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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Abstract: The high prevalence of musculoskeletal disorders
among children and adolescents determines significant interest
from researchers and clinicians in these conditions. Among
their causes are reduced bone mineral density (BMD) and
undifferentiated connective tissue dysplasia (UCTD). The
pathogenesis of both conditions may be associated with trace
element imbalances.

Aim of the Study: To determine the frequency and
pathogenetic relationships between UCTD and osteopenic
syndrome in children.

Materials and Methods: The group of examined children
included 375 respondents (137 boys and 238 girls) from 3 to 16
years old (average age — 10.8+0.2 years).

The diagnosis of UCTD was made according to the criteria of
the guidelines for "Hereditary Disorders of Connective Tissue
Structure and Function." All children had determined their
daily calcium and vitamin D intake. Objective criteria included
blood levels of 25-hydroxyvitamin D (25(OH)D), calcium,
and magnesium. Densitometry of the calcaneus was performed
using a Sunlight 2000 device. The ¥2 criterion was used to
analyze contingency tables, including for arbitrary tables.

Results: A strong association between osteopenic syndrome
and the presence of UCTD was identified. When analyzing
the effect of UCTD on the frequency of decreased BMD, the
following statistically significant indicators were determined:
¥ = 37.580, critical value > = 9.21, p < 0.001. This level of
significance was found between all three groups—absence of
UCTD, grade 1, and grades 2-3.

A significant increase in the frequency of insufficient dietary
intake of vitamin D was observed in children with reduced
BMD (x> = 15.848, critical value y*>=13.277, p=0.004). Similar
associations were found for calcium intake (y*> = 15.043, critical
value ¥2 = 13.277, p = 0.005). Reduced magnesium levels were
more characteristic of the subgroup of children with UCTD.

For all three parameters, the highest frequency of deficiency
was found in the group with a combination of osteopenic
syndrome and UCTD. Differences compared to the group
without pathological conditions were as follows: for 25(OH)D
—RR =3.38 (y* = 47.408, critical value in all cases > = 11.345;
p <0.001), for calcium — RR = 3.38 (¥*> = 35.831; p < 0.001),
and for magnesium — RR = 3.38 (3> =20.802; p < 0.001).

Conclusion: The identified features of vitamin D, calcium, and
magnesium intake and metabolism in children with combined
decreased BMD and UCTD require special attention, as they
may represent additional risk factors for the progression of
these conditions and the development of complications. Their
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correction requires comprehensive pharmacological prevention
with periodic monitoring of results.

Key words. Undifferentiated connective tissue dysplasia,
osteopenic syndrome, vitamin D, calcium, magnesium.

Introduction.

Currently, there is not only a very high prevalence of
musculoskeletal disorders among children and adolescents, but
also a continuing upward trend [1]. This is primarily associated
with lifestyle factors and a sharply reduced level of physical
activity; however, other physiological causes also play a role.
One of these may be the high frequency of osteopenic syndrome
[2-4]. This pathological condition, in turn, may be linked to the
widespread occurrence of undifferentiated connective tissue
dysplasia (UCTD) in the population [5].

Aim of the Study. To determine the frequency and
pathogenetic relationships between UCTD and osteopenic
syndrome in children.

Materials and Methods.

The general group included 375 children (137 boys and 238 gitls)
aged from 3 to 16 years (average 10.8+0.2 years). Children were
included in the study with the informed consent of themselves
(over 14 years of age) and/or their parents (guardians).

The diagnosis of UCTD was determined by applying the
diagnostic framework described in the clinical recommendations
devoted to hereditary disorders affecting the structure and
functional properties of connective tissue. These guidelines
served as the primary reference for evaluating the relevant
clinical signs and laboratory findings necessary to confirm the
condition [6].

