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VITAMIN D3 IN TREATMENT OF OSTEOPENIC SYNDROME
IN CHILDREN WITH GROWTH DISORDERS

N.Yu. Shcherbatiuk
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The efficacy of vitamin D3 agents for impaired growth of children of different cause was
studied in the research. A positive effect on bone mineralization and calcium-phosphorus metabolism was
evidenced. The treatment and prophylaxis charts using this drug for osteopenic syndrome are developed for
children with hypothalamic-pituitary dwarfism, subdwarfism and dwarfism of constitutional genesis.

Objective. The aim of the research is to study the effect of calcimine and vitamin D3 in cases of impaired
bone mineral density in children aged 6-18 years old with growth retardation of the hypothalamic-pituitary
genesis, subdwarfism and dwarfism of constitutional origin.

Methods. The study involved 25 children, aged 6-18 years old with growth retardation: hypothalamic-pituitary
(10 children), subdwarfism (5 children) and dwarfism of constitutional origin (10 children). The control group
consisted of 20 children. The structural and functional state of bone tissue was studied using a two-photon X-ray
densitometer “Lunar”. In the study of calcium-phosphorus homeostasis, the level of calcium and the level of
phosphorus in the blood serum were determined. Serum alkaline phosphatase levels were also studied as a
marker for bone formation.

Results. In the examined children, there was a significant calcium deficiency at the level of the vertebrae
L1-L4. The calcium content in L1 was 72.8%, L2 - 75.7%, L3 - 81.2%, L4 - 80.1%, which significantly differed from
bone density in healthy children of a similar age and body weight. It was also revealed that in children diagnosed
with growth retardation of the pituitary genesis, bone rarefaction was diagnosed in 100% of cases, while with
subdwarfism and dwarfism of constitutional genesis these indicators were 43% and 24%, respectively.

Conclusions. A differentiated choice of vitamin D3 treatment, depending on the degree of osteopenia in
children, allows adjusting the calcium metabolism and preventing osteoporosis in children with stunted growth.
Vitamin D3 in the complex treatment of osteoporosis in children with growth impairment of different genesis
normalizes calcium-phosphorus homeostasis, which increases bone mineral density and, therefore, reduces
osteoporotic changes by stopping leaching of calcium from bones.
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Introduction

Violation of the density and structure of
bone tissue in childhood is caused by damage
to the hypothalamic-pituitary system. Normally,
restructuring of bone tissue is characterized by
the advantage of bone formation over resorp-
tion until reaching the “peak of bone mass”.
Then insufficient somatotropic function of the
pituitary gland causes delayed bone deve-
lopment: ossification nuclei develop with a
significant delay and growth zones are open
foralongtime or close only in adulthood [1, 2].
This causes changes in bone density and im-
paired mineral metabolism in children with
growth retardation. The situation is aggravated
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by the fact that the average alimentary daily
vitamin D3 supply for children is more than 1.5
times less than required. To a large extent, this
is due to the insufficient amount of foods
containing calcium in the diet of children, socio-
economic factors, as well as diverse information
about the norms of daily calcium intake.
However, endocrinological disorders accom-
panying growth retardation and a decrease in
bone density with impaired mineral metabolism
are crucial in this metabolic imbalance. The
non-controllable intake of medications also
affects, above all the complexes of microele-
ments in the multivitamin compounds or indi-
vidual preparations, i.e. magnesium, as its
increase in the blood causes decreased calcium
absorption. Environmental factors are also
important, for example, strontium in the ter-
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ritories contaminated with radionuclides,
entering the child’s body acts as a calcium
antagonist. Iodine deficiency territories also
have negative impact not only in the formation
of calcium-phosphorus homeostasis, but also
in the disharmony of physical development, in
particular, delayed sexual development, which
due to hormonal imbalance affects the level of
calcium absorption and osteogenesis. The aim
of the study was to study the effect of vitamin
D3 on changes in bone mineral density in
children with growth retardation of hypo-
thalamic-pituitary genesis, subdwarfism and
dwarfism of constitutional genesis.

