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Aim. To evaluate the functional condition of skeletal muscles in children with type 1 diabetes (T1D), according to the duration
of disease based on studying static and dynamic physical endurance.

Materials and methods. 76 children with T1D from 11 to 17 years old were examined. The first group included 20 kids with
the duration of diabetes less than 1 year. The second group — 27 patients with T1D from 1 to 5 years. The third group — 29
kids with T1D over 5 years. The group of control included 16 conventionally healthy children. Static muscular endurance with
evaluation of total static muscular endurance (TSME) and dynamic muscular endurance with evaluation of wrist strength index
(WSI) were evaluated. The index of muscle quality (IMQ) was evaluated too.

Results. The greater duration of T1D was accompanied by the redistribution of percentage ratio of body components. The
TSME was decreasing alomg with increase of T1D duration. Reverse correlation between glycated hemoglobin and TSME
(r=-0.50; P < 0.05) was shown. The dynamic endurance revealed the progressing decrease of WSI before and after the phy-
sical exertion in children with T1D in comparison with the control group. The revealed peculiarities of functional condition of
muscles were connected with TSME (r = +0.43, P < 0.05) and IMQ (r = +0.52, P < 0.05).

Conclusions. Functional condition of skeletal muscles in children with T1D is characterized by decrease of static and dynamic
muscular endurance. The first signs of changes are observed over the first year of disease and progress as the duration of
a disease increases and leads to decrease of mucle mass and diabetic myopathy developing. The major factor contributing
the worsening of functional condition of muscles is insufficient glycemic control.

OujiHIOBaHHA QYHKLiOHAABHOTO CTaHy M’AAI30BOi CUCTEMM B AiTeEH,
AKi XBOpi Ha LyKPOBUM AiabeT

0. €. Mawkosa, H. I. YyaoBa

MeTa po6oTu — OLHNTY YHKLIOHANBHMI CTaH CKENETHOT MyCKynaTypy B fiiTel i3 Liykposum Aiabetom 1 tuny (L 1) 3anexHo
Bifl TPMBANOCTi 3aXBOPIOBAHHS HA OCHOBI BUBYEHHSI CTAaTMYHOI Ta AMHAMIYHOI (Di3NYHOT BUTPUBAOCTI.

Marepianu Ta metoau. Mg cnoctepexerHsam nepedysanu 76 giten Bikom Big 11 o 17 pokis, siki xsopi Ha LIA1. Y 1 rpyny
BBiviLunm 20 piten i3 Tpueanictio L1 go 1 poky, y 2 rpyny — 27 pitei i3 nepebirom 3axBoptoBaHHs Big 1 ao 5 pokis, y 3 rpy-
ny — 29 giten i3 Tpusanictio L1 noHag 5 pokis. [pyny KOHTponio ctaHoBUMM 16 YMOBHO 300pOBUX AiTeN. [Ans OuiHOBaHHS
(pYHKLIOHAMBHOTO CTaHy M’A30BOT CUCTEMM BU3HAYamNM CTaTUYHY i AMHAMIYHY BUTPUBANOCTi CKEMETHUX M'SI3iB 3 004MCTIEHHAM
cymapHoi ctatuyHoi BuTpuBanocti (CCB) Ta igekcy kuctboBoi cunm (IKC). Takox BU3Ha4anm nokasHuk akocTi M'asie (MAM).

Pesynkratu. 36inblueHHs «ctaxy» L1 cynpoBomxyBanocs nepepo3noainom KOMNOHEHTHOrO cknady Tina. 3i 30inbweHHsaM
TpueanocTi L1 noripwysascs nokasHuk CCB. BusiBunn 3BOpOTHWIA KOPENALAHWIA 3B’A30K MiX rniKoBaHWM reMorniobiHom
i CCB (r =-0,50; p < 0,05). Mig yac pocnimxeHHs AMHaMiYHOI BUTpMBaNocTi BUsiBunu 3HmkeHHs IKC go Ta nicns HaBaHTa-
XeHHs B iTel i3 L1 nopiBHAHO 3 rpynoko KOHTPONH, LLO NpOrpecyBarno B AMHaMiLi 3aXBOptoBaHHs1. BusiBneHi ocobnueocTi
(hyHKLiOHanbLHOro CTaHy M’s3iB NoB's3aHi 3 nokasHukom CCB (r = +0,43, p < 0,05), a Takox i3 [MAM (r = +0,52, p < 0,05).

