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Functional and biochemical characteristics
of the muscle system in children with type | diabetes

Abstract. Background. The purpose of the study was to determine possible markers of skeletal muscle damage in
children with type 1 diabetes mellitus (T1DM) and their relationship with the features of disease course. Materials and
methods. The observation group consisted of 98 children with type 1 diabetes mellitus: the first group included 22 people
without disorders of the muscular system; the second — 42 patients with dynapenia; the third — 34 children with dia-
betic myopathy. Control group — 30 relatively healthy children. Assessment of the static endurance of skeletal muscles,
determination of the level of creatine kinase, aspartate aminotransferase, alkaline phosphatase, lactate dehydrogenase,
periostin and cardiotrophin- 1 in blood serum were performed in all patients. Results. The conducted studies demonstrate
that children with diabetes, regardless of the structural and functional state of their muscular system, have signs of skeletal
muscle damage, which were most expressed in diabetic myopathy and progressed with maximal deterioration of glycemic
control. It was found that the highest content of alkaline phosphatase was characteristic of children from group 1, while in
patients with diabetic myopathy its serum content was not statistically different from that of controls. These disorders oc-
curred against the background of changes in alkaline phosphatase activity, the level of which was highest in children from
group 1, while in patients with diabetic myopathy, its serum content was not statistically different from that of controls.
At the same time, during the course of diabetic myopathy in children with T1DM, there was an increase in lactate dehy-
drogenase activity by 1.2 times (p < 0.01) and cardiotrophin-1 by 300 times (p < 0.01) compared to the corresponding
indicator of the control group. Serum periostin level was increased in all patients with TIDM. Its maximum values were
determined in group 1, whose periostin concentration exceeded control indicators by 103 times (p < 0.01). With deteriora-
tion of skeletal muscle state, there was a gradual decrease in periostin serum level, but in patients with dynapenia, it was
35.5 times higher than in the control group (p < 0.05) and 19.2 times higher in those with diabetic myopathy (p < 0.05).
Conclusions. The course of type 1 diabetes in children is accompanied by skeletal muscle damage, the first clinical sign
of which is a decrease in the static muscle endurance against the background of worsening disease course. Alkaline phos-
phatase, lactate dehydrogenase, periostin, and cardiotrophin-1 are biochemical markers of skeletal muscle damage in
children with type 1 diabetes. A common feature of the changes in the specified indicators is their increase; however, each
clinical condition of the skeletal muscles corresponds to its own configuration of changes in the abovementioned markers.
Keywords: children; type 1 diabetes; diabetic myopathy, markers of skeletal muscle damage

Introduction

Skeletal muscles make up approximately 40 % of our
body weight and are one of largest organs in terms of mass
and protein content. However, the mass of skeletal muscles
is very dynamic and depends on both physiological and
pathological conditions. Regulation of muscle mass, de-
termining their growth or atrophy, depends on the balance