Methods

25 children aged 6-18 years old with growth
retardation of hypothalamic-pituitary genesis
(10 children), subdwarfism (5) and dwarfism of
constitutional genesis (10) were exemined. The
control group consisted of 20 children. When
collecting a history of children with osteoporosis
it was established that glucocorticosteroids,
anticonvulsants, chemotherapeutic substances,
antibiotics (tetracyclines, cyclosporins), antacids
were administered. There were also: prema-
turity, fetal hypoxia, malnutrition, placental
pathology, multiple pregnancy, short time
between births, chronic diseases of women,
drugs and alcohol, smoking during childbirth.
The study of the structural and functional state
of the bone tissue was carried out using a two-
photon X-ray densitometer “Lunar”. The follo-
wing parameters were used for the study: Age
Matched, % - the percentage deviation of bone
mineral density (BMD) in the patient, the ave-
rage population indicator of the identical race,
sex and age at the level of the lumbar vertebrae
L1-L4; Age Matched, Z-criterion - standardized
deviation from the same indicator. When ana-
lyzing the results obtained, we used reference
data on the indicators of the structural and
functional state of the skeletal system in
children and adolescents according to V.V. Po-
voroznyuka et al. Statistical analysis was per-
formed using the Microsoft Excel and Sta-
tistica 5.0 software packages. In the study of
calcium-phosphorus homeostasis, the level of
calcium in the blood serum was determined
using titrometric and photometric methods;
the level of phosphorus in the blood serum was
determined using a unified method for the
reduction of phosphorus. The level of alkaline
phosphatase in blood serum as a marker of
bone formation was also studied by a bio-
chemical method.

Results

In the examined children, there was a
significant calcium deficiency at the level of the
L1-L4 vertebrae. The calcium contentin L1 was
72.8%, L2 -75.7%, L3 - 81.2%, L4 - 80.1%, which
significantly differed from bone density in
healthy children of a similar age and body
weight. It was also revealed that in children
diagnosed with growth retardation of pituitary
genesis bone loss was diagnosed in 100% of
cases, while with subdwarfism and dwarfism of
constitutional genesis these indicators were
43% and 24%, respectively, according to the
deviation (standardized deviation of the bone
tissue strength index of the average population
index of the Z-criterion) and the classification
of osteopenia and osteoporosis in children and
adolescents by A.P. Krys-Pugach [3]. Three
degrees of osteopenia were identified at the
L1-L4 vertebrae. It was at the first step 1.0-1.5;
the second and third, respectively, 1.6-2.0; 2.1-
2.5. These children had a tendency to hypo-
calcemiaandtoincreasein alkaline phosphatase
levels. Thus, the content of the trace element
calciumin the blood was reduced and fluctuated
within 1.76-2.09 mmol/L. The analysis of the
level of alkaline phosphatase in the blood as a
marker of bone formation showed that its
content was 1.54+0.09 pmol/g/L that also in-
dicated bone loss. When comparing the activity
of alkaline phosphatase and the concentration
of calcium in the blood serum, it was assumed
that hypocalcemia under such conditions
contribute to further leaching of calcium from
the bone tissue. Therefore, creating a vicious
circle, in the treatment of such children in
addition to etiotropic hormonal treatment,
drugs should be used for prevention of leaching
of the calcium from the bones before balancing
the composition of the diet, which is consistent
with age-related requirements for phosphorus
and calcium. Vitamin D3 in the form of the drug
of Cholecalciferol increases the absorption of
calcium in the intestine [4] and improves the
reabsorption of phosphorus in the renal
tubules, helps to maintain the proper level of
calcium and phosphorus in the blood, helps to
optimize calcium-phosphorus homeostasis and
contributes to the normal formation and
growth of bone tissue that is especially im-
portant for stunted growth in children. For
grade 1 osteopenia, Cholecalciferol was pre-
scribed in courses of 2000 IU per day for 30
days, 2 times a year with an interval of 5 months
between courses. In case of degree 2 osteopenia,
Cholecalciferol was prescribed in courses of
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4000 IU per day for 40 days, 3 times a year with
a break of 3 months between courses. In case
of degree 3 osteopenia, Cholecalciferol was
prescribed in courses of 5000 IU per day for 45
days, 3 times a year with a break of 3 months
between courses. The effectiveness of treatment
was assessed by repeated densitometric exa-
mination of the lumbar spine, 3 months after
the first course of treatment, analyzing the
Z-criterion. There was a tendency to an increase
in the density of mineral tissue according to the

Z-score by 4.34-20% in each of the lumbar
vertebrae. The effectiveness of the treatment
was assessed by the parameters of the content
of calcium and phosphorus in the blood serum,
the level of alkaline phosphatase during the
second examination one month after the first
course of treatment. Thus, normalization of the
level of calcium and phosphorus, as well as a
decrease in the level of alkaline phosphatase
to the upper limit of the norm was evidenced
(Table 1).

