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Abstract. Given the high prevalence of hypovitaminosis D among the paediatric population in Ukraine, a need
has emerged to explore its role in regulating hepatic fibrogenesis in juvenile autoimmune liver diseases. The
aim of this study was to determine the effectiveness of long-term vitamin D supplementation in modifying
serological and imaging markers of fibrosis in children with autoimmune hepatitis and autoimmune sclerosing
cholangitis. The research was based on a prospective cohort observation conducted from March 2024 to
March 2025, involving patients from specialised medical centres in Ukraine, and applying laboratory testing,
two-dimensional shear wave elastography (2D-SWE), and statistical analysis. The results indicated that
with a high cumulative annual dose of vitamin D exceeding 500,000 IU, the mean 25-hydroxyvitamin D level
increased to 111.3 £ 19.9 nmol/L, while the level of hyaluronic acid decreased to 9.2 + 7.1 ng/mL, in contrast to
the control group where the respective figures were 63.5+19.9 nmol/L and 20.7 +9.2 ng/mL (p<0.0001 and
p=0.001, respectively). A statistically significant inverse correlation between these biomarkers was established
(r=-0.49; p=0.018) in the high-dose group, confirming a dose-dependent effect of the nutritional intervention.
Liver tissue stiffness parameters according to elastography remained stable, showing no significant changes
after 12 months of therapy. It was concluded that high-dose vitamin D supplementation was associated with
a reduction in fibrogenesis activity, as evidenced serologically, though not accompanied by morphological
changes in tissue stiffness. The study’s findings may be applied in clinical practice to facilitate non-invasive
monitoring of treatment efficacy and improve personalised nutritional support protocols for children with
chronic autoimmune liver diseases

Keywords: fibrosis; parenchymal stiffness; hyaluronic acid; nutritional therapy; two-dimensional shear wave
elastography; paediatric population; calcium-phosphate homeostasis

INTRODUCTION

Disorders of hepatic fibrogenesis in children with
chronic autoimmune liver diseases form a distinct clin-
ical and scientific domain requiring a comprehensive
pathogenetic analysis and the refinement of therapeu-
tic monitoring approaches. Among such conditions,
juvenile autoimmune liver diseases (JALD), including
autoimmune hepatitis (AIH) and autoimmune scle-
rosing cholangitis (ASC), are marked by early fibrosis
progression, persistent inflammation, and limited ef-
fectiveness of immunosuppressive therapy, especially
under coexisting metabolic disturbances. Deficiency of
25-hydroxyvitamin D (25(0H)D), frequently observed
in these patients, is associated with enhanced systemic
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inflammation, impaired hepatic tissue regeneration,
and activation of cellular fibrogenesis. In this context,
nutritional status is increasingly being considered not
merely as a background indicator but as a factor direct-
ly influencing the course of autoimmune pathology.

A review of current literature has revealed growing
scientific interest in the role of 25(0OH)D in systemic in-
flammation, metabolism, and liver fibrosis. N. Grygorie-
va et al. [1] substantiated national approaches to diag-
nosing and treating vitamin D deficiency in Ukraine’s
adult population; however, paediatric considerations
were lacking. S. Shatylo et al. [2] conducted a multicentre
study on vitamin D deficiency across Ukraine, without
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differentiating the metabolic peculiarities of patients with
chronic liver diseases. A.M. Shulhai et al. [3] described the
association between hypovitaminosis D and metabolic
syndrome in adolescents, partly overlapping with hepa-
tology but not addressing fibrogenesis specifically.

Epidemiological features of vitamin D deficiency
in Ukraine were highlighted by N. Grygorieva et al. [4],
who noted insufficient provision across age groups,
yet did not categorise results by nosological forms or
clinical complications. V. Theiler-Schwetz et al. [5] ex-
amined the influence of vitamin D on blood pressure,
demonstrating systemic effects, but findings could not
be extrapolated to tissue remodelling in fibrosis. S. Ka-
rahan & F. Katkat [6] discussed the correlation between
25(0H)D levels and COVID-19 mortality, though their
focus was confined to immune response mechanisms.
W.B. Grant et al. [7] summarised evidence on non-skel-
etal effects of vitamin D, without considering its impact
on hepatic tissue.

A randomised study by M. Cojic et al. [8] showed vi-
tamin D’s effects on metabolic and oxidative parameters
in diabetes mellitus, aligning with the organ-protective
concept, yet excluded fibrosis markers. M. Coskun et
al. [9] assessed biochemical and ultrasound features in
acromegaly, but their methodology was unsuitable for
paediatric hepatology. K. Zachou et al. [10] proposed
the FibroMeter to assess fibrosis in autoimmune liv-
er diseases, but it has not been validated for children.
S. Lee et al. [11] evaluated the accuracy of shear-wave
elastography in children, without considering vitamin
therapy. Finally, S.C. Nagamani et al. [12] focused on
biomarkers in hereditary metabolic liver disorders but
did not analyse inflammatory or fibrotic markers in au-
toimmune conditions.

Hence, none of the aforementioned studies com-
bined the analysis of serum HA levels, 2D-SWE param-
eters, and vitamin D status in paediatric patients with
JALD. This national study is the first to integrate these
elements. The proposed approach stands apart by dy-
namically correlating biochemical and imaging markers
under standardised high-dose nutritional therapy, ena-
bling evaluation of both functional and morphological
changes in fibrogenesis. Thus, the study’s relevance lies
not only in meeting the clinical needs of paediatric hepa-
tology butalso in addressing the limited informativeness
of certain non-invasive methods at early disease stages.
Evaluating the potential of vitamin D to affect biochemi-
cal and structural fibrosis markers, notably HA and liver
parenchymal stiffness according to 2D-SWE, presents a
promising direction for developing a multiparametric
model of non-invasive therapy monitoring,

The aim of this study was to assess the effect of
long-term high-dose vitamin D supplementation on
the dynamics of serum 25(0H)D levels, HA concentra-
tion as a biochemical marker of fibrosis, and liver pa-
renchymal stiffness based on 2D-SWE data in children
with JALD. Specific objectives included: to characterise
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the baseline 25(0H)D status in paediatric patients with
autoimmune liver diseases, based on disease type, du-
ration, and age; to analyse changes in 25(OH)D and
hyaluronic acid (HA) levels over a 12-month period in
relation to vitamin D supplementation dosage and to
establish their correlation; to assess the effectiveness of
non-invasive fibrosis monitoring through liver stiffness
parameters and a multiparametric approach, including
2D-SWE and biochemical markers.

MATERIALS AND METHODS

The study period covered March 2024 to March 2025
inclusive. Inclusion criteria were: age between 6 and
18 years, confirmed diagnosis of AIH or ASC according
to ESPGHAN criteria, and written informed consent
from parents or legal guardians. Exclusion criteria in-
cluded: presence of severe comorbidities (e.g.,, malig-
nancies, decompensated endocrinopathies), use of oth-
er vitamin D preparations in the preceding 6 months,
malabsorption syndromes, nephrotic syndrome, or
refusal to participate. The study employed a prospec-
tive observational design with repeated measurements
of biochemical markers and elastographic parameters
over a 12-month supplementation period.

