AO, CA/], KypeHueM, NosioM 1 BO3pacToM accoumanum 6biam NoayyeHbl TOAbKO ANs
pesuctuHa (OLL 0,998 A1 0,997-0,999) v kypenus (OLL 4,656 AN 2,802-7,738). 3akatodeHue. Y auu 25-44 net waHc Haanuma Xb npamo accoumu-
poBaH c KypeHueM 1 AO, 06paTHO acCoLMMPOBaH C KOHLieHTpaLMeli B KpOBM Pe3nCTMHA, He3aBMCUMMO OT Mo/a 1 Bo3pacTa.

Knro4deBbie c/n0oBa: xporuyeckutll 6poHxum, a60oMuHanbHOE OxUpeHUe, MOA0dble NUYa, adUNOKUHBI, pe3ucmuH, PYY, kyperue
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Abstract

The aim of this study was to investigate the association between the presence of chronic bronchitis (CB) and blood adipokine levels in individuals aged
25-44 years with and without abdominal obesity (AO). The study was conducted on a population-based sample of 1,415 residents of Novosibirsk. After
excluding individuals with documented broncho-obstruction and missing spirometry data, a subsample of 1,086 individuals aged 37.8 [32.0; 41.9] years
was formed for analysis. All individuals underwent anthropometry, anamnesis collection, and blood collection from the cubital vein to determine lipid
profile, glucose, and adipokine levels. CB was diagnosed based on a standard epidemiological questionnaire in the presence of a cough with sputum for at
least 3 months per year or with a medical history of the disease. Results. Individuals with chronic bronchitis and oxidative stress had higher systolic blood
pressure (SBP) (p=0.001) and diastolic blood pressure (DBP) (p=0.003), atherogenic changes in the lipid profile (higher levels of low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG), and low levels of high-density lipoprotein cholesterol (HDL-C)) and higher glucose levels compared to individuals
without oxidative stress. The likelihood of having chronic bronchitis was associated with smoking, oxidative stress, and increased SBP. When studying the
concentration of blood adipokines in individuals with and without CB, it was found that individuals with CB and AO had higher levels of resistin (p=0.023),
amylin (p=0.041), interleukin 6 (IL-6) (p=0.002), C-peptide (0.0001), insulin (p=0.035), leptin (p=0.0001), tumor necrosis factor alpha (TNFa) (p=0.003)
and glucagon-like peptide 1 (GLP-1) (p=0.001) compared to individuals with CB and without AO. Univariate logistic regression analysis revealed that the
odds of having CB were inversely associated with the levels of resistin (OR 0.998 CI 0.997-0.999) and peptide YY (PYY) (OR 0.994 CI 0.989-0.999); the
models were adjusted for gender, age, waist circumference (WC), and smoking status. When both molecules were included in the multivariate logistic
regression analysis model along with AO, SBP, smoking, gender, and age, associations were obtained only for resistin (OR 0.998 Cl 0.997-0.999) and
smoking (OR 4.656 Cl 2.802-7.738). Conclusion. In individuals aged 25-44 years, the odds of having chronic kidney disease are directly associated with
smoking and AO, and inversely associated with the blood concentration of resistin, regardless of gender and age.

Key words: chronic bronchitis, abdominal obesity, young people, adipokines, resistin, PYY, smoking
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ECRHS — European Community Respiratory Health Survey, EMD Millipore Corporation — diagnostic kit manufacturer (Germany), GIP — glucose-
dependent insulinotropic polypeptide, GLP-1 — glucagon-like peptide-1, GOLD — Global Initiative for Chronic Obstructive Lung Disease, IL-6 —
interleukin-6, MCP-1 — monocyte chemoattractant protein-1, PAI-1 — plasminogen activator inhibitor-1, PYY — peptide YY, BP — blood pressure,
AQO — abdominal obesity, WHO — World Health Organisation, BMI — body mass index, WC — waist circumference, TC — total cholesterol, TG —
triglycerides, TNF-a — tumour necrosis factor alpha, CB — chronic bronchitis, COPD — chronic obstructive pulmonary disease, HDL cholesterol — high-
density lipoprotein cholesterol, LDL cholesterol — low-density lipoprotein cholesterol, non-HDL cholesterol — non-high-density lipoprotein cholesterol

Introduction
the majority of patients with classical CB develop a form

The classical definition of chronic bronchitis (CB),
i.e. wet cough for at least three months a year for at least
two consecutive years in the absence of other causes, is
used worldwide. However, recently the validity of CB as a
separate diagnosis has been questioned. This is caused by
a number of factors, the main one of which is the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
(global guidelines for chronic obstructive pulmonary
disease (COPD)), where chronic bronchitis as a separate
disease has been removed altogether; it is defined rather
as a phenotype or COPD manifestation. This is because

of obstruction, since the mechanisms of inflammation
and bronchi remodelling are very similar to those in
COPD patients (GOLD 2025) [1]. In Russia, the clini-
cal guidelines for chronic bronchitis (2024) specify the
classical criteria and describe algorithms for diagnosing
and differential diagnosis [2]: US authors stick to the
same concept; they rely on the classical clinical definition
(wet cough for at least three times a year for at least two
years), emphasising assessment of risk factors (smoking,
occupational hazards) and identification of other causes
of chronic caugh [3]. However, it is hardly possible to
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rule out all causes of bronchial inflammation; that is why
numerous expert believe that the “pure” CB hardly exists,
it is usually a part of another respiratory condition. The
criteria of “three months and two years” have mostly his-
torical meaning; however, they are useful for epidemio-
logical studies [4].

Over the years, obesity has been studied as a contrib-
uting factor of chronic respiratory conditions, including
CB. Higher body weight and excessive fat deposits are
associated with systemic low-grade inflammation, which
can facilitate inflammatory responses in bronchi and
boost sputum production, creating conditions for CB [5].

A large population-based study reported an associa-
tion between abdominal and general obesity and a high
risk of chronic respiratory inflammation (including clin-
ical manifestations resembling chronic bronchitis) and
poorer outcomes. A prospective study of obese individu-
als showed a higher incidence of COPD, including mani-
festations resembling chronic bronchitis [6]. Besides, in
patients with COPD, overweight modifies the clinical
presentation: obesity affects symptom intensity, exacer-
bation frequency and overall disease severity, indirectly
evidencing the role of adipose tissue and metabolic dis-
orders in pathogenesis of chronic bronchopulmonary
findings [7]. However, another large-scale cohort study
demonstrates a dubious association between body mass
index (BMI) and the risk of COPD: in some study arms,
excessive body weight is associated with a higher risk
of symptoms, while other subjects demonstrate protec-
tive effects, underlining the heterogenity of effects from
adipose tissue and its products on the respiratory system
(8].

The objective of this study is to search for an asso-
ciation between presence of CB and blood adipokines in
patients with AO.

Materials and methods

In 2013-2016, the Research Institute of Internal and
Preventive Medicine, a branch of the Federal Research
Centre at the Institute of Cytology and Genetics, Sibe-
rian Branch of the Russian Academy of Sciences, hosted
a population-based study among the citizens of Novo-
sibirsk aged 25 to 44 years. The study was performed
under state-finance topic No. FWNR-2024-0002.

For population sampling, the database of the Terri-
torial Federal Compulsory Medical Insurance Fund was
used, which included subjects of 25 to 44 years of age
in one district of Novosibirsk with the typical industrial,
social, populational, demographic, and transport struc-
tures, as well as population migration levels. A random
number generator was applied to form a random rep-
resentative sample of 2,500 individuals. Younger age
groups are known to be more reluctant to respond, that is
why stagered epidemiological incentives were used: post

invitations, phone calls, mass media ads. 1,512 individu-
als were screened; the response rate was 60.5%. After
the exclusion of pregnant women and women on mater-
nity leave, the study included 1,415 subjects (670 men,
47.3 %, and 745 women, 52.7 %). The mean age was 37.3
[31.8; 42.0] years. All subjects signed an informed con-
sent form for personal data processing.

Respiratory symptoms were identified using the WHO
respiratory disease detection tool and ECRHS (European
Community Respiratory Health Survey) questionnaire
[9]. The epidemiologic diagnosis of CB was made in the
presence of wet cough for at least three months a year or
a history of the disease. Besides, respiratory function was
tested using spirometry under the spirometry guidelines
with the use of Spiro USB Micro Medical Limited (UK)
in order to rule out bronchial obstruction.

Exclusion criteria were: recorded bronchial obstruc-
tion and lack of spirometry results for the analysis.

Eventually, the sample comprised 1,086 subjects
(517 men (45.4%), and 569 women (54.6 %); the mean
age was 37.8 [32.0;41.9] years old).

Subjects receiving drug treatment accounted for
under 1% and did not affect the final results.

All patients had their height, wights, waist circumfer-
ence, and blood pressure (BP) measured. Subjects” height
was measured using a vertical height meter in the upright
position without shoes, with the accuracy of 0.5 cm. For
weighing, calibrated electronic hospital scales were used;
and the measurement accuracy was 100 grams. BMI was
calculated as follows: BMI = body weight (kg) / height
(m?). Overweight was reported as BMI > 25 kg/m?, obe-
sity was diagnosed at BMI > 30 kg/m? [10].

Waist circumference (WC) was measured using a
measuring tape, placed horizontally strictly between the
lower costal arch and sacral section of the iliac bone.
Abdominal obesity (AO) was reported as waist circum-
ference of > 94 cm in men and > 80 cm in women [10].

BP was measured three times at a 2-minute interval
on both arms seated after 5-minute rest, using Omron
MS5-I (Japan) blood pressure sensor; the mean of the three
measurements was recorded. AH was reported using the
epidemiological criteria, where SBP was > 140 mm Hg
and/or DBP was > 90 mm Hg [11].

All subjects underwent a one-off fasting blood draw
from their ulnar vein (12 hours after meal). Lipid profile,
i.e. triglycerides (TG), high-density lipoprotein choles-
terol (HDL cholesterol) and total cholesterol (TC), as
well as serum glucose levels, were measured using enzy-
mic methods with standard Termofisher reagents (Fin-
land) and Konelab 30i analyser (Finland).

Serum glucose was converted into plasma glucose
using the following formula: Plasma Glucose (mmol/L) =
= -0.137+1.047 x serum glucose (mmol/L). An elevated
fasting plasma glucose level was reported at > 7 mmol/L
[12].
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1086 people 25-44 years old (517 men, 569 women)

Chronic bronchitis group, n=274
(men 155 (56,6 %),
women 119 (43,4 %))

Group without chronic bronchitis,
n=812

(men 362 (44, 6%),
women 450 (55,4 %))

Subgroup chronic bronchitis and
abdominal obesity, n=138

Subgroup of chronic bronchitis
without abdominal obesity, n=136

Figure 1. Study design

Low-density lipoprotein cholesterol (LDL choles-
terol) was calculated using Friedewald formula: LDL
cholesterol = TC — (TG / 2.2) — HDL cholesterol.
According to epidemiological criteria, elevated blood
LDL cholesterol levels were reported at LDL cholesterol
and TG of > 3.0 mmol/L and > 1.7 mmol/L, respectively
[13].

Non-high-density lipoprotein cholesterol (non-HDL
cholesterol) values were calculated as follows: non-HDL
cholesterol (mmol/L) = TC (mmol/L) — HDL choles-
terol (mmol/L).

Characteristics of the subjects with and without CB
are presented in Table 1.

A multiplex assay using Luminex 20 MAGPIX flow
cytometer was utilised to measure the blood levels of
biomolecules associated with secretory activity of vis-
ceral fat cells:

a) using Human Adipokine Magnetic Bead
Panel 1 kit (EMDMillipore Corporation, Ger-
many): adiponectin, adipsin, lipocalin-2, resistin,
plasminogen activator inhibitor 1 (PAI-1);

b) using Human Metabolic Hormone V3 kit (EMD-
Millipore  Corporation, Germany): amylin,
C-peptide, ghrelin, glucose-dependent insulino-
tropic polypeptide (GIP), glucagon-like peptide-1

Subgroup without chronic bronchitis
and with abdominal obesity, n=321

Subgroup without chronic bronchitis
and without abdominal obesity, n=491

(GLP-1), glucagon, insulin, pancreatic polypep-
tide (PP), peptide YY (PYY), interleukin 6 (IL-
6), leptin, monocyte chemoattractant protein 1
(MCP-1), tumour necrosis factor alpha (TNF-a),
secretin.

SPSS package (version 13.0) was used for statistical
prosessing of results. The normality of distribution was
tested using the Kolmogorov-Smirnov test. Since the dis-
tribution of the majority of tested parameters was not
normal, the data for continuous variables are presented as
Me [25%; 75 %], where Me is the median, 25% and 75 %
are the 1st and 3rd quartiles; categorical variables are
presented as absolute and relative values — n (%). Two
independent samples were compared using the Mann-
Whitney U test. For ratio comparison, the Pearson’s chi-
square test was utilised. Associations were evaluated with
the help of the multivariate logistic regression analysis
under the following conditions: a dependent variable,
dichotomic: presence/absence of CB; independent obser-
vations; absence of multicollinearity; linear dependance
between each independent variable and log odds (loga-
rithm factors); tail independence. Results of the multivar-
iate logistic regression analysis are presented as odds ratio
(OR) and 95 % confidence interval (CI) for OR. The zero
hypothesis significance level (p) was set at 0.05.
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Table 1. Clinical and anamnestic data of individuals with and without CB

| Indicators | CB group (+), n=274 CB group (-), n=812 P
Age, years ) .
Me [25%:75%] 38.5 [32.6;42.0] 37.2 [31.8;41.9] 0.057
Men 155 (56.6 %) 362 (44.6%)
Sex, n % 0.001
Women 119 (43.4%) 450 (55.4%)
BMI, kg/m?
Me [25 %75 %] 26.2[22.6;29.9] 24.8 [21.9528.5] 0.002
WC, cm
Me [25 %75 %] 89.0 [80.0;98.1] 84.0 [74.0;94.2] <0.001
AO,n % 138 (50.4 %) 321 (39.5 %) 0.002
SBP, mmHg
123.0 [113.4;132.1 118.5 [109.5;129, .001
Me [25%:75 %] 3.0 [113.4;132.1] 8.5 [109.5;129,0] <0.00
DBP, mmHg ) .
Me [25%:75%] 80.5 [74.0;89.5] 78.0 [71.0;85.6] <0.001
HR, beats/min
Me [25%:75 %] 74.0 [67.0;80.0] 72.0 [66.0;79.0] 0.102
TCH, mmol/l
.2 [4.5;5. 4.9 [4.2;5. .004
Me [25%:75 %] 5.2 [4.5;5.8] 9 [4.2;5.6] 0.00
LDL-C, mmol/L
Me [25%:75%] 3.3 [2.7;3.9] 3.1[2.5;3.7] 0.002
HDL-C, mmol/L
Me [25 %75 %) 12 [11;15] 13 [11;15] 0.009
NonHDL-C, mmol/L
Me [25 %75 %) 38 [32;46] 36 [29;42] <0.001
TG, mmol/L
Me [25%:75 %] 1.0 [0.7;1.6] 0.9 [0.7;1.4] 0.006
Glucose, mmol/l
Me [25 %:75% 5.8 [5.4;6.2] 5.6 [5.3;6.0] 0.001
Never smoked 56 (20.4 %) 356 (43.8 %)
Smoking, n (%) Smokes 173 (63.1%) 207 (25.5%) 0.0001
Smoked, but quit 45 (16.4 %) 249 (30.7 %)
Hypertension, n (%) 70 (25.5 %) 143 (17.7 %) 0.004
TG=>1,7 mmol/L, n (%) 60 (21.9%) 128 (15.8 %) 0.020
LDL-C23,0 mmol/L, n (%) 172 (62.8%) 429 (52.9%) 0.004
Glucose >7 mmol/l, n (%) 13 (4.7 %) 16 (2.0%) 0.014

Note: CB — chronic bronchitis, SBP — systolic blood pressure, DBP — diastolic blood pressure, AG — arterial hypertension, HR — heart rate, BMI — body mass index,
WC — waist circumference, TC — cholesterol, LDL-C — low-density lipoprotein cholesterol, HDL-C — high-density lipoprotein cholesterol, non-HDL-C — non-high-density
lipoprotein cholesterol, TG — triglycerides, Me — median, 25% and 75% — st and 3rd quartiles

Study results

The study group included subjects with CB:
274 patients (25.2 %).

Individuals with CB and AO had higher systolic
blood pressure (SPB) (p=0.001) and diastolic blood
pressure (DBP) (p=0.003) vs. individuals without AO.
Besides, subjects with CB and AO demonstrated ath-
erogenic changes in their lipid profile (higher LDL
cholesterol, TGs and lower HDL cholesterol values) as
well as higher glucose levels vs. subjects without AO
(Table 2).

Subjects with CB and AO more frequently had a his-
tory of smoking, but currently smoked less (p=0.001)
than patients with CB who did not have AO. They also

had a higher incidence of AH (p=0.007) and hypertri-
glyceridemia (p=0.002). Of note, despite the fact that
subjects with CB and AO had higher absolute values
of LDL cholesterol vs. subjects without AO, there
were no differences between the incidence of hyper-
LDL cholesterol values between these arms (p=0.278)
(Figure 2).

Male subjects with CB and AO had more differ-
ences in their smoking status (p=0.023): used to smoke
(15 (20.0%) vs. 5 (6.3%)), smoked less at present (50
(66.7%) vs. 67 (83.8%)); approximately the equal
number of men mentioned that they had never smoked
(10 (13.3%) vs. 8 (10.0%)) vs. subjects with CB and
AO. Men with AO also had higher incidences of AH
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(p=0.007) and hypertriglyceridemia (p=0.0001) vs. men
without AO (Figure 3).

Female subjects with CB and AO also differed in
their smoking status (p=0.017): used to smoke more
(19 (30.2%) vs. 6 (10.7%)) and mentioned that they
had never smoked before (15 (20.0%) vs. 5 (6.3%));
approximately the equal number of women shared that
they currently were smokers (29 (46.0 %) vs. 27 (48.2 %))
vs. individuals with CB without AO. Women with AO
had a high rate of AH (p=0.007) vs. women without AO.
Hyperglycaemia was reported more often in women with
CB who also had AO (2 (3.2 %)) (Figure 4).

The logistic regression analysis showed that the odds
of CB increases more than 5-fold in smokers, 1.5-fold in
the presence of AO, and is associated with higher SBP
values (Table 3).

Blood adipokine tests showed that individuals with
CB had higher values of adipsin (1.1 times higher),
IL-6 (1.4 times higher), C-peptide (1.1 times higher),
GIP (1.1 times higher), PP (1.2 times higher), PYY was
1.2 times lower than in subjects without CB (Table 4).

Patients with CB and AO had higher levels of resis-
tin, amylin, IL-6, C-peptide, insulin, leptin, TNFa, and
GLP-1 vs. patients with CB, but without AO (Table 5).