between anabolic and catabolic stimuli [1]. Loss of skeletal
muscle mass and decline in muscle function are hallmarks of
aging. This process reaches its maximum on the seventh and
eighth decades of life. However, in people with type 1 dia-
betes (TIDM), diabetes-related decrease in muscle mass
begins at a much younger age [2]. In addition to impaired
muscle growth and function, in TIDM there is a deteriora-
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tion of their recovery after damage, which may be associated
with the loss of muscle stem cells [3]. This condition in dia-
betic patients is called diabetic myopathy, it can be observed
in 27—88 % of cases [4, 5]. This serious, often overlooked
complication is believed to contribute to the progression of
chronic diabetic complications due to the key role of ske-
letal muscle in glucose homeostasis [6, 7]. Despite the fact
that patients with T1DM strive to maintain normal glycemic
control, less than a third of them consistently achieve tar-
get blood glucose levels [8]. Hyperglycemia and the resul-
ting advanced glycation end products are leading factors of
muscle dysfunction in diabetes and may significantly con-
tribute to the development of diabetic myopathy in TIDM
[9]. Chronic low-grade inflammation inherent in TIDM
patients impairs skeletal muscle regeneration [10]. The fin-
dings of the 2020 meta-analysis conclusively demonstrate a
significant association between higher levels of circulating
inflammatory markers and lower skeletal muscle strength
and muscle mass [11]. Tumor necrosis factor, interleukin 6,
interleukin 1, and interferon y are among the most studied
proinflammatory cytokines contributing to the develop-
ment of muscle atrophy [12]. Important mechanisms in the
pathogenesis of diabetic myopathy are increased oxidative
stress and impaired antioxidant protection [13]. Recent
studies have shown that alteration within the mitochondrial
oxidative capacity of young adults with type 1 diabetes can
be a possible mechanism of muscle fatigue [14]. The roles
of insulin [15], insulin-like growth factor 1 and 2 [16, 17],
basic fibroblast growth factor [18], transforming growth fac-
tor B [19] and other myokines in skeletal myogenesis were
also confirmed. However, despite the significant interest
of scientists in the problems of skeletal muscle changes in
diabetes and their role in the course of the disease, the issue
of early manifestations of diabetic myopathy and markers
of skeletal muscle damage in children with T1DM remains
poorly studied.

The purpose of the study: to determine possible markers
of skeletal muscle damage in children with type 1 diabetes
and their relationship with the features of disease course.

Materials and methods

The study was conducted at the endocrinology depart-
ment of the Municipal Institution “Zaporizhzhia Regional
Clinical Children’s Hospital” of the Zaporizhzhia Regional
Council and involved 98 children with type 1 diabetes aged
11 to 17 years. Depending on the condition of the skeletal
muscles, patients were divided into 3 groups. The first group
included 22 children without muscular disorders. The se-
cond group consisted of 42 children whose muscular system
condition corresponded to dynapenia. The third group in-
cluded 34 patients diagnosed with diabetic myopathy. The
control group consisted of 30 conditionally healthy children.
All groups were representative of age, sex, body mass index,
and duration of diabetes. Exclusion criteria: the absence of
consent to participate in the study; obesity or overweight;
the presence of acute inflammatory processes or congenital
malformations in the stage of decompensation; professional
engagement in sports.

Diabetic myopathy was diagnosed when the hand
strength index was less than 49.6 % in boys, less than 43 %

in girls, and the skeletal muscle index was less than 75.3 %,
regardless of gender. Dynapenia was detected with a reduc-
tion of only the wrist strength index when determining the
skeletal muscle index of 75.3 % and above [4].

All children underwent the measuring of body weight
and height with the further evaluation of body mass index.
The muscular mass in patients under 15 years of age was
estimated according to A.M. Peters equation [20]. P. Boer
equation was applied for children above 15 years of age ta-
king into account gender [21]. To evaluate condition of
muscular system, the skeletal muscle index was assessed
[22]. Body fat percentage [23] and body fat mass were also
determined [24].

Skeletal muscle strength was assessed using a hand
spring dynamometer DK-50. To level out the age of a child
when estimating the muscle strength, one has applied the
wrist strength index (WSI). WSI was evaluated by the fol-
lowing equation:

WSI = (wrist strength (kg) / body mass (kg)) x 100 %.

To define functional abilities of muscular system, static
endurance of skeletal muscles was estimated while fixing the
maximal period of sustaining a given position in seconds. A
series of tests was performed to determine static endurance
of the following muscles: 1) neck flexors — the child was of-
fered to keep his head raised as long as possible in a position
lying on his back to a height limited by the distance of the
chest from the couch; 2) back extensors: the starting posi-
tion — lying on the stomach, the legs are fixed, the chest is
kept raised above the couch as long as possible, with hands
behind the head; 3) abdominal muscles: starting position —
lying on the back, arms along the body, raise the legs to an
angle of 45° and hold for the maximum time; 4) gluteus me-
dius — initial standing position, maximum adduction of the
hip to the side, prevention of its rotation. We also evaluated
the total static endurance of the muscles as the sum of the
time of static endurance of all muscle groups studied [4].

