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Abstract. Damage to the musculoskeletal system is one of the serious, but understudied complications of diabetes mellitus
(DM). Inflammatory and/or degenerative structural changes in the joints against the background of long-term hyperglycemia in
the initial stages cause limitation of joint mobility, and later lead to persistent contractures and disability of patients. Therefore,
the studying formation mechanisms of joint lesions in patients with DM is extremely important and relevant. The aim of our
study was to identify the levels of specific hormones and biochemical markers of connective tissue metabolism in patients with
diabetic arthropathy and to establish their possible influence on the development of joint pathology in this category of patients.
Material and methods. The presence and degree of severity of diabetic arthropathy was assessed according to the method
of A. Rosenblum. Levels of insulin, leptin, and osteocalcin in blood serum were determined by enzyme-linked immunosorbent
assay using Diaclone reagent kits (France) and a Stat fax 3200 tablet immunoenzymatic analyzer (USA). Collagenase activity
was assessed according to the method developed by S. Lindy and J. Halme. Glycosaminoglycans were determined by the
Orcin method described by S.A. Klyatsky and R.. Lifshits. Hydroxyproline fractions were isolated from blood serum according
to the method proposed by S. Frey. And hydroxyproline was identified using reagents produced by Merck (Germany). Results.
As a result of the study, it was found that the development of arthropathy did not depend on the type of DM. The odds of
developing arthropathy were the same in men and women with type 1 DM (T1DM). Women with type 2 DM (T2DM) were
6.4 times more likely to develop arthropathy than men. It was established that in both types of DM, an increase in insulin
and leptin levels was observed along with the progression of arthropathy. Osteocalcin levels were 53.9% higher in patients
with TIDM and arthropathy than in patients without arthropathy. Regardless of the type of DM, patients with arthropathy
had an increased level of biochemical markers indicating catabolic processes in the connective tissue of collagenase and free
hydroxyproline. Conclusion. Thus, the important role of the hormones insulin and leptin in the development of lesions of the
articular system in patients with DM has been established. Determination of osteocalcin, collagenase and hydroxyproline levels
was an important early marker of catabolic processes in patients with diabetic arthropathy.
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Due to the progressive increase in the incidence
and disability among patients of working age, DM
remains one of the most significant medical and
social challenges of our time. Damage to the mus-
culoskeletal system is one of the serious but under-
studied complications of DM. Diabetes-related ar-
thropathies are inflammatory and/or degenerative
structural changes in the joints that initially cause
limited joint mobility and then eventually result in
contractures. According to various authors [1, 2],
damage to the joints is frequently observed in pa-
tients with DM. Only some fragmentary studies,
though, have provided a description of the progres-
sion, clinical presentation, and diagnosis of diabetic
arthropathy.

There are many questions regarding the patho-
genesis of diabetic arthropathy since the develop-
ment of this condition is a complicated and multi-
faceted process [3]. The impact of metabolic factors
and various hormones (insulin, leptin, osteocalcin,
adiponectin, osteoprotegerin, etc.) on the occur-
rence of joint damage in diabetic patients has been
conclusively demonstrated in the latest studies.
Numerous recent randomized trials have shown the
high comorbidity of both diseases [4, 5].

Insulin and leptin directly affect the structural
components of the joints in diabetic patients. When
chondrocytes are stimulated by leptin, they synthe-
size pro-inflammatory mediators that cause inflam-
mation. These mediators then activate metallopro-
teases, including collagenase, which leads to joint
damage. The direct effect of leptin on chondrocytes
has been shown to synergize with interferon-y and
interleukin-1B by activating nitric oxide synthesis,
which induces a wide range of pro-inflammatory
cytokines and is a pro-inflammatory mediator in
the cartilage, promoting metalloproteinase activa-
tion and chondrocyte apoptosis [6]. Leptin increas-
es the production of pro-inflammatory cytokines
through the activation of nuclear factor kB [7, 8].
These findings support the idea that leptin acts as
a pro-inflammatory cytokine having a direct effect
on immune-inflammatory responses and suggest
that leptin emerges as a link between obesity and
inflammation, which is associated with changes in
cartilage homeostasis [9].