Table 1. Dynamics of blood biochemical parameters in a group of 25 children (M+m)
after the introduction of Cholecalciferol into treatment

Index Before treatment After treatment p
n=25 n=25
Serum calcium (mmol/L) 1.98+0.11 2.37+0.13 <0.05
Serum phosphorus (mmol/L) 0.93+0.05 1.1£0.06 <0.05

Discussion

The results of the study proved a positive
effect of vitamin D3 in the children with de-
crease of growth of different genesis. According
to the literature, growth hormone is one of the
most important components of the hormonal
system for regulating bone tissue metabolism
and phosphorus-calcium metabolism. In norm
the restructuring of bone tissue is characterized
by the advantage of bone formation over re-
sorption until reaching the “peak of bone
mass”. With insufficient somatotropic function
of the pituitary gland bone development is
delayed: ossification nuclei appear with a sig-
nificant delay, and growth zones remain open
for along time or close only in adulthood. This
causes changes in bone density and impaired
mineral metabolism in children with growth
retardation [1,2]. Cholecalciferol normalized the

level of calcium and phosphorus as well as
decreased the level of alkaline phosphatase to
the upper limit of the norm that prevents osteo-
porosis and complies the results of studies by
other authors [5, 6].

Conclusions

The differentiated approach in prescribing
Cholecalciferol depending on the degree of
osteopenia in children allows correcting cal-
cium metabolism and thereby ensures pre-
vention of osteoporosis in children with stunted
growth. This is caused by the pharmacological
action of cholecalciferol, i.e. regulation of cal-
cium-phosphorus metabolism, normal forma-
tion of the bone skeleton and teeth in children
and preservation of the structure of bones.
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3ACTOCYBAHHA BITAMIHY D B JIIKYBAHHI OCTEOIIOPO3Y
V IITEHA 3 SATPHUMKOIO POCTY PISHOI'O TEHE3Y

H.H0. Liep6aTiok

TEPHOIML/IbCbKUI HAUIOHAJIbHN MEANYHUI YHIBEPCUTET IMEHI I. 8. TOPEAYEBCHKOIO MO3 YKPAIHY,

TEPHOIL/Ib, YKPAIHA

BcTyn. Y cmammi Hagodssmecs pe3yibmamu 3acmocyeaHHs hpenapamie eimamiHy Dy dimedi i3 3ampumkoro
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pocmy pi3Hoz20 reHe3sy. [1po0eMOHCMPOBAHO iX NO3UMUBHUL 8naAU8 HA MiHepasnbHy WiNbHICMb KicmKoeoi
MKaHUHU ma kansyit-pocopHuli 2omeocmas. Ha800AMbCA cxeMu NiKy8AHHS MA NPOPiNaKMUKU 0CmeoneHiyHo20
CUHApomy y dimeli 3 2inomanamo-2inopi3apHUM HAHI3MOM, CY6HAHI3MOM MA HAHI3MOM Q/AiMeHMAapHO-
KOHCMumyuyitiHo20 reHesy. /jogedeHo epekmusHiCmMs iX UKOPUCMAHHS.
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MeTa - docridxceHHSs 8nausy 8UKOPUCMAHHSA 8imamiHy D npu 3MiHax MiHepaneHoi WinbHocmi kicmkogoi

mKaHUHU y dimel 6-18 pokie i3 3ampumkoro pocmy 2inomasaamo-2inogizapHo20 2eHesy, Cy6HAaHiI3MOM ma
HQHI3MOM KOHCMUmyUiliHo20 reHesy.

MeToaun. O6cmexceHo 25 dimeli 6-18 pokig i3 3ampuUMKOK pocmy 2inomasnamo-2inogizapHo20 reHesy
(10 dimeli), cybHaHi3MOM (5) ma HaHi3MoM KoHCmumyyitiHo2o reqesy (10). KoHmpoasHy 2pyny cmaHosuau 20
dimed. [ocnioxeHHs cmpyKmypHO-@yHKYIOHAIbHO20 CMAHY KiCMKO80I MKAHUHU npogoou/au 3a 00NOMO20H
peHmeeHigcbko2o 080¢pomoHH020 deHcumomempa "Lunar”. lpu docnioxceHHi kansyid-pocpopHo2o 2comeocmasy
8U3HQYQAIU piBeHb KAbYio Ma pigeHb pocPopy y cuposamuyi Kposi. TaKox sus4aau pigeHsb AyxHOI pocpamasu
¥ cuposamuyi Kposi ik Mapkepa GopMy8aHHA Kicmku.

