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ABSTRACT

Arthrosis as osteoarthritis is a global problem that affects more and more people and is associated with severe chronic pain, reduced mobility and, consequently, disability. The
etiology of degenerative disease is complex and depends on many factors. However, its course was not fully understood. One of the factors affecting the development of arthrosis
is obesity. Obesity is a growing problem. Over the past 30 years, the number of overweight people has almost doubled. In people suffering from obesity, whose body mass index
is above 30kg/m?, the risk of developing degenerative changes in articular cartilage is six times higher than the risk of developing this disease in people with normal body weight.
Osteoarthritis is detected when the symptoms get worse where the changes are already at some stage. Therefore, a lot of research is currently underway to find suitable
biomarkers, which would indicate the potential development of degenerative changes in the future and at the same time the possibility of inhibiting their activity. One of them
may be adipokines, which are synthesized by adipose tissue and affect cartilage. In obese people, adipokines may contribute to the inflammation of the low charterer, which
accompanies both obesity and arthrosis. These compounds can be specific biomarkers to assess the degree of progression and severity of osteoarthritis.

The aim: To assess the importance of obesity and adipokines produced by adipose tissue as specific markers of arthrosis.
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INTRODUCTION

Arthrosis is a degenerative disease of joints, which dis-
turbs their function. It is created because of disturbances
in the balance between synthesis and degradation of car-
tilage tissue. Joint cartilage is responsible for resorption
of mechanical forces affecting the joints and allows for
proper functioning of the joints, which involves the move-
ment of articular surfaces against each other [1]. Changes
in these processes lead to the appearance of pathologies,
which lead to degeneration of hyaline cartilage. Because
of that, a new bone tissue is formed, and the existing bone
tissue’s density is increased, which leads to hardening
of the subchondral layer and finally leads to creating
osteophytes in the edge of the articular surfaces, which
are bone processes [2]. Also, because of these changes,
changes in structure of joint capsule, muscles, ligaments
and tendons [1].

Progressive changes in cartilage lead to the appearance
of pain, which leads to lowering the physical activity of
the person [2]. This sickness is one of the main factors
leading to disability in developed countries. With aging of
the society there is a growing number of patients affected
by the disease. [3]. Nowadays arthrosis affects over 37%
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of people over the age of 60 and almost 80% of patients
with the age over 65 [4-6].

In the literature however there are no clear indications
regarding the actual number of patients affected by this
disease, which can be caused by diversification of the
examined groups of patients, differing in: the size of the
experimental group, age, race etc. [7]. There are also dif-
ferences between acquired results during the radiological
examination, which is proven by the appearance of degen-
erative changes in the joint and the symptoms in patients.
These are proven by epidemiological studies, which state,
that in 40% of the patients with moderate changes in the
hip joint and 60% with significant changes in knee joint
suffer from arthrosis [7]. It is also important, that the
disease happens more frequently in women than men,
which is caused by menopause in women [7].

The costs of arthrosis are high, because the treatment
against arthrosis is very costly, correct rehabilitation must
be applied, and it also causes patients affected by the
disease to be less active, at the same time lowering their
ability to work. The osteoarthritis usually affects the knee
joints, causing intense pain, lowering the quality of life.
The disease also affects different joints, like MCP (meta-
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carpophalangeal joints), PIP (proximal interphalangeal
joints) and DIP (distal interphalangeal joints) which are
not categorized as joints which are affected by high me-
chanical loads, but also have a very important role [8]. The
osteoarthritis also touches joints of the spine and feet [7].

The etiology of the disease is complicated, because it
can be caused by many factors. They can be generally
categorized into 2 categories: genetical and non-genetical,
so environmental [9]. One of the factors causing arthrosis
is obesity [10].

Obesity is confirmed, if the BMI (body mass index),
which is the body mass coeflicient of the patient is more
than 30kg/m?. Obesity is becoming a real threat because
of its increasing popularity [10]. Information from 2008
state, that over 1,4 billion adult people suffer from obesity,
with more than 300 million men and 200 million women
are morbidly obese, with BMI over 40kg/m?. The number
of people suffering from obesity increases daily. In the
last 30 years the number of obese people increased over
2 times. Too high BMI increases the risk of many diseases
to appear, involving the osteoarthritis [11].

In literature there are many information stating that in
patients with high BMI (higher than 30kg/m?) the risk
of osteoarthritis to appear is six times greater than in
patients with correct body mass [11].

Arthrosis is just one result of obesity which appears in
the hip and knee joints. Available research shows, that
osteoarthrosis usually touches knee joints [11, 12]. Latest
research proves, that the risk of osteoarthrosis to appear
in the knee joint of people with high BMI is two to ten
times greater than in people with correct BMI. Also, in
young people with higher BMI than usual, the risk of
osteoarthrosis to appear is much greater, if it appears
it happens much earlier, and the complaints start a lot
sooner [11].