Table 2. Quantitative indicators of metabolic risk factors in individuals with CB in subgroups with and without AO

Subgroups CB /AO (-), n=136 CB /AO (+), n=138

Indicator Me [25 %375 %) Me [25 %375 %] P
Age, years 379 31.8;41.4 39,8 33.9;42.5 0.019
BMI, kg/m? 22.6 20.7;25.1 29.8 27.3;32.9 0.0001
WC, cm 80.0 74.1;87.9 98.0 90.8;105.9 0.0001
SBP, mmHg 120.0 110.1;128.9 125.0 115.4;137.0 0.001
DBP, mmHg 78.5 71.6;86.8 83.0 75.4;91.5 0.003
HR, beats/min 73.0 66.0;79.0 74.0 67.3;82.8 0.110
TCH, mmol/l 5.0 4.3;5.7 5.2 4.6;5.9 0.141
HDL-C, mmol/L 1.3 1.1;1.5 1.2 1.0;1.4 0.0001
LDL-C, mmol/L 3.2 2.6;3.8 3.4 2.7:4.0 0.315
NonHDL-C, mmol/L 3.6 3.0;4.4 4.1 3.3;4.8 0.018
TG, mmol/L 0.8 0.6;1.4 1.3 0.9;1.9 0.0001
Glucose, mmol/L 5.7 5.3;6.1 59 5.5;6.2 0.027

Note: CB — chronic bronchitis, AO — abdominal obesity, SBP — systolic blood pressure, DBP — diastolic blood pressure, AG — arterial hypertension, HR — heart rate, BMI — body
mass index, WC — waist circumference, TC — cholesterol, LDL-C — low-density lipoprotein cholesterol, HDL-C — high-density lipoprotein cholesterol, non-HDL-C — non-high-
density lipoprotein cholesterol, TG — triglycerides, Me — median, 25% and 75 % — 1st and 3rd quartiles
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Figure 2. Frequency of metabolic risk factors in individuals with CB depending on the presence of AO

Note: CB — chronic bronchitis, AO — abdominal obesity, TG — triglycerides, LDL-C — low-density lipoprotein cholesterol, PA — physical activity, AG — arterial hypertension.
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Figure 3. Frequency of metabolic risk factors in men with CB depending on the presence of AO

Note: CB — chronic bronchitis, AO — abdominal obesity, TG — triglycerides, LDL-C — low-density lipoprotein cholesterol, PA — physical activity, AG — arterial hypertension
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Figure 4. Frequency of metabolic risk factors in women with CB depending on the presence of AO

Note: CB — chronic bronchitis, AO — abdominal obesity, TG — triglycerides, LDL-C — low-density lipoprotein cholesterol, PA — physical activity, AG — arterial hypertension

Table 3. Univariate logistic regression analysis of the odds of having CB depending on metabolic risk factors

(standardized by gender, age)

95 % confidence interval (CI)

Indicator

OR P
Lower limit | Upper limit

Smoking,

Smokes vs never smoked 5.187 3.629 7.415 0.0001
Smoked but quit vs never smoked 1.084 0.705 1.667 0.712
AO, yes vs no 1.480 1.117 1.962 0.006
SBP, per 1 mm Hg. 1.013 1.003 1.022 0.010
TG per 1 mmol/l 1.148 0.981 1.342 0.085
Glucose, per 1 mmol/l 1.144 0.983 1.331 0.083

Note: AO — abdominal obesity, AG — arterial hypertension, PA — physical activity, LDL-C — low-density lipoprotein cholesterol, Non-HDL-C — non-high-density lipoprotein

cholesterol, TG — triglycerides, OR — odds ratio.
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Table 4. Levels of the studied human adipokines (Me [25 %;75 %])

274

Adipokines | Group CB (+), n=274 Group CB (-), n=812 P
Adiponectin, pug/ml 42.3 [28.1;115.2] 37.2 [23.9;120.1] 0.233
Adipsin, pg/ml 12.5 [9.0;14.9] 11.0 [6.9;13.9] 0.001
Lipoclin-2, ng/ml 458.7 [274.0;945.3] 378.1 [190.0;1214.7] 0.304
Resistin, ng/ml 22.6 [12.6;31.6] 21.2 [13.4;31.5] 0.902
Amylin, pg/ml 170.8 [38.3;536.2] 132.2 [22.3;619.3] 0.954
IL-6, pg/ml 6.2 [3.5;13.9] 6.3 [5.0;14.2] 0.741
PAI-1, ng/ml 1.4 [0.7;3.8] 1.0 [0.6;2.0] 0.001
C-peptide, ng/ml 0.8 [0.4;1.4] 0.7 [0.2;1.2] 0.027
Insulin, pmol/L 438.6 [277.6;646.6] 463.9 [277.6;675.4] 0.749
Leptin, ng/ml 4.3 [1.5;8.5] 4.1 [1.6;7.8] 0.770
MCP-1, pg/ml 243.7 [144.9;328.0] 230.6 [158.2;313.2] 0.440
Ghrelin, pg/ml 29.3 [18.6;56.2] 36.4 [18.1;95.4] 0.258
TNFa, pg/ml 4.6 [2.9;7.4] 4.5[2.9;7.0] 0.294
GIP, pg/ml 27.9 [169.8;448.7] 25.2 [15.7;50.5] 0.032
Glucagon, pg/ml 266.9 [169.8;448.7] 267.8 [169.3;492.2] 0.495
PP, pg/ml 11.1 [6.0;23.8] 12.4 [8.3;23.4] 0.178
GLP1, pg/ml 43.2 [26.5;85.8] 37.0 [20.5;74.5] 0.001
PYY, pg/ml 48.2 [36.0;66.2] 58.0 [37.8;79.2] 0.008
Secretin, pg/ml 22.4 [14.1;68.3] 22.5 [15.6;69.0] 0.831

Note: CB — chronic bronchitis, PAI-1 — plasminogen activator inhibitor type 1, IL-6 — interleukin 6, MCP-1 — monocyte chemoattractant protein-1, TNFa — tumor necrosis factor-
alpha, GIP — glucose-dependent insulinotropic polypeptide, PP — pancreatic polypeptide, GLP1 — glucagon-like peptide type 1, PYY — peptide YY, Me — median, 25% and 75% —

Istand 3rd quartiles

Table 5. Levels of the studied blood adipokines in individuals with CB with AO and without it (Me [25 %; 75 %])

People with CB (n=274)

Adipokines P
No AO (n=136) Yes AO (n=138)
Adipokines 40.5 [30.0;101.1] 47.9 [27.1;121.7] 0.682
Adiponectin, pug/ml 12.1 [8.2;14.6] 12.7 [9.7;15.4] 0.079
Adipsin, pg/ml 407.6 [227.6;781.9] 484.8 [328.8;1066.0] 0.065
Lipoclin-2, ng/ml 21.5 [10.7;30.1] 24.2 [16.0;32.0] 0.092
Resistin, ng/ml 130.7 [23.5;502.8] 189.8 [103.4;547.5] 0.023
Amylin, pg/ml 6.0 [1.4;10.4] 6.5 [4.0;14.2] 0.041
IL-6, pg/ml 1.2 [0.6;1.9] 1.7 [0.8;5.7] 0.002
PAI-1, ng/ml 0.6 [0.2;0.9] 1.2 [0.5;1.7] 0.0001
C-peptide, ng/ml 404.4 [277.4;549.7] 483.2 [322.9;719.1] 0.035
Insulin, pmol/L 1.8 [0.7;4.5] 6.8 [4.0;11.8] 0.0001
Leptin, ng/ml 232.0 [141.0;322.9] 256.6 [145.4;331.6] 0.652
MCP-1, pg/ml 29.3 [17.9;61.0] 29.3 [18.8;50.3] 0.656
Ghrelin, pg/ml 4.1 [2.7:6.5] 5.6 [3.4;7.8] 0.003
TNFa, pg/ml 27.5 [16.9;49.5] 29.5[20.2;55.7] 0.225
GIP, pg/ml 228.2 [155.4;413.3] 323.1 [206.2;506.4] 0.001
Glucagon, pg/ml 11.1 [6.7;23.3] 11.1 [5.5;25.9] 0.912
PP, pg/ml 41.8 [25.1;80.6] 52.1 [31.7;89.0] 0.072
GLP1, pg/ml 48.2 [36.0;67.7] 48.2 [35.3;65.5] 0.886
PYY, pg/ml 20.3 [11.9;36.5] 23.5 [17.4;80.4] 0.169

Note: CB — chronic bronchitis, AO — PAI-1 — plasminogen activator inhibitor type 1, IL-6 — interleukin 6, MCP-1 — monocyte chemoattractant protein-1, TNFa — tumor necrosis
factor-alpha, GIP — glucose-dependent insulinotropic polypeptide, PP — pancreatic polypeptide, GLP1 — glucagon-like peptide type 1, PYY — peptide YY, Me — median, 25% and

75% — 1stand 3rd quartiles.
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Table 6. Logistic regression analysis of associations of adipokines with the odds of having chronic kidney disease,

standardized for gender, age, smoking status, and WC

Univariate regression analysis

Indicators 95 % confidence interval (CI)
OR P
Lower limit Upper limit
Adipsin at 1 pg/ml 1.008 0.995 1.021 0.227
IL-6 at 1 pg/ml 0.997 0.983 1.011 0.664
C-peptide at 1 pg/ml 1.121 0.901 1.396 0.306
GIP at 1 pg/ml 1.000 0.997 1.004 0.914
PP at 1 pg/ml 1.002 0.998 1.005 0.310
PYY at 1 pg/ml 0.994 0.989 0.999 0.030
GLP-1at 1 pg/ml 0.999 0.999 1.000 0.082
Resistin at 1 mcg/ml 0.998 0.997 0.999 0.020
Amylin at 1 pg/ml 0.989 0.972 1.007 0.218
Insulin at 1 pg/ml 1.0001 1.000 1.0002 0.285
Leptin at 1 ng/ml 1.0001 1.000 1.0002 0.537
TNFa at 1 pg/ml 1.009 0.963 1.056 0.714

Note: PAI-1 — plasminogen activator inhibitor type 1, IL-6 — interleukin 6, MCP-1 — monocyte chemoattractant protein-1, TNFa — tumor necrosis factor-alpha, GIP — glucose-
dependent insulinotropic polypeptide, PP — pancreatic polypeptide, GLP1 — glucagon-like peptide type 1, PYY — peptide YY, OR — odds ratio.

Table 7. Results of multivariate logistic regression analysis of the relationship between adipokines and

the chance of having CB
Multivariate regression analysis
Indicators 95 % confidence interval (CI)
OR P
Lower limit Upper limit
Age by 1 year 1.043 0.998 1.090 0.062
Sex, men vs women 1.268 0.764 2.107 0.358
Smokes vs. doesn’t smoke 4.656 2.802 7.738 0.0001
AO, yes vs no 2.300 1.402 3.774 0.001
PYY at 1 pg/ml 0.998 0.992 1.004 0.420
Resistin 1 mcg/ml 0.998 0.997 0.999 0.0001

Note: AO — abdominal obesity, PYY — peptide YY, OR — odds ratio

When the logistic regression analysis included adi-
pokines, which demonstrated significant differences at
previous stages of the study, it was established that the
odds of CH were directly correlated with resistin levels
and had inverse relationship with PYY levels (Table 6).

Where the model included both molecules, which
demonstrated associations with the odds of CB in the
univariate regression analysis (resistin and PYY), age,
gender, smoking status, and presence/absence of AO, it
was found out that the odds of CB in younger popula-
tion is over 4.5-times higher in smokers and is 2.3 higher
with AO; it is directly associated with age and has inverse
relationship with resistin levels, irrespective of gender
(Table 6).

Discussion

We have demonstrated in a group of subjects of 25 to
44 years of age that the presence of CB is associated with
active smoking status, higher SBP values and AO. These

results confirm and supplement the existing knowledge
about the multi-factor nature of early manifestations of
chronic respiratory diseases and are of practical signifi-
cance for early prevention and screening.

The leading role of smoking in forecasting CB devel-
opment is in line with the extensive epidemiologi-
cal data on tobacco smoking as the main risk factor of
bronchitis and COPD. Current reviews and guidelines
emphasise that, even in young people, prolonged smok-
ing significantly increases the odds of chronical bronchi
inflammation and subsequent progression of obstructive
changes [14].

Association between CB and AO in young people
correlates with recent studies, which show that abdom-
inal obesity is associated with a higher risk of chronic
inflammatory respiratory conditions and reduced pul-
monary function irrespective of BMI. Mechanisms
trigger impairment of respiratory function (diaphragm
limitations, reduced lung capacity), as well as metabolic
inflammatory changes linked to the biochemical activity

275



276

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 4 e 2026

of adipose tissue, which worsen cough and facilitate
chronic inflammation in bronchi [15].

Resistin activates transcription factor NF-kB and
signal cascades via TLR4/CAPI receptors in monocytes
and macrophages, inducing production of pro-inflam-
matory cytokines (TNF-a, IL-6,etc.). In such settings,
higher resistin levels correlate with systemic and local
inflammation in lungs, and a number of studies demon-
strated an association with impaired pulmonary func-
tion and COPD severity [16]. At the same time, despite
the fact that the majority of studies report direct asso-
ciation between blood resistin levels and development
of bronchopulmonary diseases [17], Wang et al. dem-
onstrated reduced serum resistin and leptin levels in
COPD patients, which was most prominent in patients
with cachexia [18]. In this study, we have also observed
inverse association between resistin levels and CB; in
subjects with CB and AOQ, its levels were higher than in
subjects without AO. It can evidence that resistin can
be a marker of chronic inflammation in bronchi also in
individuals with normal BMI levels.

PYY is an intestinal peptide (it is mostly secreted by
L-cells of distal segment of the bowels); it is primarily
known as a regulator of appetite and energy exchange
(through Y-receptors, including Y2). Nevertheless, PYY
can also modify systemic metabolic and inflammation
responses, and can affect respiratory system via the intes-
tine — lungs axis [19]. Another possible association of
PYY — bronchopulmonary system can be the fact that
PYY suppresses appetite and impacts energy distribu-
tion, while changes in PYY levels are associated with
changes in the body fat mass. Since AO impairs respi-
ratory function and worsens systemic inflammation,
changes in PYY concentrations can indirectly alter the
risk of respiratory symptoms. In other words, a higher
PYY level is associated with lower fat tissue deposits;
therefore, the load on the bronchopulmonary system
drops [20]. We have observed the inverse association
between the PYY level and CB, and there was no correla-
tion when resistin was included in the model.

Conclusion

In individuals of 25 to 44 years of age, the odds of
CB are associated with active smoking status, SBP and
AO. The odds of CB in individuals of 25 to 44 years old
have inverse association with blood PYY and resistin
levels; however, when age, gender, smoking status, AO
status, PYY, and resistin were included in the model, the
association remained only with smoking status, AO, and
blood resistin. The results confirm the available data on
the presence of cause-effect relation between develop-
ment of CB and AO; they also add to the understand-
ing of the pathogenetic patterns of bronchopulmonary
inflammations.
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HAO «MeanumHcknii yHuepcuteT AcTaHa», Kadeapa aKyLepcTBa U ruHekonorum Ne 2,
AcTaHa, Pecny6avka KasaxctaH

PAHHUE IMPEAUKTOPBI TECTALIMOHHOTI'O
CAXAPHOI'O AMABETA U TIPEDKA AMIICUMN:
OBOCHOBAHMUE INEPCOHA AU3VPOBAHHOM
CTPATErM CKPMHUHTA B I TPUMECTPE

A.A. Yeszhanova, M.A. Beketova

NJSC «Astana Medical University», Department of Obstetrics and Gynecology No. 2,
Astana, Republic of Kazakhstan

Early Predictors of Gestational Diabetes Mellitus
and Preeclampsia: Rationale for A Personalized
Screening Strategy in The First Trimester

Pestome

Llenb nccnef0BaHMA: BbISBUTL PaHHWE KIMHUKO-MeTaboIMyecKme NpeAUKTOPbI FreCTalMoHHOro caxapHoro avabeta (TC/A) u npesknamncum B | Tpu-
MecTpe 6epeMeHHOCTY 1 060CHOBaTb HEO6XOANMOCTb NEPCOHANN3MPOBAHHOW CTPaTeruy CKpUHMHIa. MaTepuansl u MeToabl: MpoBeseHo peTpocnek-
TWBHOE KOrOPTHOE MCC/Ie0BaHUE THMa «C/y4ali-KOHTPO/Ib» Ha 6aze MHOronpodubHOM ropoackom 60/bHMLbI N2 2 1. AcTaHbl (n=600). OCHOBHYO
rpynny coctaBuam 300 6epeMeHHbIx ¢ [C/l, KOHTPO/bHYIO — 300 XeHLWWH ¢ PpU3noNornyecKon 6epeMeHHOCTbI0. MpoaHaM3UpoBaHbl aHTporoMe-
Tpuyeckue aaHHble (MMT), aHamMHe3 u nabopaTtopHble nokasatenu (raoko3sa Hatowak, HbA1c) npu noctaHoBke Ha yyeT go 12 Heaenb. CTaTucTy-
Yeckuit aHanus BraoYan U-kpuTepumii MaHHa-YUTHM, pacyeT oTHoleHus waHcos (OR) n ROC-aHanus. PesybTaTel: naumeHTku ¢ FCJ umenn go-
cToBepHo 6osiee BbicoKM VIMT (oxupenue y 31,0 % npotus 9,0 %, p <0,001) n Bo3spact. YactoTa npesknamncuu B rpynne C/ coctaswna 7,3 %
npoTuB 3,3 % B KOHTPO/IE; YCTaHOB/EHO, YTO Hannuve C/l MOBbIWAGT PUCK PasBUTUA Npeskaamncumn 6onee yeM B ABa pasa (OR=2,295; 95% Cl:
1,067-4,934). ROC-aHa/nn3 BbIIBU/ BbICOKYIO AMArHOCTUYECKYIO LLEHHOCTb OTAe/IbHbIX MAapKepoB B | TpUMecTpe. [/110K03a HaToLWaK npy NoporosoM
3HaueHun >4,49 MMo/Ib/N NoKasana YyBCTBUTENLHOCTb 71,6 % 1 cneunduyHocTb 76,6 % (AUC=0,787; 95% AW: 0,745-0,825). [NMKMPOBaHHbIiA re-
morno6ut (HbA1c) npu yposHe >5,27 % NpoAeMOHCTPUPOBa HyBCTBUTE/IbHOCTb 63,8 % U BbICOKYIO crieyunmyHocTb 85,7 % (AUC=0,792; 95 % AN:
0,653-0,894). Paspa6oTaHHas KOMBMHUPOBaHHas NporHocTuyeckas Mogenb (HbATc + ratokosa HaTolak) noKasana HavBbICLLYIO NpejcKasaTeNbHyto
LIeHHOCTb ¢ naowazabto nog ROC-kpusoii (AUC) 0,849, obecneunsas YyscTBuTeNbHOCTL 90,0 % U cneuuduyHocTb 78,2 %. 3aknoueHue: [NMK1po-
BaHHbI reMor/106VH 1 ToWaKoBas rnkeMua B | TpUMecTpe ABNAIOTCA He3aBUCMMbIMK NpeavkTopamu I'C/L u accoummnpoBaHHOM NpesknaMncun. Bre-
ApeHwe 6an/bHOW OLLeHKM PUCKa NpY NepBoii ABKe NO3BO/IAET BbIAE/INTL FPYNMY /1A PaHHEro Havyana NepCcoHaNN3MPOBaHHOM NPOPUNAKTUKM, He A0-
KUAAACL CTAHAAPTHbIX CPOKOB NEPOPasIbHOrO r/IOKO30TONEPAHTHOrO TecTa (24-28 Hegenb), HTO MOXET CHUBUTB HACTOTY aKyLIEPCKUX OCOMHEHWIA.

KnroueBbie cnoBa: zecmayuoHHbiii caxapHbili duabem, npeskaamncus, paHHuli ckpuHurz, HbATc, npoeHo3uposaHue, nepsbiii mpumecmp
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Abstract

Aim: To identify early clinical and metabolic predictors of gestational diabetes mellitus (GDM) and preeclampsia in the first trimester of pregnancy
and to justify the need for a personalized screening strategy. Materials and Methods: A retrospective case-control cohort study was conducted at
the Multidisciplinary City Hospital No. 2 in Astana (n=600). The main group consisted of 300 pregnant women with GDM, and the control group
comprised 300 women with physiological pregnancy. Anthropometric data (BMI), medical history, and laboratory indicators (fasting glucose, HbA1c)
recorded at registration (up to 12 weeks) were analyzed. Statistical analysis included the Mann-Whitney U-test, odds ratio (OR) calculation, and ROC
analysis. Results: Patients with GDM had significantly higher BMI (obesity in 31.0 % vs. 9.0 %, p<0.001) and age. The incidence of preeclampsia in the
GDM group was 7.3 % vs. 3.3 % in the control group; it was established that GDM increases the risk of preeclampsia by more than two times (OR=2.295;
95% Cl: 1.067-4.934). ROC analysis revealed high diagnostic value of individual markers in the first trimester. Fasting glucose at a threshold of
>4.49 mmol/L showed a sensitivity of 71.6 % and specificity of 76.6 % (AUC=0.787; 95 % Cl: 0.745-0.825). Glycated hemoglobin (HbA1c) at a level
>5.27 % demonstrated a sensitivity of 63.9 % and high specificity of 85.7 % (AUC=0.792; 95 % Cl: 0.653-0.894). The developed combined prognostic
model (HbA1c + fasting glucose) showed the highest predictive value with an area under the ROC curve (AUC) of 0.849, providing a sensitivity of
90.0 % and specificity of 78.2 %. Conclusion: Glycated hemoglobin and fasting glycemia in the first trimester are independent predictors of GDM and
associated preeclampsia. Implementing a risk score assessment at the first antenatal visit allows for the identification of a group for early initiation of
personalized prevention, without waiting for the standard OGTT timing (24-28 weeks), which may reduce the incidence of obstetric complications.

