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Aim of study: to evaluate spine mobility, as an integral marker of joint mobility, according to the duration of the disease and
provision of vitamin D in children with diabetes.

Materials and research methods. Overall, 93 children from 11 to 17 years old with insulin-dependent diabetes were exam-
ined. According to the duration of the disease, all the children were divided into three groups: the first group consists of 26
children (average age 12.9 + 0.4 years) with the duration of the disease less than a year, the second group consists of 33
patients (average age 13.8 + 0.4 years) with the duration of the disease from one to five years, the third group consists of 34
patients (average age 14.3 £ 0.4 years) with the duration of the disease for more than five years. The control group consists
of 30 conditionally healthy children that are representative by age and gender. Evaluation of joints motion was performed in all
the children with the help of metrical tests. The content of vitamin D and periostin was identified in blood serum by the method
of immunoenzyme assay.

Results. It was found that in children with diabetes mellitus, compared with the control group, there is a decrease in spine
mobility. Starting from the second year of disease, it was noticed that there is gradual decrease of mobility of all parts of
the spine. We observed a decrease in blood serum vitamin D levels, which progress with the enlargement of iliness duration.
In the first year of the disease, vitamin deficiency was only 10 %. At that time, in group 2 in 50 % of children, and in group 3
in 80 % of children there was a decrease in vitamin D level (P < 0.05). Lack of vitamin D sufficiency was accompanied by a
deterioration of the overall mobility of the spine. The lowest levels of vitamin D were found in children with high-risk glycemic
control.

It was determined that the level of periostin tended to increase gradually with the progress of diabetes. Data analysis showed
that children with high levels of periostin had low levels vitamin D in blood serum.

Conclusions. Children with diabetes are characterized by the deterioration in the functional state of the spine in the form of
reduced mobility in all its regions, which progress with an increase in the duration of the disease. One of the mechanisms for
the development of the revealed violations is poor compensation for diabetes and vitamin D deficiency.

CtaH pyxauBocTi Xpe6Ta B AiTei, K XBOPi Ha LYKpoBUH Ajaber,
Ta GaKTOpPH, WO Ha HbOTO BNAMBAKOTb

0. €. NawkoB.a, K. M. AuceHko

MeTa po60Tu — OUHNTK CTaH pyxIMBOCTI XpebTa K iHTerpanbHUA Mapkep CTaHy cyrnobiB y AiTen, siki XBOpi Ha LiyKpOBWiA
fiaber, 3anexHo Big TpuBanocTi nepebiry 3axBoptoBaHHs Ta 3abeaneyeHocTi BiTamiHoM D.

Matepianu Ta metoau. Obctexunu 93 auTrHK, SKi XBOpI Ha iHCyniHo3anexxHui aiaber, Bikom Big 11 4o 17 pokis. O6CTexeHMX
noginunu 3 rpynu: 1 — 26 giteit (cepeaHit Bik — 12,9 + 0,4 poky) 3 TpuBanicTio Lykposoro aiabety (L) go 1 poky; 2 — 33
nauieHTn (cepenHin Bik — 13,8 + 0,4 poky) 3 TpuBanicTo 3axBoproBaHHs Big 1 0o 5 pokis; 3 — 34 xBOpuX (CepepHiit Bik —
14,3 + 0,4 poky) 3 TpMBanicTo LyKpoBOro AiabeTy noHaa 5 pokiB. Y KOHTpOMbHY rpyny Bairwnu 30 yMOBHO 300pOBUX AITEN,
penpe3eHTaTUBHMX 3a BIKOM i CTATTIO. YCIM AiTAM BUKOHANM AOCTIMKEHHS (hyHKLIOHANbLHOrO cTaHy xpebTa 3a JONOMOrow
METPUYHUX TECTIB, BU3HAYMNVM PiBEHb BiTaMiHy D i nepiocTuHy 3a LONOMOro iMyHOEPMEHTHOTO aHaniay.