For all participants, the average daily intake of calcium (mg)
and vitamin D (IU) from dietary sources was assessed. The
estimation of calcium consumption was performed by calculating
its total amount in the dairy products included in the individual’s
diet—considered the primary source of this mineral for this age
group—and by adding the approximate contribution from other
food categories, which commonly provide around 350 mg. The
daily intake of vitamin D was derived using tabulated data on its
concentration in various food items, combined with the weekly
dietary patterns reported by each participant [7]. Nutrient intake
levels were classified as low (below 50% of the recommended
value), insufficient (50-85%), or adequate (above 85%).

To determine the concentration of (25(OH)D) in the blood [8],
an enzyme-linked immunosorbent assay was performed using
the test systems of Bio Khim Mak CJSC. Three gradations of
vitamin D content were distinguished: deficiency (0-20 ng/ml),
insufficiency (21-29 ng/ml), and optimal (30-75 ng/ml) [9].
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Calcium concentration was determined using a standardized
colorimetric method.

Calcaneal bone densitometry was performed using a Sunlight
2000 device using the BMD reduction criteria for the Asian
population [10].

A survey of respondents was conducted to identify the
characteristics of the pathological conditions under study.
Information was collected regarding prior low-energy fractures,
a reduced BMI (below 20 kg/m?) and/or body weight falling
short of age-specific reference values, insufficient intake of
calcium and vitamin D, as well as the presence of clinical
conditions known to contribute to secondary osteopenia, such
as rheumatoid arthritis, type 1 diabetes, and hyperthyroidism.
Levels of habitual physical activity were also evaluated. In
addition, a family history of fragility fractures among first-
degree relatives was documented.

Statistical analysis of the results was performed using
SPSS version 20 for Windows. The data processing system
included automated quality control of information preparation
(excluding results not relevant to the data series according to the
Romanovsky criterion) and data grouping according to specified
criteria. The %2 criterion was used to analyze contingency tables,
including for arbitrary tables [11]. For statistical analysis, the
critical significance level p was set to 0.05.

Results.

A survey of the entire contingent of children was conducted
regarding the presence of osteopenic syndrome and UCTD
depending on age (Figure 1).

The mean values for osteopenic syndrome were as follows:
osteopenia — 13.6% of the examined group, osteoporosis —
0.8%, which is significantly lower than data reported in many
published sources. The overall average frequency was 14.4%.
An increase was observed in the 11-16-year age category;
however, no significant differences between age groups were
found (x> =4.963, p = 0.084).

In contrast, the frequency of connective tissue dysplasia (CTD)
was similar across all age categories (3—7 years — 21.6%; 8-10

Decrease in BMD
% 20 18.5
15
11.2 10.7
10
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1.0 1.4
0 |
3-7 3-10 11-16
years years years

Oosteopenia M osteoporosis

years — 19.4%; 11-16 years — 20.5%), with an average value of
20.0%.

Of particular interest were the numerical indicators of the
association between osteopenic syndrome and undifferentiated
connective tissue dysplasia (UCTD). The analysis results are
presented in Figure 2.

High numerical correlations were identified between the
presence of osteopenic syndrome and UCTD. When analyzing
the effect of UCTD on the frequency of decreased BMD, the
following statistically significant values were obtained: ¥* =
37.580, critical value 3> =9.21, p < 0.001. A posteriori analysis
revealed that this level of significance was present among all
three groups - absence of UCTD, grade 1, and grades 2-3.

In the reverse analysis, the results were as follows: ¥? = 66.669,
critical value ¥* = 9.21, p < 0.001. These differences reflected
variations between the osteopenia and normal BMD groups, as
the osteoporosis group had an insufficient sample size.

Further analysis was conducted on the data regarding vitamin
D, calcium, and magnesium intake and serum levels among the
examined children. The obtained results are presented in Tables
1-3 and Figures 3 and 4.

The numerical values of insufficient dietary vitamin D intake
among children with UCTD showed minimal differences
compared to those without the studied pathological conditions.
The presence of osteopenic syndrome demonstrated a
significantly higher rate (20.4% versus 7.9%), with the
differences determined by factor analysis found to be statistically
significant (> = 15.848, critical value y*> = 13.277, p = 0.004).