Key words: gestational diabetes mellitus, preeclampsia, early screening, HbATc, prediction, first trimester
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Introduction come for their first visit, undergo mandatory glucose

At the present stage of obstetrics development, met-
abolic disorders during pregnancy are not an isolated
endocrinological problem, but a fundamental risk factor
of severe obstetrical and perinatal complications. There
is a persistent global trend of a higher rate of hypergly-
caemia: global studies show that carbohydrate metabo-
lism disorders are reported in 7.5 % to 27 % depending on
the area and diagnostic criteria [1, 2]. A meta-analysis of
the data in the USA and Canada for 2023 shows 6.9 % to
13.7 %, which confirms the immensity of the problem [2].

Of special concern is the close pathogenetic associa-
tion between gestational diabetes mellitus (GDM) and
hypertensive disorders, particularly preeclampsia [3].
Both conditions share the common origin, that is endo-
thelial dysfunction, chronic systemic inflammation, and
insulin resistance [4]. Maternal hyperglycaemia, which
affects the foetus, not only causes gigantism and birth
traumas, but also programs long-term vascular health of
descendants [5].

However, despite the proven risks, the currently used
screening approaches need reviewing. According to the
current Clinical Protocol of the Ministry of Health of
the Republic of Kazakhstan, all pregnant women, who

level measurement (fasting venous plasma) to rule out
manifestations of diabetes mellitus. A traditional algo-
rithm for GDM diagnosis includes an oral glucose toler-
ance test (OGGT) at week 24-28 for all pregnant women
having risk factors [6, 7]. Clinically, this timing is rather
late: by the end of the second trimester, placentation is
complete, and the main vascular modifications are over.
The therapeutic window, i.e. first trimester, when angio-
genesis can be most successfully corrected, is lost [7-9].

The objective of the study is to use a retrospec-
tive analysis to identify statistically significant clinical
and laboratory parameters of GDM and preeclampsia
during the first trimester and to justify the early risk
stratification.

Materials and methods

Study design. A retrospective cohort (case-control)
study was conducted in the obstetrics unit of Multidis-
ciplinary Hospital No. 2 (Astana). Study duration: 2024-
2025. The study was approved by the Local Ethics Com-
mittee (Minutes No. 7 dated 16.01.2026).
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Sample description. The study included 600 preg-
nant women.

o Main group (n=300): patients with GDM con-
firmed with laboratory test results.

« Control group (n=300): patients with uncompli-
cated pregnancy, similar age and parity.

o Exclusion criteria: symptomatic type 1 or type 2
diabetes mellitus, multiple pregnancy, severe co-
matic pathology.

Methods of analysis. Since the study was retrospec-
tive, informed consent was not required; patient data
were anonymised. Data were collected from forms 077/y,
096/y, and 097/y. Body mass index (BMI) was calculated
using anthropometric data (height and weight) recorded
at the first visit to register as pregnant during the first
trimester. SPSS Statistics 26.0 package was used for sta-
tistical processing. Mann-Whitney U test, Pearson’s

chi-square test (x2), and ROC analysis with AUC calcu-
lation were used.

Results

A comparative analysis showed statistically significant
intergroup differences (Table 1). Patients with GDM were
significantly older (34.51 + 4.69 vs. 32.93 + 5.21 years
old, p=0.0002). A pivotal factor was obesity: BMI 2
30.0 kg/m? was reported three times more frequently in
the main group (31.0% vs. 9.0 %, p < 0.0001).

The analysis of laboratory parameters during the first
trimester demonstrated that the mean fasting glucose
levels in the main group were 4.81 + 0.62 mmol/L (con-
trols: 4.25 + 0.49 mmol/L, p < 0.001). HbAlc values were
also significantly higher: 5.57 + 0.46 % vs. 4.32 + 1.63 %
(p < 0.003).

Table 1. Clinical and Anamnestic Characteristics of the Groups

Indicator Group with GDM (n = 300) | Control group (n =300) P-level
Age, years (M + SD) 34.51 +4.69 32.93+5.21 0.0002
BMI, obesity (= 30 kg/m?), n (%) 93 (31.0%) 27 (9.0 %) <0.0001
BMI, normal (18.5-24.9 kg/m>), n (%) 105 (35.0%) 201 (67.0 %) <0.0001
Inheritance of diabetes, n (%) 47 (15.7 %) 15 (5.0 %) 0.00002
HSD in the anamnesis, n (%) 57 (19.0 %) 7 (2.3%) <0.0001

YyectButenoHocTb (TPR)

0.0 4= ]

— KoMBUHMpoBaHHas Mogens (AUC = 0.849)
—=—+ HbAlc (AUC = 0.792)
noko3a HaTowak (AUC = 0.787)

0.0 0.2 0.4

T

0.6 0.8 1.0

100 - CneuundcduyHocts (FPR)

Figure 1. Comparison of the predictive value of monomarkers and the combined model (ROC analysis)
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Association with preeclampsia. The rate of pre-
eclampsia in the main group was 7.3% (n=22); it is
more than twice as high as in controls (3.3% (n=10)).
GDM increases the risk of preeclampsia by 2.29 times
(OR=2.295; 95 % CI: 1.067-4.934).

ROC analysis. In order to evaluate the prognostic
value, the following cut-oft values were recorded:

e« HbAlc: > 5.27 % (AUC=0.792; p < 0.0001).
o Fasting glucose: > 4.49 mmol/L (AUC=0.787;
p < 0.0001).

Combined model (HbAlc + glucose): the best
result was demonstrated, with AUC=0.849, sensitivity of
90.0 %, and specificity of 78.2 %.

Table 2. Scoring of Risk Factors

The analysis of significant predictors and ROC
analysis (Figure 1) were used to develop a patient-spe-
cific prognostic model. For the practical use, a scoring
(Table 2) was suggested, which allows stratifying patients
at their first visit before week 12 of pregnancy.

The identified pathogenetic association between
GDM and preeclampsia necessitates some changes in the
screening paradigm. The scale will allow routing patients
into two groups (Figure 2).

The low-risk group (less than three points) will follow
the standard protocol. Patients scoring three and more
points will be routed along the “red corridor”, requiring
patient-specific preventive measures.

Risk Factor Criteria Points
Chronic arterial hypertension (CAH) Presence 3
Obesity (BMI) >30 kr/m> 3
History of gestational diabetes (GDM) Past occurrence 3
Glycated hemoglobin (HbA1c) >5,51% 2
Fasting glucose 24,81 MmMonb/n 2
Family history of diabetes mellitus (DM) Presence 2
Age =30 1

BepemenHas: aBka [0 12 Hegenb
C6op aHamHe3a n aHanm30B
Pregnant woman: attendance before 12 weeks
Collection of anamnesis and tests

l

BannbHas oueHka hakropos pucka | Scoring of Risk Factors

* XpOH. apTep. runepTeHsus (XAI) - 3 6anna
* IMT 2 30 kr/m2 - 3 6anna
« C/l B aHamHese - 3 6anna
* HbAlc 2 5.51% - 2 6anna
« [Nioko3a HaTowak 2 4.81 mmone/n - 2 6anna
« OTAroWEeHHas HacNeACTBEHHOCTL - 2 6anna
* Bospacr = 30 ner - 1 6ann

« Chronic arterial hypertension (CAH) - 3 points
* BMI 2 30 kg/m? - 3 points
« History of gestational diabetes - 3 points
* HbAlc 2 5.51% - 2 points
« Fasting glucose 2 4.81 mmol/L - 2 points
« Hereditary factors - 2 points
« Age 2 30 years - 1 point

"3eneHsblit kopuaop" / LOW RISK (< 3 points)

[ HU3KMIA PUCK (< 3 6annos) j

Cymma 6annos? /
Sum of points?

Menee 3/ Less than 3

Bonee 3/ More than 3

BbICOKWNI PUCK (= 3 6annos)
"KpacHslit kopugop" / HIGH RISK (2 3 points)

MEPCOHANMN3NPOBAHHASA NMPO®UTAKTUKA /| PERSONALIZED PREVENTION

CraHpapTHOe BegeHue
MNrTT B 24-28 Hepgenb / Standard management
OGTT at 24-28 weeks

1. KoHcynsTaums aHAOKpUHoNora (B Tey. 7 aHeil)

1. Endocrinologist consultation (within 7 days)
2. Early glycemic monitoring / OGTT
3. Start diet therapy (from 12 weeks)
4. Aspirin 150 mg (up to 36 weeks)

2. PaHHnii MOHUTOPUHT rmkemun [ CTT
3. Crapt guetotepanuu (C 12 Hep)
4. Acnupun 150 mr (g0 36 Hepn)

Figure 2. Algorithm for risk-oriented two-level routing of pregnant women at the primary healthcare stage
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Discussion

Our thesis about the required start of the therapy
at 10-12 weeks of pregnancy corresponds to the data
reported by McIntyre et al. (2018) and Benhalima et al.
(2024) [8, 9]. Early intervention allows targeting angio-
genesis prior to placentation completion, which is essen-
tial for hypertension prevention. Thus, early diagnosis of
metabolic predictors makes it possible to achieve the pre-
ventative potential, which is usually lost by 24-28 weeks
of pregnancy.

Management depending on the risk group

A key tool of the proposed strategy is dividing patients
into risk groups when they come for they pregnancy reg-
istration visit. Patients scoring under three points are in
the low-risk group (“green corridor”); their management
falls under the standard procedure, and they undergo
OGTT at 24-28 weeks of pregnancy.

A high-risk group (three and more points, “red cor-
ridor”) requires immediate start of patient-specific pre-
vention. The following measures are proposed for this
group of patients (Figure 2):

« Consultation by an endocrinologist within 7 days.

« Early glycaemia monitoring or early OGTT.

o Diet therapy starting from week 12 of pregnancy.

o Low-dose acetylsalicylic acid (Aspirin) (150 mg/
day, up to 36 weeks of pregnancy) in the high-risk
group (pregnant women with metabolic disor-
ders, obesity and chronic arterial hypertension)
to prevent associated preeclampsia is clinically
justified and is strictly regulated by the current
Clinical Protocol of the Ministry of Health of the
Republic of Kazakhstan, as well as by the current
international guidelines, particularly by the rec-
ommendations of the International Federation of
Gynaecology and Obstetrics (FIGO, 2019) and
the United States Preventive Services Task Force
(USPSTE, 2021) [8, 10].

 The proposed approach makes it possible to use
the therapeutic window of the first trimester,
which is pathogenetically justified to lower the
rate of obstetrical complications.

Study limitations: retrospective single-centre design,
requiring cautious data extrapolation.

Conclusion

1. Glycated haemoglobin (> 5.51%) and fasting gly-
caemia (= 4.81 mmol/L) in the first trimester are the
most significant independent predictors of GDM and
preeclampsia.

2. Introduction of the scoring allows objectifying the
risk of GDM and preeclampsia as early as at the first
pregnancy visit.

3. Use of the «Red corridor» strategy (sum of points)
ensures early start of the patient-specific prevention
and interdisciplinary monitoring, which is a must for
better perinatal outcomes.

The results confirm the hypothesis of the pathoge-
netic association between early carbohydrate metabo-
lism disorders and obstetric complications. The risk of
preeclampsia (OR=2.295) established in this study is in
line with the global data [3,4]. The key observation is
that metabolic predictors (glucose > 4.8 mmol/L, HbAlc
> 5.51 %) are diagnosed at the very first visit.

The current use of OGTT at 24-28 weeks of preg-
nancy is the golden standard of diagnostics; however,
it is too late for prevention. High rates of C-section in
the main group (69.3 %) is a result of delayed diagno-
sis. Given the high accuracy of the combined model
(AUC=0.849), we propose to introduce risk scoring.
Patients with a combination of factors (age > 30, BMI
> 25, glucose > 4.5) should have patient-specific pre-
vention, and therapy should be initiated as early as
10-12 weeks of pregnancy.
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General And Primary Incidence
of Spondyloarthritis Among the Adult Population
of The Orenburg Region in 2019-2023

PesloMe
Ll,enblo unccnegosaHuaA ABMAOCb MsyquMe rnokasaTenemn 06u.|,e17| n I'IepBVI'-IHOI‘/’I 3ab6on1eBaeMoCTn CHOHAMnoaprMTaMM, BK/1lO4anA aHKVInO3I/Ipy}0LIJ,VII7I

cnoHanmmt (AC) n ncopuatuyeckuii aptpuT (McA), cpeam B3pocioro HaceneHus OpeH6yprckoit o6actv B nepuog ¢ 2019 no 2023 rr. MaTepuansi
1 MeToAbl. [IpoaHann3npoBaHbl OT4ETHbIE GOPMbI peAepanbHOro cTaTUucTuyeckoro HabatogeHns N2 12 «CeegeHus o yncae 3aboneBaHui, 3aperu-
CTPMPOBaHHbIX Y NMaLVEHTOB, MPOXMBAIOLMX B paiioHe 06CyMBaHWUA MeAULIMHCKON opraHusauum» B nepuog ¢ 2019 no 2023 roabl cpeam B3pocsio-
ro Hacenenus OpeHbyprckoit 061acTy, € oLeHKoM 06Liel U NepBUYHON 3a60/1€Bae@MOCTM BCEl IPYNMbl 60/1e3HE KOCTHO-MbILLEYHOWN CUCTEMBI U CO-
€AVNHUTENbHOW TKaHW, B TOM YMC/1e CMOHAWIOMNATUI, BK/IIOYAIOLNX aHKUNO3UPYIOLLNIA CMIOHANANT, U 601€3HEN KOXM U MOAKOXKHON KAeTHaTKM, B TOM
4yncae NcopuaTUIeCKnii apTpuT. PesyabTaThbl. 3a UcCiesyeMblii NepUog Cpesm B3pocaoro HacesieHns OpeHBYprckolt 061acTv ycTaHOB/eHa TEHAEH-
LiMA K MOBBILLEHUIO KaK 06LUeil, TaK 1 NepBUYHON 3a60/1€BaeMOCTN 60/1€3HAMU KOCTHO-MbILLIEYHON CUCTEMbI U COEAMHUTEIbHON TKaHW U CMOHAWO-
natuamm B 2023 rogy no cpaBHeHuto ¢ 2019 rogom. B nepurog ¢ 2020 no 2022 rr. 3apMKCMPOBAHO CHUXEHMe 3TUX NoKa3aTenei. [uHaMunka obuyen
3abonesaemMoctu AC 6bin1a HeoaHO3HauHOW: B 2019 rogy oHa 6bis1a Bbiwwe, 4eM B 2023 rogy. MNepBuyHas 3a6oneBaeMoctb AC HapacTana k 2023 rogy.
OTMeYyeHa TeHAEHLMSA K yBeIMYEeHMIo 061Lell 1 nepBUYHO 3a601eBaeMOCTH 601€3HAMM KOXM 1 NOAKOXKHOM KneT4aTky 1 McA B 2023 rogy B cpaBHe-
HWM ¢ 2019 r., NpY CHMKEHWUM AaHHOTO NoKasaTens B nepuoA naHgemun ¢ 2020 no 2022 roapl. BoisiBneH psag 0cO6eHHOCTeN Npy CPaBHEHMM MOKasa-
Teneli obLeit M NepBUYHOM 3ab601eBaeMOCTN 60/1€3HAMU KOCTHO-MbILIEYHOM CUCTEMbI M CO@AUHUTENbHOM TKaHK, croHaunonatuamm, AC, 6onesHamm
KOMMW U MOAKOMHOW KneTyaTku, MNcA B Openbyprckoi o6actu u B Poccuiickon ®egepauuu (P®). 3akatouenue. MNosyyeHHbIe AaHHbIE ONpeaenaoT
Heob6X0ANMOCTb NPOBEAEHNA Aa/NbHENLLMX SMUAEMUONOTMYECKUX UCCIEA0BAHMI B OTHOLLIEHUM aKCUa/bHbIX CMOHANI0apTPUTOB, ONTUMM3ALUM A1a-
FHOCTUKMW, MOHUTOPUPOBAHMNA U TeYeHNA 3TUX 3aboneBaHuin.

Knro4deBble cnoBa: ankunosupyrowuii cnoHdunum, ncopuamudeckuil apmpum, 06Was u Nepeu4Has 3a60/1€8aeMoCMb, 601€3HU KOCMHO-MbiWeY-
Holi cucmeMbl U coeouHUMeNbHOU MKaHU, 60ae3Hell KOXKU U NOOKOXKHOU Kaemyamxu
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Abstract

The purpose of the study was to investigate the indicators of general and primary incidence of spondyloarthritis, including ankylosing spondylitis and
psoriatic arthritis, among the adult population of the Orenburg region during the period from 2019 to 2023. Materials and Methods. The reporting
forms of federal statistical monitoring No. 12 “Information on the number of diseases registered in patients residing in the service area of the healthcare
organization” were analyzed for the period from 2019 to 2023 among the adult population of the Orenburg region. This analysis assessed the general
and primary incidence of the entire group of diseases of the musculoskeletal system and connective tissue, including spondyloarthropathies, such as
ankylosing spondylitis, as well as skin and subcutaneous tissue diseases, including psoriatic arthritis. Results. During the study period, a trend was
established among the adult population of the Orenburg region for an increase in both the general and primary incidence of musculoskeletal system
and connective tissue diseases, as well as spondyloarthropathies, in 2023 compared to 2019. From 2020 to 2022, a decrease in these indicators was
recorded. The dynamics of the general incidence of ankylosing spondylitis (AS) were ambiguous: it was higher in 2019 than in 2023. The primary
incidence of AS increased by 2023. There was a noted trend toward an increase in the overall and primary incidence of skin and subcutaneous tissue
diseases and psoriatic arthritis (PsA) in 2023 compared to 2019, with a decrease in this indicator during the pandemic from 2020 to 2022. Several
differences were identified when comparing the indicators of overall and primary incidence of musculoskeletal system and connective tissue diseases,
spondyloarthropathies, AS, skin and subcutaneous tissue diseases, and PsA between the Orenburg region and the Russian Federation. Conclusion.
The obtained data underscore the necessity for further epidemiological studies concerning axial spondyloarthritis, as well as the optimization of
diagnosis, monitoring, and the progression of these diseases.

Key words: ankylosing spondylitis, psoriatic arthritis, general and primary incidence, musculoskeletal system and connective tissue diseases, skin and
subcutaneous tissue diseases
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Background
9 among other chronic diseases [1, 2]. First and foremost,

Currently, diseases of the musculoskeletal system  these are chronic inflammatory pathologies involving
and connective tissue (MSCD) are one of the most sig-  the spine, peripheral joints, enthesis, and extraskeletal
nificant social and economic problems, ranking highly =~ manifestations associated with axial spondylarthritis [3].
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Given that this pathology is typical for young and active
working age and is often the main cause of temporary
and permanent disability [4], and in the majority of cases
it requires expensive drug therapies [5], the study of the
incidence and incidence is one of the most important
problems in the modern rheumatology.

Recently, general rise in the incidence of the main
types of axial spondylarthrites, i.e. ankylosing spondy-
litis and psoriatic arthritis, has been observed [6]. AS is
included in category XIII “Diseases of the musculoskel-
etal system and connective tissue”, section “Spondylopa-
thies”; PsA — category XII “Diseases of the skin and sub-
cutaneous tissue” (S&STD), section “Psoriasis”

The data on the incidence of this pathology are
ambigous: in 2019, the global incidence of MSCD was
18,407.49 per 100 000 people [7]; in Russia in 2019-
2023, this figure was 13,068.6 per 100 000 people [8].
The total incidence of individual disease entities of
axial spondylarthritis also varies and is not always pre-
sented under the widely recognised statistical methods.

