ornaaun NITEPATYPU / LITERATURE REVIEWS

DOI 10.29254/2077-4214-2023-1-168-44-51
UDC 616.153.915-074:616.12-005.4+616.379-008.64
Pivtorak K. V., 2lvanhuk O. V.

VITAMIN D AND AUTOIMMUNE THYROIDITIS
'National Pirogov Memorial Medical University (Vinnytsya, Ukraine)
2Municipal Non-commercial Enterprise Emergency medical care hospital (Vinnytsya, Ukraine)
ek3727@gmail.com

The primary role of vitamin D is the regulation of bone metabolism and the homeostasis of calcium and phospho-
rus. Over the past several decades, the importance of vitamin D in a variety of aspects unrelated to the skeletal for-
mation has been studied, including the beneficial effects of vitamin D on endothelial dysfunction, insulin resistance
and diabetes prevention, beneficial effects on the immune response in infectious diseases including tuberculosis, and
immunomodulatory effects in autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus,
metabolic syndrome, cardiovascular disease, cancer, and all-cause mortality. Vitamin D prevents and promotes re-
mission in patients with multiple sclerosis and improves the function of the gonads. The extensive range of vitamin
D action is due to the presence of its receptors in many tissues. Recent evidence has shown a connection between
low vitamin D levels and autoimmune thyroid diseases, such as Hashimoto's thyroiditis. This review aims to follow
the role of vitamin D in the course of autoimmune thyroid disease. Vitamin D deficiency is one of the environmental
risk factors for autoimmune thyroid diseases. Despite recent evidence that low serum 25-hydroxyvitamin D levels
may influence the development of autoimmune thyroid disorders, the relationship between vitamin D deficiency and
autoimmune thyroiditis and the incidence of hypothyroidism remains unclear. Further studies are needed to evaluate

vitamin D's preventive and therapeutic effects in autoimmune thyroid diseases.
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gland.
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This work is a fragment of the research topic “Ef-
fectiveness and safety of chemotherapeutic agents and
metabolic correctors in conditions of comorbid pathol-
ogy”. State registration number: 0119U000069.

Introduction.

In recent years, the relevance of vitamin D as an
immune regulator has been emphasized. The immune
system can generate an active compound of vitamin D,
which has an immunomodulatory effect, thanks to the
expression of 1-hydroxylase (CYP27B1) in cells. Vitamin
D inhibits the production of inflammatory cytokines,
such as interleukin 1, 6, 8, 12 and tumour necrosis fac-
tor. In addition, vitamin D facilitates the induction of
regulatory T cells to reduce T cell-dependent immune
responses in autoimmune diseases [1]. The CYP27B1
enzyme is not only found in the small intestine, skel-
eton and kidneys, as previously thought, but in almost
all body cells, including the thyroid gland and immune
cells [2]. Recent evidence suggests that vitamin D is also
involved in preventing infections by reducing the pro-
liferation of pathogens through the formation of neu-
trophil extracellular traps [3]. Vitamin D3 is synthesized
in the skin (about 80%) under the influence of sunlight
(UV radiation), while vitamin D2 is produced by plants,
fungi and yeast (about 20%) [4]. Humans obtain vitamin
D from three different sources: synthesis in the skin,
food, and various dietary supplements. 25(0OH)D3 is
measured and used to indicate vitamin D status in the
body. The first hydroxylation occurs in the liver and the
second — in the kidneys, where calcidiol is hydroxylated
to calcitriol, the biologically active form of vitamin D [5].

Some studies have shown that vitamin D protects
against autoimmune diseases and thyroid malignan-
cies, but the mechanism has not been elucidated [6].
It was found that vitamin D deficiency is observed in
all races and all age groups [7]. Vitamin D deficiency is

more common in people with obesity or obesity-related
diseases such as diabetes and non-alcoholic fatty liver
disease [8]. Therefore, vitamin D supplements can also
potentially treat these pathologies [9].

The aim of the study.

A literature review to investigate the relationship be-
tween Hashimoto’s thyroiditis and vitamin D deficiency
and to explore the relationship between them and as-
sociated exposure factors.

Main part.

Hashimoto’s thyroiditis is chronic autoimmune thy-
roiditis accompanied by lymphocytic infiltration, which
can eventually destroy thyroid tissue [10]. Some studies
suggest that autoimmune thyroiditis (AIT) results from
a synergistic effect of genetics and environmental fac-
tors, but the exact mechanism is still unclear [11]. Other
clinical studies have shown that AIT is associated with
the occurrence of papillary thyroid carcinoma [12]. Cur-
rently, the incidence of AIT, which is asymptomatic in
most patients, is also increasing. Therefore, understand-
ing the incidence of AIT in the healthy population and its
relationship with other relevant indicators contributes
to the in-depth study of this disease.