Pesynkratu. BctaHoBunm, WO ANs AiTEN, Ski XBOPI HA LyKPOBWIA fiabeT, NOPIBHSAHO 3 KOHTPOMBHOK rpynoto npuTaMaHHe
3HUXEHHS PyXnMBOCTi XxpebTa. MNepLui 03HaKM LyX 3MiH BUSIBINANM BXE 3 APYroro poKy 3axXBOPIOBAHHS, BOHW NMPOrpecyBant 3i
36inbLUEHHAM TpuBanocTi nepebiry LykpoBoro aiaberty.

BcTaHoBNEHO, WO 3 MPOrpecyBaHHAM 3aXBOPIOBaHHS BigOyBanocsi NoCTynoBe MoriplieHHst 3abe3neyeHicTo BitamiHoM D.
FAKLIO Ha NepLLIOMY POLLi 3aXBOPIOBaHHS HEOCTATHICTb BiTaMiHy Bu3HaveHa Tinbku B 10 %, y 2 rpyni — B 50 % aitei, To npu
nepebiry LI noHaa 5 pokis aediunt Bitamivy D giarHoctysanu y 80 % aitei (p < 0,05). HegocTaTHii piBeHb 3a6e3ne4eHoCTi
BiTamiHoM D cynpoBomKyBaBCA MOTipLUEHHSAM CTaHy 3aranbHoi pyxMBOCTi XpebTa. HaiHmkyi 3Ha4YeHHs piBHA BiTamiHy D
npuUTaMaHHi AiTaM i3 rMikemMiYHUM KOHTPOMeEM i3 BUCOKUM puankom ans xutTa (r = -0,41, p < 0,05).

BusHaumnu, Wwo pieeHb NEPIOCTUHY MaB TEHAEHLLO 40 MOCTYMNOBOro 3BiNnbLlUeHHs NPy NPOrpecyBaHHi LyKpoBoro Aiabery.
AHani3 gaHyx nokasas, Lo HaGINbLUIA BMICT NEpIiOCTUHY crocTepirany y AiTe 3 HU3bKo 3abeaneyeHicTto BitamiHoMm D y
cuposartui kposi (r =-0,36; p < 0,05).

BucHoBkuw. [liTsim, siki XBOPi Ha LlyKpOBUIA AiabeT, nputamaHHe noripLueHHst yHKLOHaNbHOTO CTaHy Xpe6Ta — 3HUKEHHS pyX-
NMBOCTI B YCiX 11010 BigAinax, Lo NporpecytoTh 3i 36inbLUEHHSAM TpUBaNoCTi 3aXBOptoBaHHSA. OfHUMYU 3 MEXaHI3MiB PO3BUTKY
BUSIBNEHMX MOPYLUEHb € HE3aA0BINbHA KOMMeHcaLis aiabeTy Ta HegocTaTHS 3abe3neyeHicTb BiTamiHoM D.
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CocTofiHWe NOABWXHOCTH NO3BOHOYHUKA Y AeTeH, H0ALHBIX caxapHbIM AuabeTom,
U GaKTopbl, KOTOPbIE HAa HEro BAUSAIOT

E. E. NawkoBa, K. M. AbiceHKo

Lenb paGOTbI = OL€HUTb COCTOAHME NOABUMXHOCTM NO3BOHOYHUKA KaK VIHTeraJ'IbeIVI MapKep COCTOAHNA CyCTaBOoB Y neten,
60nbHbIX CcaxapHbIM [1abeToM, B 3aBUCYMOCTM OT ANUTENBHOCTU Te4eHUs 3aboneBaHnst u 0b6ecrnedeHHOCTM BUTammHom D.