For example, AS incidence in Europe was 23.8 per
100,000 people, in Asia — 167 per 100,000 people [9,
10, 11]. Statistical reports issued by the Ministry of
Health of Russia do not present any data on the total
and primary incidence of AS in Russia since it is
included into the subsection “Spondylopathies”, the
total incidence in which in 2019-2023 was 93.2 per
100,000 people [8]. As far as PsA is concerned, the sys-
tematic review and meta-analysis by Stephanie Lembke
et al. (2024) reported the total global PsA incidence to
be 112 per 100,000 adults: in Europe — 188, Asia — 48,
North America — 133, and South America — 17 per
100,000 people [12]. According to the data from the
Russian authors, the total incidence of diseases of
the skin and subcutaneous tissue, including PsA, was
5,287.7 per 100,000 people, while the total incidence of
PsA is 14.3 per 100,000 people [13], which is signifi-
cantly lower than the global data.

Without doubt, available statistical data on the inci-
dence of such a significant pathology in Russia cannot
fully present the social scope of the problem, since there
are almost no data on individual regions, particularly
the Orenburg Region. According to the data from the
only study conducted by Begun D.N. in 2015, the total
incidence of MSCD in the Orenburg Region in 2000-
2013 was 15,024.4 per 100,000 people, while the average
incidence of AS was 35.5 cases per 100,000 people. There
are no data on the number of PsA cases [14]. The author
mentioned the rise in the incidence of MSCD and AS in
general. It was typical of the total incidence of AS with a
drop in primary cases. The author drew a conclusion on
the effect of chronic patient accumulation, their longer
life expectancy with the prevention of new cases, which
can be an explanation to the results. Unfortunately, there

are no other data on the incidence of axial spondylarthri-
tis, including AS, in the Orenburg Region.

Therefore, the objective of the study was to review
the total and primary incidence of spondylarthritis,
including ankylosing spondylitis and psoriatic arthritis,
among the adult population in the Orenburg Region in
2019 to 2023.

Materials and methods

We analysed report forms No. 12 of the federal sta-
tistical monitoring “Information on the number of
cases registered for the patients in the area of the medi-
cal organisation’s location” for the period from 2019 to
2023 among the adult population of the Orenburg
Region, and review the total and primary incidence of
all diseases of the musculoskeletal system and connec-
tive tissue, including spondylopathies, which include AS;
and diseases of the skin and subcutaneous tissue, as well
as PsA among adults. According to the annual statisti-
cal reports under form No. 12 of the Ministry of Health
of the Orenburg Region, the information on PsA related
to PsA together with skin psoriasis; therefore, an assess-
ment of the incidence of psoriatic arthritis included only
the mentioned cases. The data were compared to the
Russia-wide results taken from similar statistical sources
of the Ministry of Health of the Russian Federation on
the total and primary incidence among the adult popula-
tion in Russia in 2019 to 2023.

The absolute values in report form No. 12 were
used to calculate the total and primary incidence per
100,000 adults in the Orenburg Region; and the common
formulae were used [15]. The total and primary incidence
per 100,000 adults were taken into account. The rate of
increase and reduction of the values were reviewed. The
non-parametric Wilcoxon test was used to evaluate the
differences (p) between the total and primary incidence
values. Differences were considered statistically signifi-
cant at p < 0.05. IBM SPSS Statistics V27 package was
used for statistical data processing.

Results

According to the results (Table 1), the total incidence
of diseases of the musculoskeletal system and connec-
tive tissue among the adult population of the Orenburg
Region tended to rise: in 2019 — 20,974.1, in 2020 —
15,754.9,in 2021 — 15,904.1, in 2022 — 18,097.5, and in
2023 — 33,128.5 per 100,000 adults; the rate of increase
vs. 2019 was 57.9 % (p=0.3).

The total incidence of spondylopathies was: in 2019 —
101.7,in 2020 — 99.8,in 2021 — 102.6, in 2022 — 104.4,
in 2023 — 166.3 per 100,000 adults, and the rate of
increase was 63.5 % vs. 2019 (p=0.29) (Table 1).
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Changes in the total incidence of AS was ambiguous
(Table 1).In 2019, it was 51.02, in 2020 — 52.3,1in 2021 —
53.02,1in 2022 — 44.3, in 2023 — 50.9 per 100,000 adults,
meaning a reduction of -0.2 % in 2023 vs. 2019 (p=0.4).

The primary incidence of MSCD also clearly tended
to rise within the group: in 2019 — 5,365.7, in 2020 —
3,084.3,in 2021 — 4,091.6, in 2022 — 4,737.9, in 2023 —
8,538.6, with the rate of increase being 59.1% vs. 2019
(p=0.28) (Table 2).

However, the trends of statistical data on spondy-
lopathies varied: in 2019, the primary incidence was
28.6 per 100,000 people; in 2020, it dropped to 19.3; then

it increased annually, and in 2023 it was 36.9, with the
rate of increase being 29.1 % vs. 2019 (p=0.4) (Table 2).

A similar trend was observed for the primary inci-
dence of AS:in 2019 — 5.5,in 2020 — 3.3,in 2021 — 3.8,
in 2022 — 4.6, in 2023 — 7.2 per 100,000 people; while
the rate of increase was 30.9 % vs. 2019 (p=0.3) (Table 2).

As far as the total incidence of S&STD is concerned,
in 2019, it was 4,380.1, in 2020 — 3,207.1, in 2021 —
3,529.6, in 2022 — 3,427.7, in 2023 — 5,087.6 per
100,000 people. The rate of increase in the total incidence
in 2023 was 16.2% vs. 2019, while of the primary inci-
dence — 23.9% (p=0.25) (Table 3).

Table 1. The total incidence of diseases of the musculoskeletal system, spondylopathies and AS among the adult population

of the Orenburg region for 2019-2023 (the number of patients per 100 thousand population)

MSD Spondylopathies AS
Years/Nosology
Absolute values | per 100 thousand | Absolute values | per 100 thousand | Absolute values | per 100 thousand
2019 222367 20974,1 1078 101,7 541 51,02
2020 169460 15754,9 1074 99,8 563 52,3
2021 168864 15904,1 1090 102,6 563 53,02
2022 194556 18097,5 1122 104,4 476 44,3
2023 338397 33128,5 1699 166,3 520 50,9

Notes: MSD — Musculoskeletal and connective tissue diseases, AS — ankylosing spondylitis

Table 2. The primary incidence of diseases of the musculoskeletal system, spondylopathies and AS among the adult
population of the Orenburg region for 2019-2023 (the number of patients per 100 thousand population)

MSD Spondylopathies AS
Years/Nosology
Absolute values | per 100 thousand | Absolute values | per 100 thousand | Absolute values | per 100 thousand
2019 56887 5365,7 303 28,6 58 5,5
2020 33174 3084,3 208 19,3 36 3,3
2021 43444 4091,6 247 23,3 41 3,8
2022 50935 4737,9 301 27,9 50 4,6
2023 87219 8538,6 377 36,9 73 7,2

Notes: MSD — Musculoskeletal and connective tissue diseases, AS — ankylosing spondylitis

Table 3. The total incidence of diseases of the skin and subcutaneous tissue and PsA among the adult population
of the Orenburg region for 2019-2023. (the number of patients per 100 thousand population)

DSST PsA
Years/Nosology
Absolute values per 100 thousand Absolute values per 100 thousand
2019 46437 4380,1 264 24,9
2020 34496 32071 265 24,6
2021 37477 3529,6 215 20,2
2022 36849 3427,7 212 19,7
2023 51968 5087,6 327 32,1

Notes: DSST — diseases of the skin and subcutaneous tissue, PsA — psoriatic arthritis
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Table 4. The primary incidence of skin and subcutaneous tissue diseases and PsA among the adult population
of the Orenburg region for 2019-2023. (the number of patients per 100 thousand population)

DSST PsA
Years/Nosology
Absolute values per 100 thousand Absolute values per 100 thousand
2019 31134 2936,6 51 4,8
2020 23735 2206,7 41 3,8
2021 25825 2432,3 21 1,9
2022 28000 2604,5 10 0,9
2023 37187 3640,5 63 6,6

Notes: DSST — diseases of the skin and subcutaneous tissue, PsA — psoriatic arthritis

The total incidence of psoriatic arthritis in the Oren-
burg Region gradually decreased from 2019 (24.9) to
2022 (19.7), with the rate of decrease of 20.8 %. However,
in 2023, the figure reached 32.1 per 100,000 people; this
is 28.9 % higher than in 2019 (p=0.37) (Table 3).

The primary incidence of diseases of the skin and
subcutaneous tissue (Table 4) in 2019 was 2,936.6, in
2020 — 2,206.7,in 2021 — 2,432.3,in 2022 — 2,604.5, in
2023 — 3,640.5 per 100,000 people. The rate of increase
in the primary incidence in 2023 was 23.9 % (p=0.4) vs.
2019.

An analysis of the primary incidence of PsA in the
Orenburg Region also showed decrease in the figures
from 4.8 in 2019 to 0.9 in 2022, i.e. by 81.3 %, with a
sharp increase of 6.6 per 100,000 adults in 2023. The rate
of increase in 2023 was 37.5% vs. 2019 (p=0.2) (Table 4).

Discussion

The objective of this study was to review the total
and primary incidence of spondylarthrites, including
AS and PsA, among the adult population of the Oren-
burg Region in 2019-2023. The objective is of interest
due to the potential severity and debilitating effect of this
pathology and the need to plan both diagnostic measures
and monitoring of the disease, and therapy with expen-
sive antiinflammatory drugs, including genetically engi-
neered biologic drugs and target basic agents, in accor-
dance with the available clinical guidelines [16].

The results of this study were based on the analysis of
statistical reports of the Ministry of Health of the Oren-
burg Region and the calculation of the absolute values
for the total and primary incidence of MSCD, taking
into account spondylopathies, particularly AS, as well as
S&STD and PsA together with psoriasis.

In general, over the period of the study, there was a
trend towards higher incidence of MSCD and spondy-
lopathies among the adult population of the Orenburg
Region in 2023 vs. 2019.

In 2020-2022, the total incidence of MSCD and
spondylopathies dropped, reflecting a clear impact of
the COVID pandemic [17]; therefore, it is not possible to
have an accurate estimate of the total incidence of MSCD
and spondylopathies.

Of note, the total incidence of ankylosing spondylitis
remained approximately the same in 2019-2023. Appar-
ently, it was caused by the need in medical care due to AS
severity as a result of chronic persistent immune inflam-
mation [18].

The primary incidence of MSCD and spondylopa-
thies was similar to their total incidence. Unlike the
total incidence, the primary incidence of AS was lower
during the COVID-19 pandemic, and increased by 2023.
Despite the fact that the data on the rates of increase
(decrease) over the period in question were unreliable, it
is worth mentioning a relatively high rate of the increase
both in the total and primary incidence of MSCD, spon-
dylopathies and AS in 2023.

The most probable cause of this trend is an increased
need in therapeutic and diagnostic measures for these
patients after the COVID-19 pandemic, as well as accu-
mulation of chronic patients and longer life expectancy
[14]. An increase in the primary incidence of AS may
show the higher efficiency of diagnostic measures.
Therefore, the data on the primary incidence of anky-
losing spondylitis in 2019-2023 differ from the data for
2000-2013 [14], where the incidence dropped.

When discussing the incidence of diseases of the skin
and subcutaneous tissue as well as psoriatic arthritis, a
similar trend should be mentioned in the primary inci-
dence of S&STD and PsA in 2023 vs. 2019, with a decrease
in the figures during the pandemic (2020-2022). It may
correspond to the mentioned assumptions on seeking
medical care and peculiar compliance of patients with
PsA [19, 20].

A comparison of the data on the total incidence
of MSCD in Russia and the Orenburg Region shows
significantly higher figures in the Orenburg Region:
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in Russia — 14,696.8 and 14,934.0 per 100,000 adults in
2019 and 2023, respectively; in the Orenburg Region —
20,974.1 and 33,128.5 per 100,000 adults in 2019 and
2023, respectively. Similar data were reported on the
primary incidence of spondylopathies: in Russia —
102.5 and 92.2 per 100,000 adults in 2019 and 2023,
respectively; in the Orenburg Region — 101.7 and
166.3 per 100,000 adults in 2019 and 2023, respectively.

It is not possible to compare the incidence of AS in
the Orenburg Region and Russia due to unavailability of
the data in statistical reports of the Ministry of Health
of Russia.

Similar data were observed for the total incidence of
PsA: in Russia — 14.2 and 14.7 per 100,000 people in
2019 and 2023, respectively; in the Orenburg Region —
24.9 and 32.1 per 100,000 people in 2019 and 2023,
respectively.

An increase in the primary incidence of MSCD and
AS was reported both in Russia and the Orenburg Region.
Interestingly, the primary incidence of PsA in Russia
tended to decrease, making 2.4 in 2019 and 2.06 in 2023,
unlike the Orenburg Region. where it increased signifi-
cantly (Table 4).

These observations might have been a result of the
rigorous work of the rheumatological service regarding
the awareness and understanding the pathogenesis of
spondylarthritis, facilitated by the regular educational
initiatives in the region, as well as availability of geneti-
cally engineered biologic drugs.

Conclusion

The total incidence of diseases of musculoskeletal
system, spondylopathies and PsA among the adult popu-
lation of the Orenburg Region tended to increase over the
period from 2019 to 2023. There was also a trend towards
decrease in the total incidence and increase in the pri-
mary incidence of AS. In general, the dropping inci-
dence of MSCD and spondylopathies in 2020-2021 was
reported during the COVID-19 pandemic. Comparison
of the analysed parameters of the incidence of MSCD,
spondylopathies, AS, and PsA with the correspond-
ing figures for Russia shows their significant increase
in the Orenburg Region. The reported data necessitate
further epidemiological studies of axial spondylarthritis
as a burning interdisciplinary issue (rheumatology and
internal medicine); optimisation of diagnosis, monitor-
ing and management of these conditions.
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OLUEHKA BAMAHUA TIOAUMOPOU3MA A1166C

FEHA AGTR1 HA ®OPMUPOBAHUE KOMOPBUAHON
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C AHKAO3UPYIOIIMM CIIOHAUAUTOM
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E.S. Ageeva, A.V. Petrov

Department of Internal Medicine N2 2 The Order of the Red Banner of Labor
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Assessment of The Effect of The A1166C
Polymorphism of The AGTRI Gene on The Formation
of Comorbidity Associated with Cardiovascular Risk
in patients with ankylosing spondylitis

Pestome

AHKMN03MpyoWwmii cnoHamamt (AC) — 3TO XPOHWUYeCKOe BOCManuTebHOe 3a60/1eBaHye, XapaKTepu3yioleecs NOpaXeHNeM aKcuabHOro cKese-
Ta, nepudepryecKknx CycTaBoB U OKONOCYCTaBHOrO annapaTa, MaHudecTauueln CUCTEMHbIX NMPOABNEHUI C NPeNMYLLECTBEHHbIM BOB/IEYEHUEM CO-
cyamncToin 060104KM FNasa, KOXK C pasBuTMeM ncopuasa u KuweyHvka. [na AC xapaktepeH 6onee paHHWI1 Ae6l0T apTepuanbHON runepTeHsun
(AT), a Take accoLmmnpoBaHHbiii ¢ Al 60/1ee BbICOKUI YPOBEHb KapAanoBackyaapHoro pucka (KBP). SHaoTennansHas AMCGYHKLMA KaK HayanbHbIM
3Tan pasBUTUA CePAEYHO-COCYANCTbIX 3aboneBaHnii (CC3) MOXKeT BO3HMKATbL BCIeACTBUE aKTVBALMM NPOrOPMOHA PEHUHA W BbICOKOW aKTUBHOCTM
aHrvnoteHsmHa (Ang) Il. Ang Il yyacTByeT He TO/IbKO B Pery/sLumn apTeprasbHOro AaBNeHUs, HO U BbIMOJHAET reMOoNno3TUYeckme GyHKLWUM, B OCHOB-
HOM 3pUTPOMNO33 U MMeNoNo33. HecKo/IbKo Uccaef0BaHUIA MOKasaan CBA3b NOAMMOpPM3Ma reHa peLienTopa K aHrnoTeHsuny Il 1-ro tuna AGTR1
(1166A>C) c AT, Ba30KOHCTPUKLMEN M 3aePIKKOM HaTpWA B opraHusme. Ce0BaTe/IbHO, MOTEHLMANbHO BaXKHO OLL@HUTb POJIb O/IMFOHYKNEOTUAHOMO
nonvmopdusma (OHM) A1166C reHa AGTRT B KIMHUYECKON MaHWdecTauum AC, a TaKKe ero 3HayeHue B pasBuUTMU KOMOPBUAHOM naTosorum u Gop-
MupoBaHuu KBP, Bktovas Al. Llenb nccnepgoBaHuA: oLeHNTb BavsaHMe nonumopéeusma A1166C rena AGTRT Ha pa3BuTHe KOMOP6UAHON NaTonorum
n popmuposaHue KBP, Bkntoyas Al. MaTepuanbl u MeTogbl: B nccnegoBanmne 6b110 BrtoueHo 176 nauuneHToB ¢ gnarHosom AC. MNpoBoaunoch re-
HoTunupoBaHue noanmopdusma A1166C reHa AGTRT MeTO/0M NONMMeEpPa3HON LienHoN peakuyun. CTaTUCTUHECKUIA aHan3 NPOBOAWACA C UCMO/Nb-
30BaHueM KpuTepus Kpackena-Yonnuca. PesynbTatbl. Y naumeHToB C reHoTunom AA BbisiesieH 6os1ee BbICOKMIA nHAekc BASMI (Bath Ankylosing
Spondylitis Metrology Index) (p=0,024, p1v3=0,023)A Y romosurot CC puKkcmpoBanmch 60/1ee HU3KMe ypoBHM 3puTpoumTos (p=0,025, p2'3=0,02) nre-
Morno6uHa (p=0,031, p2v3=0,042), npu reHoTune AA — MeHbluee KoanyecTBo TpombouumTos (p=0,0001, p1v3=0,001). Bonbliee cogeprkaHune rawKo-
3bl 3aperucTpmposaHo y romosurot CC (p=0,0001, p,,=0,001, pm:0,0ZS), Tpuranuepugos — y rereposurot AC (p=0,038). Hanbosbwas yactora
JHTE3MTOB 3aperncTpupoBaHa AaA NaumeHToB ¢ reHotunom CC (pZB:O,OOG, p=0,015). ¥ reteposurot AC BbifiB/IeHa 60/bluas BCTpeYaeMocTb Al
(P1,2=0'05' p=0,025), ANCINNNAEMUN (p1'2=0,012, p2’3=0,006, p=0,03'|). CaxapHblii gnabeT 6bi/1 BbIIB/IEH TONIBKO CpeAM NaLmeHToB ¢ reHotunom CC
(p1v3=0,007, p=0,017). MopaxeHwne NoyeK Yalie onpesenanock y HocuTenen annens A (P1,3=0'015' p,,=0,004, p=0,023). BbisiB/IeHbI CTAaTUCTUYECKUE
pas/NnuMA B OTHOLUEHWUM YACTOTbI BbIAB/IEHUSA OTAe/bHbIX cTeneHeit Al (p=0,0001): y reteposurotr AC — 2 (AA 26 (27,1%); AC 4 (33,3%); CC 14
(24,1%)) n 3 cTenenm (AA 0 (0,0 %) npotue AC 2 (16,7 %) CC 0 (0,0 %), p, ,<0,001, p, ,=0,004). 3akntoueHue. MpoaeMOHCTPUpPOBaHo BanaHMe OHI
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1166A>C reHa AGTRT Ha popMupoBaHue Al, peryasaumio reMonossa, ypoBHU MeTaboIM4eCKnX nokasaTenen, FoKo3bl M IMNNA0B U aCCOLMMPOBaH-
HbIX MeTabosimyecknx 3abo1eBaHUiA B BUje caxapHOro AnabeTa, AUCIMNNAEMUN, MATOOMMU NOYeK y nauymeHTos ¢ AC.