The only energy substrate for chondrocytes with
an exclusively anaerobic metabolism is glucose. In-
sufficient glucose supply to chondrocytes impedes
the synthetic processes and leads to primary degen-
eration of the cartilaginous tissue [10, 11].

228

There is increasing evidence that the subchon-
dral bone (SCB) is the initiator and key player
in the progression of osteoarthritis (OA). Recent
studies prove the potential use of active metabo-
lites of SCB in the diagnosis of early stages of OA
[12-15]. It should be noted that in OA, the level of
some markers of bone resorption increases long be-
fore the change in the concentration of markers of
cartilage degradation, and this can be considered as
a predictor of disease progression.

There are two types of cells in the SCB in OA:
osteoblasts and osteoblast-like cells. The second
type of cells, unlike normal osteoblasts, cannot form
a complete bone matrix and is capable of producing
large amounts of osteocalcin and bone isoenzyme
alkaline phosphatase [16]. The demineralization of
collagen fibrils and the activation of matrix metal-
loproteinases are thought to be the fundamental
processes in the formation of the osteo-like matrix
of SCB. These processes may be mediated by the in-
fluence of osteoblast-stimulating factor-1, which is
actively expressed in the area of subchondral sclero-
sis by osteoblast-like cells and is involved in the sup-
pression of type I, I, and X collagen synthesis [17].

The formation of an abnormal subpopulation of
osteocytes in SCB is considered an important fac-
tor in the development of OA [18]. The processes
occurring in this case lead to the activation of spe-
cific molecules that can serve as biological markers
of remodeling. Osteocalcin has been shown to re-
flect the biological synthetic reserves of SCB os-
teoblasts. Therefore, it can be used to control the
effectiveness of pharmacological action on bone and
cartilaginous tissue [16].

Increased expression of osteocalcin, alkaline
phosphatase, and type I collagen is associated with
an excessive effect of leptin on osteoblasts in OA.
Inhibition of leptin activity led to a decrease in the
levels of osteocalcin and other markers of osteoblast
differentiation [19]. These findings indicate the ex-
istence of feedback markers for the interaction of
SCB with external factors in the OA pathogenesis.
Osteocalcin is of interest for understanding the
processes occurring in SCB during the early stages
of remodeling, and it can be used as an independent
marker of the effectiveness of pharmacological ac-
tion. Low mineral activity of osteoblasts and high
levels of osteocalcin may play an important role in
the remodeling of SCB in OA.

The aim of our study was to identify the levels of
specific hormones and biochemical markers of con-
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nective tissue metabolism in patients with diabetic
arthropathy and to establish their potential impact
on the development of joint pathology in this cate-
gory of patients.

Material and methods

A total of 77 patients (28 men and 49 women)
were included in the study. The patients were di-
vided into two groups depending on the type of
DM. 40 patients (17 men and 23 women) were di-
agnosed with T1DM, and 37 patients (11 men and
26 women) had T2DM. The mean age of patients
with T1DM and their body mass index (BMI) were
expected to be significantly lower than in the group
of patients with T2DM (p<<0.001). In this sample,
patients with T2DM had a mean BMI 24.2% high-
er than those with TIDM (t =10.5; p=0.001). The
groups did not differ statistically in the DM dura-
tion (p>0.07). No gender differences were found in
the studied parameters (p>0.2). Arthropathy was
diagnosed in 59 (76.6%) patients, and joint pathol-
ogy was not detected in 18 (23.4%) patients. DM
compensation was recorded at glycated hemoglo-
bin levels up to 7%. The presence and severity of
diabetic arthropathy were assessed using the A.
Rosenbloom method. Insulin, leptin, and osteocal-
cin levels in blood serum were determined by en-
zyme-linked immunosorbent assay using reagent
kits from Diaclone (France) and a plate enzyme
immunoassay analyzer Stat fax 3200 (USA). Col-
lagenase activity was assessed using the method
developed by S. Lindy and J. Halme. Glycosamino-
glycans were determined by the orcin method de-
scribed by S.A. Klyatskin and R.I. Lifshitz. Hy-
droxyproline fractions were isolated from blood
serum using the method proposed by S. Frey and
hydroxyproline was identified with the help of rea-
gents produced by Merck (Germany).

