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Abstract: In recent years, an increase in the number of patients with osteoarthritis (OA) against
the background of obesity is considered not from the point of view of mechanical stress on the joints
by an overweight patient but by the active synthesis of hormone-like substances by adipose tissue,
which have a metabolic effect on all processes in the body. A large number of different chemical
compounds (calcium, phosphorus, magnesium, uronic acids, tartrate-resistant bone phosphatase,
and a number of others) are involved in the remodeling of bone tissue, the balance between which
determines the strength and mobility of the bone. Among such biochemical markers, the glycoprotein
osteoprotegerin is considered. The osteoprotegerin inhibits the differentiation of osteoclast precur-
sors into osteoclasts and also regulates their resorption in vitro and in vivo. It works by binding to
RANKL on osteoblast / stromal cells, thereby blocking the RANKL-RANK ligand interaction between
osteoblasts / stromal cells and osteoclast precursors.

The aim of our study to establish the content of osteoprotegerin in the blood serum of young patients
with osteoarthritis and obesity and to analyze its role in the formation of structural and functional
changes in bone tissue. The work was performed on 75 young patients (average age - 30.92 + 0.55
vears) with OA, which was established in patients with various stages of obesity, for the comparison
group, 50 individuals with an isolated course of OA of the same age (30.95 = 0.55 years) and duration
of anamnesis were selected; control indicators were obtained when examining 37 apparently healthy
individuals. The diagnosis of OA was confirmed by a comprehensive assessment of patients’ com-
plaints, anamnesis data, objective and instrumental studies (X-ray examination of the affected joints)
while focusing on the “Protocols for the management of patients with osteoarthritis.” The presence
and severity of obesity were assessed according to the criteria of the International Diabetes Federa-
tion (IDF, 2005) based on the calculation of body mass index (BMI) according to the Kettle formula.
The indicator of osteoprotegerin (pg / ml) (bone tissue glycoprotein) was investigated in fasting blood
serum by enzyme-linked immunosorbent assay (ELISA) using FineTest EH0247 reagents, China. The
prevalence of osteoporotic conditions was assessed by dual-energy X-ray absorptiometry (DEXA)
using the HOLOGIC Explorer QDR W Series Bone Densitometer (USA). The content of osteopro-
tegerin in blood serum was studied as a biochemical marker of damage to the bone and cartilage
tissue. The data obtained allowed us to say that in both groups - patients with OA (92.3 £ 1.68 pg /
ml) and patients with a combination of OA with obesity and increased body weight (124.03 £ 3.2 pg/
ml) - there was an increase in this glycoprotein when compared with the control values (65.64 + (0.64),
(p <0.001). The performed densitometric study allowed us to obtain the following results: osteopenia
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was identified in 15% of patients in main group and in 36% - in comparison group, osteoporosis was
identified in 24% of patients in main group and in 10% - in comparison group.The course of osteo-
arthritis in young people is accompanied by the formation of osteoporotic conditions, which more
often (24% versus 10%), with the addition of obesity, lead to the development of osteoporosis. The
development of osteoporotic changes in patients with osteoarthritis and in combination with obesity
is accompanied by an increase in the synthesis of osteoprotegerin, a glycoprotein involved in the pro-
cesses of bone tissue remodeling.

Key words: body mass index, obesity, osteoarthritis, osteoblasts, osteoclast, osteoprotegerin.

Introduction

Bone tissue is considered as a mobile, meta-
bolically active formation that performs a large
number of functions in the body, the main of
which is the supporting one, due to the structuring
of the spine and bones. The ratio of the process-
es of synthesis and catabolism of the main cellu-
lar elements (osteoblasts and osteoclasts) allows
maintaining bone homeostasis. Bone metabolites
are calcium (the main element), phosphorus, and
magnesium (Hunter, & Bierma-Zeinstra, 2019;
Oliveira, Vullings, & van de Loo, 2020).

The ratio of these macronutrients determines
its state, structure, and architectonics, thereby
ensuring strength, mobility, and relative stabili-
ty. At the same time, a large number of diseases
have been established, the so-called. calcium-de-
pendent, in which an increased requirement is
imposed on the main element of its structure -
consumption for the implementation of various
functions of the body. These nosologies include:
diseases of the digestive tract, cardiovascular (ar-
terial hypertension, ischemic heart disease), en-
docrine diseases (diabetes mellitus), kidney dis-
ease, and a number of others. The development
and course of such nosological forms increase
the body’s need for calcium, thereby contribut-
ing to its leaching from the bones. Among such
diseases are osteoarthritis (OA) and obesity (OB)
(Thijssen, van Caam, & van der Kraan, 2015).