Low levels of calcium intake were also found in the group
of children with osteopenic syndrome and showed significant
differences compared to the group without this condition and
without UCTD (y*> = 15.043, critical value y* = 13.277, p =
0.005).

Insufficient blood levels of the studied vitamin D metabolite
and calcium were most pronounced in the osteopenic syndrome
group (50.0% versus 19.7% in the group without the studied
pathological conditions for 25(OH)D, RR = 2.54, and 40.7%
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Figure 1. Frequency of Decreased Bone Mineral Density and Undifferentiated Connective Tissue Dysplasia in the Study Group.
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Correlation Between UCTD and Correlation Between Osteopenic
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Figure 2. Indicators of the relationship between the reduction of BMD and UCTD by the frequency of conditions.
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Figure 3. Frequency of Different Levels of Vitamin D and Calcium Intake Depending on the Presence of Combined Decreased BMD and UCTD.
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Figure 4. Frequency of Abnormal Levels of 25(OH)D, Calcium, and Magnesium Considering the Presence of Combined Osteopenic Syndrome

and UCTD.

versus 16.8% for calcium levels, RR = 2.42), while no
differences were found in the subgroup with UCTD grade 1.

The opposite situation was observed for magnesium levels, the
decrease of which was more characteristic of the subgroup of
children with CTD (34.7% versus 22.6%, respectively, RR =
1.54).

Analysis of the same indicators, with a focus on the group
with combined osteopenic syndrome and UCTD, yielded
the following results. For all three parameters, the highest
frequency of insufficient levels of the studied substances was
observed in the combination group. Differences compared to
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the group without pathological conditions were as follows: for
25(0OH)D — RR =3.38 (¥ =47.408, critical value y*>=11.345; p
<0.001), for calcium — RR = 3.38 (¥ = 35.831; p <0.001), and
for magnesium — RR = 3.38 (¥ =20.802; p < 0.001).

The lowest values of blood 25(OH)D and calcium content were
determined in children with decreased BMD. Regarding the
content of the Vitamin D metabolite, the differences compared
to those examined without confirmed osteopenic syndrome and
UCTD averaged 54.5% for this group, p<0.001, and 55.8% for
the group with the combination of both conditions, p<0.001.

Upon analysis of calcium content, the differences in the first



Table 1. Calculated Indicators of Vitamin D and Calcium Intake in the Examined Children.

Vitamin D Calcium
Examined Group Low Reduced Adequate Low Reduced Adequate

Abs. % Abs. % Abs. % Abs. % Abs.. % Abs.. %
CTD Grade 1, n =48 4 8,3 7 14,6 37 77,1 5 10,4 9 18,8 34 70,8
CTD Grades 2-3,n=27 3 11,1 4 14,3 20 74,1 3 11,1 6 22,2 18 66,7
Osteopenia, n = 51 9 17,6 12 23,5 30 58,8 11 21,6 14 27,5 26 51,0
Osteoporosis, n =3 2 66,7 1 333 0 0,0 1 333 2 667 0 0,0
No Studied Conditions, n
=279 22 7,9 47 16,8 210 75,3 17 6,1 44 15,8 218 78,1
Note — In 33 cases, a combination of decreased BMD and CTD was observed.
Table 2. Data on the Frequency of Abnormal Levels of 25(OH)D, Calcium, and Magnesium in the Examined Groups.
E ined G 25(OH)D Calcium Magnesium

xamined Lroup Insufficient Optimal Insufficient Normal Insufficient Normal
adc. % adc. % adc. % adc. % aoc. % abc. %

CTD Grade 1,n =48 10 20,8 38 79,2 9 18,8 39 81,3 15 31,3 33 68,8
CTD Grades 2-3,n =27 8 29,6 19 70,4 7 25,9 20 74,1 11 40,7 16 59,3
Osteopenia, n = 51 24 47,1 27 52,9 19 37,3 32 62,7 14 27,5 37 72,5
Osteoporosis, n =3 3 100 0 0,0 3 100 0 0,0 2 66,7 1 33,3
I;;’gstud’ed Conditions, n =" 4 197 224 803 47 168 232 832 63 26 216 774

Note — In 33 cases, a combination of decreased BMD and CTD was observed.