Statistical processing of the obtained data was
carried out using the methods of variational statis-

tics of the standard package for statistical calcula-
tions, Statistica 5.0 Microsoft Office Exel 2003.

Results and discussion

Arthropathy was diagnosed in 75% of patients
with TIDM and in 78% of patients with T2DM
(t=0.35; p>0.1). Table 1 shows the distribution of
patients by type of DM, gender, and the presence of
arthropathy. Analysis of variance (classic t-test was
used for unrelated samples) revealed that women
with T2DM were 6.4 times more likely to develop
arthropathy than men (OR=6.39; CI=1.18-34.62,
p=0.032). In T1DM, the chances of developing ar-
thropathy in men and women were equal (OR=1.5;
CI-0.36-6.32, p=0.581).

Table 1. Distribution of patients by type of DM, gender and the
presence of OA, % (n)

Groups Gender Without OA  With
OA
T1DM males 29 (5) 71(12)
((=031p=0579)  famales 22(5) 78(18)
both groups 25 (10) 75 (30)
T2DM males 45 (5) 546 (6)
(=525 p=0022)  fagles 123) 89 (23)
both groups 22 (8) 78 (29)
Both groups males 36 (10) 64 (18)
X=012p=0726) " famales 16 (8) 84 (41)
both groups 23 (18) 77 (59)

When analyzing the average levels of the stud-
ied hormones in patients with and without joint pa-
thology, a significant increase in insulin and leptin
was found in both types of the disease. The average
levels of osteocalcin were significantly higher only
in patients with arthropathy and TIDM (Table 2).

A logit-regression analysis was carried out sep-
arately for patients with TIDM and T2DM to es-
timate the risk of developing arthropathy based on

Table 2. Mean hormone levels in diabetic patients without/with arthropathy, M+m (n)

Hormones T1DM T2DM

Without OA With OA p Without OA With OA p
Insulin, mkU/mL 5.540.7 (10) 8.9+0.3 (30) 0.001 6.4+0.3 (8) 14.3+1.4 (29) 0.001
Leptin, ng/mL 18.2+4.4 (10) 32.3+3.8(30) 0.02 184+6.2 (8) 39.8+3.9 (29) 0014
Osteocalcin, 11.7+£1.8 (10) 25.5+3.2 (30) 0.001 194+1.3(8) 19.4+1.4 (29) 0.998
ng/mL
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the insulin level. The quasi-Newton method was
used for analysis and model construction. For a
group of patients with T1DM, the chances of de-
veloping arthropathy increase with increasing in-
sulin levels (OR=3.80; CI 1.38-10.45). The model
is statistically significant (x*>=19.7; p<0.001). The
sensitivity of the model is 80.0% and its specificity
is 86.4%.

The model constructed for a group of patients
with T2DM also indicates a 2.6-fold increased risk
of developing arthropathy with higher insulin lev-
els (OR=2.62; CI 1.05-6.53). The model is statisti-
cally significant (x*=18.4; p<0.001). The sensitivity
of the model is 87.5% and its specificity is 88.9%.

There were statistically significant differences in
the average insulin level depending on the stage of
arthropathy and the type of DM (F=2.9; p=0.04).
Thus, for the group of patients with T1DM, sta-
tistically significant differences were found only
in patients with or without arthropathy (t=5.1;
p<0.001) with corresponding levels of 5.5+0.7 and
8.9£0.3 mkU/mL. In the presence of arthropathy,
there were no differences in the values of insulin
levels at different stages of arthropathy (F=0.14;
p=0.87).

In the group of patients with T2DM, insulin lev-
els increased with the progression of the arthrop-
athy stage (F=9.9; p<0.001). In patients with and
without arthropathy and T2DM, the mean val-
ues of the «Insulin» indicator were 14.3+1.4 and
6.4%0.3, respectively (t=5.4; p<0.001). A more de-
tailed analysis showed that there were no statisti-
cally significant differences in the average insulin
level in the absence of arthropathy or its 1t stage
(t=0.05; p=0.96). At the 2" stage of arthropathy,
the average insulin level was 1.7 times higher than
at the 1% stage (t=2.9; p=0.015), and at the 3" stage,
it was 1.6 times higher than at the 2" stage (t=2.5;
p=0.022).