In the last decade, there has been a clear tendency
to increase the incidence of autoimmune thyroiditis in
younger age groups. Antibodies to thyroid peroxidase
circulate freely in the blood and are detected in 10-15%
of healthy patients with euthyroidism in the laboratory
[13].

More and more research confirms the critical role
of sufficient vitamin D in human health. Vitamin D has
also been associated with the development of inflam-
mation, and vitamin D supplementation is beneficial in
reducing the inflammatory response [14]. Recently, spe-
cific receptors for hormonally active forms of vitamin D
were discovered, which are synthesized in non-classical
tissues and cells, causing a more comprehensive range
of physiological effects [15].
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Two variants of the effect of vitamin D on the course
of physiological processes in the body are considered:
genomic and unrelated to the genome. The genomic
mechanism of action consists of the fact that the inter-
mediate products of vitamin D synthesis exert their ef-
fect in a very similar way to the mechanism of action
of steroid hormones [16]. The impact on the cell mem-
brane manifests the implementation of another effect
of vitamin D. Cholecalciferol has been shown to directly
or indirectly regulate the formation of proteins, lipids,
hormones, and receptor proteins [17]. It has been es-
tablished that vitamin D takes part in the differentiation
and formation of cells of various tissues and organs, as
well as in the processes of forming the immune system
response [2].

Autoimmune diseases are one of the leading causes
of disability and death after cardiovascular and oncolog-
ical diseases. In most cases, the cause and mechanism
of autoimmune pathology remain not fully elucidated
even today. Many factors influence autoimmune disor-
ders’ pathogenesis, including dysmetabolic processes
associated with vitamin D. Scientific studies claim that
vitamin D is essential in forming immune system re-
sponses in various autoimmune and inflammatory dis-
eases [18].

The thyroid gland (TG) is an organ that is one of the
leading parts of the neuroendocrine and immune sys-
tem, which is essential at various stages of a person’s
life. The increase in interest in the problems of the pa-
thology of the thyroid gland in recent years is explained
by its rapidly growing prevalence among the popula-
tion of our country, which plays a significant social sig-
nificance in these diseases. As a result of substantial
achievements of thyroidology as a science, ideas about
the essence of thyroid gland diseases have undergone
severe changes [2]. The rapid increase in the number of
thyroid gland diseases is due to the adverse influence
of environmental factors and the deterioration of the
general ecological background against the background
of reduced immunological protection of the body. En-
vironmental factors associated with autoimmune thy-
roiditis include radiation, smoking, viral infections, drug
use, and stress [19]. The radiation emission resulting
from the disaster at the Chornobyl NPP affected the thy-
roid gland first, which is due to a massive impact of io-
dine isotopes, the accumulation of which in the thyroid
gland determines their tropism to this organ and is a
real pathogenetic factor in the pathology of the thyroid
tissue in the short and remote periods after exposure.
It is common knowledge that thyroid gland diseases
occupy the first place in the structure of endocrinopa-
thies, and autoimmune pathology of the thyroid gland
is found more often than other autoimmune diseases.
The prevalence of autoimmune endocrine thyroid pa-
thology, including autoimmune thyroiditis, Graves’ dis-
ease, and postpartum thyroiditis, reaches about 5% of
the population [20].

Several mechanisms explain the low concentration
of vitamin D in patients with autoimmune thyroiditis
and hypothyroidism: firstly, the low vitamin D content
can be caused by its poor absorption from the intestine;
secondly, not quite proper activation of vitamin D by the
body [21].

When conducting clinical research [22], it was es-
tablished that there is a clear connection between vi-