In every one of four patients with obesity the pain of
knee joints can be observed. Published in the last years
studies show, that losing the excess body mass lowers the
risk of osteoarthrosis to appear by almost 2 times [11].

In obese people arthrosis appears not only in joints
which are prone to mechanical loads but also in joints in
hands which are not connected to such forces, but it is
believed that the appearance of arthrosis in hand joints
is connected to metabolic impact of obesity on arthrosis.
The statement, that obesity metabolically impacts the
appearance of osteoarthrosis is yet to be discussed and
has been studied in the last years. The metabolic effect of
obesity on the development of arthrosis may be associ-
ated with adipokines produced by adipose tissue, which
contribute to the development of low-grade inflammation
also associated with arthrosis [7].

THE AIM

The aim of the study is collect information on the impor-
tance of obesity and adipokine synthesized by adipose
tissue, which can be a kind of specific biomarkers in the
management of osteoarthritis.

REVIEW AND DISCUSSION

PATHOPHYSIOLOGY OF OSTEOARTHRITIS

IN OBESITY

Obesity in many ways changes the appearance of osteo-
arthritis. Factors connected to obesity that cause osteoar-
thritis can be categorized as mechanical, biomechanical
and metabolic [11].

To mechanical factors connected to obesity counts the
increased load on joints. Available information in studies
connect the impact of the mechanical factor (increased
body mass) on correct functioning of the joints. It has
been proven, that because of the mechanical factor there
is an appearance of an inflammatory state of the joint
which is showed by the appearance of mechanoreceptors
on the surface of the cartilage tissue. This explains, why
compressing the cartilage leads to increased expression of
interleukin 8. Synovium is also prone to mechanical im-
pact and subchondral layer. In the process of mechanical
compression small damage is done to the synovium and
its secondary hyperplasia and the increase in density of the
subchondral layer. Hardening of the layer is connected to
the presence of osteoblasts with changed phenotype, which
are responsible for the inflammatory state appearance in
this layer, and later in the entire joint [13].

To high body mass also causes disturbances in the func-
tion of joints impacting their biomechanical properties. It
relates to negative impact of to high BMI not only on the
articular surface, but also on the neighboring structures
such as muscles, tendons and ligaments, which are also
the main structures creating the joint, helping it perform
its functions [11].

Obesity leads to inflammatory state of the entire or-
ganism to appear, which has a low intensity, impacting
the whole organism, also the skeletal system. Prolonged
inflammatory state disturbs the homeostasis of the entire
organism at the same time impacting the metabolic chain
happening in systems. However, the impact of elevated
BMI isn’t yet fully known. It is known however, that in
patients with obesity osteoarthrosis develops not only in
hip or knee joints, but also in joints of the hand. This spe-
cific localization of arthrosis can be a proof of the impact
of obesity on the homeostasis of the organism which is
changed because of the metabolic changes in system. Ad-
ditionally, it is known, that white fat tissue synthesizes a lot
of substances affecting the organism, so it is contributing
in maintaining the metabolic and hormonal balance of the
organism [11, 14].

FAT TISSUE AND IT IS IMPACT

ON THE ORGANISM

Fat tissue is a kind of hormonal organ, which impacts the
metabolism and immunological system of the organism.
This tissue synthesizes a lot of bioactive proteins and
peptides. It is responsible for secretion inflammatory me-
diators, which in literature are called adipokines [10, 14].
Fat tissue also synthesizes inflammatory cytokines such as:
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tumor necrosis factor type alfa (TNF-a), and interleukins
and many more [14].

Adipokines are produced only by the fat tissue. In the
last years many substances have been listed as adipokines.
In the beginning it was thought, that substances accepted
as adipokines impact only metabolic changes happening
in the organism. This however was proven wrong, because
after many studies it is known, that they also impact the
immune system and maintain the homeostasis [10, 14].

Substances from this group not only partake in patho-
physiology of metabolic diseases, but also rheumatologic
diseases, lupus and inflammation of joints and bones. Their
presence in blood plasma was also confirmed in case of
cardiovascular syndrome [10].

The effect of fat tissue is dependent on its’s contents,
so on type of cells that it is made of. Fat tissue consists of
fat cells (adipocytes), host-vascular cells and nonfat cells,
which involve macrophages. Also depending on type of
fat tissue it can consist of different kinds of adipocytes.
In obese people fat tissue consists mainly of hypertrophic
adipocytes. The more of those in the matrix of fat tissue
the more adipokines are produced [10].