All children underwent a biochemical blood analysis to
determine the level of fasting blood glucose, creatine kinase,
aspartate aminotransferase, alkaline phosphatase, and lac-
tate dehydrogenase (LDH). Muscle tissue damage index
(MTDI) was determined as the creatine kinase to aspartate
aminotransferase ratio.

The content of serum periostin was determined by the
method of enzyme immunoassay using the Human Perios-
tin/OSF-2 ELISA Kit. Plasma level of cardiotrophin-1 was
measured with enzyme immunoassay using the RayBio®
Human CT-1 ELISA Kit.

All the results were analyzed using the set of sta-
tistic programs Statistica 13.0 (StatSoft Inc., No.
JPZ8041382130ARCN10-J), with the Shapiro-Wilk asym-
metry test of normality. To compare characteristics, the me-
dian (Me) and quartiles of Me (Q,; Q,,) were used. The reli-
ability of the differences in the obtained results for different
groups was determined by the Student’s test. Correlations
were evaluated by the Pearson coefficient. Differences were
considered to be significant at p < 0.05.

When planning this work, we obtained a permission
from the regional bioethical commission of Zaporizhzhia
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State Medical University. All procedures performed in stu-
dies involving children conformed to the ethical standards
of the institutional and national research committees and
the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. Informed consent was ob-
tained from each of the study participants and their official
guardians.

Results

In all groups of children with diabetes, including pa-
tients of group 1, whose muscle mass and skeletal muscle
strength remained preserved, the static endurance tests of
the studied skeletal muscle revealed a deterioration in the
ability to maintain given posture as much as possible, which
led to a statistically significant decrease in total static endu-
rance compared to the similar indicator of the control group
(Table 1).

The results of total static muscle endurance were worst in
children, who didn’t achieve optimal glycemic control (the
correlation coefficient between the total static muscle en-
durance and glycated hemoglobin was r = —0.47, p < 0.05).

This occurred against the background of skeletal muscle
damage, confirmed by an increase in MTDI, which was
1.2 times higher among patients in group 1 than in controls
(p < 0.05). The highest MTDI was observed in the group
of children with dynapenia and diabetic myopathy. Its value
exceeded the indicators not only of the control group, but
also of group 1 (p < 0.05) (Table 2).

Further, we investigated the content of alkaline phos-
phatase, the activity of which, according to literature data,
changes in skeletal muscle pathology [25]. The highest levels
of alkaline phosphatase were found in children from group
1, while in patients with diabetic myopathy, its serum con-
tent was not statistically different from the control group
(Table 2). Simultaneously with a decrease in the content of
alkaline phosphatase against the background of a damage to
the structural and functional muscles, there was an increase
in LDH activity, which plays an important role in ensuring
the normal physiology of skeletal muscles [26], with its ma-
ximum value in group 3 (Table 2).

Given that periostin is necessary for maintaining muscle
mass during muscle regeneration and plays protective role

Table 1. Parameters of static endurance of skeletal muscles in children with diabetes,
depending on the structural and functional state of skeletal muscles, Me (Q,,; Q_,), sec

Group 1 Group 2 Group 3 Control group
Parameter n=22 n=42 n=34 n =30
Neck flexors 43.50 (31.50; 50.50)* | 35.00 (25.00; 48.00)*2 | 34.00 (29.50; 46.25)+2 | 63.50 (58.75; 120.00)

Abdominal muscles 20.00 (17.50; 25.50)*

18.00 (12.00; 23.00)*

18.50 (12.25; 23.00)* | 45.50 (45.00; 49.00)

Back extensors 24.00 (19.00; 25.50)*

20.00 (12.00; 28.00)*

20.00 (15.00; 30.00)* | 39.50 (30.00; 42.00)

Left gluteus medius 33.00 (30.00; 45.00)*

30.00 (20.00; 40.50)*

31.00 (18.00; 41.00)* | 40.00 (31.00; 53.00)

Right gluteus medius | 35.00 (31.25; 48.00)*

30.00 (20.50; 44.00)*

31.50 (18.50; 42.00)* | 42.00 (32.00; 52.00)

Total static muscle
endurance

162.00 (139.00;
179.50)*

146.00 (117.50;
173.00)*

143.00 (106.50;
159.00)*2

249.00 (218.00;
274.00)

Notes: ' — p < 0.05 compared to the corresponding indicator of the control group; 2 — p < 0.05 compared to

the corresponding indicator of group 1.