Matepuansi u metoabl. O6cnenosanu 93 peberka, 6onbHbIX MHCYNMHO3aBUCUMBIM AnabeTom, B Bo3pacTe oT 11 go 17 ner,
KoTOpbIX Nogenunu Ha 3 rpynnbl: 1 — 26 aeteit (cpegHnii Bospact — 12,9 + 0,4 roga) ¢ ANUTENbLHOCTLI0 caxapHOro Anabeta
(CO) po 1 ropa; 2 — 33 nauueHTa (cpegHuin Bospact — 13,8 + 0,4 roaa) ¢ AMTENbHOCTLIO 3aboneBaHus ot 1 roga o 5 ner;
3 — 34 6onbHbIX (cpegHun BodpacT — 14,3 + 0,4 roga) ¢ AMTENBHOCTLIO caxapHoro Anabeta 6onee 5 net. KOHTponbHy0
rpynny coctasunm 30 yCrOBHO 300POBbIX AETel, penpe3eHTaTMBHbIX N0 BO3pacTy M nony. Bcem fetsim npoeeaeHo neeneqo-
BaHWe YHKLMOHANbHOrO COCTOSIHUS MO3BOHOYHMKA C NMOMOLLIbI0 METPUYECKUX TECTOB, ONPeAenUny ypoBeHb BuTaMmuHa D n
NeprocTMHA C MOMOLLbIO UMMYHOEPMEHTHOTO aHanmsa.

PesynbTaTbl. YCTaHOBMEHO, YTO AN1A AeTel, BOMbHBIX CaxapHbIM AMaBeToM, Mo CPaBHEHWMIO C KOHTPObHOM rpynmnoil, Xa-
PAKTEPHO CHIKEHIE MOLBMKHOCTM MO3BOHOUHMKA, NepBble MPU3HaKN 3TUX U3MEHEHUII Onpeaensanm yxe co BTOpOro roga
3ab0oneBaHusl, OHW NPOrPECCHPOBArN C YBENUYEHNEM ANUTENBHOCTM TEYEHNS! CaxapHOro avaberta.

YCTaHOBMEHO, YTO C NPOrpeccpoBaHeM 3aboneBaHst MPOUCXOAMIIO MOCTENEHHOE YXYALLEHVe 06eCneYeHHOCTY BUTaMUHOM
D. Ecnu Ha nepBom rogy 3aboneBaHnst HeQOCTaTOMHOCTb BUTaMuHa D onpepeneHa Tonbko y 10 %, Bo 2 rpynne —y 50 %
feten, 1o npu TedeHun Cl 6onee 5 net pedouunt ButamuHa D gnarHoctuposaH y 80 % getent (p < 0,05). HegoctatouHbii
ypoBeHb 06ecneyeHHOCTN BuTamMmnHoM D conpoBoxaancs yxXyAlweHMemM COCTOSHWS 0BLUeil NOABMXKHOCTY MO3BOHOYHMKA.
CaMble HU3K1e 3Ha4YeHNs YPOBHS BUTaMuHa D npucyLum OETSM C IIMKEMUYECKUM KOHTPOMEM C BbICOKM PUCKOM AMIS XKU3HN
(r=-0,41; p<0,05).

OnpegeneHo, 4TO ypoBEHb NEPUOCTUHA UMEN TEHAEHLMIO K MOCTENEHHOMY YBENUYEHIO NPY NPOrPeCcCMpOBaHNY CaxapHOro
anabeta. AHanus AaHHbIX nokasan, Y4to Havnborbliuee cofepxaHne neprocTHa Habnopany y AeTen ¢ HU3Kol obecneyeH-
HoCTbto BUTammHom D B ceiBopoTke Kposw (r = -0,36, p < 0,05).

BobiBogbl. [Ins aeten, 60nbHbIX CaxapHbIM anabetom, XapakTepHO yXyALleHne q)yHKLl,VIOHaJ'IbHOFO COCTOAHNA NO3BOHOYHNKA —
CHWXEeHMEe NoABMXHOCTM BO BCEX €ro oTaenax, nporpeccupytolee ¢ yBenmieHnem npoaomKUTENbHOCTU 3abonesaHus. OgHu
M3 MEXaHU3MOB Pa3BUTUA YCTAHOBITEHHbIX HapymeHvuh — HeyaoBneTsopuTenbHaa KoMneHcauna avabeTa v HegocTaTouHast

obecneyeHHOCTb BUTaMuHOM D.