PesynbTaTin. Y o6cmexceHux dimeli mas micye cymmeauli depiyum Kansyito Ha pisHi xpebyie L1-L4. Bmicm

Kanwyito 8 L1 cmaHosue - 72,8%, L2 - 75,7%, L3 - 81,2%, L4 - 80, 1%, wjo cymmeso 8idpi3HAEMbCA 8i0 kKicmkosoi

winsHocmi y 30oposux dimeli aHan02i4H020 8iKy ma Macu mina. Takoxc 6ys10 susisaeHo, wjo y dimed, AKUM 6yn10
gucmas/ieHo 0ia2HO3 3aMPUMKU 3pOCMAHHSA 2inogizapHozo reHesy y 100% sunadkie 0ia2zHOCMOBAHO PO3-
piOHCeHHA KiCmKo8oi MKAHUHU, MOoJi K Npu CY6HAHI3Mi ma HAOHI3Mi KOHCMUMYyYiliHo20 reHesy yi NOKA3HUKU
cmaHosuau 8idnogioHo 43% ma 24%.

BucHoBKkuU. JupeperyitiosaHuli nioxio y npusHavyeHHi eimamiHy D 30/1exHO 8i0 cmyneHs ocmeoneHii y
dimeli 0038014€ ckopuzysamu Kanbyiesuli 06MiH ma 3a6eaneyumu mum CaMum NPoPinaKmMuUKy ocmeonoposy
y dimeli i3 3ampumkoro pocmy. BkaroueHHs gimamiHy D y KoMnaekcHe fiky8aHHS ocmeonopo3y y dimel i3
30MpPUMKOI0 pocmy pi3HO20 2eHe3y HOPMAni3ye Kanbyil-$pochopHuli 20Meocmas, Wo CNPUAE NOCUMAECHHIO
MiHepanbHOI Wi6HOCMI KICMKOBOI MKAHUHU, 0 0MJie, 3MeHWYE 0CMeonopOo3Hi 3MiHU 30 PaXyHOK NPUNUHEHHS
BUMUBAHHSA KA/bYIH 3 KICMOK.

KJ/TKOUOBI C/IOBA: MiHepasbHa WiNbHICTb KiCTKOBOI TKAHMHU; KanbLii-pocpopHMiA romeocTas;
3aTpuMKa pocTy; BiTamiH D3.

Information about the authors

Nataliia Yu. Shchebatiuk - PhD, Associate Professor, I. Horbachevsky Ternopil National Medical
University, Ternopil, Ukraine.

ORCID: 0000-0003-2155-7329. E-mail: sherbatyuk_nu@tdmu.edu.ua

References
1. Golounina OO, Runova GE, Fadeyev VV. 4. Thakker RV. Rickets and osteomalacia. Me-
Osteomalacia in practice of endocrinologist: etiology, dicine. 2009;37(9):483-8. https://doi.org/10.1016/j.
pathogenesis, differential diagnosis with osteopo- mpmed.2009.06.004
rosis. Osteoporosis and Bone Diseases. 2019;22(2):23- 5. Whyte MP, Povoroznyuk VV. Osteoporosis in
31.[In Russian] https://doi.org/10.14341/oste0o12117  the population of Ukraine: risk factors, clinic, diag-
2. Bilezikian JP, Bouillon R, Clemens T, et al, eds.  nosis, prevention and treatment: Abstract. dis ....
Primer on the Metabolic Bone Diseases and Dis- doctor. honey. sciences. K., 1998.- 47p. [in Ukrainian]
orders of Mineral Metabolism. 1st ed. Wiley; 2018. 6. Reginato AJ, Coquia JA. Musculoskeletal
https://doi.org/10.1002/9781119266594 manifestations of osteomalacia and rickets. Best
3. Kris-Pugach AP, Kinchaya-Polishchuk TA, Pract Res Clin Rheumatol. 2003;17(6):1063-80.
Gayko OG. Violation of the density and structure of  https://doi.org/10.1016/j.berh.2003.09.0041.
bone tissue in childhood and adolescence. Problems
of Osteology. 2002;3;22-5.

This is open access article distributed under the Creative Com-
mons Attribution License, which permits unrestricted use,

distribution, and reproduction in any medium, provided the 7))
original work is properly cited. o
~
=
a
F
~
ISSN 2413-6077. JMMR 2021 Vol. 7 Issue 2 N.Yu. Shcherbatiuk | 29