Kntro4deBbie ca0Ba: ankunosupyrowuli cnoHdunum, apmepuansHas 2unepmen3us, oUCAUNUOEMUSs], MemaboauYecKull CUHOPOM, aH2UOMeH3UH-
npespawarowuti pepmerm (A1), AGTRT, nonumopgpusm 2eHos, A1166C
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Abstract

Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by damage to the axial skeleton, peripheral joints and periarticular
apparatus, manifestation of systemic manifestations with predominant involvement of the vascular membrane of the eye, skin with the development
of psoriasis and intestines. AU is characterized by an earlier onset of arterial hypertension (AH), as well as a higher level of cardiovascular risk (CVR)
associated with AH. Endothelial dysfunction as the initial stage of the development of cardiovascular diseases (CVD) can occur due to the activation
of the prohormone renin and high activity of angiotensin (Ang) Il. Ang Il is involved not only in the regulation of blood pressure, but also performs
hematopoietic functions, mainly erythropoiesis and myelopoiesis. Several studies have shown the association of AGTRT (1166A>C) angiotensin Il type
1 receptor polymorphism with hypertension, vasoconstriction, and sodium retention in the body. Therefore, it is potentially important to evaluate
the role of oligonucleotide polymorphism (SNP) A1166C of the AGTRT gene in the clinical manifestation of AS, as well as its significance in the
development of comorbid pathology and the formation of CVR, including hypertension. Aim: to evaluate the effect of the A1166C polymorphism
of the AGTRT gene on the development of comorbid pathology and the formation of CFS, including AH. Materials and methods: The study included
176 patients diagnosed with AS. Genotyping was carried out according to the A1166C polymorphism of the AGTR7 gene by the polymerase chain
reaction method (PCR). The statistical analysis was carried out using the Kruskal-Wallis criterion. Results: Patients with the AA genotype had a higher
BASMI (Bath Ankylosing Spondylitis Metrology Index) (p=0024, p, ,=0.023). CC homozygotes had lower levels of red blood cells (p=0.025, p, ,=0.02)
and hemoglobin (p=0.031, p, ,=0.042), while AA genotypes had lower platelet counts (p=0.0001, p, ,=0.001). Higher glucose levels were recorded in
CC homozygotes (p=0,0001, p,,=0,001, p1’2:0,025), triglycerides — in heterozygotes AC (p=0.038). The highest incidence of enthesitis was recorded
for patients with the CC genotype (p,,=0.006, p=0.015). High incidence of hypertension (p, ,=0.05, p=0.025), dyslipidemia (p, ,=0.012, p, ,=0.006,
p=0.031) was found in heterozygotes of AC. Diabetes mellitus was detected only among patients with the CC genotype (p,,=0.007, p=0.017). Kidney
damage was more often detected in carriers of the A allele (p13=0.015, p2,3=0.004, p=0.023). Statistical differences were found in the frequency of
detection of individual degrees of hypertension (p=0.0001): in heterozygotes of AC — 2 (AA 26 (27.1%); AC 4 (33.3%); CC 14 (24.1%)) and grade 3
(AA 0 (0.0%) versus AC 2 (16.7 %) CC 0 (0.0 %), p, ,<0.001, p, ,=0.004). Conclusion: The obtained results reveal a wide range of functions of the SNP
1166A>C of the AGTRT gene, extending beyond participation in the formation of hypertension, and include the regulation of hematopoiesis, metabolic
parameters, glucose and lipids in particular, and the formation of comorbid pathology in the form of diabetes mellitus, dyslipidemia, kidney pathology
in patients with AS, which determines the potential and feasibility of genotyping patients with AS with the identification of SNPs in order to personalize
approaches to pharmacotherapy of AS and monitoring these indicators in the presence of a risk of developing conditions associated with this SNP.
Key words: ankylosing spondylitis, arterial hypertension, dyslipidemia, metabolic syndrome, angiotensin converting enzyme (ACE), AGTR1, gene
polymorphism, A1166C (rs5186)
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AH — arterial hypertension, AxSpA — axial spondylarthritis, ACF — angiotensin converting enzyme, AS — ankylosing spondylitis, IBD — inflammatory
bowel disease, HSC — haematopoietic stem cells, DNA — deoxyribonucleic acid, IHD — ischaemic heart disease, CVR — cardiovascular risk, BMI — body
mass index, HDL — high-density lipoproteins, LDL — low-density lipoproteins, NSAIDs — non-steroidal anti-inflammatory drugs, NSAID gastropathy —
NSAID-associated gastropathy, KSD — kidney stone disease, SNP — single nucleotide polymorphism, PCR — polymerase chain reaction, RAAS — rennin-
angiotensin-aldosteron system, CRP — C-reactive protein, DM2 — type 2 diabetes mellitus, ESD — erythrocyte sedimentation rate, CVD — coronary
vascular diseases, SpA — spondylarthritis, ED — endothelial dysfunction, AGTRI — type 1 angiotensin II receptor, Ang II — angiotensin II, ASAS —
Assessment of SpondyloArthritis International Society, ASDAS-CRP — Ankylosing Spondylitis Disease Activity Score, BASDAI — Bath AS Disease
Activity Index, BASMI — Bath AS Metrology Index, HLA B27 — human leucocyte antigen B27, MAPK — mitogenic-activated protein kinase, VEGF —

vascular endothelial growth factor, VEGFR2 — VEGF receptor

Introduction

Ankylosing spondylitis (AS) is a chronic rheumatic
disorder, associated with the development of an inflam-
matory process in axial and peripheral joints and in peri-
axial structures, with systemic manifestations, related to
uvea involvement, such as uveitis and iridocyclitis, skin
conditions (psoriasis), and bowel inflammations. [1, 2].
Clinically, AS manifests as inflammatory back pain and
gradual progression of irreversibly restricted mobility in
the spine caused by ankylosis [3].

Patients with AS have earlier onset of arterial hyper-
tension (AH), as well as a higher cardiovascular risk
(CVR) resulting from AH [2, 3]. AH is a multigenic con-
dition and is triggered by an interaction of environmen-
tal and genetic predictors together with epigenetic fac-
tors. Rennin-angiotensin-aldosteron system (RAAS) is a
complex multiple-level mechanism, regulating vascular
tone, metabolic homeostasis, and water-electrolytic bal-
ance [4].

Endothelial dysfunction (ED) is associated with
vasoconstrictive, pro-adhesive, pro-thrombotic, prolif-
erative, and pro-inflammatory processes, which poten-
tiate atherosclerotic lesions and are an initial stage in
the development of cardiovascular diseases (CVDs) [5].
In individuals with AH, ED, which causes reduced NO
availability, impairs endothelium-dependent vasodila-
tion [6].

ED can be a result of (pro)renin receptor (PRR) acti-
vation and high angiotensin (Ang) II activity [7]. Renin
can interact with PRR, stimulating RAAS, catalysing Ang
I production [8], thus triggering activation of mitogenic-
activated protein kinase (MARK) pathways [9] in the
presence of V-ATPase, as well as Wnt/p-catenin pathway
regulation [10].

Studies of vascular reconstruction demonstrated that
Ang II intensifies angiogenic functions of progenitor
cells, which is mainly a result of elevated levels of vas-
cular endothelial growth factor (VEGF) and its receptor
VEGFR2. Excessive vascular permeability in the pres-
ence of Ang IT and VEGF can stimulate progenitor cell
transmigration to damaged areas and facilitate vascular
reparation [11].

Simultaneously intensified activity of the ACE/Ang
II/AGTI1R pathway slows down cardiovascular recon-
struction and postnatal vasculogenesis, at least partially

due to inhibition of the reparative functions of progenitor
cells. AGT1P activation by hypertensive concentrations
of Ang II reduced the number of circulating progeni-
tor cells in the experimental mice model and inhibited
their functions involved in vascular restoration, leading
to endothelial damage and impaired vascular regenera-
tion [12].

Of note, Ang II is involved not only in blood pres-
sure regulation, but it also has hematopoietic functions,
mostly erythropoiesis and myelopoiesis, which was dem-
onstrated with the help of angiotensin receptor blockers
in vitro or in the mice model of genetic deficit of angio-
tensin converting enzyme (ACE) [13, 14, 15]. ACE is
essential for normal hematopoiesis, while ACE inhibi-
tors increase the risk of anaemia [16].

Therefore, the study of type 1 angiotensin II receptor
(AGTR1I) gene is very important for the evaluation of the
risk of AH in patients with AS, including its participation
in vasculogenesis and hematopoiesis. A number of stud-
ies demonstrated the association between polymorphism
of AGTRI (1166A>C, rs5186) with AH, vasoconstriction
and sodium retention in the body [17, 18].

Therefore, it is potentially essential to assess the role
of polymorphism A1166C of the AGTRI gene in clini-
cal presentation of AS, as well as its significance for the
development of comorbidity and CVR, including AH.

Objective of the study: to assess the implications of
polymorphism A1166C of the AGTRI gene for the devel-
opment of comorbidity and CVR, including AH.

Materials and methods

The study enrolled 176 patients with confirmed
AS, who were admitted to the rheumatology ward of
N. A. Semashko Republican Clinical Hospital, Simfero-
pol, Crimea. Biological material (whole blood) was taken
from all patients upon admission. Patients were included
into the study group provided they had confirmed AS.
Inclusion criteria were: age of 18 to 55 years old; inpa-
tient and outpatient patients with verified AS, meeting
the modified 1984 New York criteria and classification
of the ASAS (Assessment of SpondyloArthritis Interna-
tional Society) experts issued in 2009; symptom duration
of under 20 years; informed consent; positive result for
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human leucocyte antigen (HLA) B27. Exclusion criteria:
lack of informed consent; age under 18 years old and
over 55 years old; symptom duration of over 20 years;
chronic grade III pulmonary heart disease; chronic
stage V kidney disease; hepatic failure; acute or chronic
infections; cancer; negative HLA-B27.

Information on comorbidities was retrieved from
medical records of previously hospitalised patients.

Over a half of all subjects were men (115 (65.3 %));
mean age was 44 [38; 49] years old; AS duration upon
enrollment was 11 [8; 20] years. Body weight index
corresponded to overweight (26.1 [24; 30] kg/m?).
Patients had high AS activity (BASDAI: 7.4 [6.8; 7.9],

ASDAS-CRP: 4.2 [3.8; 4.5]) and moderate dysfunction
(BASMI: 4.0 [3.0; 6.0]). Clinical blood count results
(Hb (141.0 [128.0; 151.0] g/L), WBC (7.1 [5.45; 8.82]
x10°/L), RBC (4.7 [4.3; 5.1] x10'/L), and platelets
(273.0 [231.5; 312.0] x10°/L) were normal, while ESR
(20.5 [10.0; 29.5] mm/h) and CRP (6.65 [2.85; 14.65]
mL/L) were over the reference range. As for metabolic
parameters, cholesterol (5.6 [4.6; 6.3] mmol/L) and LDL
(3.4 [2.7; 4.0] mmol/L) levels were higher than normal.
HDL, triglycerides, glucose, uric acid, creatinine, urea,
and iron were within the reference range. Clinical and
laboratory characteristics of patients enrolled into the
study are presented in Table 1.

Table 1. Clinical and laboratory characteristics of patients with ankylosing spondylitis

Characteristics

Patients with ankylosing spondylitis (n=176)

Male. abs. (%)
Gender
Female. abs. (%)
Age, full years
Duration of the disease, full years
BMI, kg/m?
BASDAI
ASDAS-CRP
BASMI
Haemoglobin, g/1
White blood cells, x10°/1
Red blood cells, x10'%/1
Platelets, x10°/1
ESR, mm/h
CRP, mg/1
Cholesterol, mmol/l
LDL, mmol/l
HDL, mmol/l
Triglycerides, mmol/l
Glucose, mmol/l
Uric acid, mcmol/l
Creatinine, mcmol/l
Urea, mmol/]

Iron, mmol/l

115 (65.3)
61 (34.7)
44 [38; 49
11 [8; 20]

26.1 [24; 30]
7.4 [6.8;7.9]
4.2 [3.8; 4.465)
4.0 [3.0; 6.0]
141.0 [128.0; 151.0]
7.1 [5.45; 8.82]
4.655 [4.3; 5.1]
273.0 [231.5; 312.0]
20.5 [10.05 29.5]
6.65 [2.85; 14.65]
5.6 [4.6;6.32]
3.425 [2.67; 3.995]
1.5 [1.28; 1.8]
1.24 [0.89; 1.715]
5.1 [4.5; 5.68]
307.0 [242.0: 422.5]
81.0 [70.4; 91.5]
5.01 [4.2; 5.94]

14.9 [11.3; 20.5]

Notes: Ankylosing spondylitis — AS, Body Mass Index — BMI, Bath AS Disease Activity Index — BASDAI, Ankylosing Spondylitis Disease Activity Score with calculation of
CRP — ASDAS-CRP, Bath AS Metrology Index — BASMI, erythrocyte sedimentation Rate — ESR, C-reactive protein — CRP, low-density lipoproteins — LDL, high-density

lipoproteins — HDL
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The majority of patients had X-ray stage IT AS (108
(61.4%)), while stage III and stage IV was diagnosed
in 30 (17.0%) and 34 (19.3%) patients, respectively.
X-ray changes in hip joints were absent in 30 (17.0 %)
patients; X-ray stage I, II, III, and IV was reported in 44
(25.0%), 74 (42.1%), 26 (14.8%), and 2 (1.1 %) patients,
respectively. Extraaxial manifestations were arthritis
(156 (88.6%)), enthesitis (100 (56.8%)), and dactyli-
tis (4 (2.3%)). Spondylitis as a manifestation of the late
clinical stage of AS was reported in 54 (30.7 %) patients.
Extraaxial manifestations were observed in 40 (22.7 %)
patients; eye disorders prevailed (30 (17.0 %)), mostly in
the form of uveitis (20 (11.4%)); psoriasis (18 (10.2 %)
and inflammatory bowel disease (6 (3.4 %)) were less
common.

Clinical characteristics of patients depending on
manifestations and progression of ankylosing spondyli-
tis are presented in Table 2.

The most common CVR-associated comorbidities
were dyslipidemia (90 (51.1 %) patients); AH (60 (34.1 %),
where stage II (34 (19.3%)), grade 2 (44 (25.0%)),
risk 3 (44 (25.0 %)) prevailed; obesity (38 (21.6 %)), and

hyperuricemia (20 (11.4 %)). GI disorders were reported
in 30 (17.0 %) patients, and NSAID-associated gastropa-
thy prevailed (18 patients (10.2 %)).

The clinical characteristics of patients with ankylos-
ing spondylitis with and without comorbidities are pre-
sented in Table 3.

The study was conducted at the Molecular Biology
Centre for the Shared Use of Scientific Equipment,
Vernadsky Crimean Federal University. Whole blood
of patients with AS was used to extract deoxyribonu-
cleic acid (DNA) with the help of DNA Express Blood
kit (Litekh, Russia) in accordance with the manufac-
turer’s instructions. Polymorphism A1166C of the
AGTRI gene was analysed using allele-specific PCR
kits (Litekh, Russia). Amplification products were
detected using horizonal electrophoresis with 3 % aga-
rose gel.

The study complied with the ethical principles of the
Declaration of Helsinki (2013). Patient genetic typing
was approved by the Local Ethics Committee at the Ver-
nadsky Crimean Federal University (Meeting Minutes
No. 8 of the Biomedical Committee dated 27.11.2025).

Table 2. Clinical characteristics of patients with ankylosing spondylitis

Characteristics

AS (n=176)

Sacroiliitis, the X-ray stage

-1

-1I
- III
-1v

Coxitis, the X-ray stage

-0
-1
-1I
- 11T
-1v

Arthritis

Enthesitis

Dactylitis

Spondylitis

Extraskeletal manifestations

Eye lesions
- uveitis
- iridocyclitis

- episcleritis
Psoriasis

Inflammatory bowel disease

0
108 (61.4 %)
30 (17.0 %)
34 (19.3%)

30 (17.0%)
44 (25.0%)
74 (42.1%)
26 (14.8%)
2 (1.1%)

156 (88.6 %)
100 (56.8 %)
4(2.3%)
54 (30.7 %)
40 (22.7%)

30 (17.0%)
20 (11.4%)
6 (3.4%)
4(2.3%)

18 (10.2 %)

6 (3.4%)
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Table 3. Comorbidities in patients with ankylosing spondylitis

Comorbidities

Patients with ankylosing spondylitis (n=176)

Arterial hypertension, abs. (%)
- stage
-1, abs. (%)
-2, abs. (%)
-3, abs. (%)
- degree
-1, abs. (%)
-2, abs. (%)
-3, abs. (%)
- risk
-1, abs. (%)
-2, abs. (%)
-3, abs. (%)
-4, abs. (%)

Dyslipidemia, abs. (%)

Diabetes mellitus, abs. (%)
Coronary heart disease, abs. (%)
Hyperuricemia, abs. (%)

Gout, abs. (%)

Gastrointestinal diseases, abs. (%)
- NSAID-gastropathy, abs. (%)
- Erosive gastropathy, abs. (%)
- GOUT/GOUT, abs. (%)

- Gastroesophageal reflux disease, abs. (%)

Kidney diseases, abs. (%)
- Chronic pyelonephritis, abs. (%)
- Urolithiasis, abs. (%)

Osteoporosis, abs. (%)

Obesity, abs. (%)

— Ist degree, abs. (%)

- 2nd degree, abs. (%)

- 3rd degree, abs. (%)
Overweight, abs. (%)
Body weight deficiency, abs. (%)

Smoking, abs. (%)

n=60 (34.1%)

16 (10.8 %)
34 (19.3 %)
10 (5.7 %)

14 (8.0%)
44 (25.0%)
2 (1.1%)

0 (0.0%)
8 (4.5%)
44 (25.0%)
8 (4.5%)

90 (51.1%)
4(2.3%)
6 (3.4%)

20 (11.4%)
6 (3.4%)

n=30 (17.0 %)
18 (10.2 %)
12 (6.8 %)
2 (1.1%)
2 (1.1%)

n=12 (6.8 %)
6(3.4%)
6(3.4%)

6(3.4%)

n=38 (21.6%)
26 (14.8%)
12 (6.8 %)

0 (0.0%)
44 (25.0%)
2 (1.1%)

18 (10.2 %)

The study was conducted in accordance with the ethi-
cal principles. All subjects signed the informed consent
forms for the participation in the study.

The data were analysed using IBM SPSS Statistics
27 package. The Shapiro-Wilk test was used to check the
normality of quantitative indicator distribution. Groups
were compared with the Kruskall-Wallis test. Results
were statistically significant at 0.05. The rate of qualita-
tive attributes was tested using the Pearson’s chi-square
test or Fisher’s test. Distribution was normal at p>0.1 if
the Kolmogorov-Smirnov test was used.