The prevalence of obesity is so high that the
World Health Organisation (WHO) has declared
an epidemic of this condition. For example, from
1975 to 2020, the number of obese people world-
wide more than tripled. In 2020, there were over
1.9 billion adults (39%) over 18 years old who
were overweight, including 39% of men and
40% of women. Over 650 million (about 13%)
were obese (11% of men and 15% of women). In

2020, due to quarantine and limited movement,
the number of obese people in Ukraine increased
by 40% ( Vina & Kwoh, 2018; Yakovenko et al.,
2019).

At the same time, the prevalence of osteoar-
thritis in different countries of the world reaches
29%, and in people over 60 years old - 97% . In
the United States, rheumatic joint diseases have
been diagnosed in more than 30 million people
over 35 years old. Due to the fact that age is con-
sidered the most important independent risk fac-
tor for the development of osteoarthritis (OA),
then, given the global trend towards aging in the
population, a significant increase in this patholo-
gy in the structure of the population’s morbidity
is expected (Llorente, Garcia-Castaneda, Valero,
Gonzalez-Alvaro, & Castafieda, 2020).

In recent years, an increase in the number of
patients with OA against the background of obe-
sity is considered not from the point of view of
mechanical stress on the joints by an overweight
patient but by the active synthesis of hormone-like
substances by adipose tissue, which have a meta-
bolic effect on all processes in the body (Oliveira,
Vullings, & van de Loo, 2020). The next import-
ant factor of an unfavorable combination of OA
and obesity is a change in the structure of bone
tissue - the formation of osteoporotic conditions
as a result of a disturbance in the equilibrium pro-
cesses in the synthesis and catabolism of the bone
matrix (Thijssen, van Caam, & van der Kraan,
2015).

A large number of different chemical com-
pounds (calcium, phosphorus, magnesium, uron-
ic acids, tartrate-resistant bone phosphatase, and
a number of others) are involved in the remod-
eling of bone tissue, the balance between which
determines the strength and mobility of the bone.
Among such biochemical markers, the glycopro-
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tein osteoprotegerin (OPG) is considered (Caw-
ley et al., 2020).

Osteoprotegerin is a cytokine member of the
tumor necrosis factor (TNF) receptor superfam-
ily that can suppress osteoclast synthesis. It is
a major glycoprotein consisting of 401 amino
acid residues organized into 7 structural domains
(Greenhill, 2020).

The OPG inhibits the differentiation of osteo-
clast precursors into osteoclasts and also regulates
their resorption in vitro and in vivo. It works by
binding to RANKL on osteoblast / stromal cells,
thereby blocking the RANKL-RANK ligand in-
teraction between osteoblasts / stromal cells and
osteoclast precursors (Stejskal et al., 2001). Thus,
bone remodeling processes are the site of OPG
application.

Aim

The aim of our study: to establish the content
of osteoprotegerin in the blood serum of young
patients with osteoarthritis and obesity and to an-
alyze its role in the formation of structural and
functional changes in bone tissue.

Methods

The work was performed on 75 young pa-
tients (average age - 30.92 + 0.55 years) with
OA, which was established in patients with vari-
ous stages of obesity. For the comparison group,
50 individuals with an isolated course of OA of
the same age (30.95 + 0.55 years) and duration of
anamnesis were selected. Control indicators were
obtained when examining 37 apparently healthy
individuals.

The condition for inclusion in the study was
the signing of an informed consent recommended
by the ethical committees for biomedical research
of Ukrainian legislation on health protection, the
Declaration of Helsinki 2000, and the directives
of the European Society 86/609 on the participa-
tion of people in biomedical research.

Exclusion criteria: concomitant pathology of
the digestive system, cardiovascular and respira-
tory systems, diabetes mellitus, thyroid disease,
systemic connective tissue diseases, kidney dis-
ease, oncopathology.

The diagnosis of OA was confirmed by a com-
prehensive assessment of patients’ complaints,
anamnesis data, objective and instrumental stud-
ies (X-ray examination of the affected joints)

ISSN 1996-353X
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while focusing on the “Protocols for the manage-
ment of patients with osteoarthritis.”( Hochberg
et al., 2012; Kellgren & Lawrence,1957).

