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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 χ2 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: 
χ² = 37.580, critical value χ² = 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 (χ² = 15.848, critical value χ² = 13.277, p = 0.004). Similar 
associations were found for calcium intake (χ² = 15.043, critical 
value χ² = 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 (χ² = 47.408, critical value in all cases χ² = 11.345; 
p < 0.001), for calcium – RR = 3.38 (χ² = 35.831; p < 0.001), 
and for magnesium – RR = 3.38 (χ² = 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 

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 girls) 
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/m²) 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 χ2 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 (χ² = 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 

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: χ² = 
37.580, critical value χ² = 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: χ² = 66.669, 
critical value χ² = 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 (χ² = 15.848, critical value χ² = 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 (χ² = 15.043, critical value χ² = 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% 

Decrease in BMD UCTD

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 
Osteopenic Syndrome

Correlation Between Osteopenic 
Syndrome and UCTD

Figure 2. Indicators of the relationship between the reduction of BMD and UCTD by the frequency of conditions.

Vitamin D Calcium

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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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 

the group without pathological conditions were as follows: for 
25(OH)D – RR = 3.38 (χ² = 47.408, critical value χ² = 11.345; p 
< 0.001), for calcium – RR = 3.38 (χ² = 35.831; p < 0.001), and 
for magnesium – RR = 3.38 (χ² = 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 

25(ОН)D Calcium

Magnesium

Figure 4. Frequency of Abnormal Levels of 25(OH)D, Calcium, and Magnesium Considering the Presence of Combined Osteopenic Syndrome 
and UCTD.



72

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

Examined Group
Vitamin D Calcium
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 14,8 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 33,3 0 0,0 1 33,3 2 66,7 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.

Examined Group
25(ОН)D Calcium Magnesium
Insufficient Optimal Insufficient Normal Insufficient Normal
абс. % абс. % абс. % абс. % абс. % абс. %

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
No Studied Conditions, n = 
279 55 19,7 224 80,3 47 16,8 232 83,2 63 22,6 216 77,4

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.

Examined Group Parameter
25(ОН)D, ng/mL Calcium, mmol/L Magnesium, mmol/L

CTD, n=75 61±5 2,31±0,02 0,83±0,05
Decreased BMD, n=54 35±2 2,10±0,02 0,87±0,04
Including the combination of CTD 
and decreased BMD, n=33 34±3 2,13±0,02 0,81±0,07

No studied conditions, n=279 77±8 2,45±0,03 0,99±0,12

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 

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 
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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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