Clinical data were collected at specialised paediat-
ric medical institutions in Ukraine, specifically within
departments managing children with chronic liver dis-
eases. Selection of centres was based on their speciali-
sation, geographic distribution, and access to modern
laboratory and imaging technologies. Participating
centres included the Centre for Paediatric Hepatology
at the Western Ukrainian Specialised Children’s Medi-
cal Centre (Lviv) [13], National Children’s Specialised
Hospital “Okhmatdyt” [14], and the State Institution
“Institute of Gastroenterology of the National Academy
of Medical Sciences of Ukraine” (Dnipro) [15]. Clinical
data were collected in gastroenterology departments
specialising in the treatment of AIH and ASC. The inclu-
sion of such patients was justified by the need to objec-
tively evaluate the impact of vitamin D on fibrotic mark-
ers within a unified pathogenetic model of JALD. The
study database was formed in accordance with meth-
odological recommendations from the European So-
ciety for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) [16], the Endocrine Society Clin-
ical Practice Guidelines [17], and guidelines from the
European Association for the Study of the Liver (EASL)
[18], adapted for paediatric hepatology. The use of se-
rological markers, elastography techniques, and nutri-
tional status indicators was based on interdisciplinary
approaches outlined in methodological documents on
biomarker stratification of fibrosis, laboratory mor-
phology, cytokine biology, and fibrogenesis genetics.

Clinical data were collected in gastroenterology
departments specialising in the treatment of AIH and
ASC. The inclusion of such patients was justified by the
need to objectively evaluate the impact of vitamin D on
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fibrotic markers within a unified pathogenetic model
JALD. The study database was formed in accordance
with methodological recommendations from the ES-
PGHAN [16], the Endocrine Society Clinical Practice
Guidelines [17], and guidelines from the EASL [18],
adapted for paediatric hepatology. The use of serolog-
ical markers, elastography techniques, and nutritional
status indicators was based on interdisciplinary ap-
proaches outlined in methodological documents on bi-
omarker stratification of fibrosis, laboratory morpholo-
gy, cytokine biology, and fibrogenesis genetics.

The total study sample comprised n=43 patients di-
agnosed with JALD, divided into two nosological groups:
AIH (n=24) and ASC (n=19). Stratification by vitamin D
dose was based on actual daily and annual intake as
recorded in medical records and nutritional therapy
plans. Patients receiving over 500,000 IU annually were
assigned to the high-dose group (n=24); the remainder,
with doses < 290,000 IU, formed the low-dose group
(n=19). For a separate analysis of biochemical param-
eters (e.g. calcium and phosphorus), a high-dose group
(n=21) and a control group (n=22) were established.
The control group included both low-dose recipients
and those receiving only baseline supportive therapy
without additional vitamin D supplementation. The ad-
ministered form was oral cholecalciferol (vitamin D3) in
oil-based drops. Supplementation was provided daily.
Adherence was monitored via monthly parental sur-
veys, residual drug checks, periodic phone reminders,
and clinical visits to verify compliance. To comprehen-
sively compare the therapeutic response in both strat-
ified groups, a descriptive analysis of the changes in
25(0H)D, hyaluronic acid (HA), and 2D-SWE values over
the 12-month period was performed, allowing generali-
sation of supplementation efficacy differences.

Serum 25(0H)D levels were measured using elec-
trochemiluminescence immunoassay (ECLIA) with a
Cobas e411 analyser (Roche Diagnostics, Germany).
The sensitivity threshold was 10 nmol/L, and the in-
tra-laboratory coefficient of variation (CV%) was 4.2%.
HA concentrations were determined via enzyme-linked
immunosorbent assay (ELISA) using the Hyaluronic
Acid Quantikine® ELISA Kit (R&D Systems, USA). Op-
tical density was measured with a Multiskan FC mi-
croplate photometer (Thermo Fisher Scientific, USA).
Biomarker selection was based on their sensitivity to
active phases of fibrogenesis, suitability for routine
diagnostics, and EASL recommendations for non-inva-
sive fibrosis stratification. Liver parenchymal stiffness
was evaluated using 2D-SWE on Aixplorer Ultimate
ultrasound systems (SuperSonic Imagine, France)
with elastography functionality and a convex probe
(3.5-5.0 MHz). Examinations were performed before
supplementation and after the 12-month observation
period, with patients in the supine position, fasting,
and in accordance with the guidelines of the European
Federation of Societies for Ultrasound in Medicine and
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Biology [19]. All measurements were conducted by a
single operator with over five years of paediatric elas-
tography experience, ensuring consistency in interpre-
tation. Each patient underwent at least five represent-
ative measurements in the right liver lobe, from which
the mean value was used for analysis.

Statistical analysis was performed using Statistica
12.0. Normality was assessed using the Shapiro-Wilk test.
Parameters were described using mean values and stand-
ard deviations. Within-group changes were evaluated us-
ing the paired Student’s t-test; between-group compari-
sons employed the unpaired t-test. Associations between
25(0H)D and HA levels were assessed using Pearson’s
correlation coefficient (r), with statistical significance set
atp<0.05. No adjustments were made for covariates (age,
sex), which is acknowledged as a methodological limita-
tion. The study complied with principles of voluntari-
ness, anonymity, and confidentiality in accordance with
the Declaration of Helsinki [20] and ethical standards
adopted by local bioethics committees, specifically those
outlined in Good Clinical Practice (GCP) [21]. Ethical ap-
proval was granted by the ethics committee of the State
Institution “Institute of Gastroenterology of the NAMS
of Ukraine” (Protocol No. 12/2023 dated 02.12.2023).
Identifying information was not retained; data were
used solely in aggregated form for scientific purposes.
Interpretation of results followed evidence-based med-
icine principles and considered the biological plausibil-
ity of marker changes. Relationships between serologi-
cal and elastographic indicators were evaluated, as well
as changes according to vitamin D dosage. Conclusions
were drawn from generalised quantitative data without
reliance on subjective clinical criteria.

RESULTS

The biological role of vitamin D in the pathogenesis
of liver fibrosis in juvenile autoimmune diseases

The pathophysiological basis for using HA as a bio-
marker of liver fibrosis lies in its close association with
cellular and molecular mechanisms involved in extra-
cellular matrix formation. A central role is played by he-
patic stellate cells (HSC), which, upon activation during
chronic inflammation, transform into fibrogenic effec-
tor cells. Activated HSC produce numerous matrix com-
ponents, including HA, due to upregulated expression
of HAS2, regulated by transforming growth factor-be-
ta (TGF-f). In paediatric patients with juvenile auto-
immune liver diseases, this interaction is particularly
relevant due to the heightened activity of the immune
component in the fibrotic cascade. To systematise the
roles of the main biological agents involved in HA syn-
thesis during hepatic fibrosis, Table 1 summarises the
relationships among HSC, TGF-B, and HAS2, outlining
their functional characteristics and pathophysiological
mechanisms in fibrosis progression. This structured
format offers a comprehensive view of the molecular
cascade underlying fibrogenesis in children with JALD.
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Table 1. [llustrative scheme of the pathophysiological involvement of HSC, TGF-§3,
and HAS2 in HA synthesis during liver fibrosis

Component

Biological role

Mechanism of action in liver fibrosis

Relationship wit
synthesis

P;:;cg)r?;iﬁ}els In a quiescent state, they store retinoids; upon Activated HSCs produce HA
HSCs forpfibrosis activation, they transform into myofibroblasts that | through upregulation of HAS2

development produce extracellular matrix expression

. . Activates HSCs and stimulates expression of fibrotic .