There are more than 20 million people on the Earth
with insulin-dependent diabetes, which is 10-15 % of
all patients with diabetes. Nevertheless, WHO experts
prognose that the number of this patients will increase by
1.5 times until 2030 taking into consideration fast pace
of this disease increase. The most important problem
of insulin-dependent diabetes is revealing of early and
late complications of different organs and systems, that
cause worsening of life quality. The main reason for
late complications is hyperglycemia [1]. That is why it is
very important to treat diabetes correctly and on time.
If during treatment it is not possible to achieve normo-
glycemia, this leads to chronic complications, such as
diabetic retinopathy, neuropathy, nephropathy, osteoar-
thropathy, etc. [2].

Diabetic arthropathy is a common complication of dia-
betes and it often occurs, according to literature review in
0.08-13.00 %, and in patients with a high risk of glycemic
control, it increases to 29 % [3]. Skeleto-muscular lesion
appears in children even if the duration of the disease is
not long, meantime adult patients have such changes after
a much longer disease duration [1]. This happens due to
age-related peculiarities of skeleton, gaining bone mass
and growth spurt [4]. Decreasing of bone mass leads
to disorder of mechanical strength, which causes acce-
lerated bone friability. However, osteopenia in children
usually goes covertly and it is not diagnosed throughout
a long time [3].

Recently, syndrome of joints movement volume
restriction in patients with diabetes is vividly studied,
long-existing hyperglycemia takes the leading position
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in mechanisms of its development, as well as specific
complications of this disease [5].

It is known that vitamin D is needed for normal
bone mineralization and maintenance of calcium and
phosphorus in the blood serum. In the late 80s, it was
found that in osteoblasts and osteocytes there are both
vitamin D receptors (VDR) and 1.25 (OH)2D [6]. VD di-
rectly participates in bone tissue metabolism, acting with
VDR on osteoclasts, chondrocytes, osteoblasts [7]. In
addition to the effect of VD on the bone system, the role
of VD hypovitaminosis on the pathogenesis of metabolic
disorders, including diabetes, is possible [8]. In support
of this fact, VDR were found in -cells of the pancreas, in
adipose tissue and skeletal muscles involved in glucose
homeostasis [9].

It is proved that extracellular protein — periostin also
takes part in the metabolism of bone tissue. It regulates
the collection and adhesion of bone marrow osteoblasts
for bone regeneration. An experiment was conducted
on mice with lacked periostin. Defects such as stunted
growth, short bones, impaired regeneration and bone
density were discovered [10]. However, to date, there
are only a few works in which the relationship of periostin
and vitamin D and their changes in various pathologies
were studied [11]. Nevertheless, until now the question
about the whole spectrum of changes in skeleto-muscular
system in children with insulin-dependent diabetes is
open. That is why there is a strong need for searching of
early diagnostic criteria for changes in skeleto-muscular
system, especially at early age, when pathological pro-
cesses can be reversed.
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Aim
To evaluate spine mobility, as an integral marker of joint

mobility, according to the duration of the disease and
provision of vitamin D in children with diabetes.

Materials and research methods

The research was held on the base of Endocrinology
Department of Communal Enterprise “Zaporizhzhia re-
gional clinical children hospital” of Zaporizhzhia regional
council. Overall, 93 children from 11 to 17 years old with
insulin-dependent diabetes were examined. According
to the duration of the disease, all children were divided
into three groups: the first group consists of 26 children
(average age 12.9 + 0.4 years) with the duration of the di-
sease less than a year, the second group consists of 33
patients (average age 13.8 + 0.4 years) with the duration
of the disease from one to five years, the third group con-
sists of 34 patients (average age 14.3 + 0.4 years) with
the duration of the disease for more than five years. The
control group consists of 30 conditionally healthy children
that are representative by age and gender.

Evaluation of joints motion was performed in all
the children with the help of metrical tests [12,13]:

1) Definition of mobility of cervical region of the spine.
8 centimeters is measured up from VII cervical vertebra,
where the mark is made. Then one asks a child to lean
head down as much as possible. Then this distance is
marked as well. This distance increases for 2-3 centime-
ters in healthy children.

2) Chin-sternum test. While leaning the head down, a
person’s chin must touch the sternum. If there is a lesion of
cervical region of spine, then some space is left between
chin and sternum.