tamin D deficiency and the autoimmune pathology of
the thyroid gland. In one of the simultaneous studies,
119 people have examined: 62 patients with autoim-
mune thyroid pathology (autoimmune thyroiditis and
Graves’ disease), 32 patients without autoimmune thy-
roid pathology (nodular or diffuse goiter without hor-
monal dysfunction) and 25 people without pathology.
The confirmation of an autoimmune disease of the thy-
roid gland was an increased titer of antibodies to TPO
and thyrotropin (TSH) receptors. Deficiency or insuffi-
ciency of vitamin D was found in 82.9% of patients with
diseases of the thyroid gland of various origins. Among
patients in the control group, this level was 64%. At the
same time, among patients with autoimmune thyroid
gland pathology, the number of patients with vitamin
D deficiency was 88.7%. Also, a direct connection be-
tween the level of TSH and the supply of vitamin D in
the body has been established. Thus, the concentration
of TSH in autoimmune thyroiditis was 7.8 mIU/I with an
existing vitamin D deficiency (less than 20 ng/ml) and
3.4 mlU/l — with a normal concentration of vitamin D
in the body. In patients without autoimmune thyroid
gland pathology, there was no correlation between the
concentration of TSH and the level of vitamin D in the
blood. The results indicate the practicality of conducting
a screening determination of the vitamin D concentra-
tion in the blood of patients with autoimmune thyroid
pathology.

One study involved 75,436 patients who underwent
a physical examination and serum thyroid hormone
levels; however, only 5,656 patients had vitamin D con-
centrations determined. Thyroid dysfunction was sig-
nificantly correlated with body mass index, abdominal
circumference, and circulating TSH levels using multiple
regression analysis. The TSH levels were higher in the vi-
tamin D insufficiency and deficiency group. Conversely,
free triiodothyronine and thyroxine levels were lower in
these patients than in those with sufficient levels [23].

A randomized clinical trial conducted by Chahordoli
included 42 women with Hashimoto’s thyroiditis who
were divided into vitamin D and placebo groups. The
first group was estimated to receive 50,000 IU of vitamin
D, while the second received a placebo weekly for three
months. Laboratory parameters, such as the concen-
tration of vitamin D, calcium, ATPO, A-TG, and thyroid
hormones, were evaluated at the study’s beginning and
end using an enzyme immunoassay. In the first group,
a significant decrease in A-TG and TSH was found after
treatment, but there were no significant differences in
ATPO levels between the two groups (p=0.08). The level
of free hormones also changed insignificantly. Thus, it
was concluded that vitamin D preparations were ben-
eficial in reducing disease activity; however, additional
evidence provided by controlled long-term studies is es-
sential to establish its relevance in clinical practice [24].

In a study by Behera, 23 patients received doses of
60,000 IU per week of vitamin D for eight weeks, fol-
lowed by the same dose once a month for four months.
After six months, the concentration of antibodies to TPO
and thyroid hormones in blood serum was again mea-
sured. The increase in vitamin D was statistically signifi-
cant: from 15.3315.71 ng/ml to 41.22+12.24 ng/ml. TPO
antibody titers showed a statistically significant increase
from 746.84332.2 to 954.1+459.8 |U/ml (p=0.006),
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while TSH values showed a statistically significant de-
crease from 7.23%3.16 to 3.04+2.62 mIU/I (p=0.01) [25].

In a meta-analysis that included 25 studies involving
2695 cases and 2263 controls, patients with Hashimo-
to’s thyroiditis had lower serum vitamin D levels than
controls. The odds ratio of Hashimoto’s thyroiditis was
determined in individuals with vitamin D deficiency
compared to control groups (1.94-5.3; p=5.7 x 10-6).
These findings were consistent across all included stud-
ies — European and Asian, adult and pediatric, and me-
dium- and high-quality studies. Higher differences in
25(OH)D values between groups were associated with
sub-equatorial latitudes (<35° N/S, p=3.4 x 10-4) and
moderate-income economies (gross national income
1000<USD< 12000, p=0.012). Gross national income
(p=3.5 x 10-6) and mean serum thyrotropin levels in pa-
tients (p=0.017 in 21 studies) showed nonlinear mod-
eration. The main finding illustrates a significant associa-
tion between Hashimoto’s thyroiditis and vitamin D. It
partially explains the previous mixed evidence, contrib-
uting significantly to identifying factors associated with
heterogeneity, highlighting under which conditions the
strongest association exists [15].

In the meta-analysis by Taheriniya, although 6123
data sets were reviewed, only 42 patients met the inclu-
sion criteria for this systematic review and meta-analy-
sis. Lower vitamin D levels correlated with autoimmune
thyroid diseases (p=0.013) [26].

A low concentration of vitamin D is the primary phe-
nomenon involved in the pathogenesis of the disease.
In other autoimmune diseases, vitamin D deficiency in
the blood can be explained by malabsorption syndrome
or lack of sufficient insolation due to skin pathology. In
most cases, patients with the pathology of the thyroid
gland do not have skin diseases and malabsorption. One
of the possible explanations for the low concentration
of vitamin D in the blood of such patients may be the
accelerated metabolism of bone tissue [27]. In addition,
high serum calcium and phosphorus levels and low lev-
els of circulating parathyroid hormone can inhibit renal
25(0OH) D1-a hydroxylase function. In general, vitamin
D can help prevent or correct hypothyroidism and im-
prove thyroid function [28].