TGF-B8 Cytqklne regul'a ting genes, particularly HAS2, via SMAD-dependent Indlreptly promotes HA

fibrogenesis . . synthesis by inducing HAS2

signalling pathways
Enzyme involved in Catalyses HA formation from monosaccharides; Directly Fletermme; H.A
HAS2 . . . . . accumulation levels in liver
HA biosynthesis predominantly expressed in activated HSCs tissue and serum

Note: HSC - hepatic stellate cells; TGF-§ - transforming growth factor beta; HAS2 - hyaluronan synthase 2; HA - hyaluronic
acid. The table illustrates the cellular activation sequence and enzymatic pathways leading to increased HA synthesis - a key

non-invasive marker of liver fibrosis
Source: developed by the author based on [18]

The analysed Table 1 illustrates the key stages of
cellular fibrogenesis activation, within which HSCs, un-
der the influence of TGF-f, transition into an activated
state. This activation is accompanied by increased ex-
pression of the enzyme HAS2, which directly catalyses
the synthesis of HA. HA, as one of the products of the
fibrotic cascade, accumulates in tissues and the blood-
stream, reflecting the intensity of fibrogenesis. Its lev-
el correlates with fibrosis progression, which justifies
the use of this marker for non-invasive monitoring of
changes in liver parenchyma. This pathophysiologi-
cal model, comprising HSC-TGF-B-HAS2-HA, forms the
basis of the study and substantiates the rationale for a
multiparametric approach to assessing therapeutic in-
tervention effectiveness.

Considering these mechanisms, the study was
aimed at evaluating the effect of long-term vitamin D
supplementation on HA levels as an indicator of active
fibrogenesis in children with JALD. For this purpose,
a comparative analysis of 25(0OH)D and HA concen-
trations was conducted over a 12-month observation
period. Participants were stratified according to their
cumulative nutrient dose, allowing the formation of
two groups - high-dose and low-dose supplementa-
tion. This approach provided a basis for analysing
the dose-dependent effect of vitamin D on fibrotic
markers. The results of the intergroup comparison
of biochemical parameters are presented in Table 2,
reflecting the potential antifibrotic effect of vitamin D
in the study cohort.

Table 2. Comparison of mean levels of 25(OH)D and HA depending on the cumulative dose
of vitamin D in children with JALD

Indicator High-dose vitamin D Low-dose vitamin D
(> 500,000 IU/12 months) (290,000 1U/12 months)
Number of patients (n) 21 22 -
25(0H)D, nmol/L
(after 12 months) 111.3+£19.9 63.5+19.9 <0.0001
25(0H)D >75 nmol/L, % of o o
patients 100% 32% <0.0001
HA, ng/mL (after 12 months) 9.2+7.1 20.7+9.2 0.001
Correlation between 25(0H)
D and HA (r) -0.44 - p<0.05

Note: 25(0H)D - 25-hydroxyvitamin D (the main circulating metabolite of vitamin D); HA - hyaluronic acid (a molecular marker
of fibrosis); IU - international units. All values are presented as mean * standard deviation. The threshold of > 500,000 IU per
year for high-dose supplementation was selected in accordance with Endocrine Society clinical guidelines, which recommend
a safe daily intake of up to 2,000 IU for children aged 1 to 18 years in cases of deficiency or increased physiological demand [17]

Source: compiled by author

Analysis of Table 2 showed statistically significant
differences between the high- and low-dose vitamin D
supplementation groups in terms of 25(0H)D and HA
levels after 12 months of observation. The high-dose
group exhibited higher mean 25(OH)D levels and

lower HA concentrations (p < 0.0001 and p = 0.001,
respectively). The proportion of patients achieving
optimal 25(0H)D levels was substantially greater, and
a significant inverse correlation was identified be-
tween 25(0H)D and HA (r=-0.44; p<0.05). These data
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confirm statistically significant changes in biomarkers
over time depending on nutrient dosage.

Effect of long-term vitamin D supplementation

on serum 25(0H)D levels in children

with autoimmune liver disease

To assess the baseline 25(0H)D status in paediatric pa-
tients with JALD, its levels were analysed based on no-
sological form, age, and disease duration. Such analysis
helps identify potentially significant clinical and demo-
graphic factors influencing the initial 25(OH)D concentra-
tion prior to therapeutic supplementation. Recognising
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trends in indicator distribution provides grounds for
personalised nutrient dosing. Depending on the child’s
age, disease duration, and clinical form, there were sta-
tistically significant differences in baseline 25(0OH)D
levels, which must be considered when prescribing dos-
age. Younger paediatric patients typically showed higher
25(0H)D concentrations compared to adolescents, while
longer disease duration was associated with more pro-
nounced deficiency. To visualise these associations, the
data were systematised and presented in Table 3, show-
ing baseline 25(0H)D values in respective clinical and
demographic subgroups of patients with JALD.

Table 3. Baseline 25(0H)D levels in children with JALD depending on disease form, age, and pathology duration

Indicator AIH (n = 24) ASC (n=19) p-
Mean 25(0H)D level, nmol/L 49.2+14.6 42.7+£12.3 0.048
Patients with <50 nmol/L, % 71% 84% 0.214

Age 6-11: mean 25(0H)D

51.8£13.2 (n=13)

45.1+11.7 (n=9) -

Age 12-18: mean 25(0H)D

463+15.5 (n=11)

40.9+13.0 (n=10) -

Disease duration <1 year: 25(0H)D

52.5+13.9 (n=10)

443+12.1 (n=8) -

Disease duration >1 year: 25(0H)D

46.7+14.8 (n=14)

41.1+13.4 (n=11) -

Note: 25(0H)D - 25-hydroxyvitamin D; AIH - autoimmune hepatitis; ASC - autoimmune sclerosing cholangitis; n - number of
observations; p-value - statistical significance level. Values are presented as mean * standard deviation. Statistical comparison
was performed only for general intersectional groups (AIH vs ASC); comparison by age categories and disease duration was not

performed or was uninformative due to small subgroup sizes
Source: compiled by the author

Analysis of Table 3 confirms clinically significant
25(0H)D deficiency among children with JALD at the
time of inclusion. Patients with ASC had lower 25(0H)D
levels than those with AIH, supported by a significant
difference in means (p = 0.048). Within clinical-demo-
graphic subgroups, there was a tendency for lower
25(0H)D levels in older age groups and longer disease
durations. These findings justify a personalised ap-
proach to nutrient dosing within multifactorial strati-
fication. The next stage of analysis evaluated the meta-
bolic effects of vitamin D supplementation in terms of
its impact on mineral metabolism. To objectively assess

the effectiveness and safety of long-term vitamin D
supplementation in children with JALD, it is essential
to consider not only 25(OH)D concentration changes
but also mineral metabolism dynamics. Excessive vita-
min D intake may disrupt calcium-phosphorus homeo-
stasis, potentially resulting in hypercalcaemia, nephro-
calcinosis, and other complications requiring careful
monitoring. To evaluate the biochemical safety of the
intervention and monitor stability in key calcium and
phosphorus metabolism parameters, Table 4 was com-
piled, showing their changes over 12 months according
to nutrient load.