BucHoBKN. DyHKLiOHANbHWA CTaH CKeneTHOI Myckynatypu B Aite i3 L1 xapaktepusyBaBcs 3HKEHHSIM CTaTUYHOI Ta
[AMHaMIYHOI M’A130B0I BUTPMBANOCTi. MNepLui 03HaKW 3MiH criocTepiranu BXe Ha NepLIOMY poLli 3aXBOPHOBAHHS!, BOHW NPOrpecy-
t0Tb 3i 36inbLUeHHSM TpuBanocTi L1 i npru3BoasTb A0 3HKEHHS M'SI30BOI MacK, po3BuTKY AiabeTuyHoi mionarii. OCHOBHWIA
chakTop pranKy, LLO 3yMOBHOE NOTIPLIEHHS DYHKLIOHANBHOTO CTaHY CKENeTHUX M'Si3iB, — HELLOCTaTHIl rMiKEMIYHWA KOHTPOMb.

OueHKa pYHKUMOHAABHOTO COCTOAHUA MbILLEYHON CUCTEMbI Y AETEH,
60AbHBIX caxapHbIM AMabeTom

E. E. NawkoBa, H. U. YypoBa

Llenb paboTbl — OLeHNTb (hyHKLMOHANBHOE COCTOSIHUE CKENETHOM MyCKyNaTypbl y AETel ¢ caxapHbiM Anadetom 1 tuna (CO1) B
3aBMCYMOCTU OT ANUTENBHOCTY 3a60MeBaHSi Ha OCHOBAHWM U3Y4YEHIS! CTATYECKOM U AMHAMUYECKOI oM3IYECKON BEIHOCTMBOCTY.

Marepuanbi u metoabl. Mog HabnoaeHrem Haxoaunucs 76 aetelt B BospacTe ot 11 o 17 neT, GonbHeix CA1. B 1 rpynny
Bowwnm 20 geteit ¢ npogomkutenbHocTbio CO1 Ao 1 roga, 2 rpynny coctaBuim 27 AeTen C ANUTENbHOCTLIO 3aboneBaHus ot
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1 po 5 ner, 3 rpynna coctosina u3 29 getei ¢ gautensHocTeto CL1 Gonee 5 net. Mpynny KoHTporst cocTaBunmn 16 ycnosHO
300pOBbIX AeTeN. [1N5 OLeHKM (hyHKLMOHAMBHOTO COCTOSIHMS MbILLIEHYHO CUCTEMBI ONPEAENsnM CTaTUYECKYH U AMHAMUYECKYHO
BbIHOCNMBOCTb CKEMETHbIX MbILLL, C BbIYUCIIEHUEM CYMMApPHOM CTaTu4eckoi BbIHOCIMBOCTU (CCB) M MHaekca KUCTEBOM CUsbl
(MKC). Takxe oueHnBanm nokasarenb kadyectsa Ml (MKM).

Pesynbrartbl. YcTaHOBREHO, UTO yBeNuUyeHne «cTaxay C[11 conpoBoxaanock nepepacnpeneneHnem KOMNoOHEHTHOMO cocTaBa
Tena. C yBenuueHvem npogomkutensHoct CO1 yxyawancs nokasatens CCB. YctaHoBneHa obpatHas KoppensiLMoHHast
CBSA3b MEXAY MKMPOBaHHbIM remornobuHom n CCB (r = -0,50; p < 0,05). Mpu uccnegoBaHny AMHAMUYECKOI BbIHOCIMBOCTY
oTMeyeHo cHxkeHne VKC po v nocne Harpyaku y aeten ¢ C[11 B cpaBHEHUM C rpynnoii KOHTPOMS, KOTOPOEe NPOrpeccMpoBarno
B AuHamuke 3abonesanusi. OCOGEHHOCTY (DYHKLUMOHANBHOMO COCTOSIHUS MbILLL, CBSi3aHbl ¢ nokasatenem CCB (r = +0,43,
p <0,05), a Tarke c MKM (r = +0,52, p < 0,05).