Obesity was diagnosed based on the recom-
mendations and classification criteria of the WHO
(1997); The severity of obesity was assessed ac-
cording to the criteria of the International Diabe-
tes Federation (IDF, 2005) with the calculation of
the body mass index (BMI) according to the Que-
telet formula: BMI = body weight (kg)/height
(m?).

The indicator of osteoprotegerin (pg / ml)
(bone tissue glycoprotein) was investigated in
fasting blood serum by enzyme-linked immuno-
sorbent assay (ELISA) using FineTest EH0247
reagents, China.

The prevalence of osteoporotic conditions was
assessed by dual-energy X-ray absorptiometry
(DEXA) using the HOLOGIC Explorer QDR W
Series Bone Densitometer (USA).

Statistical analysis was performed using the
software package “Statistica 10.0” and Excel
2010. Quantitative and order changes were com-
pared using the Mann-Whitney test. In all proce-
dures of statistical analysis, the level of signifi-
cance and p were taken to be equal to or less than
0.05(p<0.05).

Results and discussion

The clinical picture of the disease was char-
acterized by the predominant inclusion of large
joints of the lower extremities in the process.
Thus, the damage of the hip joints was regis-
tered in 16% of cases. The involvement of the
knee joints in the process was noted in 40% of
patients; changes in the small joints of the hands
were registered somewhat less frequently. In pa-
tients of the comparison group, the localization of
the process corresponded to that (Table 1).

Moreover, in the main group, the X-ray stage
of the articular changes met the following crite-
ria. So, stage 1 was registered in 28% of cases;
stage 2 was observed in 51% of patients and stage
3 of the disease was inherent in 21% of patients.
In the comparison group, these changes corre-
sponded to 18%, 68%, and 14% of patients.

The assessment of the structural and function-
al state of bone tissue was carried out when in-
terpreting the indicators of bone mineral density
(BMD) obtained during instrumental studies. The
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performed densitometric study allowed us to ob-
tain the following results (Table 2).

The content of osteoprotegerin in blood serum
was studied as a biochemical marker of damage
to the bone and cartilage tissue. The data obtained
allowed us to say that in both groups - patients
with OA (92.3 + 1.68 pg / ml) and patients with
a combination of OA with obesity and increased
body weight (124.03 £ 3.2 pg / ml) - there was an
increase in this glycoprotein when compared with
the control values (65.64 + 0.64), (p <0.001).

In the main group of individuals, the OPG ac-
tivity was determined taking into account the dy-
namics of BMI (Table 3).

The content of OPG was evaluated taking into
account the state of bone mineral density. Thus,
in patients of the main group with osteopenia,
the content of OPG in the serum corresponded
to 108.43 £ 0.48 pg/ ml, in the comparison group
- 84.86 = 0.87 pg / ml. In the development of os-
teoporosis, this value exceeded the control val-
ues, but was slightly lower than with osteopenia:
99.94 + 1.1 and 73.57 + 1.66 pg/ml, respectively.

Thus, the course of osteoarthritis can be ac-
companied by the formation of osteoporotic con-
ditions, which is facilitated by the formation of

ISSN 1996-353X
ISSN 2311-6951

Groups of patients with OA
Localization Tt T comparison
f)f.the affected (n=75) group
joints (n=50)

a0c. % a0c. %
Knee 30 40 32 64
Coxal 12 16 10 20
Knee+ coxal 25 33 4 8
Simultaneous
involvement of 8 11 4 8
many joints

Table 1. Frequency of involvement of limb
joints in patients with OA

biologically active substances by adipocytes and
an increase in the content of osteoprotegerin (Lit-
vynova 2022).

Conclusions

The course of osteoarthritis in young people
is accompanied by the formation of osteoporotic
conditions, which more often (24% versus 10%),
with the addition of obesity, lead to the develop-
ment of osteoporosis.