In addition, it is noted that the vitamin D level is sig-
nificantly lower among patients under 40. Some issues
should be considered when interpreting the results. For
example, when interpreting the results — seasonal fluc-
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tuations of vitamin D in the serum. This fact is confirmed
in many works [29]. In addition, vitamin D bioavailability
is reduced in overweight or obese individuals, but this
factor has not been considered in most cases [30, 31].

Today, it is known that the role of vitamin D in im-
munity consists in the production of anti-inflammatory
and immunoregulatory markers through the expression
of vitamin D receptors in the nucleus of cells, which par-
ticipates in the functioning of cellular immunity, stimu-
lating innate and adaptive immune responses. Vitamin
D receptor polymorphisms are associated with the sus-
ceptibility of individuals to thyroid diseases such as hy-
pothyroidism. These receptors modulate the effects of
vitamin D, both specific and intracellular. Polymorphism
of the vitamin D receptor gene can reduce the activity of
the last one. Using a meta-analysis, Wang et al. report-
ed a significant association between vitamin D receptor
gene polymorphisms and autoimmune thyroid diseases
in different ethnic groups [32].

In modern medicine, vitamin D is a marker of the
general state of health. Its deficiency has led to meta-
bolic disorders, the development of autoimmune pa-
thology, cardiovascular diseases, cancer, and mortality
from all causes [33].

Conclusions.

Despite some inconsistency in research results to
date, most evidence suggests an association between
low vitamin D levels and an increased risk of disease
and/or higher antibody titers and/or more incredible
difficulty in treating it.

Polymorphisms in genes related to vitamin D func-
tion and metabolism also have some influence on the
risk of developing autoimmune thyroiditis.

The development of autoimmune thyroiditis is facili-
tated by an increase in vitamin D deficiency, forming a
vicious circle.

Currently, there is insufficient data to support that
there is no harm or benefit from receiving excess lev-
els. Thus, a responsible approach is striving to achieve a
vitamin D supply level within the reference ranges pro-
posed in international guidelines.

Prospects for further research.

In the future, additional data involving more individ-
uals with comorbid pathology, the global scope of stud-
ies, and year-round monitoring of vitamin D levels will
be needed to provide more unified recommendations
for patients with autoimmune thyroiditis.

BITAMIH O TA AYTOIMYHHUH TMPEO'I',DMT
BiHHMUbKMI HaLioHaNbHUIT MeauuHuii yHiBepcuTeT im. M.I. Muporosa (m. BiHHuuAa, YKpaiHa)
2KHN NikapHAa WwBnAKoi meguuHoi gonomoru (m. BiHHuua, YkpaiHa)
ek3727@gmail.com

OcHosHa posb simamiHy [ — peaynauia memabosnizmy Kicmok i eomeocmasy Kanvuito i gpocghopy. lMpomszom
OCMAHHIX KifbKox decamusnims 6ya10 8uBYEHO 8aMHC/IUBICMb 8imamiHy [ y pi3HOMAHIMHUX acriekmax, He nos’a3aHux
3 (hopMyBAHHAM CKesemy, BKA4Yar4u no3umusHull enaue simamiHy [l Ha eHOomesnianeHy OUCHYHKUIIO,
pe3ucmeHmMHicme 00 iHCYynAiHy ma npPoginakmMuKy yykposozo diabemy, cnpusmsausull 8naus Ha iMyHHY 8i0nosiob
npu iHPeKyiliHux 3aX80PHBAHHAX, BK/AKOYAYU MYybepKysn603, ma iMyHOMOOyawYa 0Ois npu aymoimyHHUX
30XB80PHOBAHHAX, MAKUX AK pesmamoioHuli apmpum, cucmemHull YepeoHuli 8084aK, MemabosiYHoMy CUHOPOMI,
cepueso-cyOUHHUX 3AXBOPIOBAHHSAX, PAKY MA cMepmHocmi 8i0 ycix npu4uH. Bimamin [ npoginakmye ma crnipuse
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pemicii nayieHmisg 3 po3CisHUM CK/1ep030M, MOKPAWYE yHKUito 20Had. Had3zsu4aliHo wupoKuli criekmp Oii simamiHy
/1 obymosneHuli HassHicmio (io2o peuyenmopie y 6azambox mKaHuHax. OcmaHHi OaHi npodemoHcmpysanu
38’A30K MiX HU3bKUM 8micmom g8imamiHy [ ma aymoimyHHUMU 30X80PHBAHHAMU WUMOBUOHOI 3a7103U, MAKUMU
AK Hanpuknad mupeoioum Xawumomo. Lleli 02nad mae Ha memi gidcniokysamu posns simamiHy [ y nepebizy
aymoimMmyHHO20 30aX80ptO8AHHA wumonodibHoi 3ano03u. [fegiyum simamiHy [l gi0Hocumeca 00 eKos02iYHUX
hakmopie pusuKy aymoimyHHUX 30X80p08aHb ujumonodibHoi 3as103u. He 38axar4u HO 0OCMAHHi 00Ka3u moezo,
W0 HU3bKI pigHi 25-2idpokcusimaminy [ y cuposamuyi Kposi Moxymes 8nausamu Ha rnossy aymoiMmyHHUX po31adis
wumonodibHoi 3as103u, 830€EMO38’A30K Mix< degiyumom simaminy [ i nepebizom aymoimyHHo20 mupeoioumy
i yacmomoto po3sumeky 2inomupeosy npu YbomMy 30AUWAEMbBCA HeACHUM. HeobxiOHi nodanewi 0ocnioweHHA
018 OUiHKU NpoginaKMu4YHUX | mepanesmu4yHux egekmie eimamiHy [l npu aymoiMyHHUX 30X80PHOBAHHAX