3) Otto test — mobility evaluation of thoracic region of
spine. 30 centimeters is measured down from VIl cervical
vertebra, where the mark is made. Then the distance
between these two points is measured, while a child is
leaning forward as much as possible. Healthy children
have the increase of this distance for 3—4 centimeters.

4) Restriction of chest excursion is used for determina-
tion of costovertebral joints mobility. Chest circumference
is measured on the level of the IV rib while a child inhales
deeply and then exhales. The difference between index
of chest circumference is usually 4.0-4.5 centimeters.

5) Schober’s test — mobility evaluation of lumbar
region of spine. 10 centimeters is measured up from V
lumbar vertebra, where the mark is made. While leaning
forward as much as possible this distance increases for
3—4 centimeters.

6) Thomayer test — evaluation of general mobility of
the whole spine. It is conducted by measuring distance
in centimeters from middle finger of outstretched hands
to the floor. This distance equals 0 in healthy children.

The content of vitamin D in blood serum was de-
termined by EIA method using commercial kits: 250H
Vitamin D Total ELISA (DI Asource ImmunoAssays S.A.,
Belgium).

The group of patients with diabetes mellitus whose
vitamin D level was determined consisted of 30 children,
the control group consisted of 10 children. During Vitamin
D assessment 5 threshold levels of serum hydroxycal-
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ciferol concentration were allocated: absolutely toxic
level — more than 200 ng/ml; level with a possible mani-
festation of toxicity — 100-200 ng/ml; adequate level — 30—
100 ng/ml; insufficiency — 21-29 ng/ml and deficiency —
less than 20 ng/ml [14].

The group of patients with diabetes mellitus whose
periostin level was determined consisted of 62 patients,
the control group consisted of 20 patients. The content of
periostin in blood serum was determined by EIA method
using commercial kits HUMAN PERIOSTIN/OSF-2 ELISA
KIT (Aviscera Biosciece Inc., USA)

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 arithmetic mean (M), standard
deviation (o) and mean error (m) were applied for nor-
mally arranged rates. Check of normality was held with
the Shapiro-Wilk test of asymmetry. The method of
correlation analysis was used to calculate the Pearson
correlation coefficient in the normal distribution of features
and the Spearman rank correlation coefficient in their ab-
sence. We used the median and quartiles Me (Q1; Q2) in
the case of unequal distribution of features and nonlinear
nature of dependence. The significance of the differences
in the results obtained for different groups in the normal
distribution of characteristics was determined by the para-
metric (Student’s criterion) method. In cases where
the distribution law was statistically significantly different
from the normal one, the non-parametric Mann—Whitney
criterion (U) was calculated as a nonparametric analogue
of the Student’s criterion. Differences were considered to
be significant at P < 0.05.

In planning this work the bioethical commission
gave permission to conduct research. All patients signed
informed consent to participate in the study.

All procedures perfomed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amend-
ments 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

Carried out analyses shows that the longer the duration
of diabetes is, the worse functional condition of spine
children have (Table 1).

For example, in the group of children who have dia-
betes for less than a year, there were only solitary cases
of decrease of spine functional condition. Moreover,
average parameters of spine mobility did not statistically
differ from data of control group. Despite that, starting
from the second year of disease, it was noticed that
there is gradual decrease of mobility of all regions of
the spine. The individual analyses showed that patients
from the second group suffered primarily from lesion of
cervical region of spine, decrease of spine mobility was
noticed in one third of patients (Table 2). It was noted
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Table 1. Mobility conditions of spine in children with diabetes, depending on the duration of the disease according to data of metrical tests (M + m)

Metrical tests | group, n = 26 2 group, n = 33 3 group, n =34 Control group, n = 30

Mobility of cervical region of spine, cm 237+0.12 1.95+0.11" 1.65+0.10"23 2.33+0.09
Chin-sternum test, cm 0.12+0.08 0.44 £ 0.12'2 0.96 + 0.13"23 0.10 £ 0.07
Otto test, cm 3.25+£0.12 2.91+0.10 2.68 £0.10'2 3.13+0.13
Schober’s test, cm 3.42+0.11 3.17 £0.10' 2.79 £0.10'22 3.53+0.11
Chest excursion, cm 456 +0.13 423+0.15 3.69+0.10"2 467+0.12
Thomayer test, cm 0.15+0.11 0.82 +0.24'2 2.68 +0.36'2° 0.20 £ 0.09

*: a significant (P < 0.05) difference compared to the corresponding indicator of the control group; % a significant (P < 0.05) difference compared to the corresponding indicator
of group 1; * a significant (P < 0.05) difference compared to the corresponding indicator of group 2.