Study results

Patients with genotype AA had higher BASMI values
vs. allele C carriers (AA 5.0 [4.0; 6.0]; AC 3.0 [3.0; 7.0];
CC 4.0 [3.05 5.0], p=0.024, p, ,=0.023). At the same time,
homozygote of allele CC carriers showed significantly
lower RBC (AA 4.7 [4.3; 5.12] x10 */L; AC 5.29 [4.63;
5.6] x10 '?/L; CC 4.57 [4.38; 4.93] x10 */L, p=0.025,
p,,=0.02) and Hb levels (AA 143 [128; 152] g/L; AC
150 [141; 153] g/L; CC 140 [126; 143] g/L, p=0.031,
p,,=0.042); while AA homozygotes had lower platelet
counts (AA 252 [223; 297] x10°/L; AC 282 [236; 338]
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Table 4. Comparison of clinical and laboratory parameters in patients with ankylosing spondylitis and various variants
of single nucleotid polymorphism (SNP) A1166C AGTRI gene

298

AGTRI1 A-1166C

Signs P
AA (n=104) AC (n=14) CC (n=58)
Age, full years 43.0 [39.0-49.0] 46.0 [36.0-50.0] 44.0 [37.0-48.0] >0.05
8 (57.1%) 50 (67.6 %) 56 (63.6%)
Gender >0.05 >0,05
6 (42.9 %) 24 (32.4%) 32 (36.4%)
Duration of the disease, full years 11.0 [8.5; 18.0] 10.0 [5.0; 30.0] 13 [8.0;20.0] >0.05
BASDAI 7.4 [6.8; 7.8] 7.7 [7.4; 8.0] 7.4 [6.8;7.8] >0.05
ASDAS-CRP 4.2 [3.8;4.5] 3.9 [3.47; 4.6] 4.08 [3.8;4.4] >0.05
BASMI 5.0 [4.0; 6.0] 3.0 [3.0; 7.0] 4.0 [3.0;5.0] 0.024
p,,=0.023
BMI, kg/m?, Me (Q1-Q3) 26.8 [24.0; 31.6] 29.0 [25.25; 31.7] 25.7 [24.0;28.1] >0.05
White blood cells, x10°/1 6.86 [5.5; 8.81] 7.62 [6.49; 9.6] 7.6 [5.3; 8.69] >0.05
Red blood cells, x10'%/1 4.7 [4.3; 5.12] 5.29 [4.63; 5.6] 4.57 [4.38; 4.93] P=0.025
p,,=0.02
Platelets, x10°/1 252 [223;297] 282 [236; 338] 283 [254; 333] p=0.0001
p,,=0.001
Haemoglobin, g/1 143 [128; 152] 150 [141; 153] 140 [126; 143] p=0.031
p,,=0.042
ESR, mm/h 20 [10; 29] 27 [4; 36 20 [10; 30] >0.05
CRP, mg/1 8.0 [2.7; 16.0] 8.6 [6.1; 18.5] 5.2 [4.3;6.1] >0.05
Glucose, mmol/l 4.8 [4.36; 5.4] 5.4 [5.1; 5.95] 5.41[4.9;5.8] p=0.0001
p,,=0.001
p,,=0.025
Cholesterol, mmol/l 5.6 [4.6; 6.5] 6.3 [4.8;6.7] 5.3 [4.3;6.1] >0.05
LDL, mmol/l 3.5[2.9;4.2] 3.7 [3.0;4.8] 3.2 [2.6; 3.8] >0.05
HDL, mmol/l 1.5[1.3;2.1] 1.3 [1.0; 1.5] 1.6 [L.5; 1.8] >0.05
Triglycerids, mmol/l 1.3[0.9. 1.7] 1.5 [1.0; 4.1] 0.9[0.8; 1.2] 0.038
Creatinine, mcmol/l 80.7 [70.3; 100.0] 80.0 [64.7; 88.0] 81.3 [74.0; 87.1] >0.05
Urea, mmol/l 4.9[4.2;6.1] 5.4[4.9;5.9] 5.0 [4.0; 5.9] >0.05
Urea acid, mcmol/l 331.0 [262.0; 446.0] 311.8 [277.0; 346.0] 262.0 [217.0; 356.0] >0.05
Iron, mcmol/l 13.9 [11.7; 20.6] 16.4 [14.0; 29.5] 15.0 [10.7; 20.4] >0.05

Notes:

p,, — differences identified between AA and AC genotypes

p,,— differences identified between AA and CC genotypes

p,,— differences identified between AC and CC genotypes

Ankylosing spondylitis — AS, Body Mass Index — BMI, Bath AS Disease Activity Index — BASDAI, Ankylosing Spondylitis Disease Activity Score with calculation
of CRP — ASDAS-CRP, Bath AS Metrology Index — BASMI, erythrocyte sedimentation Rate — ESR, C-reactive protein — CRP, low-density lipoproteins — LDL,

high-density lipoproteins — HDL.
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x10°/L; CC 283 [254; 333] x10°/L, p=0.0001, p, ,=0.001).
As far as metabolic parameters are concerned, allele C
carriers demonstrated higher glucose concentration (AA
4.8 [4.36; 5.4] mmol/L; AC 5.4 [5.1; 5.95] mmol/L; CC
5.4 [4.9; 5.8] mmol/L, p=0.0001, p,,=0.001, p ,=0.025);
while AC homozygotes had lower triglycerides values
(AA 1.3[0.9, 1.7] mmol/L; AC 1.5 [1.0; 4.1] mmol/L; CC
0.9 [0.8; 1.2] mmol/L, p=0.038). There were no statisti-
cally significant differences in other clinical and labora-
tory results (Table 4).

Patients with genotype AC had the lowest rate
of enthesitis, while the highest enthesitis rate was
reported in patients with genotype CC (AA 56 (53.8%);
AC 4 (28.6%); CC 40 (69.0%), p,,=0.006, p=0.015).
There were no statistically significant differences in
extraaxial manifestations when genotypes were com-
pared (Table 5). Also, there were no statistically signifi-
cant difference in comparison groups as regards X-ray
stages of sacroilitis and coxitis and extraaxial manifesta-
tions of AS (Table 5).

Table 5. Comparison of clinical manifestations of ankylosing spondylitis depending on different variants

of the A1166C polymorphism of the AGTRI gene

AA (n=104) AC (n=14) CC (n=58) P p (total)
Clinical manifestations
Arthritis 94 (90.4 %) 12 (85.7 %) 50 (86.2 %) - >0.05
Enthesite 56 (53.8%) 4(28.6%) 40 (69.0 %) p,,=0.006 =0.015
Dactylitis 4(3.9%) 0(0.0%) 0(0.0%) - >0.05
Spondylitis 28 (28.0%) 4(28.6%) 22 (37.9%) - >0.05
Radiographic stage of sacroiliitis
11 62 (62.0%) 8 (57.1%) 38 (65.5%) -
111 18 (18,0 %) 4 (28,6 %) 8(13,8%) - p>0.05
v 20 (20,0 %) 2 (14,3 %) 12 (20,7 %) -
Radiographic stage of coxitis
0 18 (17,3 %) 2 (14,3 %) 10 (17,2 %) -
I 22 (21.2%) 4(28.6%) 18 (31.0%) -
11 46 (44.2%) 6 (42.9%) 22 (37.9%) , p>0,05
111 16 (15.4%) 2 (14.3%) 8 (13.8%) .
I\Y% 2 (1.9%) 0(0.0%) 0(0.0%) -
Extraskeletal manifestations
Extraskeletal manifestations 0 (0.0 %) 28 (21.5%) 6(23.1%) - p>0.05
Eye lesions 26 (25.0%) 4(28.6%) 10 (17.2 %) - p>0.05
- uveit 22 (22.5%) 4 (28.6%) 4(7.1%) - p>0.05
- iridocyclitis 14 (14.3 %) 2 (14.3 %) 4(7.1%) - p>0.05
- episclerite 4 (4.1%) 2 (14.3 %) (0.0 %) - p>0.05
Psoriasis 4 (4.1%) 0 (0.0%) (0.0%) - p>0.05
IBD 10 (10.0 %) 2 (14.3%) 6 (10.7 %) - p>0.05

Notes

* p,,— differences identified between AA and AC genotypes
P differences identified between AA and CC genotypes
ok

p, ,— differences identified between AC and CC genotypes
Inflammatory bowel disease — IBD.
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Table 6. Comparison of comorbid pathology depending on SNP A1166C of the AGTRI gene in patients
with ankylosing spondylitis

Comorbid pathology AA (n=104) AC (n=14) CC (n=58) P P (total)
AH 32 (37.2%) 8 (80.0%) 20 (35.7 %) p,,=0.05 =0.025
Dyslipidemia 52 (53.1%) 12 (85.7 %) 26 (46.4 %) p,,=0.012 0,031
p,,=0.006 o
CHD 4 (4.2%) 0 (0.0%) 2 (3.6 %) - p>0.05
DM 2 0(0.0%) 0(0.0%) 4(71%) p,,=0.007 =0.017
Hyperuricemia 16 (16.7 %) 0 (0.0%) 4 (7.4%) - p>0.05
Gout 6 (6.3%) 0 (0.0%) 0 (0.0%) - p>0.05
Renal lesions 10 (10.5 %) 2 (14.3 %) 0 (0.0%) p,,=0.015
p,,=0.004
. =0.023
- Chronic pyelonephritis 6 (6.3%) 0 (0.0%) 0 (0.0%) -
- Urolithiasis 4 (4.2 %) 2 (14.3 %) 0 (0.0%) -
Osteoporosis 2(2.1%) 0 (0.0%) 4(7.1%) - p>0.05
Smoking 10 (10.4 %) 4 (28.6%) 4 (7.4 %) - p>0.05
Notes

p,, — differences identified between AA and AC genotypes
p,,— differences identified between AA and CC genotypes
p,,— differences identified between AC and CC genotypes
Arterial hypertension — AH, coronary heart disease — CHD, type 2 diabetes mellitus — DM2.

Table 7. Comparison of the stage, degree and risk of arterial hypertension in patients with ankylosing spondylitis
depending on the SNP A1166C of the AGTRI gene

AA (n=104) AC (n=14) CC (n=58) P p (o61yee)
Stage
I 8(8.3%) 2 (16.7 %) 6 (10.7 %) -
11 16 (16.7 %) 6 (50.0 %) 12 (21.4%) - p>0.05
111 8(8.3%) 0(0.0%) 2(3.6%) -
Degree
1 6 (6.3%) 2 (16.7 %) 6 (10.3%) - =0.0001
2 26 (27.1%) 4(33.3%) 14 (24.1%) -
3 0 (0.0%) 2 (16.7 %) 0 (0.0%) p,,<0.001
p,,=0.004
Risk
1 0 (0.0%) 0(0.0%) 0(0.0%) -
2 4(4.0%) 0(0.0%) 4(7.1%) -
p>0.05
3 24 (24.0%) 6 (42.9%) 14 (25.0 %) -
4 4 (4.0%) 2 (14.3%) 2(3.6%) -
Notes

p,,— differences identified between AA and AC genotypes
p,,— differences identified between AA and CC genotypes
p,,— differences identified between AC and CC genotypes
Arterial hypertension — AH
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AC heterozygote demonstrated the highest rate
of AH cases (AA 32 (37.2%); AC 8 (80.0%); CC 20
(35.7%), p,,=0.05, p=0.025). In addition, this patient
group had the highest number of dyslipidemia cases (AA
52 (53.1%); AC 12 (85.7%); CC 26 (46.4%), p,,=0.012,
p,,=0.006, p=0.031). Diabetes mellitus was reported
only in patients with genotype CC (AA 0 (0.0%); AC
0 (0.0%); CC 4 (7.1%), p,,=0.007, p=0.017). Kidney
damage as a comorbidity was recorded in allele A carriers
(AA 10 (10.5%); AC 2 (14.3 %); CC 0 (0.0%), p, ,=0.015,
p,,=0.004, p=0.023). Also, homozygote of AA carriers
demonstrated higher rates of chronic pyelonephritis (AA
6 (6.3%); AC 0 (0.0%); CC 0 (0.0%)) and KSD (AA 4
(4.2%); AC 2 (14.3%); CCO (0.0%)). There were no sta-
tistically significant differences regarding other comor-
bidities (Table 6).

AC carriers demonstrated higher rates of grade 2
(AA 26 (27.1%) vs. AC 4 (33.3%); CC 14 (24.1%)) and
grade 3 AH (AA 0 (0.0%); AC 2 (16.7%); CC 0 (0.0%),
p,,<0.001, p,,=0.004). In general, intergroup differences
were statistically significant (p=0.0001). There were no
statistically significant differences in the rates of individ-
ual AH grades and risks between groups (Table 7).

Discussion

Currently, literature references do not report stud-
ies of the clinical parameters of AS and the associa-
tion with SNP A1166C of the AGTRI gene. As for the
clinical parameters, this study was the first to demon-
strate higher BASMI values in AA homozygote. More-
over, analysis of clinical manifestations of the disease
showed that CC genotype carriers had the highest rate
of enthesitis.

Assessment of laboratory parameters and comorbid-
ity manifestations yielded some interesting results.

ACE and RAAS are known to have an essential role in
blood pressure regulation. However, not less interesting
is the presence of ACE and local RAAS in bone marrow,
which impact the peptide chain contributing to haema-
topoiesis regulation. ACE is expressed over the entire
duration of hematopoietic tissue development [19]. Even
at the early stages of fetation, before blood circulation has
been established, local ACE production can be observed.
Local ACE is likely to facilitate the development of hae-
matopoietic stem cells (HSCs) and other haematopoietic
cells in the adult bone marrow.

AT1-mediated Ang II signalling is essential for
myeloid differentiation and functional maturation.
Pilot studies show that enzymatic activity of ACE can
be required to sustain haematopoietic homeostasis. For
example, ACE inhibition blocked haemangioblast expan-
sion and differentiation as endothelium or multipotent
haematopoietic precursors. In turn, ACE inhibition

significantly reduced the ability of the embryoid body to
produce haematopoietic colony-forming cells.

This study of patients with AS demonstrated for
the first time that SNP A1166C genotype CC of the
AGTRI gene caused lower RBC count and Hb and
higher platelet levels. Therefore, our study was the first
to show the differences in RBC and platelets production
depending on genetic variants of SNP A1166C of the
AGTRI gene, confirming genetic predisposition to lower
RBC and Hb levels and higher platelet values in patients
with genotype CC.

Ang II-triggered increase in oxidative stress, inflam-
mation and free fatty acid levels promotes B-cell dys-
function in patients with diabetes [20]. Various organs
have a role to play in regulation of glucose homeosta-
sis, including pancreas, adipose tissue, skeletal muscles,
and liver. It is worth noting that these organs have their
own local RAAS, the activation of which is associated
with diabetic pathology. It appears that RAAS activation
boosts effects of other pathogenic pathways, including
glucotoxicity, lipotoxicity and increased glycation, thus
leading to hyperglycaemia and insulin resistance [21,
22]. On the contrary, hyperglycaemia, hypercholesterol-
emia and insulin resistance can increase the activity of
RAAS components [23, 24].

In this study, allele C carriers had higher glucose
levels vs. homozygotes AA, while AA and AC genotype
carriers had higher triglyceride levels, again confirming
the role of RAAS in glucose and Hb regulation, having
the same genetics with SNP A1166C of the AGTRI gene.

When comorbidity of patients with AS was analysed,
the role of SNP A1166C of the AGTRI gene in the met-
abolic syndrome was demonstrated by a higher rate of
dyslipidemias in allele A carriers, particularly in hetero-
zygote AC carriers, while type 2 diabetes mellitus (DM2)
was reported only in genotype CC carriers.

During nephrogenesis, RAAS components demon-
strate high expression and play a vital role in the regu-
lar structure of kidneys and their physiological func-
tion [25]. In kidneys, Ang II is expressed in significantly
higher concentrations in the interstitial space. Local Ang
IT production can significantly affect kidney function by
changing glomerule haemodynamics, inhibiting sodium
excretion, and narrowing small arterioles [26]. More-
over, excessive RAAS activity directs pro-inflammatory
and profibrotic factors to damage kidneys [27], while
RAAS inhibition demonstrated efficiency in reducing
renal fibrosis.

According to available data [28, 29], it has been dem-
onstrated that the AGTRI gene contributes to chronic
kidney damage. This study also demonstrated higher
rates of renal pathologies in allele A carriers.

AGTIR activation by Ang II causes vasoconstric-
tion and boosts the activity of the sympathic nervous
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system. It results in elevation in BP and aldosterone
secretion, as well as heart hypertrophy and fibrosis.
Numerous studies report the association between poly-
morphism 1166A>C (rs5186) of the AGTRI gene and
arterial hypertension, vasoconstriction, and sodium
retention [30]. The study by Semianiv et al. identified
the association between allele C of the AGTRI gene
(rs5186) and AH severity. This study demonstrated a
higher rate of AH and more cases of grade 2 and 3 AH
in genotype AC carriers, underlining a higher probabil-
ity of AH development and higher severity of AH in
genotype AC carriers with AS.

Conclusion

The results do not suggest any significant impact of
SNP 1166A>C of the AGTRI gene on clinical manifes-
tations of AS, except for BASMI and the rate of enthesi-
tis. However, the results of the study demonstrated
intriguing data on the role of SNP 1166A>C of the
AGTRI gene in the hemapoiesis, namely reduced RBC
and Hb levels, and higher platelet counts in genotype
CC carriers.

Of special interest are the metabolic parameters:
high glucose values in allele C carriers and DM2 only
in homozygote CC. In turn, allele A was associated with
higher blood triglyceride concentrations and dyslipid-
emia, especially in heterozygote AC. It is worth noting
that allele A carriage was also associated with higher
rates of renal pathologies and AH, and their severity.

The results of the study uncover the vast spectrum of
functions of SNP 1166A>C of the AGTRI gene beyond
contribution to AH. The results include regulation of
hemapoiesis, metabolic mechanisms and comorbidities
in patients with AS. It shows the significance and viabil-
ity of genetic typing of patients with AS and identifying
SNP 1166A>C of the AGTRI gene in order to provide
patient-specific drug therapy of AS and monitor these
parameters in the presence of a risk of SNP-associated
conditions.
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Kikuchi-Fujimoto’s Disease on The Background of

Primary Immunodeficiency and Multiple Sclerosis:
A Clinical Case

Pesiome
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Abstract

For the first time, a combination of Kikuchi-Fujimoto's disease with general variable immune deficiency and multiple sclerosis has been described. The pa-
tient’s primary immunodeficiency, accompanied by frequent and severe exacerbations of chronic diseases, led to a protracted diagnostic search. The case
highlights the importance of timely morphological examination in persistent lymphadenopathy, even in patients with known immune disorders.

Key words: Kikuchi-Fujimoto’s disease, histiocytic necrotizing lymphadenitis, primary immunodeficiency, general variable immune deficiency; multiple
sclerosis
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Introduction

Kikuchi-Fujimoto disease (KFD) is a benign self-lim-
iting inflammatory disease characterised by histiocytic
necrotising lymphadenitis. The condition affects primar-
ily cervical lymph nodes (LNs); however, the pathologic
process can also involve axillary and inguinal LNs. Due
to the similarity of the clinical and anatomico-patholog-
ical presentation with lymphoproliferative disorders, the
primary diagnoses is often wrong; therefore, it is impor-
tant to raise awareness of this disorder among clinicians
and pathologists [1, 2].

Clinically, KFD manifests as painful lymphade-
nopathy (the main criterion for the diagnosis, which
is observed in all reported cases), fever and marked
weakness. The clinical presentation can include diar-
rhea, weight loss, dyspepsia, arthralgia, skin rashes, and
enlarged liver and spleen. In individual cases, the disease
is aggravated by aseptic meningitis or optic neuritis. Skin
manifestations can vary from simple papules to necro-
sis of individual keratinocytes, and are reported in 30 %
of cases. Histologic examination of affected skin of KFD
patients shows lymphohysteocytic infiltration of the
derma, nuclear disruption, mucin deposits, panniculitis,
and disrupted dermoepidermal junction. Clinical blood
analysis comes back normal; however, anemia, leukopae-
nia, leukocytosis, lymphocytosis, and slightly elevated
erythrocyte sedimentation rate can be reported [3-5].

The cause of the disease remains unclear. There is
no connection with the race; and the condition usually
manifests in individuals of 30 to 40 years of age. It is
assumed that the disease is triggered by Epstein-Barr
virus, human herpes virus 6 and 8, parvovirus B19,
cytomegalovirus, Yersinia enterocolitica, Toxoplasma
gondii, and Brucella. An infectious or non-infectious
trigger causes an immune reaction mediated by T-cells
and histiocytes. The viral origin is supported by elevated
levels of alpha-interferon and its stimulating agents, as

well as tubuloreticular structures in the cytoplasm of
stimulated lymphocytes, histiocytes, and vascular endo-
thelium. A favourable therapeutic response to tomino-
cycline, ciprofloxacin and ofloxacin in several clinical
cases proposes the possible pathogenic role of other
non-viral microorganisms, which are sensitive to anti-
microbial agents. There is a theory about an autoimmune
mechanism, since there are numerous patients with
autoimmune pathologies before, during, and after the
diagnosis of KFD is confirmed. Systemic lupus erythe-
matosus (SLE) is most common, assuming the existance
of common pathogenic links. The histological pattern of
lymphadenitis in SLE patients can resemble that of KFD;
however, the key distinguishing characteristic in SLE is
the presence of hematoxylin bodies. Moreover, KFD is
a self-limiting condition and is not a chronic pathology.
KFD can be associated with other autoimmune condi-
tions, e.g. primary Sjogren’s syndrome, Hashimoto’s thy-
roiditis, antiphospholipid syndrome, and hypersensitiv-
ity vasculitis [1-4, 6].

KFD is diagnosed on the basis of histological and
immunohistochemical examinations of a removed LN.

There are three stages of the disease:

1. Early (proliferative) stage: the paracortical layer
of histiocytes and plasmacytoid dendritic cells is
widened; the infiltrate incorporates lymphocytes
and karyorrhectic nuclear debris.

2. Intermediate (necrotic) stage: areas of necrosis
start appearing in the paracortex.

3. Late (xanthomatous) stage: foamy histiocytes
prevail, irrespective of the presence or absence of
necrosis [3, 6].

The complex histological pattern, which depends on
the stage of the disease, can make the diagnosis even
more challenging.