wumono0dibHoi 3as103u.

Knw4oei cnoea: aymoimyHHuUl mupeoidum, eimamiH [, aymoimyHHi 3ax80pto8aHHA, MemabosiyHo-acouitiosaHi

30X80pPIOBAHHSA, WUMOMNo0ibHa 30/103a.

38’A30K nyb6aikauii 3 n1aHOBMMM HAayKOBO-AOCNIA-
HUMK poboTamu.

[aHa poboTta € ¢pparmeHTom HAP «EPeKTUBHICTb Ta
be3neKka ximioTepaneBTUYHUX 3acobiB i meTaboniuHmx
KOpeKTopiB B ymoBax KomopbigHoi natonorii». Ne aep-
*KaBHOI peecTpauii: 0119U000069.

Bcryn.

B ocTaHHi poku byna nigKkpecneHa akTyanbHicTb Bi-
TamiHy [l AK iMmyHHOro perynatopa. IMyHHa cuctema
MOMKe reHepyBaTV aKTUBHY CMO/YKY BiTamiHy [, AKa mae
iMyHOMOAYANIOOYY Aito, 3aBAAKM eKcnpecii 1-rigpoKcu-
nasu (CYP27B1) y KknituHax. Bitamin [l mae nepeLuko-
[AXKAOUNI BNAMB Ha BUPODBAEHHA 3amasibHUX LLUTOKIHIB,
TaKWX AK iHTepnenkiH 1, 6, 8, 12 i pakTOp HEKPO3Y NyX-
AnHn. Kpim Toro, sitamiH D cnpouyye iHayKuito peryna-
TOPHUX T-KNITUH, W06 3MEHLWNUTU 3anexKHi Bif T-KAITUH
iMyHHI BiANOBIAj NpW ayTOIMyHHMX 3axBoptoBaHHAX [1].
®epmeHT CYP27B1 3HaxoauTbCA He TiIbKM B TOHKOMY
KULWEYHWUKY, CKeneTi i HMPKAX, AK BBAXanocA paHiwe,
afe MmamKe B YCiX KNITMHAX OpraHiamy, BK/HOYaOuum
wmTonoAibHy 3an03y Ta iMyHHI KAiTMHKW [2]. OcTaHHi
OaHi ceigyaTb Npo Te, Wo BiTamiH [, Takox b6epe yyacTb
y npodinaktuui iHPeKUid WAaXoM 3MEeHLIEHHs pPo3-
MHOXEHHA MaToreHiB 4yepes YTBOPEHHA MO3aKAiTWH-
HUX NacTok Hentpodinis [3]. BitamiH A3 cuMHTe3yeTbCA
B WKipi (6an3bko 80%) nig, BNAMBOM COHSAYHOrO CBIT/1a
(Y®-BMnpomiHioBaHHA), Toai AK BiTamiH [2 BMpobAa-
€TbCA POC/MHAMM, TPUbamm Ta ApixaxKamu (6113bKo
20%) [4]. Mogyn oTpumytoTb BiTamMiH [, i3 TPbOX Pi3HMX
OXKepen: CUHTE3 Y LWLKIpi, i*Ka Ta pi3Hi xap4oBi Ao6aBKuN.
25(0OH)/A3 BUMiptOETLCA Ta BUKOPUCTOBYETHCA AK NOKa3-
HUK CTaHy BiTamiHy [1 B opraHi3mi. MNepuwe rigpokcmnnto-
BaHHSA BiAOyBa€eTbCA B MeviHUi, @ gpyre — y HUPKax, Ae
Ka/bLUMAION TiAPOKCUAIOETLCA [0 Kanbuutpiony, 6iono-
riYHO aKTMBHOT dopmum BiTamiH [ [5].