Table 4. Dynamics of 25(0H)D, calcium, and phosphorus levels in children
with JALD over 12 months depending on vitamin D dose

Indicator High-dose group (n = 21) Control group (n = 22) p-value (12 mo
25(0H)D, nmol/L

0 months 46.3+14.2 45.7+13.9 0.891

3 months 75.6+17.8 54.2+15.1 <0.001

6 months 96.1+£20.3 59.4+16.7 <0.001

12 months 111.3£19.9 63.5£19.9 <0.0001
Calcium, mmol/L

0 months 2.35+0.10 2.36+0.09 0.712

3 months 2.38+0.09 2.36+0.08 0.522

6 months 2.40x0.10 2.37+0.09 0.414

12 months 2.39+0.11 2.36+0.10 0.338

Phosphorus, mmol/L
0 months 1.63+0.22 1.62+0.24 0.941
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Table 4, Continued

Indicator High-dose group (n = 21) Control group (n = 22) p-value (12 montt

Phosphorus, mmol/L
3 months 1.68+0.21 1.61+0.23 0.392
6 months 1.65+0.20 1.58+0.25 0.371
12 months 1.64+0.19 1.60+0.21 0.487

Note: 25(0H)D - 25-hydroxyvitamin D (a metabolite used to assess vitamin status); mmol/L - millimoles per litre; n -
number of observations per group; p-value - statistical significance of the difference between groups after 12 months.
Data are presented as mean * standard deviation. Calcium and phosphorus levels were measured in serum by standard

colourimetric methods
Source: compiled by the author

Analysis of Table 4 demonstrates statistically sig-
nificant increases in 25(0OH)D levels in patients re-
ceiving high-dose vitamin D supplementation, evident
from the third month of therapy. These values contin-
ued to rise, reaching a mean of 111.3 +19.9 nmol/L at
12 months, aligning with target reference ranges for
the paediatric population. In the control group, the in-
crease was slower and more limited, with a final lev-
el of 63.5%19.9 nmol/L, remaining in the suboptimal
range. No cases of clinically manifest or subclinical
hypercalcaemia were reported throughout the obser-
vation period. Mean concentrations of total calcium
and inorganic phosphorus remained stable and within
age-appropriate reference values recommended by the
ESPGHAN [16]. Thus, the results confirm the metabolic
safety of high-dose vitamin D over long-term use with

proper laboratory monitoring, particularly regarding
calcium-phosphorus homeostasis.

HA Dynamics as a non-invasive marker

of liver fibrosis under vitamin D influence
Determining baseline HA levels considering clinical and
morphological characteristics enables assessment of fi-
brotic burden intensity, identification of high-risk pro-
gression groups, and justification of follow-up frequency:.
For comparative analysis, Table 5 presents mean HA lev-
els in children with AIH and ASC depending on fibrosis
stage (F1-F2; F3-F4) and biochemical activity (ALT > 3x
ULN). These data highlight both inter-nosological differ-
ences and correlations between biochemical parameters
and liver morphology, important for individualised pa-
tient management strategies in JALD.

Table 5. Serum HA level in children with AIH and ASC by fibrosis stage
and inflammation activity (prior to supplementation)

Mean HA level

Al (ng/mL)

Patient group

Fibrosis stage
F1-F2

Fibrosis stage
F3-F4

AIH 24 17.1+£6.3 13.9+4.5 21.8+5.6 20.4+6.1
ASC 19 22674 18.3£5.1 27.4+6.8 25.9+7.2
p-value (AIH vs ASC) - 0.033 0.041 0.047 0.029

Note: HA - hyaluronic acid; AIH - autoimmune hepatitis; ASC - autoimmune sclerosing cholangitis; ALT - alanine
aminotransferase; ULN - upper limit of normal; F1-F4 - fibrosis stages according to the METAVIR scoring system Data are

presented as mean * standard deviation
Source: compiled by the author

Analysis of Table 5 reveals significantly higher con-
centrations of HA in children with ASC compared to pa-
tients with AIH, which may indicate a greater intensity of
fibrotic processes in ASC within the presented sample.
The mean HA level in the ASC group was 22.6 +7.4 ng/
mL, whereas in the AIH group it was 17.1 + 6.3 ng/mL
(p=0.033), indicating a statistically significant inter-dis-
ease difference. Even at early stages of fibrosis (F1-F2),
HA levels were higher in ASC patients (18.3 +5.1 ng/mL
vs. 13.9 £4.5 ng/mL in AIH; p =0.041), consistent with
the likelihood of more active matrix remodelling at initial
stages. In more severe cases (F3-F4), HA levels contin-
ued to rise, reaching 27.4 + 6.8 ng/mL in ASC compared

to 21.8 £ 5.6 ng/mL in AIH (p = 0.047). A similar pat-
tern was observed in cases of high biochemical activity
(ALT > 3 x ULN), where HA levels in ASC exceeded those
in AIH (25.9+7.2 ng/mLvs. 20.4+ 6.1 ng/mL; p=0.029),
underscoring the diagnostic sensitivity of HA to inflam-
matory-fibrotic changes. Thus, the results confirm the
relevance of HA as a marker of fibrogenesis in children
with JALD and support its inclusion in risk stratification
algorithms and therapy monitoring protocols. To quanti-
tatively assess the relationship between nutrient status
and fibrogenic activity in children with JALD, a correla-
tion analysis was conducted between 25(0OH)D and HA
levels after 12 months of follow-up (Table 6).
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Table 6. Correlation between 25(0H)D and HA levels depending on vitamin D dose
in children with JALD (after 12 months of observation)

Mean 25(0OH)D

Pearson correlation

Supplementation group Mean HA (ng/mL) coefficient r
Rl (25(0H)D © HA)
High dose (>500,000 IU/year) 24 111.3+19.9 9.2+7.1 -0.49 0.018
Low dose (290,000 IU/year) 19 63.5+19.9 20.7+9.2 -0.21 0.332

Note: 25(0H)D - 25-hydroxyvitamin D; HA - hyaluronic acid; r - Pearson correlation coefficient; p - level of statistical
significance; IU - international units. Data presented as mean * standard deviation

Source: compiled by the author

The results presented in Table 6 show a statistically
significant inverse correlation between 25(0H)D and
HA levels in the group of children with JALD who re-
ceived high-dose vitamin D supplementation (r=-0.49;
p = 0.018). This association may indicate a potential
dependence of fibrotic activity on nutrient sufficiency,
consistent with the hypothesis of vitamin D’s regula-
tory role in fibrogenesis. From a pathophysiological
perspective, vitamin D may contribute to reduced HA
synthesis through modulation of hyaluronan synthase
expression or via immune-mediated mechanisms.
Conversely, in the group with lower cumulative vita-
min D intake (<290,000 IU/year), only a weak, statis-
tically insignificant correlation was observed (r=-0.21;
p =0.332), which does not confirm a marked effect at
suboptimal nutrient doses.

Assessment of liver tissue stiffness via 2D-SWE
under vitamin D supplementation: prospects

for non-invasive monitoring in Ukraine

2D-SWE is used as a validated tool for non-invasive as-
sessment of liver fibrosis in paediatric hepatology. This
method is particularly relevant due to limitations of liver
biopsy in children and the need for regular disease mon-
itoring. The study analysed changes in 2D-SWE parame-
ters among stratified groups of children with JALD who

received different cumulative doses of vitamin D over
12 months. The objective was to evaluate morphological
response in the form of changes in parenchymal stiff-
ness, potentially accompanying the observed biochem-
ical improvements, particularly the reduction in HA in
the high-dose group. Summary results are presented in
Table 7, showing average 2D-SWE values before and af-
ter the intervention in both therapeutic groups.