Table 2. Biochemical parameters characterizing the state of the muscular system in children with diabetes,
depending on the structural and functional state of skeletal muscles, Me (Q,,; Q_,)

Group 1

Parameter h=22

Group 2
n=42

Group 3
n=34

Control group
n =30

Muscle tissue

. 1
damage index, CU 3.38(2.97; 3.97)

4.44 (3.33;5.27)+2

4.28 (2.81;5.18)*2 2.74(2.17; 3.23)

Alkaline 221.08 (130.23; 192.84 (106.80; _ .| 106.76 (74.35;
phosphatase, U/L 282.25)! 273.92) 110.47 (89.53;131.64) 128.57)
Lactate _ 303.55 (264.4; _ L5 | 253.9(241.95;
dehydrogenase, U/L | 253:60(243.0,278.3) 331,08, 311.5 (255.7; 348.35) 575.58)

146.25 (97.88;

Periostin, ng/ml 174.75)2

50.0(33.13; 138.75)%3

27.13(17.88; 33.63)*%4 | 1.41(1.28; 30.5)

Cardiotrophin-1,

og/mi 13.0 (10.0; 44.0)

18.5(10.0; 39.5)

150.0 (53.5; 3400)>* 0.5(0.5; 35.3)

Notes: ' — p < 0.05 compared to the corresponding indicator of the control group; 2 — p < 0.01 compared to
the corresponding indicator of the control group; 3 — p < 0.05 compared to the corresponding indicator of
group 1; 4 — p < 0.05 compared to the corresponding indicator of group 2.
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in muscular dystrophy [27], we investigated its serum lev-
el in children with diabetes, depending on structural and
functional state of skeletal muscles (Table 2). The obtained
results showed elevated periostin content in all groups of
patients with diabetes, compared to indicators in controls.
Its maximum values were determined in group 1 patients,
whose periostin concentration exceeded that of controls by
103 times (p < 0.01). With structural and functional chan-
ges in the skeletal muscles, there was a gradual decrease in
periostin serum level. Thus, in patients with dynapenia, its
content was 35.5 times higher than in the control group
(p < 0.05) and 19.2 times higher in people with diabetic
myopathy (p < 0.05). An inverse relationship between se-
rum glucose content and periostin level was established
(r=-0.48,p <0.05)

The highest level of cardiotrophin-1, which according
to the literature is involved in the development of skeletal
muscle atrophy [28], was found in patients with diabetic
myopathy. It exceeded that of the control group by a me-
dian of 300 times (p < 0.01). Among the patients in groups
1 and 2, the content of cardiotrophin-1 was also statistically
higher than in controls (p < 0.01), but compared to group
3, it was 11.5 and 8 times lower, respectively (p < 0.05). The
highest values of cardiotrophin-1 were determined in chil-
dren with high blood glucose levels (r = +0.48, p < 0.05).

Discussion

The conducted studies demonstrate that children with
diabetes, regardless of the structural and functional state of
the muscular system, have signs of skeletal muscle damage,
as evidenced by an increase in MTDI. In physiological con-
ditions, the skeletal muscle is a stable structure. However, in
case of its damage, activation of satellite cells — resident so-
matic stem muscle cells — occurs to restore structural integri-
ty. In chronic muscle damage observed in diabetes, the cycles
of muscle damage and regeneration are constantly repeated.
This leads to changes in the architectonics of skeletal muscle
tissue, causing fibrosis, fatty infiltration, myofibrillar atrophy
[29], which is a manifestation of diabetic myopathy [4].