[esAKi gocnig)KeHHA Mokasanu, wWo BiTamiH [ BoO-
NOAiE 3aXMCHMMMU BNACTUBOCTAMM LLOAO0 AYTOIMYHHMUX
3aXBOPIOBAHb Ta 3/I0AKICHUX NYXAMH WMTONOAIGHOI 3a-
103U, afile MexaHiam He byB 3’AcoBaHuit [6]. Byno BusAB-
NeHo, Wwo Aediunt BiTamiHy [ cnocTepiraeTbca y BCix pac
i B ycix BikoBux rpynax [7]. AediunT BiTamiHy [ yacTiwe
3yCTPIYAETLCA Y Nt0AEN i3 OXMPIHHAM abo NoB’A3aHMX
i3 OXMPIHHAM 3aXBOPHOBaHb, TaKMX K AiabeT, HeanKo-
rofibHa XupoBa xBopoba neyiHku [8]. Tomy AobHaBKK
BiTaMiHy [] TaKOX MOKYyTb ByTM NoTeHUiliHMM 3acobom
NiKyBaHHA UMX natosorin [9].

MeTta gocnig)eHHs.

AHani3 nitepatypun ana 3’acyBaHHA 3B’A3KY MiX TU-
peoiantom XawmnmoTo i gediuntom BiTamiHy D, a TaKoXK

MOLLUYK 3B’A3KY MiXX HUMK Ta NOB’A3aHMMU PaKTopamu
BM/IMBY.

OCHOBHa YacTuHa.

TupeoignT XawmnmoTo — Ue XPOHIYHWIA ayTOiIMYyH-
HUWN TUPEOIAUT, WO CYNPOBOAXKYETbCA NiMbOoLUTaPHOO
iHpiNbTpauieto, sKa B KiHLEBOMY NiACYMKY MOXKe npwu-
3BECTU A0 PYNHYBAHHA TKAaHUHU WMTONOAIGHOI 3a0103M
[10]. Oeski aocnigeHHs A0BOAATb, LLO AyTOIMYHHUA
TMpeoiguT (AIT) € pe3ynbTaToM CUHEPTIYHOIT Aji reHeTu-
KM Ta GpaKTOpiB HABKONMLLHLOIO CepesioBULLLa, afe Tou-
HUN MexaHi3m aoci HeAacHui [11]. IHWi KAiHivHi aocni-
[OXKEeHHA nokasanu, wo AlT nos’sA3aHUIN 3 BUHUKHEHHAM
naninapHoOi KapuMHOMM wWwuMTonoAibHoi 3an03m [12]. B
OaHWM Yac TaKOXK 3POCTAE 3aXBOPIOBaHICTb HA AlT, skuit
y 6inblocTi NaUieHTIB € aCMMNTOMHMM. PO3yMiHHA 3a-
XBOptoBaHOCTI Ha AT cepez 340poBOi NonyAAL,i Ta Moro
3B’A3KY 3 iHWMMM BigNOBIAHUMM NOKa3HMKaMK CNpUSE
nornnbaeHOMY BUBYEHHIO LLbOFO 3aXBOPIOBAHHS.

B ocTaHHE AeCATUNITTA CNOCTEPIraeTbcA YiTKa TeH-
OeHUuia A0 NiaBULLEHHA 3aXBOPHOBAHOCTI Ha ayTOIMYH-
HUIM TUPEOIAUT Y MONOALWMX BIKOBUX rpynax. AHTUTING
[0 TMPeOoigHOi NepoKcnaasmn, AKi BiIbHO LMPKYIOKOTbL Y
KpoBi, BuABnAoTb y 10-15% 340p0BMX NaieHTIB, AKi Na-
6opaTtopHO mMatoTb eyTupeos [13].