Table 3. Mean Levels of 25(OH)D, Calcium, and Magnesium in the Examined Groups.

. Parameter
Examined Group 25(0H)D, ng/mL
CTD, n=75 61+5
Decreased BMD, n=54 3542
Including the combination of CTD 3443
and decreased BMD, n=33
No studied conditions, n=279 778

pair of values were 14.3%, p=0.033, and in the second pair,
13.1%, p=0.042.

The concentration of magnesium ions was relatively low
in the group of children with CTD (16.2% compared to the
group without studied conditions, p=0.040), while the group
with osteopenic syndrome did not show significant differences
compared to the latter. The lowest magnesium content values
were determined in the group with the combination of decreased
BMD and UCTD (the differences compared to the group without
studied conditions were 18.2%, p=0.027).

Discussion.

Osteopenic syndrome in children is currently a fairly common
finding during the corresponding examination. For example,
there is data that its prevalence among general school students
ranges from 28% to 65% [2]. According to other sources, this
figure varies from 15% to 50% or higher [12,13].

Research data conducted in countries with developed
healthcare systems are similar to those presented above [14,15].

It should also be noted that osteopenic syndrome is the most
important risk factor for the development of musculoskeletal
pathology in children and adolescents.

Chronic forms of spinal damage leading to its deformation are
quite common [16,17]. In addition, the incidence of traumatic
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Calcium, mmol/L Magnesium, mmol/L

2,3140,02 0,83+0,05
2,1040,02 0,87+0,04
2,13+0,02 0,81+0,07
2,45+0,03 0,99+0,12

injuries with severe damage, which may be associated with
reduced bone strength, is increasing [18,19].

In our study, we identified a very moderate rate of osteopenic
syndrome in comparison with published data, which may be due
to the study population, which was dominated by children of
Kazakh nationality.

Undifferentiated Connective Tissue Dysplasia (UCTD), in turn,
is a very widespread pathological condition. When observed
in a child - particularly in cases characterized by numerous
clinical features and involvement of the cardiovascular system
- this condition may indicate a substantially elevated risk of
unfavourable consequences. These may range from a higher
likelihood of developing morphofunctional abnormalities of the
musculoskeletal system [20] to the possibility of sudden cardiac
death related to rhythm disturbances [21]. A crucial element of
its pathogenesis is the disruption of the metabolism of certain
elements, beginning with reduced intake into the body [22].

In our study, the main emphasis was placed on a group of
children that was practically not considered before: those with
a combination of decreased Bone Mineral Density (BMD) and
UCTD. Specifically, we studied the indicators of intake and
content of three nutrients vital for both pathological conditions
- Vitamin D and the divalent cations calcium and magnesium.
Overall, the expected results were obtained, consisting of a



more pronounced reduction in their content in children of the
target group. This may serve as a basis for more active drug
prophylaxis, which we recommend to prevent the progression
of pathological conditions and reduce the risk of complications
[23].

We consider the omission of data on the clinical features of
the target group - children with a combination of osteopenic
syndrome and UCTD compared to others - to be a limitation of
the work. These results have been obtained and are planned for
future presentation.

Another limitation of this study concerns the indirect estimation
methods for dietary intake. The calculation of calcium intake
using the sum of dairy calcium content plus a constant value
for non-dairy sources represents a simplified model that may
reduce precision. Similarly, the assessment of vitamin D intake
based on weekly food logs may be affected by recall bias. These
methodological features should be taken into account when
interpreting the obtained results.

In general, it should be concluded that the clinical significance
and features of management of children with common
pathological conditions such as osteopenic syndrome and
undifferentiated Connective Tissue Dysplasia (UCTD) remain
underestimated to this day, which requires additional attention
primarily from general practitioners and only in severe forms,
from specialists of the relevant clinical profiles.
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