The development of osteoporotic changes in
patients with osteoarthritis and in combination

Structural and functional state of bone tissue according to
Patients with osteoarthritis WL Gty
osteopenia osteoporosis without changes
Quantity a0c. % aoc. % a0c. % a0c. %
Main group 75 100,0 11 15 18 24 46 61
Comparison group 50 100,0 8 16 5 10 37 74

Table 2. Frequency and nature of absorptiometrically verified disorders of the structural and
functional state of bone tissue in patients with osteoarthritis

BMI indicator
BMI indicator 1 i oht obesity obesity
(n=37) norma overweig stage 1 stage 2
(n=50) (n=22) (n=31) (n=22)
65,64+ 0,64 92,29 £ 1,5% 111,4 £ 1,45 *# 110,58 £2,41 *# 155,61+6,54 *#~”

Notes: * statistical significance of differences relative to the control group p <0.0001; # statistical signif-
icance of differences relative to the main group p <0.0001; ~ statistical significance of differences relative to
the group of patients with OA and increased body weight p <0.0001;” Statistical significance of differences
relative to the group of patients with OA and OB 1 p <0.0001.

Table 3. The content of osteoprotegerin (pg / ml) taking into account BMI in patients with osteoarthritis
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with obesity is accompanied by an increase in the
synthesis of osteoprotegerin, a glycoprotein in-
volved in the processes of bone tissue remodeling.

The examination of osteoprotegerin in the
blood serum of patients with osteoarthritis can be
used as a marker of osteoporotic conditions.
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CTpyKTYpHO-(PYHKIIOHAJBHUI CTAH KICTKOBOI TKAHUHM Y JII0/Ieii MOJIOIOTO BiKY
3 KOMOiHOBAHMM MepediroM 0CTe0apTPUTY TA OKMPIHHA

JlirBMHOBa AHacTacis

XapKiBChKHI HAIlIOHATBPHUN MEIMYHUN YHIBEPCUTET, XapKiB, YKpaiHa
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AHoTauisi: B octanHi poky 30UTBIIEHHS KUTBKOCTI XBOPUX HA OCTEOAPTPUT HA TIIi OKUPIHHS PO3-
IJISIIA€THCS HE TaK 3 MO3MIIT MEXaHIYHOTO HABAaHTAXEHHS Ha CYIJIOOHM XBOPHUX 13 3aliBOIO Baroro, CKijib-
KM aKTHBHOTO CHHTE€3y FOPMOHOIONIOHMX PEYOBHH KUPOBOI TKAHWHH, SIKI Ha/al0Th METaOOJIIYHUM
BIUIMB Ha BCl MPOIIECH B OpraHi3Mi. Bennka KUTbKICTh pI3HOMAHITHUX XIMIYHUX CHONYK (KaJsIbIiii,
dbocdop, marHiid, ypoHOBI KHCJIOTH, TapTPaTPE3UCTEHTHA KicTKoBa (ocdaraza Ta psia iHIINX) Oepe
y4acTh Y PEMOJICTIOBaHHI KICTKOBOI TKAaHWHU, OATaHC MiX SIKHMHU BU3HAYA€ MIIHICTh 1 PyXJIMBICTh
kictku. Cepen Takux O10XIMIYHMX MapKepiB PO3IISIIAETHCS IIIKOMPOTEiH ocTteonporerepuH. Ocre-
OTPOTETEPHH MPUTHIUYE AUPEPEHIIIAIII0 TTOTIEPEAHUKIB OCTEOKIACTIB B OCTEOKIACTH, a TAKOXK PEry-
o€ X pe3opOiiito in vitro Ta in vivo. Bin aie nuisixom 3B si3yBanHs 3 RANKL Ha octeobnactax / cTpo-
MaJIbHUX KIIITHHAX, OJJOKYI0uu TUM camuM B3aemofito tiranay RANKL-RANK mix octeobmactamu /
CTPOMJIbHUMH KJIITHHAMU Ta MOTMEPEHUKAMH OCTEOKIIAacTiB. MeTa HalIoro JOCiKEHHS: BCTAHOBH-
TH BMICT OCTEONPOTETEPUHY B CUPOBATIII KPOBI MOJIOUX TAIIEHTIB 3 OCTCOAPTPUTOM Ta OXKHUPIHHIM
Ta MpPOAHaJI3yBaTH HOTo pojib y GOpPMYyBaHHI CTPYKTYpHO-(DYHKIIIOHAIBHUX 3MiH KICTKOBOI TKAaHHHH.