BbiBoAbIl. DyHKLMOHANBEHOE COCTOSIHUE CKENETHOM MycKynaTypbl y AeTeii ¢ C[11 xapakTepuayeTcs CHUXXEHWEM CTaT4eckon
1 AMHAMWYECKON MbILLEYHOW BIHOCIIMBOCTW. [epBble Npu3HaKu M3MeHeHWI Habnoganm yxe Ha nepBom rogy 3abonesaHus,
OHW NPOrPECCUPYIOT C yBenuyeHvnem anutensHocTi CO1, NpuBOAAT K CHKEHUIO MbILLEYHOW MacChl U pa3BuTUO anabetu-
yeckomn Muonatm. OCHOBHOM (hakTop pucka, KOTOpbINA CNOCOBCTBYET YXYALLIEHNO (hYHKLIMOHANBHOTO COCTOSIHUS CKEMETHbIX

MbILLILL, — HEAOCTATOYHbIN MMKEMUYECKUI KOHTPOSTb.

Itis well known that type 1 diabetes (T1D) is considered to
be one of the specific risk factors of sarcopenia developing
in adults. At the same time, there is lack of publications
regarded to disturbances of musculoskeletal system
in children with T1D. Although it is a junior age that is
being a critical period in formation of skeletal system.
According to the latest researches it is notices that there
is a reduction in level of physical training in children with
T1D compared to healthy kids even in terms of the equal
level of physical activity [1]. That may point to the diabetic
myopathy progress —the condition characterized by both
muscle mass and function reduction [2].

Considering the importance of skeletal muscles in me-
tabolism of lipids and glucose from the blood, the progress
of diabetic myopathy may lead to both insulin resistance
evolution and ability to lessen dysglycemic/dyslipidemic
exertion [3]. The results of the latest researches have
shown the increase of KLF15 protein in skeletal muscles
of animals with inducted T1D in terms of hyperglycemia
due to lowering of ubiquitin-ligase E3WWP1 regulation
and the further diminishing of KLF15 destruction, which
depends on ubiquitin and thus, contributes to muscle
atrophy [4].

The data of the effect of physical activity on glycemic
controlin T1D are controversial. But according to the data
obtained by Chimen et al. (2012) physical exertion didn’t
cause any positive effect on the level of glycated hemo-
globin (HbAc1) in children with T1D. The other resources
revealed the data about the credible reduction of level of
HbAc1 in teenagers with T1D going through the dosed
aerobic physical exertion [5].

The anxiety of hypoglycemia progressing after
the physical training is considered to be one of the ne-
gative factors that restrict the physical activity in kids and
teenagers with T1D. The other factor is lack of glycemic
control. So that, tests applied for the early diagnosing
of disturbances in skeletal muscles system, that always
accompany the progress of diabetic myopathy, can be
very useful.

Aim
The aim was to evaluate the functional condition of skele-
tal muscles in children with T1D, according to the duration

of disease based on studying static and dynamic physical
stamina.
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Material and methods

76 children with T1D from 11 to 17 years old were moni-
tored. According to the duration of the disease all children
were divided into three groups. The first group included
20 kids with the duration of diabetes less than 1 year. The
second group includes 27 patients with the duration of
diabetes from 1 to 5 years. The third group was formed
of 29 kids with the duration of diabetes over 5 years. The
group of control includes 16 conventionally healthy chil-
dren. All groups were representative according to the age,
gender and body mass index (Table 1).