In 70.0% (T1DM) and 72.4% (T2DM) of pa-
tients with arthropathy, the presence of insulin
resistance was revealed. A direct correlation was
found between insulin resistance and the presence
of arthropathy, both in TIDM (r=0.46; p<0.001)
and in T2DM (r=0.68; p<0.001) (Spearman corre-
lation). That is, for patients with T1DM, the great-
er the dose of exogenous insulin administered, the
higher the chances of developing arthropathy. High
doses of insulin are associated with severe compli-
cations of the underlying disease in patients with
T1DM [1]. Our previous studies show that joint
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pathology frequently develops in the background
of other late complications of DM, such as polyneu-
ropathy, nephropathy, and angiopathy of the lower
extremities. Additionally, it has been demonstrat-
ed that insulin resistance in patients with T2DM
contributes to the pathogenesis of arthropathies by
increasing the production of various cytokines and
mediators, which in turn triggers nonspecific in-
flammation and the activation of metalloproteases,
which destroy cartilage [12].

A logit-regression analysis showed an increased
risk of developing arthropathy with an increase in
leptin levels in patients with TIDM (OR=1.27; CI
1.03-1.57). The model is statistically significant
(x*=16.6; p<0.001). The sensitivity of the model is
71.4% and its specificity is 100.0%. For the group
of patients with T2DM, a significant risk of devel-
oping arthropathy was also determined with an
increase in leptin levels (OR=1.17; CI 1.02-1.35).
The model is significant (x*=15.1; p<0.001). The
sensitivity of the model is 94.6% and its specificity
is 61.5%.

An analysis of variance was used to determine
differences in the average leptin levels according
to «type of DM», «gender» and «stage of arthrop-
athy». As a result, significant differences were not-
ed in «gender» (F=3.3; p=0.02) and «stage of ar-
thropathy» (F=6.7; p=0.01). There was insufficient
evidence to conclusively prove the influence of all
three factors (F=1.4; p=0.25).

An analysis of the distribution of mean leptin
values in patients with T1DM revealed differenc-
es only in the presence or absence of arthropathy
(t=2.4; p=0.02), while the mean leptin values at
various stages of arthropathy did not differ statisti-
cally (F=0.25; p=0.78).

The average leptin levels increased in patients
with T2DM as the arthropathy stage progressed,
with a statistically significant difference between
the groups of patients with the 1% and 2™ stages
of arthropathy (t=2.6; p=0.03) and those with the
1°t and 3 stages of the disease (t=3.1; p=0.007).
There were no statistically significant differences in
the means of patients without arthropathy and the
first stage of arthropathy (t=0.35; p=0.73), as well
as those with the 2" and 3™ stages of the disease
(t=0.62; p=0.54).

A direct correlation was established between
the levels of <«leptin» and «insulin» in patients
with T2DM (r=0.50; p=0.002). In patients without
arthropathy, the correlation coeflicient was 0.70
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(p=0.050), and in patients with arthropathy, it was
0.41 (p=0.029). The values were divided into three
categories: below the norm; above the norm; and
the norm. It allowed us to carry out a correlation
analysis with the determination of the Spearman
coefficient. It was found that both types of DM had
an increase in «insulin» and <leptin» levels along
with the arthropathy progression (p<0.01).

A study of the risk of developing arthropathy
depending on the level of osteocalcin did not con-
firm the hypothesis of an increased chance of de-
veloping arthropathy with an increase or decrease
in the level of osteocalcin. The chances of patients
are equal regardless of the type of diabetes and the
level of osteocalcin. The constructed models are
not reliable (p>0.1), have a specificity of 0.0% and
a sensitivity of 100.0%. However, a logit model for
patients with TIDM revealed a trend towards a
higher probability of developing arthropathy with
a rise in osteocalcin level.

An analysis of variance established the depend-
ence of the «osteocalcins level on the mutual action
of such factors as «DM» and <arthropathy» (F=4.3;
p=0.008), with a study power of 0.85 and a stand-
ard error of 0.05. Osteocalcin levels were often
53.9% higher in patients with T1DM and arthrop-
athy than they were in patients without arthrop-
athy (t=4.1; p=0.0003). No such differences were
observed in patients with T2DM (p>0.5).