KFD regresses spontaneously within several months
and is associated with a favourable prognosis. Patients
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should be followed up for several years after recovery,
since 5% of cases relapse or show signs of an autoim-
mune pathology. There is no KFD-specific therapy, since
the evidence base is limited to the data from observa-
tional studies. In severe cases, symptomatic treatment
with non-steroidal anti-inflammatory drugs (NSAIDs)
with glucocorticosteroids is used [3, 6, 7].

A PubMed analysis as of 20.10.2025 using “Kikuchi-
Fujimoto disease” search returned 397 publications from
1996 to 2025, including 267 clinical cases; the rest are
literature reviews. It confirms that this pathology is quite
rare.

Clinical Case Report

Patient A., 42 years of age, has primary immunodefi-
ciency: general variable immunodeficiency (PID GVID),
and receives life-long therapy with human immunoglob-
ulin once a month. PID is caused by heterozygous muta-
tion in exon 6 chr4:102567013 c.285G>T, p.Lys95Asn
(NM_003998.4) of gene NFKBI. Immunodeficiency
resulted in frequent episodes of chronic tonsilitis; acute
respiratory viral infections were associated with linger-
ing cough.

The family history shows rheumatoid arthritis in her
mother and confirmed alopecia localis in her younger
daughter.

When she was 20 years of age, the patient com-
plained of facial numbness, headaches, and double
vision. NSAIDs had a short positive effect. Three years
later, magnetic resonance imaging (MRI) showed
areas of demyeliniation in the brain. The patient was
later diagnosed with multiple sclerosis (MS). She was
treated with interferon-beta-1b and vascular therapy,
and also attended exercise therapy sessions. Six years
later, MS progression was confirmed: she had lurch-
ing walk; brain and cervical spine contrast-enhanced
MRI showed multiple areas of demyeliniation of up to
11 mm in periventricular and supraventricular regions
and cerebellum. There was also a 9x4 mm area at the
C3-4 level in the spine. In order to manage the aggres-
sive progression of MS, autologous haematopoietic
stem cell transplantation (aHSCT) was performed
with BEAM modified immunosuppressure therapy.
The therapy was associated with grade IV neutrope-
nia (max. 0.2 ths/uL), grade IV thrombocytopenia
(max. 18 ths/pL), grade 2 hepatotoxicity (ALT 198 U/L,
AST 62 U/L, total bilirubin 30.8 umol/L).

Long after the transplantation, the patient had linger-
ing catarrhal diseases, which required regular antibacte-
rial therapy. She had frequent episodes of chronic bron-
chitis, tonsilitis, sinusitis, otitis, and maxillitis.

A follow-up MRI performed three years after the
aHSCT showed supraventricular areas of inactive demye-

linating disease. Blood immunoglobulin lab results dem-
onstrated lower immunoglobulin G (IgG) (291 mg/dL;
reference range: 900-1800 mg/dL); IgM values were
normal (226 mg/dL; reference range: 80-250 mg/dL);
IgA levels dropped to 5 mg/dL (reference range: 100—
350 mg/dL). An extended lymphocyte immunopheno-
typing with T-cell subpopulation identification returned
the following results: CD switch 0.9-2.7 %, CD4 1190,
CD8 810, CD19 430, NK 300, CD21low 5,3, CD transient
1.5-1.2. A comprehensive immunoassay aimed at the
restoration of the humoral and cellular components of
the immune system; facilitation of the decision whether
a replacement immunoglobulin therapy was required;
assessment the risks of infectious complications of PID
GVID; and MS therapy correction. These assays were
performed for the first time, since the initial levels of
blood immunoglobulins and lymphocyte subpopula-
tions were unknown.

From February 2023 to November 2024, the patient
had to interrupt her therapy with human immunoglobu-
lin. During this period, she had monthly penicillin anti-
microbials for frequent respiratory diseases. In Novem-
ber 2024, immunoglobulin therapy was resumed.

Due to regular catarrhal diseases and episodes of
chronic conditions, the patient was repeatedly admit-
ted to the allergology and immunology ward. During
one of the admissions in April 2024, polymerase chain
reactions for cytomegalovirus, Epstein-Barr virus, and
human herpes virus 6 returned negative results. Hel-
minthic involvement was excluded when negative
anti-parasite antibodies results were received. Immu-
noblotting for a wide range of antinuclear antibodies
was performed, which allowed excluding SLE, Sjogren’s
syndrome, systemic scleroderma, and other diffuse
connective tissue disorders. Besides, C3-complement
component levels dropped to 0.84 g/L with normal
C4-complement component values (0.178 g/L), which
is a sign of the classical complement pathway activa-
tion and can evidence the presence of an immunoin-
flammatory process of any other nature. A sputum
sample was tested for M. tuberculosis, the result was
negative. Peripheral LN ultrasound showed peripheral
lymphadenopathy.

In April 2025, when the patient was 42 years of age,
she noticed sudden marked enlargement of cervical LNs
on the left; fever of up to 38.5 degrees Celcius in the eve-
ning, difficulty in swallowing, and sore throat with pro-
dromes. Her GP prescribed levofloxacin; the therapy was
ineffective. Several days later, her LNs got enlarged on
the right side of the neck, these were painful to the touch;
and diarrhea appeared. The patient started amoxicillin
with clavulanic acid, with no effect.

Three months later, the patient started feeling very
poorly; she developed extreme weakness, haze, excessive
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Figure 1. Enlarged lymph nodes of the neck

Figure 2. Ultrasound examination of the lymph nodes
of the neck

Figure 3a. Hematoxylin and eosin staining x400.
Expansion of the paracortical zone with the formation
of foci of necrosis. The cellular infiltrate includes a mixed
cell population, including histiocytes with a virtually
complete absence of neutrophils and eosinophils.

sweat, dry mouth, polydipsia, and loss of appetite, where
she lost 10 kg of her weight. Over time, the LNs enlarged
even more and the patient started feeling as if her neck
skin was streched. Severe headaches appeared, with
NSAIDs therapy being of little to no use.

By September, the elevated body temperature was
observed immediately after awakening, with the high-
est values reaching 38.7°C with NSAIDs therapy. Since
the symptoms progressed and the patient’s condition
was resistant to the antibiotic treatment, the patient was
admitted to the allergology and immunology ward. Stool
test results: Escherichia coli 10° CFU/mL, Klebsiella oxy-
toca 10* CFU/mL, Candida albicans 10° CFU/mL. Tests
for acute enteric infection pathogens (Shigella spp, Sal-
monella, Campylobacter spp, Adenovirus F, Enterovirus,
Rotavirus grA, Norovirus G2, Astrovirus) came back
negative. Blood draw results showed an inflammatory
response; however, imaging examinations did not find
the focus of inflammation.

Since a malignancy was suspected, the patient was
consulted by a cancer specialist. On palpation, left and
right cervical LNs, left axillary LNs were enlarged up
to 3 cm, moderately painful and soft (Fig. 1). During
the consultation, another LN ultrasound was per-
formed, which showed the following results: cervi-
cal LNs: multiple on both sides, not tending to fuse,
impaired corticomedullary differentiation, ovoid, with
even contours, without hypervascularisation, up to
26x21mm on the right and up to 24x18 mm on the left.
Axillary LNs: individual on both sides, not tending to
fuse, preserved corticomedullary differentiation, ovoid,
with uneven contours, without hypervascularisation,
up to 25x14 mm on the right and up to 21x15 mm on
the left. Inguinal LNs: individual on both sides, not
tending to fuse, preserved corticomedullary differen-
tiation, ovoid, with even contours, without hypervas-
cularisation, up to 16x15 mm on the right and up to
14x16 mm to the left (Fig. 2).

As part of the differential diagnosis of the systemic
blood disease, an excision biopsy and histological exami-
nation of a cervical LN was performed, which showed
morphological signs of necrotising lymphadenitis. The
material was also sent for immunohistochemistry; the
changes correspond to necrotising lymphadenitis in
Kikuchi-Fujimoto disease (Fig. 3a, 3b, 3¢, 3d).

The clinical presentation and immunohistochemistry
results allowed diagnosis Kikuchi-Fujimoto disease.

It was decided to initiate the weekly symptom-
atic treatment with dexamethasone 12 mg, ascorbic
acid 10 mL, cytoflavin 10 mL, Reamberin 500 mL, and
omeprazole 40 mg. Since the clinical response to the
therapy was poor, daily IV injections of prednisolone
40 mg were introduced. After therapy correction, the
symptoms of the disease improved.
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Figure 3b. Enzyme immunoassay,
diffuse positive reaction with anti-
bodies to CD3 (magnification x100)

Table 1. Dynamics of laboratory parameters

"f

Figure 3c. ELISA reveals a positive
reaction in the form of isolated foci
with antibodies to CD20 (magnifica-
tion x100). Extensive areas of necto-
sis and infiltrate are unstained

Figure 3d. Enzyme immunoassay,
focal positive reaction with antibod-
ies to CD10 (magnification x100),
localized mainly in the germinal
centers of lymphoid follicles

Mark | 09.2024 09.2025 11.2025
Total IgG (900-1800 mg/dL) 370 mg/dL 963 mg/dL 928 mg/dL
Total IgM (80-250 mg/dL) 330 mg/dL 262,8 mg/dL 281 mg/dL
Total IgA (100-350 mg/dL) 20 mg/dL 0,001 mg/dL 1 mg/dL
Total IgE (up to 100 IU/ml) <1IU/ml - <1,00 ITU/ml
Hb (120-140 g/1) 143 g/l 118 g/l 115 g/l
PLT (179.00-403.00 10%/1) 255 x 10%/1 137 x 10%/1 132 x 10%1
Leukocytes (4.50-11.00 10°/1) 7,8 x 10°/1 1,94 x 10%/1 9,72 x 10°/1
Neutrophils (2.10-8.89 10°/1) 3,49 x 10%/1 0,86 x 10°/1 9,07 x 10%/1
Eosinophils (0.01-0.40 10°/1) 0,64 x 10°/1 0,0 x 10%1 0,0 x 10°/1
Basophils (0.00-0.07 10°/1) - 0,0 x 10%1 0,0 x 10%/1
Lymphocytes (1.26-3.35 10°/1) 3x10%1 0,93 x 10%/1 0,49 x 10%/1
Monocytes (0.25-0.84 10°/1) 0,62 x 10”/1 0,15 x 10%1 0,16 x 10%/1

ESR (0.00-30.00 mm/hour) 21 mm/hour

CRP (up to 5 mg/l) -

11,0 mm/hour 23 mm/hour

7,77 mg/1 0,19 mg/1

Note: Ig — immunoglobulins, Hb — hemoglobin, PLT — platelets, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein

Discussion

This clinical observation is a case of KFD in a patient
with multiple comorbidities. The main diagnostic chal-
lenge in this case was the history of PID and MS. From
an early age, the patient has had frequent infections and
chronic lymphadenopathy, and even being an adult, they
were treated as manifestations of PID or its complica-
tions. In turn, it resulted in a long-lasting diagnostic
search. This case demonstrates the importance of cancer
alertness in persistent lymphadenopathy resistant to
empiric antimicrobial therapy.

The analysed publications do not report any patients
with KFD and PID GVID or MS, evidencing the unique

nature of this clinical case. Vaidya H. et al. described
a case of a 35-year-old patient complaining of severe
abdominal pain, vomitting, general weakness, episodes
of fever, and joint pain both in legs and arms. Lab results
demonstrated marked anaemia, and abdominal ultra-
sound showed enlarged liver and delated portal and
splenic veins. The patient also complained of impaired
vision acuity. An ophthalmic examination revealed mul-
tiple cotton wool-shaped macules on the retina of both
eyes, haemorrhage in the left eye along the lower arcade,
areas of paracentral acute moderate macular retinopa-
thy to the right, while the left eye had a thickened outer
plexiform layer [8].
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The case of a 20-year-old patient described by
Gurung S. et al. reported standard clinical manifesta-
tions of lymphadenopathy, fever, and asthenia. Lab
results were within the normal range [9].

There are also numerous cases of disease manifesta-
tions following SARS-CoV-2 vaccination. For instance,
Ikeda K. et al. described a case of a 20-year-old patient
with progressing complains after vaccination. Lab test
results demonstrated leukopaenia, inflammatory syn-
drome, and elevated lactate dehydrogenase levels. G, A
and M immunoglobulins, C3 and C4 complement con-
centrations, and antinuclear antibody titer were normal.
SARS-CoV-2 PCR test was negative. Imaging examina-
tions revealed enlarged liver and spleen [10].

Identification of the precise trigger of KFD is rather
challenging; therefore, the causes of the disease remain
unknown. The theory of the association between KFD
and autoimmune diseases is common; however, in the
present case the specific markers of SLE and other dif-
fuse connective tissue disorders were negative; a history
of MS and a family history of autoimmune pathologies
evidence potential general susceptibility to immune dys-
regulation. This is in line with the theory of excessive or
inadequate immune response to various triggers (viral,
bacterial) in susceptible individuals.

An analysis of the reported cases and comparison
with the described clinical case assume that the classi-
cal presentation of KFD (lymphadenopathy, fever, and
asthenia) remains the same. However, the patient in
this case study had a more lingering and more severe
disease, caused by a long-lasting diagnostic search
and PID.

Conclusions

KFD is a very rare disease, which should not be
negated in the differential diagnosis of lymphadenopathy
and idiopathic fever. It can mimic lymphoma or systemic
autoimmune diseases, requiring mandatory morpho-
logical confirmation. Diagnosis of KFD can be particu-
larly challenging in patients with concomitant immuno-
deficiencies. This case study underlines the importance
of a multidisciplinary assessment of the clinical pre-
sentation and prompt biopsy in atypical or refractory
lymphadenopathy.

PID GVID and MS in the patient make possible an
assumption of the link between transcription factor pro-
tein dysregulation, autoimmune susceptibility, and KFD
development.

Despite the challenging diagnosing path, the KFD
prognosis remains favourable. The disease is self-limit-
ing and responds well to symptomatic therapy, including
glucocorticosteroids. This case demonstrates a favour-
able disease outcome even in a patient with severe KFD
and a severe comorbidity.

Therefore, higher KFD awareness among health-
care professionals and inclusion of the disease into the
differential diagnosis in patients with fever and lymph-
adenopathy allow timely diagnosis, prevent unneces-
sary tests and examinations, and ensure adequate treat-
ment.
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®epepanbHoe rocysapcTBeHHoe 61o/)KeTHOe HayYHOe yUpexaeHune
«Poccuniicknii LeHTp HeBpONOrnK 1 HelpoHayk», Mocksa, Poccus

XBATI-TIOAOBHA SI AIBUMMYHHAS
AEMUEAVMHU3UPYIONIA ST TOAMPAAUKYVAO-
HEMPOITATUS, ACCOLIMMPOBAHHA I C TEPAIIUEN
BPEHTVKCUMABOM (KAMHUYECKUM CAVYAN)

S.A. Zaitsevskaya, D.A. Grishina, N.A. Suponeva

Russian Center of Neurology and Neurosciences, Moscow, Russia

Brentuximab Vedotin-Induced CIDP-Like
Inflammatory Demyelinating Polyradiculo-
neuropathy (Clinical Case Report)

Pestome

BpeHTyKcMMab BefOTUH-MHAYLMPOBaHHAA AU3MMMYHHAA AeMUeIMHMU3MPYoLLas NOANPaAMKYIOHeNponaTha ABAAETCA PeJKUM HexenaTeNbHbIM
No6OYHbIM ABNEHMEM XMMWUOTEpPanuu, CBA3aHHbIM C MATONOMMYECKUM BAUAHMEM MpenapaTta Ha QpYHKLMOHUPOBaHWE FyMOpasbHOW UMMYHHOW
cuctembl. KamHuyeckas kapTuHa 3aboneBaHUA XapaKTepu3yeTCa MpOrpeccupytolMM pasBUTMEM BAJIOFO TeTpamnapesa M YyBCTBUTE/IbHbIX Ha-
PYLWeHWN MO MONNHEBPUTUYECKOMY TUMY, HEPEAKO MPUBOAALLUM K BbIpaXK€HHOMY HapyLIeHWIO KaueCTBa XU3HWU 1 MHBA/ZIMAN3ALMN NaLUEHTOB.
Pe3ynbTathbl Helipodusmonormieckoro obcnes0BaHNA NpecTaB/eHbl reHepasn30BaHHbIM NOPaXeHneM MOTOPHBIX U CEHCOPHbIX BOJIOKOH Mepu-
depuryeckmx HepBOB NEPBUYHO AeMUeIMHM3NPYIOLLEro XapaKTepa C HasmyneM 6710KOB NMpOBe/eHNA N0 MOTOPHbLIM BO/IOKaM HePBOB PYK B HETU-
MUYHBIX 418 KOMMpeccun MecTax U peHoMeHa ‘sural sparing pattern’. KnnHuko-aHaMHecTUYecKmne AaHHble U NMoKasaTem 06 beKTUBHBIX METO/0B
o6cnel0BaHNA CXOZHbI C KIMHUKO-HENPOPU3NONOrNYECKNM NaTTEPHOM, Hab/ito4aeMbiM MPU OCTPOM UM XPOHUYECKOW BOCNANUTE/IbHbIX AeMU-
e/IMHM3NPYIOWMX NOAMPaAUKyNOHeponaTuaX. BaxHol ocobeHHOCTbIO 3aboneBaHUA ABNACTCA MONOKUTE/bHBIA OTBET Ha CTaHAAapPTHYIO naTo-
reHeTMYeCKyIo Tepanuio aHa/sIorMYHO KNacCUYeCKUM AVN3MMMYHHbBIM NOANPaAMKY/IOHENpOonaThAM, KOTOpas BK/OYaeT r/IIOKOKOPTUKOCTEPOU b,
npenapaTtbl UMMYHOr106y/IMHOB YeNl0BeKa AR BHYTPUBEHHOIO BBEAEHMA U MeTO/bl IKCTPAKOpropanbHol reMokoppekuui. O6paTuMocTb He-
BPO/IOFMYECKUX HapyLIeHW1 Ha pOoHe NaToreHeTNYECKON MMMYHOCYNPEeCCUBHONM Tepanun obyciasamBaeT HEO6X0A4MMOCTb MOBbILEHNA OCBEAOM-
NeHHOCTUN Bpayeii 0 TaKTUKe BeJeHUA [laHHOM KaTeropym nauneHToB. [pecTaBAeHHbIN KAMHUYECKNI CyYall AeMOHCTPUpYeT npuMep 6peHTYyK-
CMMab-UHAYLMPOBAHHON U3UMMYHHOW AeMUeIMHU3NPYIOLLEH NONNPAAUKYIOHepONaTUM C MPOrpecCHpyYOLLUM pa3BUTHEM FPYEbIX MOTOPHbIX
HapyLUeHWI, KOTopble B Te4eHWe 6 MecALeB NpUBe/N K NOJIHON 06e34BUXKeHHOCTM NauneHTa. CBoeBpeMeHHOe Ha3HavyeHve naToreHeTUYecKom
Tepanuu B ONTUMaZbHOM peXMMe [03MPOBaHNA, rpaMOTHaA TaKTUKa BeAeHuA, NojpasyMeBalollas MejieHHOe 1 NOCTeNeHHOoe CHKeHne /103
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Abstract

Brentuximab vedotin-induced inflammatory demyelinating polyradiculoneuropathy is a rare chemotherapy side effect. The underlying cause
of disease is thought to be pathological drug effects on the humoral immune system. The typical clinical picture is characterized by progressive
development of flaccid tetraparesis and severe polyneuritic manifestations, which typically leads to disability and significant impairment in quality of
life. Nerve conduction study results show evidence of generalized primary demyelination, including conduction block and sural sparing pattern. Clinical
and anamnestic data and objective observational findings are similar to the clinical and neurophysiological pattern observed in acute or recurrent
inflammatory demyelinating polyradiculoneuropathies. It is important to emphasize that brentuximab vedotin-induced inflammatory demyelinating
polyradiculoneuropathy response to accepted in guidelines pathogenic therapy, which includes corticosteroids, intravenous human immunoglobulin
therapy and extracorporeal hemocorrection methods. Clinicians should be aware of treatment possibilities due to reversibility of neurological
impairment through the pathogenetic immunosuppressive therapy. This clinical case represents a case of brentuximab-induced inflammatory
demyelinating polyradiculoneuropathy with progressive development of severe motor impairment, which led to complete immobilization over
6 months. This clinical case report demonstrates optimal management strategy: timely administration of pathogenetic therapy with appropriate
dosing, slow and gradual reduction in corticosteroid dosage. Competent management strategy ensures favorable outcome of the curable drug-
induced polyradiculoneuropathy.