Analysis of the data presented in Table 7 showed no
statistically significant changes in liver tissue stiffness
over the 12-month observation period in either group.
Among patients receiving high-dose vitamin D supple-
mentation, the average stiffness value decreased only
slightly - from 6.8+1.9t0 6.7 +1.8 kPa (A=-0.1+0.5 kPa;
p=0.76), while in the low-dose group, absolute stabil-
ity was observed (6.9 +2.0 - 6.9 £ 2.1 kPa; p=0.97).
These findings indicate no noticeable effect of nutrient
therapy on the morphological characteristics of liver
parenchyma during one year of follow-up. Given the
statistically significant reduction in HA levels in the
same cohort, the results highlight differing dynamics
between biochemical and elastographic markers of fi-
brosis. This supports the use of 2D-SWE not in isolation
but alongside serological indicators as part of a mul-
tiparametric approach to monitoring therapy effective-
ness in JALD patients.

Table 7. Liver tissue stiffness by 2D-SWE depending
on vitamin D dose (before and after 12 months of therapy)

. . 2D-SWE baseline 2D-SWE at 12
Vitamin D group NN (kPa) months (kPa) A change (kPa) p-va
High dose (>500,000 IU//year) | 24 6.8+1.9 6.7+1.8 -0.1£0.5 0.76
Low dose (290,000 IU//year) 19 6.9+2.0 6.9+2.1 0.0+0.4 0.97

Note: 2D-SWE - two-dimensional shear wave elastography; kPa - kilopascals; A change - mean difference between baseline
and final values within group; p-value - statistical significance of within-group change over 12 months, 10 - international units

Source: compiled by the author

To comprehensively interpret the therapeutic effect
of vitamin D, a parallel descriptive analysis of changes
in 25(0OH)D, HA, and liver parenchymal stiffness via
2D-SWE was conducted. This approach enabled quan-
titative assessment of intergroup differences and iden-
tification of the most sensitive biomarkers of nutrient
therapy effects depending on dose. Since correlation

analysis was performed separately for the relationship
between 25(0H)D and HA, descriptive statistics were
primarily used in this section to compare general dy-
namic changes between groups. The data in Table 8
allow for a quantitative evaluation of intergroup dif-
ferences and identification of the most responsive bio-
markers to vitamin D dosage.
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Table 8. Dynamics of 25(0H)D, HA and liver stiffness (2D-SWE) in children
with JALD according to vitamin D dose

High-dose group

Low-dose group p-value between g

et (> 500,000 IU/year, n = 24) (290,000 IU/year, n = 19)
25(0H)D (nmol/L) 463-111.3+19.9 45.7-63.5£19.9 <0.0001
HA (ng/mL) 213-59.2+7.1 20.1-20.7+9.2 0.001
2D-SWE (kPa) 6.8-6.7+1.8 6.9-69+2.1 0.55

Note: 25(0H)D - 25-hydroxyvitamin D; HA - hyaluronic acid; 2D-SWE - two-dimensional shear wave elastography; IU -
international units; kPa - kilopascals; p-value - statistical significance of between-group differences after 12 months of therapy.
The arrow (=) indicates the change from baseline to final value. Values are presented as mean * standard deviation

Source: compiled by the author

The comparative analysis of the dynamics of the
three key indicators shows that only the high-dose sup-
plementation group experienced statistically signifi-
cant increases in 25(0H)D and reductions in HA, while
2D-SWE values remained stable in both groups. The
between-group differences after 12 months of therapy
were highly significant for vitamin D status (p<0.0001)
and the fibrogenic marker (p=0.001), but not for tissue
stiffness (p=0.55). This confirms that serological mark-
ers are more sensitive to early changes in response to
intervention, while morphological tissue stability re-
quires a longer time to reflect structural shifts. There-
fore, biochemical parameters should be considered
primary indicators of nutrient therapy effectiveness
during short-term monitoring. High-dose vitamin D
supplementation in children with juvenile autoimmune
liver diseases was associated with a significant increase
in 25(OH)D levels and a marked decrease in HA con-
centration. A statistically significant inverse correlation
was recorded between these parameters, confirming
the dose-dependent effect of vitamin D on fibrogenic
activity. The biochemical response to therapeutic inter-
vention was more pronounced than morphological tis-
sue changes, justifying the use of serological monitoring
in early stages of treatment and laying the groundwork
for new diagnostic algorithms.

Liver parenchymal stiffness parameters based on
2D-SWE did not undergo significant changes over 12
months of observation, regardless of supplementation
level. This stability in elasticity parameters suggests a
slow remodelling process in liver tissue in response to
nutrient therapy. Morphological changes detected by
elastography may only become evident after prolonged
clinical follow-up or with active fibrosis progression,
highlighting temporal limitations in interpreting imag-
ing results in paediatric populations.

Integrating 25(0OH)D, HA, and 2D-SWE indicators
within a multiparametric approach allowed for a pre-
liminary comprehensive assessment of therapeutic
response in patients with juvenile autoimmune liver
diseases. The findings indicate the potential utility
of high-dose vitamin D supplementation as part of a
stratified management strategy for such patients but
require further validation in larger cohorts. Clinically,
implementing combined monitoring based on serum

(25(0H)D, HA) and imaging (2D-SWE) markers may be
seen as a promising approach to improving the availa-
bility of non-invasive fibrosis activity assessment, es-
pecially where biopsy confirmation is limited in pae-
diatric practice.

DISCUSSION

The obtained results demonstrated that prolonged
high-dose vitamin D supplementation was associated
with a significant increase in serum 25(0OH)D levels
and a statistically significant reduction in serum HA
concentrations in children with JALD. The observed in-
verse correlation between these indicators confirmed
a dose-dependent effect and its pathophysiological ra-
tionale in the context of fibrotic cascade modulation.
The stability of liver tissue stiffness parameters, as as-
sessed by 2D-SWE over a 12-month follow-up, likely in-
dicated either morphological inertia or an insufficient
duration of nutritional intervention. Further analysis
of the nosological structure showed increased fibrot-
ic activity in the subgroup with ASC compared to AlH,
justifying a stratified approach when evaluating the ef-
fectiveness of therapeutic interventions. These results
supported the feasibility of multiparametric monitor-
ing, incorporating both biochemical and imaging indi-
cators, with a potential advantage of serological assess-
ment in capturing early changes in therapy dynamics.

The biochemical response to vitamin D supple-
mentation aligned with the mechanisms described by
L. Bonsembiante et al. [22], who analysed the influence
of the nutritional environment on fibrogenesis in pae-
diatric non-alcoholic fatty liver disease. The importance
of nutritional status as a fibrosis progression modifier
was demonstrated, consistent with the present findings
on the positive dynamics of high-dose vitamin D sup-
plementation. Unlike the referenced study, which did
not specify dosing regimens or observation periods, the
present study was conducted over a 12-month proto-
col with a cumulative dose exceeding 500,000 IU, pro-
viding an objective basis for quantitatively comparing
clinical changes. Specific aspects of fibrotic pathogen-
esis, particularly the gut-liver axis, were highlighted by
S.L. Rager & M.Y. Zeng [23], who emphasised the role
of microbial translocation and immune activation in
paediatric hepatopathies. The current study confirmed
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the pathophysiological relevance of these mechanisms:
serum HA was sensitive to changes under nutritional
intervention. Notably, a significant reduction in HA was
observed in the high-dose group (9.2 £ 7.1 ng/mL vs
20.7 £9.2 ng/mL; p=0.001), indicating the implemen-
tation of anti-inflammatory and antifibrotic mecha-
nisms mediated by vitamin D.