A more detailed analysis showed that the av-
erage osteocalcin level in patients with stage 1 ar-
thropathy was significantly higher than in patients
without arthropathy (t=4.9; p=0.0004) and in pa-
tients with stage 2 of arthropathy (t=2.2; p=0.042).
Osteocalcin levels in patients with stages 2 and 3,
as well as those with stages 1 and 3, did not differ
statistically (p>0.1). The average osteocalcin levels
in patients with T2DM and the 2" stage of arthrop-
athy were significantly higher than in those with
the 1t stage (t=2.7; p=0.019). Other values did not
differ statistically (p>0.2).

We also evaluated biomarkers that represent
the synthetic and catabolic phases of collagen and
glycosaminoglycan metabolism, which are the two
building blocks of connective tissue. Deviation
from the normal values of the concentration of the
free fraction of hydroxyproline allows for evalua-
tion of collagen catabolism, i.e., it is a biochemical
marker of resorption of bone and cartilage tissues
since the main protein of these tissues is collagen.
Hydroxyproline is an amino acid that is a specific

marker of collagen proteins. Remodeling, i.e., deg-
radation or proteolysis, of collagen fibers of the
intracellular matrix of cartilage and bone tissue is
carried out by matrix metalloproteinases (MMPs)
[16]. The activity of various MMPs (collagenases)
has an extremely wide range of biological conse-
quences since they degrade most components of the
extracellular matrix [16-18].

Our observations support the hypothesis that
osteoarthritis pathogenesis is mediated by in-
creased MMP activity (Table 3-4).

Table 3. Biochemical markers of connective tissue metabolism in
the blood serum of patients with TIDM, M+m

Markers Without OA  With OA P
(n=24) (n=16)

Collagenase, 4.9440.21 3.94+0.12 0.001

mmol/L

Free hydroxyproline  7,80+0,16 7.15+0.17 0.008

mmol/L

Protein-bound 12.83+£0.13 12.51+0,23 0.242

hydroxyproline,

mmol/L

GAGs, g/L 0.0614+0.003 0.056+0.003 0.150

Hyaluronidase, 228.83+1.31 22681212 0426

mmol/L

Table 4. Biochemical markers of connective tissue metabolism in
the blood serum of patients with T2DM, M+m

Markers Without With OA P
OA (n=25) (n=12)

Collagenase, mmol/L 447+0.16 3.88+0.24 0.046

Free hydroxyproline 7,83+0,17 7.04+0.27 0.014

mmol/L

Protein-bound 12.67+0.15 12.35+0,27 0.269

hydroxyproline,

mmol/L

GAGs, g/L 0.057+0.003  0.055+0.003 0.597

Hyaluronidase, mmol/L  22596+136  223.834+2.75 0441

An analysis of variance showed that the mean
collagenase levels varied depending on the stage
of arthropathy (F=6.7; p<0.001) but did not differ
according to the type of DM (p=0.23). The mean
collagenase levels were different in patients with
T1DM and T2DM, and with or without arthrop-
athy. Thus, patients with T1DM and arthropa-
thy had collagenase levels that were 16.6% higher
(t=3.1; p=0.004) than those with T1DM and with-
out arthropathy. The same indicator for T2DM was
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17.1% (t=2.6; p=0.025). In T1DM, a linear increase
in the mean collagenase levels was found with the
progression of arthropathy (R2=0.95), with sta-
tistically significant differences in collagenase lev-
els between stage 1 and 3 of arthropathy (t=2.8;
p=0.016). No other statistically significant differ-
ences were established.

The correlation analysis revealed a direct re-
lationship between the level of osteocalcin and
collagenase in the general study group (r=0.32;
p=0.006), in the group of patients with TIDM
(r=0.37; p=0.023) and in the group of women
(r=0.37; p=0.012).

A more detailed analysis showed that a direct
correlation between osteocalcin and collagenase
parameters was determined only in women with
T1DM (t=0.48; p=0.026). No correlations were
noted between the levels of other metabolic en-
zymes and calcium.

Conclusions

1. The study found that the development of ar-
thropathy does not depend on the type of DM.
The chances of developing arthropathy in men
and women with TIDM were equal. Women
with T2DM were more likely to develop ar-
thropathy than men.