Also, fat tissue is located not only in abdominal wall,
but also inside joints. Fat tissue in joints also impacts the
development of osteoarthrosis but in different way. The
impact of this tissue can be measured basing on activity
of the infrapatellar fat pad inside the knee joint, which
as the rest of the fat tissue in the organism synthesizes
proinflammatory cytokines, adipokines and growth factors.
Infrapatellar fat pad produces the P substance, which irri-
tates the nociceptive fibers causing pain to appear [15, 17].

Such a wide range of impact on homeostasis, and the
formation of arthrosis can lead to a belief, that adipokines
which are synthesized by fat tissue can have a much bigger
impact in prevention against arthrosis than BMI, because
fat located inside joints can be created not only in patients
with high BMI, but also in patients with correct BMI [15-17].

ADIPOKINES

Adipokines are kind of proinflammatory cytokines which
are synthesized by fat tissue and then are released into
bloodstream. They are responsible for the feeling of satiety,
development of certain types of obesity, but also impact
metabolic changes happening in the entire organism.
Because of their impact they also affect the development
of inflammatory diseases of joints and bones. Adipokines
affecting the development of arthrosis involve leptin, adi-
ponectin, visfatin, resistin, chemerin [13].

CHARACTERISTIC OF CERTAIN ADIPOKINES

LEPTIN

Leptin is a polypeptide built of 146 amino acids. It is coded
by genes connected directly to obesity. It is synthesized
mainly by white fat tissue [4]. It is released into the blood-
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stream in its inactive form. In blood plasma it is presents
in its active form and it is discarded by kidneys. In patients
with kidney diseases the content of leptin in blood plasma
is elevated [18-20]. Also, in women during menopause
the content of this polypeptide is up to 3 times greater in
comparison to men [10].

Leptin’s basic function is to control the need and the
amount of energy used by controlling the hypothalamus.
It is level in blood plasma is strictly connected to body
mass, BMI and the mass of fat tissue in people suffering
from osteoarthrosis. The content of Leptin in blood plas-
ma is also connected to one’s daily routine, and its level is
physiologically higher in women. It is also connected to
proinflammatory cytokines in patients with developing
arthrosis. High level of leptin has a negative effect on
chondrocytes because it stimulates the function of MMPs
(matrix metalloproteinases), which increase the degrada-
tion of cartilage tissue [4, 10].

In a study performed by Griffin et all (2009) on an
animal model in mice, researchers turned off the leptin
receptor and confirmed, that the lack of this polypeptide
in the organism affects the buildup of severe obesity [21].
At the same time, they proved that it did not change the
frequency of osteoarthrosis appearance. This suggests, that
obesity alone does not impact the appearance of arthrosis,
but other factors must be considered. In the same study,
the researchers confirmed that leptin has a direct impact
on osteoarthrosis appearance, but its concentration is not
connected to obesity [21].

Concentration of leptin in the synovial fluid is much great-
er than its concentration in blood plasma. It may suggest,
that its function is more direct than general, which possibly
corresponds to its function, even in patients with low BMI
with high volume of fat localized around the joints [4]

ADIPONECTIN
Adiponectin is a protein consisting of 244 amino acids and
synthesized mainly by fat tissue. This protein is produced
also by the placenta, epithelial cells, myocytes, osteoblasts,
liver and hypophysis cells. In blood plasma adiponectin is
present in three different forms, which have been divided
into three groups basing on their molecular weight. Sub-
stance with the lowest molecular mass is trimer (LMW-
low molecular weight). Second to the biggest is heksomere
(MMW- medium molecular weight). The biggest form of
them all is 12-18mere (HMW-high molecular weight) [10].

Content of this substance lowers with the increase in
BMI which was confirmed in obese people, and its level
grows with the decrease of BMI. It should also be noted
that similarly to leptin the concentration of adiponectin
is slightly higher in women than in men. One specific
thing about adiponectin is, that its content in comparison
to other substances from this group is lower in patients
suffering from osteoarthritis [10].

The most basic function of adiponectin is their impact
on lowering the level of glucose in blood, and the level of
triglycerides because these proteins stimulate the loss of
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fat mass through increase fat acids oxidation processes in
specific areas [22, 23].

In patients with arthrosis the content of adiponectin
were nearly 100 times higher in blood serum than in joint
fluid [4].

Studies performed on colonies of cartilage tissue show,
that adiponectin impacts the homeostasis of these cells,
because it stimulates the work of TIMP (metallopeptidase
inhibitor) and suppresses the function of interleukin 1 beta
(IL-1P) and matrix metalloproteinases. Additionally, this
substance impacts the expression of interleukin IL-10,
which affects the macrophages and at the same time stim-
ulates the function of TIMP-1 (metallopeptidase inhibitor
1), which protects the matrix against degradation [24].