Stratified analysis confirmed higher fibrotic inten-
sity in ASC compared to AlH, consistent with G. Mag-
giore et al. [24], who emphasised the heterogeneity of
clinical manifestations within paediatric autoimmune
liver diseases. The authors advocated for multidisci-
plinary diagnostics incorporating morphofunctional
criteria, conceptually aligning with the approach of
this study. The mean serum HA level in the ASC sub-
group (18.1 £ 7.4 ng/mL) significantly exceeded that
in AIH patients (11.3 £ 8.5 ng/mL; p=0.034), indicat-
ing differing fibrotic potential by nosology. A mecha-
nistic interpretation of fibrosis in the context of mi-
crobiota effects was proposed by D. Tokuhara [25],
who described signalling pathways, including Toll-like
receptor activation and extracellular matrix synthesis
induced by lipopolysaccharides. The supplementa-
tion-related reduction in HA observed in this study
may reflect attenuation of these pathogenic pathways.
Additionally, the methodological strengths included
a standardised treatment duration and a clearly ver-
ified cohort of patients with autoimmune pathology,
increasing the generalisability of the findings.

In the study by Y.C. Wu et al. [26], the effect of the
nutritional environment on immunometabolic ho-
meostasis in children with genetically determined
hepatopathies was discussed. The authors noted that
biologically active compound intake could modulate
proinflammatory responses through immune regula-
tion. The inverse correlation between 25(0OH)D and
HA levels confirmed these mechanisms, demonstrating
HA reduction with optimal vitamin D concentrations.
A distinctive feature of this analysis was the precisely
defined annual dose >500,000 IU, enabling quantifiable
evidence of HA decline from 20.7+9.2t0 9.2+ 7.1 ng/mL
(p=0.001), unlike Wu et al, who did not standardise
dosing. C. Sirbe et al [27] focused on serum protein
markers in patients with AIH to refine the spectrum
of fibrosis-relevant indicators. They established the
relevance of extrahepatic mediators, including HA, in
fibrosis monitoring. The current study confirmed this
sensitivity, with HA levels significantly reduced after
12 months of supplementation. Unlike the C. Sirbe et
al. study conducted primarily in adults with a limited
follow-up period, this paediatric JALD cohort demon-
strated HA response throughout the full treatment cycle.
L. Griessmair et al. [28] investigated the association be-
tween interleukin-37 levels and fibrosis severity in pae-
diatric autoimmune liver disease, emphasising the role
of proinflammatory cytokines. The observed reduction
in HA here may be interpreted as an indirect reflection
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of reduced immune activity. A key difference lies in the
cohort: L. Griessmair et al. mainly analysed isolated
hepatitis cases, while the present study assessed JALD,
broadening the clinical relevance of HA as a biomarker.

The utility of non-invasive biomarkers for ear-
ly fibrosis detection was affirmed by A. ElShahawy et
al. [29], who found serum indicators, including HA, to be
more effective than imaging in paediatric chronic viral
hepatitis. A similar trend emerged in this study: tissue
stiffness assessed by 2D-SWE showed no significant
changes (p > 0.05), while HA decreased significantly
with high-dose supplementation, suggesting greater se-
rological marker sensitivity. A key difference was the pa-
thology’s aetiology: unlike the viral aetiology in A. EISh-
ahawy et al, this analys is focused on JALD, assessing
HA's informativeness under autoimmune pathogenesis.
A follow-up study by J.Y. Joo et al. [30] emphasised the
value of combined indices incorporating HA for fibrosis
stratification. This study applied a similar model: inte-
grated evaluation of nutritional status (25(0H)D), bio-
chemical marker (HA), and liver stiffness via 2D-SWE
revealed significant biochemical but not morphological
therapeutic responses. In the high-dose group, 25(0H)D
reached 111.3 + 19.9 nmol/L with target levels achieved
in all patients, accompanied by marked HA reduction
but no significant elastography changes.

A. Mosca et al. [31] described an association be-
tween elevated HA and renal dysfunction in children
with NAFLD, highlighting fibrosis’s systemic impact. In
this context, the present inverse association between
25(0H)D and HA may indicate reduced overall fibrotic
burden. The defining feature was the inclusion of nutri-
tional intervention: 100% of high-dose patients reached
25(0H)D >75 nmol/L, contrasting with A. Mosca et
al., who did not account for this factor. Findings by P. Yang
& L. Xia [32] linking HA concentrations with liver struc-
tural changes in chronic hepatitis were corroborated
by this analysis. The prognostic value of HA manifested
as a 55.5% dose-dependent reduction in the high-dose
group. Unlike P. Yang & L. Xia, who did not evaluate nutri-
tional impact, this study highlighted vitamin D’s patho-
physiological relevance through its effect on HA levels.
Y. Ji et al. [33] reported an inverse relationship between
25(0H)D and fibrosis severity in adults using vibration
elastography. The current study identified a similar as-
sociation in children (mean age 13.2 + 3.6 years) using
shear wave elastography, supporting the relevance of
findings to paediatric care. A unique feature was the
strictly defined supplementation regimen (>500,000 1U/
year), not employed in the referenced study.

Analysis by Y. Wang et al. [34] noted elastography’s
low sensitivity to early fibrosis in children. The present
findings align with this hypothesis: despite significant
HAreduction, 2D-SWE parameters remained unchanged
(p>0.05). Unlike Y. Wang et al.’s monocomponent anal-
ysis, this study employed a combined approach, ena-
bling more nuanced evaluation of therapy effectiveness.
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X. Qi et al. [35] demonstrated that antioxidant supple-
mentation, including vitamin E, improved tissue stiff-
ness in chronic hepatopathies, supporting nutritional
modification of fibrogenesis. Although markers like HA
were not evaluated, this study showed that combined as-
sessments capture both macrostructural and molecular
effects. The immunomodulatory effect of vitamin D was
reflected in S. Sriphoosanaphan et al. [36], who reported
reduced proinflammatory cytokines after supplementa-
tion in patients with chronic hepatitis C. A similar im-
mune profile response was observed here: in children
with JALD, HA levels dropped from 20.7 to 9.2 ng/mL
(p=0.001), indicating reduced systemic inflammation.
Despite differing aetiologies, vitamin D effects manifest-
ed in both adult and paediatric populations, underscor-
ing its broad mechanism of action.

The need to combine serological and imaging meth-
ods was supported by A. Tosco et al. [37], who studied
a multiparametric approach in children with cystic fi-
brosis. Their combination of 2D-SWE and biomarkers
offered better prognostic accuracy than individual in-
dicators. This study implemented a similar model, de-
tecting an early biochemical response - a 55.5% HA
reduction - amid stable tissue stiffness values. The
value of HA for fibrosis stratification was confirmed
by B.R. Chen & C.Q. Pan [38], who established a close
link between HA concentration and histological stage.
A comparable trend was recorded in the current study,
despite no 2D-SWE changes (p > 0.05), supporting
HA's superior sensitivity in early therapeutic phas-
es. A. Mosca et al. [39] highlighted the importance of
integrated assessment - laboratory, clinical, and im-
aging - to detect advanced fibrosis stages in children.
This study adopted a similar multiparametric model
not only for screening but for monitoring intervention
effectiveness, revealing a positive response in the high-
dose vitamin D group (>500,000 IU/year). The study
by D. Jayasekera & P. Hartmann [40] further validated
HA's superior informativeness compared to imaging in
early paediatric fibrosis. The current findings support-
ed this conclusion: despite stable 2D-SWE values in the
high-dose group, HA declined significantly (p=0.001),
affirming the marker’s strong prognostic value.