PoGora BukoHaHa Ha 75 mallieHTiB MOJIOJ0T0 BiKy (cepenHiit Bik — 30,92 + 0).55 pokiB) 3 OA, sxuii
OyB BCTAHOBJICHUH y TAII€HTIB 3 PI3HUMH CTAAISIMU OKUPIHHS; JJIs TPy MOPIBHSIHHS BimiOpaHO
50 ocib 3 i3ompoBaruM niepedirom OA takoro x Biky (30,95 + 0,55 poky) Ta TpuBajIOCTI aHAMHE3Y;
KOHTPOJIbHI MOKAa3HUKH OTPUMAHO MpU 00CTekeHH1 37 yMOBHO 310poBuX 0cib. JliarHo3 OA miaTBep-
JKEHO KOMITJIEKCHOIO OIIHKOIO CKapr MAaIll€HTIB, JaHUX aHaMHe3y, 00’ €KTUBHUX Ta IHCTPyMEHTAJIb-
HUX JOCIIKEHb (PEHTI€HOJIOTIYHE JOCIIKeHHS ypaXeHuX cyrio0iB) 3 akueHToM Ha «IIpoTokonu
BEJICHHS XBOPUX Ha OCTeoapTput». HasiBHICTH Ta TSKKICTh OKUPIHHS OIIIHIOBAJIN 32 KPUTEPISIMHU
Mixnaponnoi niadetnunoi ¢enepauii (IDF, 2005) na ocHOBI po3paxyHKy iHaekcy macu Tina (IMT)
3a ¢opmynorw Kerrna. [Tokaznuk octeonporerepuny (mr/mut) (IIIKOMPOTEiHY KiCTKOBOI TKAHWHH)
JOCIIJKYBaJIl B CUPOBATIl KPOBI HaTiie MeTofoM iIMyHodepmeHTHOro aHamizy (IDA) 3 Bukopuc-
taHHsM peareHTiB FineTest EH0247, Kuraii. [lomupeHicTh 0OCTEONOPOTUYHUX CTAHIB OLIHIOBAJIN
3a JIONMOMOTOI0 TOBIMHOI peHTreHiBchkoi abcopdmiomerpii (DEXA) 3 BUKOPHUCTAHHAM KICTKOBOTO
neracuromerpa HOLOGIC Explorer QDR cepii W (CLLIA).

JlocnipkeHo BMICT OCTEONPOTETEPUHY B CHPOBATIIL KPOBI sIK 010XIMIYHOTO MapKepa ypaKeHHs Ki-
CTKOBO-XPSIII0BOI TKaHUHU. OTpUMaH1 JaH1 JO3BOJIMIN CTBEPKYBATH, 1110 B 000X rpynax — XBOpHUX
Ha OA (92,3 = 1,68 nr/mi) Ta naitieHTiB i3 moeaHanHsaM OA 3 OXXHPIHHSAM Ta MiABUIICHOIO MacOlO
tima (124,03 £+ 3,2 nr/mun) — crnocrepiranocs 301IbIICHHS IBOTO IIIKOTPOTEIHY TP MOPIBHSIHHI 3
KOHTPOJIbHUMHU 3HaueHHsIMH (65,64 + 0,64), (p <0,001). IIpoBenene neHCUTOMETPHYHE JOCITIKSHHS
JI03BOJIMJIO OTPUMATH HACTYIHI pe3ylbTaTH: OCTEeONeHist Oyna BcTaHOBIeHa Y 15 % malieHTiB B Oc-
HOBHI Tpymi Ta 36 % y rpymi NOpiBHSHHS, OCTEONMOPO3 BCTAHOBWIN Y 24 % TAaIll€HTIB B OCHOBHII
rpymi Ta 10 % narienTiB y rpyni nopiBHsHHA. [lepebir octeoapTpuTy y MONOIUX JItOAEH CYNIpPOBO-
JOKYETBCS (DOPMYBaHHSIM OCTEONOPO3HUX CTaH1B, iK1 yacTimie (24% npotu 10%), Ha GoH1 0KUPIHHS,
MIPU3BOAATH JI0 PO3BUTKY OCTEONOPO3y. PO3BUTOK 0CTEONMOPOTUYHUX 3MiH Y XBOPUX HA OCTEOAPTPHUT
Ta B MOEJHAHHI 3 OKUPIHHAM CYINPOBOIKYETHCS 301IBIICHHAM CHHTE3Y OCTEONPOTErepuHy — IUli-
KOIIPOTETHY, 10 Oepe yJacTh y Mpolecax peMOJICIIOBaHHS KiCTKOBOI TKAaHHHH.

KirouoBi cioBa: iHIEKC MacH Tijia, OKUPIHHS, OCTEOKJIACTH, OCTECOAPTPHUT, OCTEOOIACTH, OCTE-
OTIPOTETepPHH.
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