All the kids went through the measuring of body
weight and length with the further evaluation of body
mass index (BMI). The muscular mass in kids below 14
years old was estimated according to A.M. Peters’ formula
[6]. The P. Boer’s formula was applied for kids above 15
years old and counted the gender [7]. In order to evaluate
the condition of muscular system, the skeletal muscle
index (SMI) was assessed according to the formula [8]:

SMI = (skeletal muscle mass/body mass) x 100

In children under 15 years old the body fat percentage
(BFP) was evaluated applying the following formula [9].

BFP = (1.51 x BMI) - (0.70 x age) - (3.6 x S) + 1.4

Where: S — 1 for boys and 0 for girls; BMI — Body
mass index; age — age in years.

In children over 15 years old the body fat percentage
(BFP) was evaluated applying the following formula [9].

BFP = (1.20 x BMI) + (0.23 x age) - (10.8 x S) - 5.4

Where: S — 1 for boys and 0 for girls; BMI — Body
mass index; age — age in years.

Body fat mass (BFM) was evaluated applying the fol-
lowing formula:

BFM = (BFP/100) x weight,

Where: BFP — body fat percentage; weight — weight
in kg.

The ratio between the fatty and muscle mass was
evaluated in the following way: fatty mass in kg divided
by muscle mass in kg and expressed in conventional
units (CU).
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Table 1. Distribution of children by age and gender, observation groups

Creria s JGrowpin=20___lGrow2n=2 Group 3 n =29 Group of control n= 1

Average age (years), Mtm

Number of boys, abs./ %
Number of girls, abs./ %

13.561 £ 0.52 14.08 £ 0.41
11/55.0 14/51.8
9/45.0 13/48.2

1417 £ 0.36 14.41+£047
15/51.7 9/56.2
14/48.3 7/43.8
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To define functional abilities of muscular system
static and dynamic endurance of skeletal muscles was
estimated while fixing the maximal time period of given
testing position sustaining in seconds (sec).

At the time of the endurance functional tests of skel-
etal muscles of all children with T1D included in the re-
search, feeling “before” and “after” testing were assessed
as satisfactory. Tests were performed 1 hour after eating
to determine the concentration of glucose before, imme-
diately after and 1 hour after end samples (in accordance
with the recommendations of the Protocol of rendering
medical aid to children with diabetes mellitus approved
by Order Ne 254 of the MH of Ukraine dated 04/27/2006
with changes made in accordance with the Ministry of
Health Orders Ne 55 (v0055282-09) dated 02/03/2009;
Ne 864 (v0864282-13) dated 7/10/2013). The criteria for
inclusion of patients into the research were: the consent
of the patient and his parents for participation in the re-
search; lack of ketoacidosis (ketone bodies of the urine
were determined before and after the samples); the max-
imal level of glycemia on an empty stomach on the day
of research did not exceed 10.5 mmol/L, and the minimal
level of glycemia was 5.7 mmol/L. The average level of
glycemia on an empty stomach in the first group was
7.34 £ 0.48 mmol/L, in the second group — 7.38 + 0.52
mmol/L, in the third group — 7.84 + 0.48 mmol/L. The
research excluded patients with the lack of consent to
participate in the research; children, with T1D with obe-
sity and excess body weight; with the presence of acute
inflammatory processes or congenital malformations in
the stage of decompensation.

To define the endurance of neck flexor muscle groups
all children were requested to hold the neck flexed
when lying down on the back. The chest should be on
the surface.

To define the static endurance of spinal extensors chil-
dren were requested to lift the upper body and hold it above
the surface while lying down on the abdomen with the head.
the legs on the surface and hands crossed up behind

To define the muscular endurance of abs children
were supposed to lift the legs upwards to the angle of
45° and hold when lying on the back on the surface [10].

To define the endurance of the gluteus medius chil-
dren were supposed to lift the leg up to the side up to
the possible height and hold without the rotation when
standing [11].

Total static muscle endurance (TSME) was also
evaluated. The range of muscle quality was evaluated
as a ratio of TSME to skeletal muscle index.

Skeletal muscle strength was estimated using
the wrist spring dynamometer, which was squeezed by
the patients” hand, in order to offset the age of a kid when
estimating the muscle strength, one has applied the wrist
strength index (WSI):

WSI = (wrist strength/body mass(kg)) x 100 % [2].
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The test was carried out using the wrist rubber ring-
like expander with the resistance equal to 20 kg, one had
to squeeze the expander during 30 sec.