2. The chances of detecting arthropathy are high-
er with insulin and leptin levels in TIDM and
T2DM. A direct correlation was found between
insulin resistance and the presence of arthropa-
thy in T2DM. In women with T2DM, the aver-
age leptin level was 1.8 times higher than in men.

3. A direct correlation was established between
the levels of «Leptin» and «Insulins in patients
with T2DM and arthropathy. It was found that
both types of DM had an increase in «Insulin»
and «Leptin» levels along with the arthropathy
progression.

4. Osteocalcin levels were 53.9% higher in pa-
tients with TIDM and arthropathy than they
were in patients without arthropathy.

5. Regardless of the type of DM, patients with
arthropathy had elevated levels of biochemi-
cal markers that indicate catabolic processes in
the connective tissue (collagenase and free hy-
droxyproline).

6. A direct correlation between osteocalcin and
collagenase levels in women with T1DM was de-
termined. Patients with T1DM and arthropathy
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10.

11.

12.

13.

14.

15.

16.

17.

had collagenase levels that were 16.6% higher
than those with TIDM and without arthropa-
thy. The same indicator for T2DM was 17.1%.

References

Larkin ME, Barnie A, Braffett BH, Cleary PA, Diminick L, Harth J,
et al. Musculoskeletal complications in type 1 diabetes. Diabetes
Care. 2014 Jul;37(7):1863-9. doi: 10.2337 /dc13-2361.

Louati K, Vidal C, Berenbaum F, Sellam J. Association between
diabetes mellitus and osteoarthritis: systematic literature review
and meta-analysis. RMD Open. 2015 Jun 2;1(1):e000077. doi:
10.1136,/rmdopen-2015-000077.

[Iy6a HM, Bopounosa T/I, Tapacenxko TM, Kpumosa AC. Hosi
ACTIEKTH [ATOTEHE3y OCTE0apTpo3y Ta MUIAXM HOTO KOPEKIIii.
Ykpaincekuit meamannii gacomc.2012;2(88):113-9 (Shuba NM,
Voronova TD, Tarasenko TM, Krilova AS. New aspects of the
pathogenesis of osteoarthritis and ways of its correction. Ukrainian
Medical Hours. 2012;2(88):113-9. Ukrainian).

Berenbaum F. Diabetes-induced osteoarthritis: from anew paradigm
to a new phenotype. Ann Rheum Dis. 2011 Aug;70(8):1354-6. doi:
10.1136,/ard.2010.146399.

Rousseau JC, Delmas PD. Biological markers in osteoarthritis.
Nat Clin Pract Rheumatol. 2007 Jun;3(6):346-56. doi: 10.1038/
ncprheum0508.

Yan M, Zhang J, Yang H, Sun Y. The role of leptin in osteoarthritis.
Medicine (Baltimore). 2018 Apr;97(14):¢0257. doi: 10.1097/
MD.0000000000010257.

Figenschau Y, Knutsen G, Shahazeydi S, Johansen O,
Sveinbjornsson  B. Human articular chondrocytes express
functional leptin receptors. Biochem Biophys Res Commun. 2001
Sep 14;287(1):190-7. doi: 10.1006,/bbrc.2001.5543.

Hamrick MW, Herberg S, Arounleut P, He HZ, Shiver A, Qi RQ,
et al. The adipokine leptin increases skeletal muscle mass and
significantly alters skeletal muscle miRNA expression profile in aged
mice. Biochem Biophys Res Commun. 2010 Sep 24;400(3):379-83.
doi: 10.1016/j.bbre.2010.08.079.

Simopoulou T, Malizos KN, TIliopoulos D, Stefanou N,
Papatheodorou L, loannou M, et al. Differential expression of leptin
and leptin's receptor isoform (Ob-Rb) mRNA between advanced
and minimally affected osteoarthritic cartilage; effect on cartilage
metabolism. Osteoarthritis Cartilage. 2007 Aug;15(8):872-83. doi:
10.1016/j.joca.2007.01.018.