Key words: brentuximab vedotin, chemotherapy, Hodgkin disease, chronic inflammatory demyelinating polyradiculoneuropathy, CIDP, immunosup-
pression therapy, glucocorticoids.
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Introduction
monomethyl auristatin E; 3) a protease-cleavable link-

Peripheral neuropathy (PN) is one of the most
common adverse side effects (ASE) of chemotherapy,
impairing patients’ quality of life, and is a frequent cause
of cancer therapy adjustments. Chemotherapy-induced
polyneuropathy is frequently reported as a side effect
of drugs, the mechanism of action of which involves
damage to microtubules in cancer cell cytoskeleton
[1, 2]. Brentuximab vedotin (BV) is a drug conjugate,
comprising three components: 1) chimeric monoclonal
immunoglobulin G1 anti-CD30 receptor cAC10 anti-
body; CD30 receptor is a tumour necrosis factor recep-
tor; 2) active substance — microtubule-targeting agent

ing agent, which links both compounds together. The
activity of BV is based on its ability to bind to the cells,
which express CD30 receptor, and internalise into cyto-
plasm of the active substance, which binds to tubulin,
impairs microtubule function, and breaks the cell cycle,
causing target cell death [3]. In August 2011, BV was
registered in the USA; in Russia, the drug was regis-
tered in 2016 [4]. Currently, BV is used to treat Hodg-
kin lymphoma, peripheral CD30+ T-cell lymphoma and
primary skin T-cell lymphoma, usually as a third- or
fourth-line therapy, where other chemotherapy options
or red bone marrow stem cell autologous transplantation
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were ineflicient [5]. Peripheral neuropathy is the most
common ASE of BV therapy. In phase II clinical trials of
the drug, the rate of PNs of various degrees of severity
varies between 9% and 73 %: in 41-44 % of cases, sen-
sory polyneuropathy was reported; while 9-11% were
motor polyneuropathy [3,6-8]. It has been noted that
11-23 % of patients had to interrupt BV therapy because
of severe PN [3,6,7,9]. Later it was determined that BV-
induced disimmune demyelinating polyradiculoneu-
ropathy (DDP) can account for up to 14.6 % of patients
with BV-induced NP and up to 7.2 % among all patients
treated with BV [5].

The objective of this article is to describe a clinical
case of disimmune demyelinating polyradiculoneuropa-
thy associated with brentuximab vedotin therapy, and to
compare the clinical and neurophysiological pattern of
brentuximab-induced demyelinating neuropathy with
globally reported cases, as well as with cases of classical
chronic inflammatory demyelinating polyradiculoneu-
ropathy (CIDP).

Clinical Case Report

Patient N., born in 1994, sought help at the Russian
Centre of Neurology and Neurosciences (RCNN) for
the first time in October 2024, complaining of weak-
ness and numbness in his limbs. His medical history
shows that since 2019 the patient has been followed
up by an oncohematologist for Hodgkin lymphoma,
type 2 nodular sclerosis, stage IVB, with involvement of
neck lymph nodes, mediastinum and lungs, with pen-
etration through pericardium and pleural membrane.
After his diagnosis, the patient underwent multiagent
chemotherapy: in 2019 — BEACOPP 14 (bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincris-
tine, procarbazine, and prednisolone), 2022 — Nivo-
BeGEV (nivolumab in a combination with bendamus-
tine, gemcitabine, and vinorelbine); as well as radiation
therapy in the mediastinum area in 2019; red bone
marrow stem cell autologous transplantation in April
2022; lymph node excision in 2023. The therapy did
not cause any neurological complications. From July
2023 to May 2024 the patient was treated for cancer
relapse with brentuximab vedotin and showed com-
plete reported metabolic response to the therapy in
September 2023. In December 2023 (six month into his
BV therapy), the patient noticed gradually progressing
weakness in his limbs. His condition progressed to
complete immobility by June 2024. Follow-up exami-
nations, including positron emission tomography and
computed tomography (PET/CT), showed remission of
the disease. At the local outpatient clinic, the patient
was diagnosed with CIDP-like neuropathy, and in July
2024 he underwent a course of IV pulse therapy with

methylprednisolone (MP) 5 g, then oral MP 64 mg
daily for a week, after that the MP dose was reduced
to 36 mg for four months. Thus, at the time of his visit
to RCNN in October 2024, the patient’s daily MP dose
was 28 mg. Three weeks of high-dose immunosuppres-
sive therapy resulted in significant improvement in
limb mobility: the patient was able to walk with sup-
port, get up and sit down unaided. The rate of recovery
slowed down after rapid MP dose reduction; however,
his condition remained stable.

At the time of the first visit to RCNN in Octo-
ber 2024, the neurological status was prevailed by distal
flaccid tetraparesis with diffuse areflexia, hypotonia
and muscle hypotrophy: 4 points on the MRC scale in
proximal limbs; up to 1-2 points in hand and finger
flexors; and up to 0-1 points in hand and finger exten-
sors, interosseal muscle of hands, and feet extensors
and flexors. Superficial and deep sensibility impair-
ment (polyneuritic form) was classified as minor.
In RCNN, the patient underwent stimulation electro-
neuromyography (ENMG), which showed generalised,
mostly motor, neural demyelinating impairment with
possible conduction in motor fibres of hand nerves in
sites, which are not common for neural compression
(Table 1).

Clinical and medical history data, namely the tem-
poral association between disease onset and BV therapy
initiation, positive response to the immunosuppressive
therapy by the time of the visit, as well as neurophysio-
logical examination results allowed confirming the diag-
nosis “CIDP-like disimmune, mostly motor, demyelinat-
ing polyradiculoneuropathy, associated with the therapy
with brentuximab vedotin”.

Due to persistent significant neurologic impairment
with lower rates of recovery because of the rapid reduc-
tion in the dose of MP, glucocorticosteroid therapy was
corrected: it was recommended to replace MP 28 mg
daily with MP 48/24 mg, alternating the high and the
low doses every other day for three months, and then
gradually reducing first the low dose, then the high dose
of the drug. After the GCS therapy was corrected, con-
siderable positive changes were observed, and clinical
symptoms started improving more rapidly: in July 2025
(one year after GCS therapy initiation), the patient’s MP
dose was reduced to 20 mg once every other day. Upon
examination, distal mild to moderate tetraparesis was
still observed: up to 4 points (MRC) in hand and finger
flexors and up to 3-4 points in finger extensors and feet
flexors/extensors. The patient did not need any support
while walking; he was able to get up from the chair with-
out the help of his hands and could stand on his toes and
heels. Thus, glucocorticosteroid therapy helped chang-
ing the clinical pattern from complete immobility to
distal mild to moderate tetraparesis. Similar to clinical
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manifestations, neurophysiological examination results
showed positive changes: improved amplitude and speed
parameters, improvement in possible conduction in
motor fibres of hand nerves (Table 2). When this case
study was reported, the patient was still consulted by
RCNN specialists in order to select a maintaining dose
of methylprednisolone.

Discussion and
literature review

Brentuximab-induced polyneuropathy is the most
common adverse effect of BV therapy [3]. In the majority
of reported cases, clinical presentation comprises a clas-
sical set of symptoms: damage to thick and thin sensitive
fibres with the development of predominantly superfi-
cial sensitivity impairment; deep sensitivity is reduced
less frequently (polyneuritic mild to moderate impair-
ment with signs of primary axon involvement, as dem-
onstrated by stimulation ENMG) [8,10]. It is assumed
that axon damage is associated with immediate cytotoxic
effects for microtubule functioning from monomethyl
auristatin E, a component of BV [11].

Nevertheless, there are global reports of isolated
cases of BV-associated disimmune demyelinating poly-

radiculoneuropathy. The first case of BV-induced DDP
was reported in 2013 by Pastorelli F. et al. [12]; later,
individual observations were published in 2017-2022
[2, 13, 14]. The largest review by Fargeot G. et al.
(2020) is a retrospective analysis of three cases (0.4 %)
of Guillain-Barre syndrome and 9 cases (1.3%) of
CIDP, which were verified among 700 patients treated
with BV during 2013 to 2019 [15]. Later, a single-cen-
tre study by Matthys A. et al. (2024) reported 6 clini-
cal cases (7 %) of disimmune NP in 83 patients treated
with BV [5]. It is assumed that damages to the myelin
sheath may be caused by aberrated immune response
as a result of the impact by chimeric monoclonal
immunoglobulin G1, i.e. the first component of BV,
on CD30-expressing cells, similar to the drugs, which
inhibit TNF [15,16]. Histologic examination results of
patients with rapidly progressing BV-induced motor
neuropathy demonstrate a mixed axonal and demyelin-
ating pattern of the damage: sural nerve biopsy speci-
mens show reduced sheathed fibre density, signs of
wallerian degeneration and sporadic accumulation of
regenerating fibres. Electron microscopy results show
signs of damaged axon cytoskeleton, changes in orien-
tation and overall number of microtubules, mostly in
sheathed fibres [2,17].

Table 1. Nerve conduction study results of patient N., first visit in Russian Center of Neurology and Neurosciences
(03.10.2024). Electromyography machine Keypoint, Dantec (Denmark).

Nerve conduction study results of the right median nerve

CMAP parameters (lead with m. APB dexter)

Npaseii Medianus APB
Medianus

ReCiAPB

0.3mv/0

3ms/D

CMAP latency, ms (N <3.5): 4.28
CMAP amplitude, mV (N >5.0): 0.35

Right median motor study shows significant temporal dispersion
on 2" stimulation point (elbow)

Distal CMAP duration: 8.3 (N <8.4)

Proximal CM AP duration: 8.3 (N<8.4)

Conduction velocity, m/s (N >50) (elbow-wrist segment): 25.5

SNAP parameters (lead with dig. IT)

Mpasuit Medianus

medianus
204V/D 204V/D
1ms/D

CNAP latency, ms (N <3.0): 3.58
CNAP amplitude, pV (N >15.0): 5.0

Conduction velocity, m/s (N >50): 44.7
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Table 1. ('The End).

Nerve conduction study results of the right ulnar nerve

CMAP parameters (lead with m. ADM dexter)

Mpasesis Ulnaris Abd V
Ulnaris
ReC:ADM
0.5mv/D
3ms/D
PN
//’ N
%
/ N
R —eu i

O] amcme  }A ~+ P B

/ ~ -

/ T B o
3 E—— Sefrritoers —— e

—t 3

CMAP latency, ms (N <3.0): 4.28
CMAP amplitude, mV (N>6.0): 0.57

Right ulnar motor study shows probable conduction block
below elbow: 91 %

Conduction velocity, m/s (N>50) (below elbow-wrist and above elbow
to below elbow segments): 33.2 — 40.6

SNAP parameters (lead with dig. V)

Npasesis Ulnaris

204v/D 204V/D
1ms/L

Cpen:6 OTGpaKosKa:0 o

CNAP latency, ms (N <3.0): 3.58

CNAP amplitude, vV (N>15.0): 7.6

Conduction velocity, m/s (N>50): 60.4

Nerve conduction study results of the right tibial nerve

Nerve conduction study results of the right sural nerve

CMAP parameters (lead with m. AH dexter)

TNpaswit Tibialis
Tibialis.

Rec:Abd hal
2mv/D

2ms/v

Right tibial motor study showed no responses

SNAP parameters

Npaswit Suralis
Suralis
20uV/D 20uV/D
1ns/D

T T
Cpea:9 OTGpaKosKa:0 R Y

\

SNAP latency, ms (N <4.0): 2.71
SNAP amplitude, pV (N>6.0): 4.2

Conduction velocity, m/s (N>40): 44.3

Note: ADM — abductor digiti minimi manus muscle; APB — abductor policis brevis muscle; AH — adductor hallucis; CMAP — compound muscle action potential;

dig. — digitus; N — norm; SNAP — sensory nerve action potential
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Table 2. Nerve conduction study results of patient N., dynamics in 8 months on steroid therapy (03.07.2024).

Electromyography machine Keypoint, Dantec (Denmark)

Nerve conduction study results of the right median nerve

CMAP parameters (lead with m. APB dexter)

Npasuit Medianus APB
medianus

Rec:APB

2mv/D

3ms/D

CMAP latency, ms (N <3.5): 5.72
CMAP amplitude, mV (N>5.0): 0.96

Conduction velocity, m/s (N>50) (elbow-wrist segment): 26.9

SNAP parameters (lead with dig. IT)

Mpasuit Medianus

medlanus
104V/D 20uV/D
1ms/D

3anacoe-Digll YAl 7 \

Cpea:19 OTBpaxos«a:0 P

SNAP latency, ms (N <3.0): 3.04
SNAP amplitude, pV (N>15.0): 10.0

Conduction velocity, m/s (N>50): 47.7

Nerve conduction study results of the right ulnar nerve

CMAP parameters (lead with m. ADM dexter)

Mpaouis Ulnaris Abd V
Uinaris

Rec:ADM

3mu/n

3ms/D

SN
£y
f

/ \

A \ "

X e
N ; o
Ny
£
o \
A t \ e
\, P
N, P
\\\//
/e
g N
£ %
shekiaRaR R 3 i \
S
b5 V&

CMAP latency, ms (N <3.0): 3.05
CMAP amplitude, mV (N>6.0): 4.6

Conduction velocity, m/s (N>50) (below elbow-wrist and above elbow
to below elbow segments): 36.9 — 42.7

SNAP parameters (lead with dig. V)

Npasesis Ulnaris

Ulnaris
20uV/D 204V/D
1ms/L

SNAP latency, ms (N <3.0): 2.84

SNAP amplitude, pV (N>15.0): 10.7

Conduction velocity, m/s (N>50): 44.0

Note: ADM — abductor digiti minimi manus muscle; APB — abductor policis brevis muscle; CMAP — compound muscle action potential; dig. — digitus; N — norm;

SNAP — sensory nerve action potential.
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According to case studies and individual cases
reported in global publications, there is a common clini-
cal and neurophysiological pattern of BV-induced DDP
[5,12-15]. The majority of publications report that dis-
immune BV-induced neuropathy is usually abrupt or
subacute in onset; it starts from isolated sensory dis-
orders, mostly paresthesias and neuropathic pain syn-
drome; then severe ataxia and motor deficit of various
degrees of severity develop, which are more noticeable
in distal muscles of the limbs. According to Fargeot G.
et al. (2020), 73% of patients required extra support
for walking [15]; among the patients described by Mat-
thys A. et al. (2024), complete immobility developed in
one out of six patients [5]. Other reported symptoms
are diffuse areflexia and impaired vibration sensitivity
[5,12,13]. A chronic condition in the publication by Far-
geot G. et al. (2020) was reported in 36 % of cases [15].
The studies do not indicate any clear predisposing factors
of demyelinating polyradiculoneuropathy development
in patients treated with BV. However, the publication by
Matthys A. et al. (2024) reported potential impact of a
higher cumulative BV dose on the development of dis-
immune NP [5]. It has been established that disimmune
NP appears on the average 10-14 weeks after BV therapy
initiation. Polyneuritic disorders start 2 to 36 weeks after
BV therapy initiation [5, 15].

This case study is yet another example of BV-induced
DDP, which manifested 24 weeks after BV therapy ini-
tiation. The condition was chronic; motor disorders pro-
gressed and were more prominent distally. In six months,
the patient was completely immobile; it corresponds to
grade 4 under the Common Terminology Criteria for
Adverse Events (CTCAE). The distinctive characteris-
tic of this case is prevailing motor disorders both at the
onset and at the peak of clinical symptoms, as well as
more prominent muscle involvement (hand and feet
extensors).

According to study results, the data obtained during
stimulation ENMG in patients with BV-induced DDP
correspond to EDX criteria of CIDP and acute inflamma-
tory demyelinating polyradiculoneuropathy (AIDP), i.e.
primary demyelinating damage to peripheral nerves are
present [5,15]. In 78 % of cases, the sural sparing pattern
was observed (reduced amplitude of sensory potential of
the sensory section of the median or ulnar nerve with pre-
served amplitude of sensory potential of the sural nerve)
[15], which is a highly specific early marker of AIDP and
is observed in CIDP [18]. Of note, in a later observa-
tional study by Pezullo L. et al (2025), patients treated
with BV also had the sural sparing pattern, despite pri-
mary axial changes seen during stimulation ENMG [10].
The common characteristic of BV-induced DDP, noted
by researchers, was failure to register any F-waves from
hand and feet muscles, as well as conduction in motor

fibres of hand nerves in sites, which are not common
for neural compression [5,12-14]. ENMG results in this
case study correspond to published data: predominant
involvement of motor fibres of peripheral nerves; demy-
elinating damage; sural sparing pattern.

The differential diagnosis of BV-induced NP includes
chemotherapy-induced toxic axonal NPs, paraprotein-
emic demyelinating NP, as well as paraneoplastic NP and
neurolymphomatosis, given that this patient category is
treated with BV for lymphatic cancers [5]. Thus, various
studies may be required, including anti-neuronal anti-
body screening, nerve ultrasound under the Ultrasound
Pattern Sum Score (UPSS) protocol [19]or brachial
plexus magnetic resonance imaging, PET/CT, serum
protein electrophoresis, and 24-hour urine test withim-
munofixation [5].

The severity of BV-induced polyneuropathy is dose-
dependant, therefore, recovery depends on BV therapy
duration and mode [5]. According to the guidelines
on the management of patients treated with BV, who
develop CTCAE grade 2-3 NP, BV therapy should be
interrupted until clinical symptoms improve to CTCAE
grade 1 or resolve completely; then the therapy should
be resumed at a lower dose [9, 20]. CTCAE grade 4 NP
requires BV therapy discontinuation [9,20]. Based on the
therapy results reported in case studies, it can be con-
cluded that BV-induced disimmune NP responds to the
standard pathogenetic therapy, similar to classical CIDP
[5,12-15]. The sample data by Fargeot G. et al. (2020)
demonstrated that in 82% of cases, the neurological
status improved after the IV human immunoglobulin
(IVHI) therapy (2 g/kg) together with BV therapy dis-
continuation; however, complete recovery has not been
observed in any of the cases [15]. In the publication by
Matthys A. et al. (2024), IVHI helped achieve significant
improvement in two cases; in two cases, positive changes
were observed with the use of glucocorticosteroid ther-
apy; also, there was one case of spontaneous recovery
once BV dose had been reduced [5]. Apparently, patho-
genetic therapy duration is determined on a case-by-case
basis and depends on the clinical effect, similar to clas-
sical variants of disimmune neuropathy. The question of
repeated initiation of BV after disimmune NP is resolved
remains unanswered. In addition to clinical improve-
ments after pathogenetic therapy, neurophysiologi-
cal characteristics (as shown by ENMG) also improve:
in some clinical cases, motor and sensory responses
reverted to their normal levels [12,14]. This case study
confirms the overall trend of the positive impact of the
standard pathogenetic therapy on BV-induced DDP:
pulse therapy with methylprednisolone, then high-dose
oral MP therapy with gradual controlled MP dose reduc-
tion helped achieving positive changes — from complete
immobility to mild distal tetraparesis within a year. It is
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worth noting that gradual, slow reduction of glucocor-
ticosteroid therapy ensures higher rates of regression of
neurological deficit and optimal return of the quality of
life [21].

Conclusion

Brentuximab vedotin-induced disimmune demy-
elinating polyradiculoneuropathy is a severe debilitating
complication of chemotherapy, the course and clinical
characteristics of which can resemble acute or chronic
inflammatory demyelinating polyradiculoneuropathy.
Both acute and chronic muscle weakness, ambulation
disorders and sensory ataxia are clinical red flags of pos-
sible disimmune origin of impairment and the indication
for stimulation electroneuromyography in order to iden-
tify the pattern of peripheral nerve damage. Medical pro-
fessionals following up patients with haemotological and
neurological conditions should be aware of this compli-
cation of brentuximab vedotin therapy, because prompt
discontinuation of the drug and initiation of immunosu-
pressive pathogenetic therapy are the optimal manage-
ment approach for such patients, ensuring favourable
outcome and recovery.
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