All the results were analyzed using the set of
statistic programs Statistica 13.0 (StatSoft Inc., Ne
JPZ8041382130ARCN10-J). Parametrical methods
that helped to evaluate simple average, mean squared
deviation and standard error were applied for normally
distributed rates. The method of correlation analysis was
used to calculate the Pearson correlation coefficient in
the normal distribution of features and the Spearman’s
rank correlation coefficient in their absence. The reliability
of the differences in the results obtained for different groups
in the normal distribution of characteristics was determined
by the parametric (Student’s criterion) method. Differences
were considered to be significant at P < 0.05 [12].

In planning this work the bioethical commission
gave permission to conduct research. All patients signed
informed consent to participate in the study. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and national research committee and within the 1964 Hel-
sinki declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from all
individual participants included in the study. The full data
set by children, their parents, and physician that support
the findings of this study are not publicly available due to
the ethics approval originally obtained.

Results

According to the results of research it was established that
there was no significant difference in BMI in all examined
groups and all the rates were considered to be in normal
ranges (Table 2).

Instead, as the duration of T1D was increasing, a
gradual decrease in skeletal muscle index in patients
with diabetes mellitus was observed compared with
controls, becoming statistically significant after 5 years
of the disease (P < 0.05). Starting from the second
year of the disease, there was a significant increase in
the percentage of body fat (P < 0.05). Also, there is the in-
crease in the dynamics of the disease ratio of “fat mass /
muscle mass” (P < 0.05) compared with the indicator of
both the control group and the 1%t group of patients with
diabetes (Table 2). That is, an increase in the “length
of time” of diabetes was accompanied by a component
redistribution of body composition.

Taking into the account that changes in structural
component of body may affect the functional muscle con-
dition the next step of our investigation included static and
dynamic test to estimate the muscle endurance. According
to the data obtained after carrying out static endurance
tests for examined muscle groups it was established that
there was a deterioration of ability to hold the test position
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Table 2. The rates of BMI and fatty and muscle mass in children with T1D according the duration of disease, M £+ m

Creria s JGrowpin=20___|Grow2n=2 Group 3.n=29 | Group ofcontrl,n =

Body mass index, kg/m? 18.99£0.7 20,78 +0,7 20.36 + 0.57 20.51+0.89
Percent of fat in organism, % 16.86 + 0.91 19.09 £ 0.998 20.02 + 0.865# 16.14 £ 0.98
Skeletal muscle index, % 81.39+1.08 78.56 + 1.14 77.33 +1.10 8% 81.10 £+ 1.17
Fatty mass/muscle mass, CU* 0.21+£0.01 0.25 +0.015# 0.26 + 0.025# 0.20 £ 0.02

§: P < 0.05 in the period with the highest indicator of the control group; #: P < 0.05 in the period with the highest indicator of group 1; *CU: conventional units.

Table 3. The rates of static muscular endurance in children with T1D counting the duration of disease, M £+ m

Group of muscles examined, units m Group 2, n =27 m Group of control, n =16

Neck flexors, sec. 53.57 +5.178 42.75 £2.918 35.84 +2.665* 90.82 +9.47
Muscles of abs, sec. 18.67 £2.28 21.12 £1.878 18.22 £ 1.528 52.83 + 6.06
Spinal extensors, sec. 21.18 £ 1.878 20.54 + 1.768 18.33 £ 1.168 38.25+3.78
Left gluteus medius, sec. 29.47 + 2.99% 29.46 + 2.73% 29.67 + 2.59% 4046 +4.3
Right gluteus medius, sec. 30.59 + 3.458 30.36 +2.218 31.46 +2.778 43.23+47
Total static muscle endurance, sec. 157.21 £+ 11.47 138.13 £ 6.52 127.12 + 8.13%# 259.09 + 18.18
Rate of muscular quality, CU* 2.00+0.158 1.88 £0.108 1.59 + 0.118# 3.26+0.28

§: P <0.05 in the period with the highest indicator of the control group; # P < 0.05 in the period with the highest indicator of 1 group; CU*: conventional units.