Thus, the obtained results allowed the formulation
of a conceptually grounded thesis on the clinical feasi-
bility of using high-dose vitamin D supplementation as a
fibrogenesis modifier in juvenile autoimmune liver dis-
eases. Multiparametric monitoring - integrating 25(0H)
D, HA levels, and elastography data - offers high sensitiv-
ity to therapeutic changes and enables non-invasive dis-
ease tracking. The presented results lay the groundwork
for developing personalised monitoring and fibrosis cor-
rection programmes in paediatric hepatology.

CONCLUSIONS
This prospective study was the first in the Ukrainian
paediatric population to comprehensively evaluate the
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clinical effectiveness of high-dose vitamin D supple-
mentation (>500,000 IU/year) in a stratified cohort of
children with JALD. Unlike previous studies, a unified
intervention protocol was applied with controlled dos-
ing, a 12-month observation period, comprehensive
evaluation of biochemical and instrumental fibrosis
markers, and nosological stratification (AIH and ASC).
This ensured high internal validity and enabled gener-
alisable conclusions relevant to paediatric hepatology
clinical practice.

It was found that high-dose vitamin D supplemen-
tation over one year led to a significant increase in
25(0H)D levels to 111.3+£19.9 nmol/L, achieving target
levels in 100% of patients, while the low-dose group
reached 63.5+19.9 nmol/L (p<0.0001). This dynamic
was associated with a significant reduction in HA from
20.7£9.2 to 9.2+ 7.1 ng/mL (p=0.001), indicating a
pronounced serological effect. The observed inverse
correlation between 25(0OH)D and HA concentrations
(r=-0.49; p =0.018) suggested a pathophysiologically
grounded relationship between nutritional status and
fibrotic activity, positioning vitamin D as a potential fi-
brogenesis modifier in paediatric practice.

Liver stiffness assessed via 2D-SWE showed no sta-
tistically significant changes: in the high-dose group,
the dynamic was -0.1 + 0.5 kPa (p =0.76); in the low-
dose group, 0.0 +0.4 kPa (p=0.97). This likely reflected
morphological inertia or insufficient intervention du-
ration to induce tissue changes, aligning with the no-
tion of slow extracellular matrix remodelling. However,
comparative analysis of serological and instrumental
parameters confirmed higher sensitivity of biochemical
markers in short-term observation, especially for eval-
uating early-stage therapeutic efficacy.

Nosological analysis showed that patients with ASC
had significantly higher HA levels than those with AIH
(18.1+7.4 ng/mL vs 11.3+8.5 ng/mL; p=0.034), sug-
gesting more intensive fibrotic processes in sclerosing
forms. This stratification revealed additional clinically
relevant aspects of nutritional intervention efficacy by
disease type and confirmed HA’s relevance as a sensi-
tive marker of therapeutic response.

One study limitation was the relatively short ob-
servation period, which did not allow detection of
slower morphological changes. Additionally, not all
patients had complete elastography follow-up, lim-
iting the interpretation of liver stiffness in fibrosis
context. The sample was limited to clinical centres
in Ukraine, potentially affecting external validity for
other regions.

Based on the findings, it is recommended to in-
clude high-dose vitamin D supplementation as part of
a comprehensive treatment strategy for children with
JALD, with mandatory monitoring of HA and 25(0H)D
levels as markers of therapeutic effectiveness. Future
research should focus on expanding the sample, ex-
tending follow-up to assess morphological response,
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and exploring genetic predictors of nutritional therapy FUNDING
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Demianenko B

Banpapparbsi 600pAayH ayTOMMMYHAYK OOpynapbiHaa UMMYHAYK
YXOONTY )XaHa Ce3reHyy MapKeprepuH
moaynauuanoono D BUTaMMHUHUH pony

Hpuna JleMbsSIHEHKO

TexHrKa UINMAEPUHUH KaHOUOATHI, YIIYK OKYTYy4dy
YKpauHaHbIH YIYTTYK TEXHUKAJIBIK YHUBEPCUTETU
«Urops Cuxkopckuii aTeiHAArel KuieB NoNIUTeXHUKAIbIK UHCTUTYTY»
03056, Bepecreii nipocr., 37, Kues m1., YkpauHa
https: //orcid.org /0000-0002-0832-3619

AHHOTauMA. YkparHajarel 6aj1ap KaJKbIHBIH apacblHa D BUTAMUHUHUH KeTULICU3UTH (TMIOBUTAaMUHO3 D)
KEHUPHU TapajraH/JpIrblHa 6alaHBIITYy, IOBEHUWJJUK ayTOMMMYHJYK 600p oopyJapblHAa 600pAyK
dubporeHes [y XOHTO CANTyyAarel aHbIH POJIYH U3WJIJ166 3apbLIJbITbl KU YbIKThI. Bysl H3U/I/1660HYH MaKcaThl
ayTOMMMYH/YK reaTHUT ’kaHa ay TOUMMYH/YK CKJI€P03/l004y X0JaHTU'T MEHEH 00pyraH 6aijapa BUTaMuH DHU
y3aK MOOHOTTYY KOoLIyMua KabblI aJlyyHYH GUOPO3AYH CEPOIOTUsI/IBIK XKaHa BU3yaTu3alUsJIbIK MapKepJepuHe
TUUTU3reH TaaCUPUH aHBIKTOO Gosay. Usungee 2024-xbuiablH MapT adWbliHAaH 2025-XbLIABIH MapT adblHA
YyeWHUH YKpauHaAarsl afUuCTELITUPUITEH MeIUIIMHANBIK 60p60PJIOpL0 XKYPIy3YJIreH NPOCIeKTUBAYY KOTOPTTYK
0allKOOHYH HETru3WH/le OTKepYJyl, JabopaTopUsJbIK aHaJWu3Jep, 3KH 6JYeMAYY >KbUIbILI TOJKYHAYY
anactorpadusa (2D-SWE) xaHa CTaTHCTHKAJIBIK TalA00 KOJAOHY/AAY. HaThiiKasap KOPCOTKOHAOU, XKbLIABIK
KbIABIH/BI lo3ackl 500 000 ME#eH amkaH BUTaMUH DHHH KOT'OPKY 03aChIH KOJIJOHYY/Ia 25-TUAPOKCUBUTAMUH
DHuH opTo4yo geHrsaaud 111,3 + 19,9 HMosb/ATe YEeWHWH KOTOpyJal, FHaJypoH KHUCJIOTACBIHBIH JIeHI33J1U
9,2+7,1 Hr/MJIre Y4eMH TOMOHOTOH. AJl SMU KOHTPOJIAYK TOMTO GYJl KEPCOTKYUTOP THEIeJYYIYTYHe Kapaiia
63,5+ 19,9 umouib /a1 xkana 20,7 9,2 Hr/muagu TysreH (p <0,0001 >xana p=0,001). )Koropky f03a ajrad TOnTo 6y
6uoMapKepJiepJUH OPTOCYH/Ia CTATUCTHUKAJIBIK KaKTaH MaaHUWIYY TeCKepH KoppeJsius aHbIkTaarat (r=-0,49;
p =0,018), 6ys1 HYTPUTUBAUK KHHUJHUTHUINYYHYH J030T0 K63 KapaH/[bl TAaCUPHH TACTBIKTAWT. dsacTorpadus
60l0H4Ya 600p TKaHBIHBIH KaTYyJyK KOPCOTKYYTepy TYPYKTyy G6OHJ0oH Kauibll, 12 aWjablK TepanusjaH
KHWMH OJIYTTYy e3repyyJiep GalkairaH sMmec. JKbIMBIHTBITBIH/A, BUTAaMUH DHUH KOTOPKY [Jl033Zla KoIlyM4a
OepUJIMIIN CepOoJIOTHUSAJIBIK KOpCceTKydTep OowoH4Ya GUOpOTreHe3JWH aKTUBAYYJAYTYHYH TOMOH/elly MeHeH
6alJIaHBILITYY 9KeHH, GUPOK TKaHJAPAbIH KaTYyJIyTYHYH MOP$OI0rUsIbIK 63r6pyy/1epy MEHEH KOLITOJIG0TOHY
aHBIKTa/bl. U3U/1/106HYH KbIHBIHTBIKTApbl 6HOKOT ayTOUMMYH/YK 600p oopysiapsl 6ap 6anaapa AapblJI00OHYH
HaTBIMKaIYyJIyTyH WHBA3HUBJAYY 3MeC KO36MeJI[eere »KaHa KeKede HYTPUTHUBAMUK KOJIJOO MPOTOKOJAOPYH
YKAKIIBIPTYYTra KJIMHUKAJIBIK IPAaKTHUKaZa KOJJAOHYAYIY MYMKYH