In pathological states such as osteoarthritis, adiponectin
also increases the synthesis of interleukin 6 (IL-6), interleu-
kin 10 (IL-10) and matrix metalloproteinase 3 (MMP-3),
which most likely is connected to lowered expression of
TIMP. This affects the loss of activity of phagocytes and
lymphocytes T [24, 25].

VISFATIN

Visfatin is also called a factor increasing colonies of B cells
and phosphoribosyl transferase. It impacts the insulin re-
ceptors because it functions as it is equivalent. Many factors
may lead to the elevation of the level of this substance in
the organism. In patients with obesity the level of visfatin
is elevated, like patients with type II diabetes, polycystic
ovary syndrome and articular inflammation. It should also
be noted, that adipokines is produced in a higher volume
by visceral fat tissue in comparison to subcutaneous fat
tissue. This substance has a great impact on homeostasis
of the entire organism, which is proven by studies, in
which removal of this substance in experimental groups
of animals lead to their death [26, 27].

Studies conducted in the last years showed, that a high
level of visfatin caused the degradation of cartilage tissue,
which is connected to elevated expression of MMP-3
(matrix metalloproteinase 3) and MMP-13 (matrix metal-
loproteinase 13). This study was conducted on colonies
of cartilage tissue, but there is however a lack of proof on
negative effect of this substance on hyaline cartilage tissue
in patients and correlation of this substance with the ap-
pearance of arthrosis [26, 27].

Studies conducted by Duan et all. In 2012 show, that in
patients with primary osteoarthrosis the amount of visfatin
in synovial fluid was much higher than in patients from
control group. It should also be noted, that increase in
concentration of this substance was positively correlated
with expression of markers impacting the degradation of
cartilage tissue [26].

RESISTIN

Resistin is a polypeptide with low molecular mass of
12,5kDa [28]. It is produced by fat tissue but also by the
pancreas, bone marrow, lungs and inflammatory cells. It

is content in blood plasma is positively correlated with fat
mass. There however is no correlation of it is amounts in
synovial fluid, because in patients with high BMI we can
observe an increase of this substance in blood plasma,
but it is amount in synovial fluid remains unchanged [4].
Elevated level of this adipokine can be observed in patients
with inflammatory bowel disease, rheumatoid arthritis,
but also in patients with asthma [29]. The mechanism
of resistin have not been fully learned yet. Elevated level
of this adipokine was observed in patients with articular
injuries [4].

Studies conducted by Koskinen et all. in 2014 showed,
that resistin is present in synovial fluid during degenerative
changes. It was proved, that resistin is positively correlat-
ed with interleukin IL-6 (interleukin 6), MMP-1 (matrix
metalloproteinase 1) and MMP-3, which means, that this
substance impacts the appearance of inflammatory states
of the cartilage and its degeneration [29].

CHEMERIN

Chemerin is a adipokine, that in the last years have been
the object of many studies. Initially it was called chemokine
[30]. It impacts the proinflammatory markers, affecting
the level of reactive protein C and TNF-a (tumor necrosis
factor alfa) in blood plasma. This adipokine affects the
cartilage tissue. A high level of chemerin stimulates the
inflammatory reaction in cartilage which is induced by
chondrocytes [31].

Studies performed by Huang et all in 2012 on patients
suffering from arthritis showed the lack of increase of
chemerin in blood plasma in comparison to the control
group [31]. This study however did not measure the level
of this adipokine in the synovial fluid, and the experimental
group was too small. Other studies, which checked the
concentration of chemerin showed its presence in blood
plasma in patients suffering from osteoarthritis. Its pres-
ence in blood plasma was positively correlated with the
stage of the disease and the BMI. In comparison to other
adipokines the level of chemerin in blood plasma is not
dependent on gender or age, which makes it more useful
as a biomarker and could ease additional analysis [10].

CONCLUSION

Osteoarthritis is a very serious condition, which touches
more and more people. There are many factors affecting
the appearance of the disease. The process of formation
of the disease is not fully known yet. One of the reasons
for arthrosis to appear is longer life expectancy and the
increase of obesity. The disease is diagnosed only after
symptoms appear. However, nowadays studies aim to check
the relevance of biomarkers in presence of the disease, and
possibly controlling the disease.

One of such biomarkers are adipokines, which are syn-
thesized by fat tissue, which links them to the appearance
of osteoarthritis because of BMI and body mass. However,
the sole level of adipokines in synovial fluid is higher than
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in blood plasma, which shows, that their action is local,
not global. It should also be noted, that some studies show
the appearance of several adipokines in synovial fluid in
patients suffering from osteoarthritis but with a normal
BMI, which may suggest the activation of infrapatellar fat
pad cells of the knee joint.

These substances may be a very useful way of examining
the presence of osteoarthritis and may even be a way of
controlling the disease. Further studies should be con-
ducted to prove the hypothesis, that adipokines function
as biomarkers for this disease.
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