These violations occurred against the background of
changes in the activity of alkaline phosphatase, one of
whose biological functions is active transport of metabolites
through biological membranes [30]. Therefore, the estab-
lished decrease in serum content of this enzyme with the
progression of structural and functional changes in skeletal
muscles of children with diabetes seems logical. It is possi-
ble that an increased activity of alkaline phosphatase in pa-
tients with preserved mass and strength of skeletal muscles
may be due to the development of nonspecific low-grade
inflammation and oxidative stress against the background
of hyperglycemia [31], which acts as a factor of skeletal
muscle fibrosis [32 | and a trigger for muscle loss [25]. As
chronic oxidative stress progresses, alkaline phosphatase
activity decreases. Alkaline phosphatase deficiency causes
loss of skeletal muscle mass, muscle strength, and increased
fatigue due to the direct effect on muscle and neuronal pro-
genitor cells, their development, and function [33—35]. It
is known that alkaline phosphatase is an endothelial marker
of the microcirculatory system, and its decrease in diabetic
patients, to a certain extent, may indicate a microvascu-

lar alterations [36]. This assumption is consistent with our
previous studies revealing a latent disorder of peripheral
circulation during the development of diabetic myopathy
[37]. This and, as a result, hypoxemia of tissues, including
muscles, can be the cause of deterioration of functional ca-
pacity of muscles [5].

Significant biochemical changes in children with dia-
betes were also manifested by an increase in LDH level, as
the structural and functional changes in the skeletal muscles
progressed. Selective increase in LDH level, which reflects
the activity of the glycolytic pathway of metabolism, may be
a response to chronic oxidative stress in children with dia-
betes [4] since LDH is known to be involved in antioxidant
protection [26, 38]. On the other hand, LDH accumulation
leads to the destruction of cellular structures and degenera-
tive changes in myofibrils [30].

We also observed high levels of periostin in diabetic
children, with the highest values in patients with preserved
muscle mass and strength. Our data, as other studies, have
demonstrated that periostin expression is very low in intact
muscle [27]. However, when skeletal muscles are damaged,
secretion of periostin increases [39]. It participates in tis-
sue regeneration and remodeling of skeletal muscles [40].
It is believed that high glucose and inflammatory cytokine
concentrations may promote the regulation of periostin bio-
synthesis in target tissues [41]. At the first stages, muscle re-
generation under the influence of periostin occurs without
fibrosis. With long-term chronic muscle damage induced
by high glucose level and repeated muscle regeneration,
activation of periostin synthesis leads to irreversible fibrotic
processes in skeletal muscles. As a result, functional capa-
bilities are impaired and the process of myofibril regenera-
tion is inhibited, which subsequently leads to a decrease in
periostin synthesis [29]. Experimental studies found that in
the absence of periostin in animals, there was a decrease in
muscle mass due to the loss of muscle fibers during repeated
regeneration. The authors related the loss of muscle fibers
not to an impaired function of muscle stem cells, but to a
deterioration in the supply of nutrients from blood vessels
due to a decrease in their number. This indicates the role
of periostin in the regulation of angiogenesis during muscle
regeneration [27].