Fan Z, Chubinskaya S, Rueger DC, Bau B, Haag J, Aigner T. Regulation
of anabolic and catabolic gene expression in normal and osteoarthritic
adult human articular chondrocytes by osteogenic protein-1. Clin Exp
Rheumatol. 2004 Jan-Feb;22(1):103-6. PMID: 15005012.

Laiguillon MC, Courties A, Houard X, Auclair M, Sautet A,
Capeau J, et al. Characterization of diabetic osteoarthritic cartilage
and role of high glucose environment on chondrocyte activation:
toward pathophysiological delineation of diabetes mellitus-related
osteoarthritis. Osteoarthritis Cartilage. 2015 Sep;23(9):1513-22.
doi: 10.1016/j.joca.2015.04.026.

Courties A, Sellam J. Osteoarthritis and type 2 diabetes mellitus:
What are the links? Diabetes Res Clin Pract. 2016 Dec;122:198-
206. doi: 10.1016/j.diabres.2016.10.021.

Berenbaum F. Osteoarthritis as an inflammatory disease
(osteoarthritis is not osteoarthrosis!). Osteoarthritis Cartilage.
2013 Jan;21(1):16-21. doi: 10.1016/j.joca.2012.11.012.

King KB, Rosenthal AK. The adverse effects of diabetes on
osteoarthritis: update on clinical evidence and molecular
mechanisms. Osteoarthritis Cartilage. 2015 Jun;23(6):841-50. doi:
10.1016/j.joca.2015.03.031

Tu M, Yao Y, Qiao FH, Wang L. The pathogenic role of connective
tissue growth factor in osteoarthritis. Biosci Rep. 2019 Jul
18;39(7):BSR20191374. doi: 10.1042/BSR20191374.

Scully SP, Lee JW, Ghert PMA, Qi W. The role of the extracellular
matrix in articular chondrocyte regulation. Clin Orthop Relat Res. 2001
Oct;(391 Suppl):S72-89. doi: 10.1097,/00003086-200110001-00008.
Gho WG, Choi Y, Park KH, Huh JK. Expression of collagenases
(matrix metalloproteinase-1, 8, 13) and tissue inhibitor of
metalloproteinase-1 of retrodiscal tissue in temporomandibular
joint disorder patients. ] Korean Assoc Oral Maxillofac Surg. 2018



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 3

Jun;44(3):120-7. doi: 10.5125/jkaoms.2018.44.3.120.

18. Sabah Ali, Zainab A, Sahar H, Abdul-Kareem, Heba F. Hassan,
Rasha M, et al. Estimation of serum matrix metalloproteinases-1
levels in Iraqi female patients with osteoarthritis. Int ] Med Res
Health Sci. 2018;7(5):18-22.

19. Upadhyay J, Farr OM, Mantzoros CS. The role of leptin in
regulating bone metabolism. Metabolism. 2015 Jan;64(1):105-13.
doi: 10.1016/j.metabol.2014.10.021.

List of abbreviations:

DM - diabetes mellitus

GAG - glycosaminoglycans

OA - osteoarthropathy

SCB - subchondral bone

T1DM - type 1 diabetes mellitus
T2DM - type 2 diabetes mellitus

MaTtoreHeTuyHi acnektu giabetuyHoro
0CTE0apTPUTY

B.J1. OpneHko, K.10. IBacbkiBa, M.I. KpaBuyk

LY «IHCTUTYT eHAoKpUHONOrii Ta 0OMiHY pedoBwH iM. B.IN. KomicapeHka
HAMH YkpaiHn»