Bce 6inblwe aocnigxeHb NiATBEPAKYHOTb BaXKAUBY
poNb AOCTaTHLOI KinbKOCTi BiTamiHy [, ana 340pos’s
nanHn. byno TaKoXK BCTAaHOBAEHO, WO BiTamiH [
noB’A3aHUI i3 PO3BMTKOM 3anasibHOrO Npouecy, a 4o-
6aBKuM 3 BiTamiHOM [1 KOPUCHi ANs 3MEHLLEHHA 3anasib-
HoT peakuii [14]. HewopasHo 6yau BiakpuTi cneumdiyHi
peLenTopu A0 rOPMOHa/IbHO-aKTUBHUX GOPM BiTaMiHy
D, WO CMHTE3YIOTbCA B HEKNACUYHUX ANA HbOTO TKaHU-
Hax i KNiITUHaX opraHi3aMy 3yMOB/IOE LUMPLUNIA Aiana3oH
noro ¢isionoriuHoro epekty [15].

Po3rnagatoTb ABa BapiaHTM peanisauii edpekty Aii
BiTamiHy D Ha nepebir ¢isionoriyHnx npouecis B opra-
Hi3Mi: reHOMHi i He noB’A3aHi 3 reHoMoM. [eHOMHUI
MEXaHi3M BMJIMBY NOAATA€E B TOMY, WO NPOMIiXHi npo-
OYKTW cUHTe3y BiTamiHy D npoaBnaoTb edeKT LWAAXom,
AKUI yPKe CXOXUI HAa MEeXaHi3m gjii cTepoigHux ropmo-
HiB [16]. Peani3zauia iHworo edekTty BiTamiHy D nposs-
NAETHCA WAAXOM BMJIMBY Ha KAITUHHY membpaHy. byno
NoKasaHo, Wo xoneKanbuudepon besnocepesHbo abo
onocepeaiKkoBaHO PEeryatoe yTBOPeHHA 6inkie, ninigis,
rOPMOHIB Ta peuenTopHux binkis [17]. BctaHoBAEHO,
wo BiTamiH D npuiimae yyactb y gudepeHuiauii 1 yTBo-
PEHHI KNITUH Pi3HMX TKAaHMH i OPraHiB, a TAKOX y npoLie-
cax ¢opMyBaHHsA BigNoBiAi imyHHOT cucTemu [2].

AyTOIMYHHI 3aXBOPIOBAHHA — OA4HA 3 BeAy4YMX MNpu-
YMH iHBaNIAHOCTI 1 cmepTi NicnA cepueBO-CYyAUHHMX i
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OHKOJIOTIYHMX 3axXBOpPHOBaAHb. MpuyMHaA i MexaHi3m BU-
HUKHEHHA aBTOIMYHHOI naTonorii y 6inblwocTi BUNaaKis
3a/IMLIAOTLCA He A0 KiHuA 3’ACOBaHMMM HaBiTb CbOroA-
Hi. Ha naTtoreHe3 aBTOIMyHHUX pO31afiB BN/INBAE BEAUN-
yesHa rpyna ¢akTopis, 40 AKMX Tenep TakoX BifAHOCATb
i AancmetabonivuHi npouecu, nos’asaHi 3 BitTamiHom D.
HayKoBi focnigKeHHA CTBEPAKYIOTb, WO BiTamiH D Bigi-
rPa€ BaXX/NIMBY ponb y GOpMyBaHHi BiANOBigen iMyHHOI
CUCTEMM MPU Pi3HUX AaBTOIMYHHMX, @ TaKOXK 3amasbHUX
3axBOptOBaHHsAX [18].