Cardiotrophin-1, a member of the interleukin-6 cyto-
kine family, is also a powerful inhibitor of skeletal muscle
differentiation and regeneration. The main sites of car-
diotrophin-1 expression during embryonic development
are the heart and skeletal muscles [42]. Experimental works
established that activation and proliferation of satellite cells
occurs when myofibrils are damaged under the action of
cardiotrophin-1. As a result, many daughter myoblasts are
formed at the site of injury to renew or replace lost myo-
fibrils [43]. At the same time, cardiotrophin-1 maintains
an undifferentiated state in muscle progenitor cells and de-
lays the regeneration of damaged muscles in vivo [42, 43].
Thus, an elevated level of cardiotrophin-1 in children with
diabetes can be a risk factor for the development of diabetic
myopathy. This assumption was confirmed by the results of
our study, which indicated that the progression of structural
and functional changes in the skeletal muscles of children
with diabetes was associated with increased content of car-
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diotrophin-1, with its maximum values in the group of pa-
tients with diabetic myopathy. Also, plasma cardiotrophin-1
concentration is associated with indicators of vascular di-
seases. The work of Gamella-Pozuelo L. et al. (2015) has
found a negative correlation between cardiotrophin-1 and
the ankle-brachial index in patients with diabetes [44]. This
is consistent with the results of our previous studies, which
proved the role of peripheral blood circulation disorders in
the development of diabetic myopathy [4, 37]. At the same
time, a direct correlation between cardiotrophin-1 and glu-
cose indicates that activation of cardiotrophin-1 synthesis
may be associated with hyperglycemia. Similar conclusions
were reached by other researchers, in whose works it was
proved that cardiotrophin-1 has hypoglycemic properties by
stimulating glucose absorption in myofibrils [45]. Moreover,
the study of Moreno-Aliaga et al. (2011) has proved insulin-
independent effect of cardiotrophin-1 on glucose metabo-
lism [46].

Conclusions

1. The course of type 1 diabetes in children is accom-
panied by skeletal muscle damage, the first clinical sign of
which is a decrease in the static muscle endurance against
the background of worsening disease course and, respective-
ly, an increase in the glycated hemoglobin level.

2. Alkaline phosphatase, lactate dehydrogenase, perios-
tin, and cardiotrophin-1 are biochemical markers of skeletal
muscle damage in children with type 1 diabetes. A com-
mon feature of changes in the specified indicators is their
increase; however, each clinical condition of the skeletal
muscles corresponds to its own configuration of changes in
the abovementioned markers.
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NexeHko I O.", Nawkosa O.€.", Camovinok K., bpytmaH A.b.?

'3QnopI3bKIK APIKABHN MEANYHWIA YHIBEOCUTET, M. 3QrOpKXKs], YKpQiHa
’HaLioHaAbHMI yHIBEPCUTET «3Qropi3bka MOAITEXHIKA», M. 3anopixoksl, YkpaiHa

QDYHKLIOHOABHO-6i0XIMIYHO XOPAKTEPUCTUKA M’ I30BOT CUCTEMM
B AiTeN i3 LyKpoBuM aAia6eTtom 1-ro Tuny

Pe3iome. Mera: Bu3HaunT MOXJIMBI MapKepH ypakeHHs CKe-
JIETHUX M’SI3iB Yy JiTell, XBOpUX Ha IIyKpOBUH aiader 1-ro Tumy
(LLJI1), Ta ix 3B’SI30K 3 OCOOJIMBOCTSIMU T1epeOiry 3aXBOPIOBaHHSI.
Marepianu Ta MeTomu. [pymy criocTepeKeHHsT CTaHOBIJIH 98 i-
Teii i3 IyKpoBUM Aiabetom 1-ro Tumy: 1-11a rpyra BKiItouyaia 22
OUTUHU 0e3 mopylieHb 3 00Ky M’s130BOi cucteMu; 2-ra — 42 mna-
Li€EHTU 3 UHATIeHi€l0; 3-T9 — 34 IUTUHMU 3 1ia0eTUUHOIO Mioma-
Tieto. KoHtposbHa rpyna — 30 yMOBHO 310pOBUX AiTeil. YciM ma-
LieHTaM OyJIO MPOBEAEHO TOCTIIXKEHHS CTATUYHOI BUTPUBAJIOCTI
CKEJICTHUX M s13iB, BU3HAUCHHSI PiBHS KpeaTUHKiIHA3M, acTiapTar-
amiHoTpaHcdepasu, ayxHoi docdaTaszu, JTaKTaTaerinporeHasu,
MepiocTHHY Ta KapaioTpodiHy-1 y cuposaTiii Kposi. Pe3yabTaTu.
[1poBeneHe oCHiIKEHHS ITOKa3ao, 1110 B AiTeit, xBopux Ha LI/ 1,
HE3JIEXXHO Bil CTPYKTYPHO-(YHKIIOHAJILHOTO CTaHy M’s30BOi
CHCTEMU, CIIOCTEPIraloThCsl O3HAKU TOIIKOMKEHHSI CKEJETHUX
M’sI13iB, 1110 OYJIM MAaKCHMAaJIbHO BUPaXEHUMHU MPU JiabeTUUHIl
Miomnarii Ta mporpecyBajii PY MOTIPIIEHHI MTIKEMIYHOTO KOHT-
pomio. YKa3zaHi MOpyIIeHHS BiZOyBaaucs Ha TJIi 3MiH aKTUBHOCTI
JIy>KHOI ocdhaTaszy, HalOLIbIII TOKA3HUKHU SIKOI CIIOCTepiraan-
cs B 1-if rpymi, y TOM e Yac y MawLi€HTiB 3-i rpymnu ii BMicT y
CHUpOBATLII KPOBi BiAMOBiNAaB 3HAYEHHSM KOHTPOJBHOI TI'PYIIU.
OaHOYaCHO TIPU PO3BUTKY AiabeTUUHOI MiOIIAaTii B IiTE, XBOPUX