Table 2. Registration frequency of spinal movement disorders in children with diabetes, according to metrical tests, depending on duration
of the disease (n, %)

Metrical tests | group, n = 26 m 3 group, n =34 Control group, n = 30
W% W [ W I R

Mobility of cervical region of spine, cm 2 7.7 10 30.3 17 50.0"2 2 6.6
Chin-sternum test, cm 2 77 11 33.312 23 67.6'23 2 6.6
Otto test, cm 2 7.7 8 24.22 16 47.1123 3 10.0
Schober’s test, cm 2 7.7 9 27.312 17 50.0"2 1 3.3
Chest excursion, cm 1 3.8 4 121 1 32.3"2 1 33
Thomayer test, cm 2 7.7 1 33.312 27 79.4123 2 6.6

*: a significant (P < 0.05) difference compared to the corresponding indicator of the control group; % a significant (P < 0.05) difference compared to the corresponding indicator
of group 1; *: a significant (P < 0.05) difference compared to the corresponding indicator of group 2.

Table 3. Mobility conditions of spine in children with diabetes, according to the status of glycaemic control (M + m)

Metrical tests Glycemic control Control group, n = 30
Ideal and optimal, n = 20 Suboptimal, n = 29 High risk to life, n = 44

Mobility of cervical region of spine, cm 2.28+0.10 2.18+0.10 1.74 £ 0.08'2° 2.33+0.09
Chin-sternum test, cm 0.08 + 0.06 0.320.09"? 0.63 + 0.09"23 0.10 £ 0.07
Otto test, cm 3.11+0.14 2.92+0.11 2.80+0.10 3.13+0.13
Schober’s test, cm 342+0.11 3.25+0.10 2.98+0.08'23 3.53+0.11
Chest excursion, cm 456+0.13 417+£0.12' 4.03+0.10"2 467+0.12
Thomayer test, cm 0.76 £ 0.21 1.90 + 0.43'2 3.48 +0.56'2° 0.20 £ 0.09

*: a significant (P < 0.05) difference compared to the corresponding indicator of the control group; % a significant (P < 0.05) difference compared to the corresponding indicator
of group with ideal and optimal glycemic control; *: a significant (P < 0.05) difference compared to the corresponding indicator of group with suboptimal glycemic control.

Table 4. The amount of vitamin D and periostin in blood serum of children with diabetes according to the duration of the disease (Me (Q25-Q75))

Score 1 group 2 group 3 group Control group

Vitamin D, ng/ml 32 (30-35) 29 (28-34) 29.5(29-31) 31,5 (30-33)
n=10 n=10 n=10 n=10

Periostin, ng/ml 37.2 (22.7-114.7)" 44 (18-145) 60 (38.5-128.0)"2 2.5(1.3-33.5)
n=20 n=21 n=21 n=20

*: a significant (P < 0.01) difference compared to the corresponding indicator of the control group; % a significant (P < 0.05) difference compared to the corresponding indicator of group 1.

that the same number of patients in this group had mo-
bility impairment of spine, which was revealed during
Thomayer’s test (Table 2).

We got the worst results in patients from the third
group, all their indicators that characterize parameters
of functional condition of spine, significantly differ from
the same parameters of patients in control group, as
well as from patients’ indicators from the first and second
groups.

Data analyses, which is given in Fig. 3, has showed
that if the duration of diabetes is more than five years, then
there is a decrease of movements amplitude of cervical
region of spine in the majority of patients (67.6 %). It has
been revealed during carrying out chin-sternum test,
which is 8.7 times more often than in patients with 1-year
duration of diabetes and 2 times more often comparing to
indicators of patients from the second group (P < 0.05).