Heruaru cezpep: ¢ubpo3, napeHXWMaHbIH KaTyyJyTry, THajJypoH KHUCJA0TAChl, HYTPUTUBJUK Tepamnus, 3KU
6JTYOM/YY KbLIBILI TOJKYHAYY 3J1acTorpadus, 6aaap Kajakbl, KaablUui-pocdaT roMmeocTasbl
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Ponb eutamuHa D B MOaynaumMm MUMMYHHOr O OTBETa
M BOCNanuTenbHbIX MAPKEPOB NPU ay TOMMMYHHbIX
3aboneBaHUAX NEYEHU y aeTen

Hpuna JleMbsIHEHKO

KaHaupart TeXHUYEeCKUX HayK, CTapIIUi IIPenogaBaTesib
HaunoHasnbHbIA TEXHUYECKUM YHUBEPCUTET YKpanHbl «KueBCKUi IMOJIMTEXHUYECKU NHCTUTYT UMEHU
Hropsa Cuxkopckoro»
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https: //orcid.org/0000-0002-0832-3619

AHHOTauMA. YuuTbiBasi BBICOKYH PAacCIpOCTPaHEHHOCTb TMIIOBMTaMHHO3a D cpefu [eTCKOro HaceseHUs
YKpauHbl, BO3HUKJIA HEOGXOAMMOCTb M3yYeHHs ero poJid B peryasiiuu neyéHoyHoro ¢ubporeHesa mnpu
IOBEHWJIbHBIX ayTOMMMYHHBIX 3a00/ieBaHUAX INedeHU. Llesbio JaHHOro HcCCef0BaHUs OblJIO ONpeJeNUTh
30PeKTUBHOCTb [JJUTEJNbHON CyIJIeMEHTALUM BUTaMUHOM D B MoAUUKALUM CEPOJIOTHYECKUX H
BU3ya/JM3allMOHHBIX MapkepoB ¢ubpo3a y JeTell C ayTOMMMYHHBIM TeNaTUTOM U ayTOUMMYHHbBIM
CKJIEpO3MPYIOIIUM X0JaHTUTOM. Mcce0oBaHe OCHOBBIBAJOCh Ha TPOCIEKTUBHOM KOMOPTHOM HaGJIIO/JeHUY,
npoBeEHHOM B mepuof ¢ mapta 2024 mo mapt 2025 roza, ¢ yyacTueM NallMeHTOB CHelMaTN3UPOBAHHbBIX
MeJULUHCKUX I[eHTPOB YKpauWHbl, C IPpUMeHeHHeM JabopaTOPHbIX METO/AOB, JBYMEePHON CABUIOBOJHOBOM
anactrorpaduu (2D-SWE) u craTucTHYeCKOro aHanu3a. Pe3y/ibTaThl MOKa3a/y, YTO IPH BBICOKON CyMMapHOU
rofoBoil fo3e BuTamMuHa D, mpeBbimawumeit 500 000 ME, cpegHuit ypoBeHb 25-rHpokcuBUTaMHHA D
noBblmascs 7o 111,3 19,9 HMoJsib/J1, TOra Kak YpoBeHb I'HaJypoOHOBOM KUCIOThI CHUXKaJcs A0 9,2+ 7,1 Hr/
MJI, B OT/IMYHE OT KOHTPOJIbHOM I'PyIIbI, I/le COOTBETCTBYIOLIME T0OKa3aTeJ U COCTaBasAIu 63,5+ 19,9 HMo/Ib/ N1
u 20,7 £9,2 ur/mna (p <0,0001 u p=0,001 cooTBeTCTBEHHO). B rpymnme BbICOKHX 703 OblIa yCTaHOBJEHA
CTaTUCTHUYECKH 3HAaYMMasi 06paTHas Koppeasauus MexAy AaHHbIMU 6uomMapkepamu (r=-0,49; p=0,018), uto
MOATBEPXKJAET 0303aBUCUMBIN 3pPeKT HYyTPUTHBHOI0 BMellaTe bCTBA. [lokazaTes M })KECTKOCTH NeYEHOYHOU
TKaHMU 110 JJaHHBIM 3J1acTOrpadru OCTaBaJUCh CTAOUJIBHBIMU U He IEMOHCTPUPOBA/IM 3HAUUMBbIX U3MEHEHUH
nocye 12 Mecaues Tepanuud. CaesaH BBIBOJ, YTO IPUMeEHEHHe BBICOKUX 03 BUTaMHMHa D acconuupoBanoch
CO CHM)XKeHHEeM aKTHUBHOCTU PubGporeHesa, YTO MOATBEPXKJAJOCH CEPOJIOTMYECKMMU JAHHBIMHU, OJJHAKO He
COTPOBOX/AAJI0Ch MOP(OJTOrHYeCKUMH U3MEHEHUSIMHU KECTKOCTU TKaHU. Pe3ysbTaThl HCCIeL0BaHUS MOTYT
OBITb UCI0J1b30BaHbI B KIMHUYECKOHN MPAaKTHUKe /1J11 HEMHBAa3UBHOTO MOHUTOPHUHTA 3G PEeKTUBHOCTH JIeUEHUS U
COBEpPLIEHCTBOBAHUA IePCOHAJM3UPOBAHHBIX IPOTOKOJIOB HYTPUTUBHOM MOAJIEPKKH JleTel C XxpOHUYEeCKUMU
ayTOMMMYHHBIMU 3a60JIeBaHUAMHU NTeYeHU
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