Ha LIJI1, akTUBHICTB JIaKTaTAETiIpOTeHa3n 3pocTtaia B 1,2 pasza
(p < 0,01) Ta xkapriorpoiny-1 — y 300 pazis (p < 0,01) mopis-
HSIHO 3 aHAJOTiYHMMM MTOKa3HUKAMM KOHTPOJIbHOI IPpyIu. YMicT
MepioCTUHY OyB MiIBUIIEHUM Y BCiX TpyINax Mali€HTiB, XBOPUX
Ha LIJ{1. Moro 3HayeHHs Gyam MaKCUMaabHUMMU B 1-if Tpyri ma-
LIEHTIB, TEPEBUIIYIOUYM MOKAa3HUKKM KOHTPOJIbHOI rpyrmu B 103
pas3u (p < 0,01). I1pu noripiieHHi cTaHy CKeJIeTHOI MyCKyIaTypu
piBeHb MEPIOCTUHY B CUPOBATII KPOBi MOCTYIOBO 3HMXYBaBCS,
ajie Tpy TWHATICHIT 3aJIMIIIaBCsT BUILIMM 3a MOT0 3HAYeHHS B TPYITi
KoHTpoJto B 35,5 paza (p < 0,05), a mpu niabeTuuHiit Mionarii — y
19,2 pasa (p < 0,05). BucnoBku. Iepe6ir L1 y miteii cymnpo-
BOJIKYEThCS YPAKEHHSIM CKEJIETHUX M SI3iB, TIEPIIIOI0 KIiHIYHOIO
03HAKOIO SIKOTO € 3HUKEHHS CTATUIHOI BUTPUBAJIOCTI CKEJIETHUX
M’$13iB, 1110 BifOyBa€THCS HA TJIi TIOTipLIEHHS Mepediry 3aXxBopio-
BaHHs. BioxiMiyuHMMU MapKepaMu YpaxkKeHHsI CKeJIETHUX M’ SI3iB y
niteit, xsopux Ha LIJ11, € myxHa docdarasa, takraTaerinporeHa-
3a, TepioCTiH Ta KapaioTpodiH- 1. 3araibHOIO PUCOO 3MiH O3HA-
YEeHUX MOKA3HUKIB € iX 3pOCTaHHs, OMHAK KOXHOMY KJIiHIYHOMY
CTaHy CKeJIETHOI MYCKYJaTypu BiAIOBiZa€e cBosl KOH(irypaitis
3MiH BKa3aHUX MapKepiB.

Kimo4oBi cjioBa: nitu; nykposuii giadet 1-ro Tuy; niabeTuuyHa
Miomnarist; MapKepy YpaxXeHHsI CKeJIETHUX M’ s3iB
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