Pathologia. Volume 17. No. 1, January — April 2020

We noticed significant decrease of mobility of thoracic
and lumbar regions of spine in patients from the third
group comparing to other researched groups (P < 0.05).
Registered changes were reflected in general spine
mobility, and its restriction was noticed in 27 (79.4 %)
patients from the third group.

Considering impact of hyperglycemia on the devel-
opment of diabetic arthropathy we analyzed the spine
mobility in children with diabetes, according to the status
of glycaemic control (Table 3).

The analysis showed that there was no violation of
the state of spinal mobility with ideal and optimal glycemic
control in patients with diabetes. At the same time lack
of compensation for the disease was accompanied by
decrease of mobility of all regions of the spine. The most
significant deviations from normative indicators were
determined in patients with glycemic control with a high
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Fig. 1. Diagram of variation of vitamin D amount in blood serum of children with diabetes according

to the disease duration.

1: group 1; 2: group 2; 3: group 3; 4: control group.
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Fig. 2. Variation diagram of the Thomayer test values, depending on the availability of vitamin D in
children with diabetes according to the duration of a disease.

1: patients with normal vitamin D levels; 2: patients with deficient levels of vitamin D; 3: control group.

risk for life. In these children, total spine mobility was
reduced by 17.6 times compared with the control group
(P < 0.01) and by 4.6 times compared to patients with
good compensation for diabetes (P < 0.05).

Vitamin D and periostin affect bone tissue. We have
studied the amount of vitamin D and periostin in the blood
serum of children with diabetes according to the duration
of the disease (Table 4).

The analysis of vitamin D deficiency showed lack
of significant difference in vitamin D provision between
children with diabetes and the control group (P > 0.05).
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We observed a decrease in blood serum vitamin D levels,
which is progressing with the increase of illness duration.
The variation diagram of vitamin D amount in blood serum
in investigated groups is given in Fig. 1.

As it is shown in Fig. 1, there was wide variation in
levels of vitamin D (26.0-42.0 ng/ml) in blood serum of
children with diabetes. The highest variability in the con-
tent of vitamin D in the blood serum was detected in
the group of patients with a duration of diabetes up to
1 year, concentration fluctuated within 28.0-42.0 ng/ml.
The range of 25(0OH)D values of the control group was
28.0-35.0 ng/ml. The individual analyses showed that
in the first year of the disease, vitamin D deficiency was
only 10 %. At that time, in group 2 in 50 % of children,
and in group 3 in 80 % of children there was a decrease
in vitamin D level (P < 0.05).

We have analyzed the relationship between the state
of general spinal mobility and the level of vitamin D provi-
sion (Fig. 2). As a result, the data obtained showed that
in children with diabetes mellitus, an insufficient level of
vitamin D provision was accompanied by a deterioration
in the state of general spinal mobility (Fig. 2).

As shown in Fig. 2, in patients whose vitamin D
content was in the range of 30—100 ng/ml, the Thomayer
test did not differ from the data obtained in the children of
the control group, and was 1.0 [0.0; 3.0] cm (P > 0.05)in
both groups. At the same time, children who were found
to be deficient in vitamin D had a worsening of the overall
mobility of the spine and showed a statistically signifi-
cant increase in the Thomayer test to 5.0 [3.0; 6.0] cm
(P < 0.05). Thus, the total mobility of the spine depended
on the level of vitamin D, which was confirmed by the in-
verse correlation between its content in the serum and
Thomayer test (r=-0.38, P < 0.05). There was an inverse
correlation between the content of vitamin D in the blood
serum and glycated hemoglobin (r=-0.41, P <0.05). Low
values of vitamin D were inherent in children with glycemic
control with a high risk for life.