HauioHanbHnin MeanuHmi yHisepcuteT iM. O.0. boromonbus

Pestome. YpakeHHA ONOPHO-PYXOBOrO amnapata € OfHUM i3 Cepiios-
HIX, ane MafoBMBYEHUX YCKNaAHeHDb LyKposoro fiabeTy (L), 3ananbHi
Ta/abo [lereHepaTvBHi CTPYKTYPHI 3MiHW B Cyrnobax Ha Tni Tpveanoi
rinepraikemii  Ha MOYaTKOBMX eTamax CNPUUYMHAIOTb  OOMEXeHHS:
PYXMBOCTI Cyrno0iB, a 3rofoM NPU3BOAATL O CTIMKMX KOHTPAKTYP i
iHBaniAM3aLii xBopux. ToMy BUBUEHHA MexaHi3mis GOopMyBaHHA ypa-
XeHHA Cyrnoois y xBopux Ha L[] € HaA3BUUYANHO BAKIVBUM i aKTyamb-
H1M. MeTolo Haloro JocnifpKeHHA Gyno BYABUTY PIBHI CeUniuHmX
FOPMOHIB | GIOXIMIYHMX MapKepiB MeTaboni3mMy CroyUYHOI TKaHUHW Y
XBOPUX Ha AiabeTnyHy apTponaTtiio Ta BCTAHOBWTY X MOXAVBWIA BNVB
Ha po3BUTOK MaTosorii cyrnobis y Uiei KaTeropii xsopvix. MaTepian
i metogu. Bcboro B pocnimKeHHA Oyno BKMOYEHO 77 MaLljieHTis.
HaABHICTb Ta CTymiHb TAXKOCTI AiabeTnyHO! apTponaTii ouiHioBanM 3a
metofiom A. PoseHOnyma. PiBHi iHCYNiHY, NENTUHY Ta OCTEOKanbLyHY
B CMPOBATLi KPOBI BM3HaYanu METOAOM IMyHODEPMEHTHOTO aHaniy
3 BUKOPWCTaHHAM Habopis peakTugia ¢ipmy Diaclone (PpaHuis) Ta
MNaHLWeTHOro iMyHodepMeHTHOro aHanizatopa Stat fax 3200 (CLUA).
KonareHasHy aKTMBHICTb OLHIOBaNM 3a METOAVKOL, po3pobneHoio S.
Lindy i J. Halme. Mniko3amiHornikaHu BU3Hauanu opuMHOBMM METOLOM,
onucaHum CA. Knaukinmm Ta Pl Jlidwmuem. Opakuii rigpokcmnponiny
BMAINAIN i3 CUPOBATKM KPOBI 332 METOAOM, 3anPOonoHoBaHUM C. Dpeem.
A rigpoKcvnponiH ineHTUIKyBanM 3a AOMOMOroK peakT1Bia Gipmu
Merck (HimeuunHa). PesynbTraTul. Y pesynsTaTi JOCTIAXEHHA BUABNe-
HO, WO PO3BWTOK apTponaTii He 3anexwuTb Bif TMMNY LyKPOBOro AiabeTy.
LLJaHcy po3BKTKY apTponaTii B YOMOBIKIB i xiHOK i3 LI 1-ro Tvny 6ynu
ofHakosumMu. XKiHku 3 L 2-ro Tuny manu 8 6,4 pasa 6inblie WaHcis Ha
PO3BWTOK apTPONaTi, Hix UYoNOBIKK. BCTaHOBNEHO, WO NPy 060X THnax
L[] pa3om i3 nporpecyBaHHAM apTPONaTii CNOCTepiranoca NiaBMLLEHHA
PIBHIB iHCYNiHY Ta NenTuHy. PiBHi ocTeokansumHy 6ynu Ha 53,9% Bu-
WMy B nadienTis i3 L 1-ro Tmny Ta apTponartieo, HiX y nalieHTis
6e3 aptponarii. HesanexHo 8ig Tuny LI y xBopwx Ha apTponatiio
cnocTepirascaA NiaBULLEHNI piBeHb GIOXIMIUHKX MAPKEPIB, LLIO BKa3yi0Tb
Ha KaTaboniuHi NPoLLeCH B COSYYHill TKaHWHI KONareHasw Ta BinlbHOro
rigpokcnponiHy. BUCHOBOK. TakvM YMHOM, BCTaHOBMEHa BaXMBa

POJb FOPMOHIB IHCYNIHY Ta NENTUHY B PO3BUTKY ypaxeHb CyrnoboBoi
cicTemmn B nauieHTie i3 L. Bu3HaueHHA piBHIB OCTEOKabLMHY, KO-
fareHasv Ta rigpOKCUNPONIHY € BaXIVBUMK PaHHIMK Mapkepamu
KaTaboniyHMX NpoLeciB y NauieHTiB i3 AlabeTnyHO apTponaTieio.
KniouoBi cnoBa: Liykposwit aiabeT, aiabeTnyHa aptponaria.
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