Table 4. The rates of dynamic endurance of wrist and arm muscles in children with type 1 diabetes according to the duration of the disease, M = m

Indicators, units m Group 2, n =27 m Group of control, n =16

WS left, CU initial 38.11 +£3.248 37.21+1.28% 36.51+1.76% 50.75 £2.12
After test 32.85+3.32¢ 32.46 +1.78% 30.61 + 1.608 47.21+2.82
WSIM/WSI2, left, CU 1.14 £0.02 1.16 £ 0.03 1.22 +0.03%* 1.08 £0.03
WS right, CU initial 42.44 £3.228 39.73 £2.018 38.75 £2.02% 55.15+2.71
After test 36.79 £ 3,258 34.38 £ 1.758 32.63 £ 1.90% 51.52 £3.05
WSIM/WSI2, right, CU 1.12 £0.028 1.17 £0.048 1.20 £ 0.03%* 1.07 £0.01

§: P < 0.05 in the period with the highest indicator of the control group; *: P < 0.05 in the period with the highest indicator of 1 group; CU: conventional units.

in children with T1D regardless of duration of disease,
which led to statistically significant decrease of total static
muscular endurance compared to results obtained from
testing the group of control (Table 3).

The worst rates of muscle endurance were observed
in abdominal muscles. It was 2.5-2.9 times lower com-
pared to rates of the control group. It should be pointed
out that, as the duration of disease increased the rates of
total static muscle endurance were getting worse through
the neck muscles. Ifin the first year of the disease the en-
durance of this muscle group was reduced by 1.7 times
compared with the indicators of the control group, then
with a long course of diabetes (group 3) this indicator not
only statistically differed from the values of the control
group (P < 0.05), but was 1.5 times less than the same
indicator in group 1 (P < 0.05).

It was noticed that there was also worsening of mus-
cle quality rates coming with changes in static muscle
endurance in patients with T1D. There was a progressive
decreasing of given indicator from 2.00 + 0.15 CU in
the first year of disease down to 1.59+ 0.11 CU in patients
from the 3" group, which was 2 times less than the same
indicator obtained in the group of control.

The level of glycated hemoglobin (HbAc1) in
the research group increased with increase of duration
of T1D and amounted to first group 8.9 + 0.6 %, in
the second group — 9.12 £ 0.38 %, in the third group —
10.31 £ 0.28 %, It was established, that the reduced
static muscle endurance in patients with T1D is related
to the increased level of HbA1c (r=-0.35, P < 0.05). This
correlation became the most significant during the first 5
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years of disease (r = -0.50, P < 0.05). That means that
the lack of diabetes control causes significant changes
in glycemia and causes the development of chronic
complications of diabetes mellitus, as well as impaired
function of skeletal muscles.

When examining the dynamic endurance of wrist and
arm muscles using the rates of BMI it was indicated that
there was a decreased initial rate compared to the control
group, as well as its even bigger decreasing after physical
exertion (Table 4).

While WSI in the group of control decreased on
average by 6.8 % after physical exertion, patients with
T1D had 13 % less WSI index in the first 5 years of di-
sease increasing up to 16 % in patients of the 3" group
(P < 0.05), which spoke about worsening of functional
state of skeletal muscles and increased muscle fatigue,
which was observed during the first years of disease and
was in progress in terms of growing endurance. Additio-
nally, the determined particularities of functional state of
wrist and arm muscles were related to total muscular static
endurance (r=+0.43 and r = +0.37, respectively for the left
and right upper limbs, P < 0.05) and to the muscle quality
rate (r = +0.52 and r = +0.47, respectively, P < 0.05).

Discussion

The results obtained show the children with T1D to have
an obvious decrease of muscular endurance starting
from the first year of disease. It is mostly affected by
insufficient glycemic control which is proved by received
correlation relationship between glycated hemoglobin
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