The next stage of our work was the study of the con-
tent of periostin in the blood serum of children with
diabetes mellitus (Table 4). Analysis of the data showed
that the level of periostin in the blood serum of children
with diabetes mellitus had a wide variation of values
(8.0-225.0 ng/ml), but was statistically higher than its level
in the control group (P < 0.05) regardless of the duration
of the disease. It was conduct data analysis of the se-
rum periostin content in patients with diabetes mellitus
depending on the duration of the disease. A gradual
increase with the progression of diabetes with the highest
values in children with longer duration of diabetes was
established (Fig. 3).

Given that both vitamin D and periostin are involved
in bone metabolism [15], we examined the content of
the latter in children with diabetes mellitus, depending on
the level of vitamin D provision (Fig. 4).

Visual analysis diagram of variation showed that
children with low vitamin D supply had high serum peri-
ostin content and it was 140.00 [45.75; 177.75] ng/ml. At
the same time, in children with diabetes with normal supply
of vitamin D, the median concentration of serum periostin
was 44.0 [27.0; 64.0] ng/ml (P < 0.05). However, it did not
reach the control values (2.5 [1.3; 33.5] ng/ml, P < 0.05).
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The obtained data were confirmed by the inverse correla-
tion relationship of medium strength (r = -0.36, P <0.05) 240

between the level of periostin and the vitamin D content 290 _
in the blood serum of children with diabetes mellitus.
200
Discussion 180
All data obtained has shown that a violation of the functional 160
capabilities of the spine was observed, which was mani- 140
fested by a decrease in mobility in all its regions in children 120 o
with diabetes. The revealed changes were progressing in 100 o
the dynamics of the disease and occurred against the back-
ground of lack of diabetes compensation, insufficiency of 80
vitamin D and an increase in blood serum periostin. 60 o
It is known that bone is a dynamic system in which 20 5
the remodeling processes continuously occur: formation
and resorption of bone tissue. Provision of vitamin D 20 T D o Median
influences the process of resorption. In case of insuffi- 0 0 2575 %
ciency or deficiency of vitamin D there is a violation of 20 T span
bone homeostasis. In addition, it is believed that vitamin 1 2 3 4 without
D affects glucose homeostasis by acting directly on B-cells emissions
and indirectly through calcium regulation, since insulin se-
cretion depends on calcium [1 6]. Ourfindings also indicate Fig. 3. Varigtion diagrqm of periostin amount in blood serum of children with diabetes according
. R . . . to the duration of the disease.
an existing relationship between vitamin D and the state
of glycemic control in patients with diabetes. Our findings 1: group 1; 2: group 2; 3: group 3; 4: control group.
are consistent with other studies, which demonstrated a
significant improvement in glycemic control in the treat- 240
ment of vitamin D deficiency in children and teenagers 220
with diabetes [17].
Another marker of bone metabolism is periostin. It is 200
expressed in bone by osteocytes and plays a key role in 180
the regulation of osteoblast function and bone formation
[15]. Our results show that periostin can be a marker of 160
changes in the osteoarticular system and can be used as a 140 5 a
diagnostic tool in the development of diabetic arthropathy.
The results of our study show that one of the mechanisms 120
for increasing level of periostin in diabetes mellitus is 100 °
lack of vitamin D. Together, this leads to a violation of
the functional state of the joints, in particular the spine. 80
60
Conclusions 40 I
O Median
1. Children with diabetes are characterized by a dete- 20 O 25-75 %
rioration in the functional state of the spine in the form of 0 . : . : . T span
reduced mobility in all its regions, which progresses with without
1 2 3 emissions

an increase in the disease duration. One of the mecha-

nisms for the development of the revealed violations is Fig. 4. Variation diagram of periostin amount in blood serum of kids with diabetes according to

poor compensation for diabetes and vitamin D deficiency. the availability of vitamin D.
2. The results of our study prove that it is necessary
to determine the level of vitamin D in children with diabe- 1: patients with normal vitamin D levels; 2: patients with deficient levels of vitamin D; 3: control group.

tes mellitus. It requires timely correction of the deficit in
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violations of the bones and joints. the occurrence, diagnosis and treatment of the disorders
Prospects for further research. In the future, it is of musculoskeletal system in children with diabetes”

planned to study the condition of the joints of the upper (N2 0119U100456).
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