LnTonoaibHa 3ano3a (LL3) — opraH, AKUiA € ogHieto 3
NPOBIAHMX YaCTUH HEMPOEeHAOKPUHHOI Ta iIMyHHOI cuc-
TEMM, BU3HAYHE 3HAUYEHHSA AKOI 3AiMCHIOETLCA Ha Pi3HMX
eTanax XuTTa aguHu. 36inblUeHHs iHTepecy 40 npo-
6nem natonorii WMToNoAibHOI 3371031 B OCTaHHI POKMK
NOACHIOETBLCA ii CTPIMKO 3pOCTAOUO0 PO3MOBCIOAMKEHIC-
TIO cepep, HaceNeHHA HALWOi KpaiHW, WO rPae BU3HAYHY
coujiafibHY 3HAYMMICTb LMX 3aXBOPtOBaHb. Y pe3ynbraTi
3HAYHMX JOCATHEHb TUPEOIAONOTIT AK HAaYKW, YABNEHHSA
Npo CyTb 3aXBOPIOBaHb WMTOMNOAIGHOI 3a103M 3a3Ha-
Nn cephio3Hux 3miH [2]. CTpimKe 36inblieHHA KinbKoC-
Ti 3axBOpIOBaHb LWMTONOAIGHOI 3an03M 0bymoBneHe
HeCnpPUATANBUM BMNAMBOM (aKTOPiB HaBKOMLIHBLOIO
cepefoBULLA, MOTiPLWEHHAM 3arajbHOr0 €KO/0TYHOro
¢$OoHY Ha GOHi 3HUKEHOI iIMyHOIOTIYHOT NpoTeKL,ii opra-
Hi3my. [lo daKTopiB HAaBKO/IMWHLOIO CEPEAOBULLA, AKI
NoB’A3ytoTb 3 BUHUKHEHHAM ayTOIMyHHOrO TUPEOianTY,
BiAHOCATb paaiaLito, KypiHHA, BipYCHIi iHpeKLIT, BX)KMBaH-
HA HapKOTMKIB Ta cTpec [19]. PagiauiiHnii BUKKA, BHa-
cnifok Katactpodu Ha YopHobunbebkinn AEC Bpakas
Haunepulle wWMTonoAibHy 3an03y, WO 06yMoBAEHO Ma-
CUBHUM Yy apOM i30TONMIB 0OAY, HAKOMUUYEHHSA AKUX Came
B WMTOMOAIOHIN 3a103i BU3HAYAE iX TPOMHICTb came [0
LbOro OpraHy i € peasibHMM NaToreHeTUYHUM YUHHUKOM
naTosorii TMPeOoigHOI TKAHWHM B KOPOTKi M BigdaneHi
nicna onpomiHeHHA nepioaun. 3aranbHOBIAOMO, WO 3a-
XBOPIOBaHHA LWMUTONOAIOHOI 3a103K nocigatoTb neplue
MicLe Yy CTPYKTypi eHAOKPMHOMATIi, npu 4yomy ayToi-
MYHHa naTofiorif WwuTtonoAibHoi 331031 BUABNSAETLCA
yacTiwe, HiXK iHWI ayToiMyHHi 3axBoptoBaHHA. Po3no-
BCHOAKEHICTb ayTOIMYHHOT EHA0KPMHHOI TUPEOoIAHOI Na-
TONOri, BK/AOYAOUYM aBTOIMYHHUI TUPEOIaUT, XBOpoby
lpensca, nicnanonorosuii TMpeoigunT, cArae 61mM3bko 5%
y nonynau,ii [20].

ICHye KinbKa MexaHi3miB, WO [al0Tb MOACHIOKTb
HU3bKY KOHLIEHTpaUito BiTamiHy D y mauieHTiB 3 ayTo-
iIMYHHUM TUpPeOoIANUTOM i TiNOTMPeOo3OM: No-nepLue,
HU3bKWI BMICT BiTamiHy D moxe 6yTM ClpUYMHEHWI
noraHot 1oro abcopbujeto 3 KULIKIBHUKA, NO-ApYre,
He 30BCiM HaNeXHa aKTMBaLito BiTamiHy D opraHiamom
[21].

Mpwn npoBeaeHHi KNiHIYHUX docnigxeHb [22] BcTa-
HOB/IEHO, WO € YiTKUI 3B’A30K MiXK gediunTom BiTamiHy
D 11 ayToiMmyHHOI NaToNOri€l0 WMTONOAI6GHOI 3a103M1.
B ogHOMY i3 OAHOMOMEHTHUX AOCAIAMKEHb 0B6CTEXKEHO
119 ocib: 62 xBOpKX 3 ayTOIMYHHOIO NATONONIED LWNUTO-
noAibHoi 3a103M (ayToiMyHHUI TUPEoianUT Ta xBopoba
pelica), 32 xBopux 63 ayToiMyHHOI TMpPeOoigHOi Na-
Tonorii (Byanosuit abo andysHUii 306 6e3 NopyLIEeHHN
ropmoHasnbHoi GyHKUii) i 25 ocibé 6e3 natonorii. Mia-
TBEPAXKEHHAM ayTOIMYHHOrO 3aXBOPIOBAHHA LMTOMO-
AibHOT 3an103M Bynun nigsueHi TMTpY aHTuTiA o TNO
i o peuenTopis TMpeoTponiHy (TTr). dediunt abo He-
OOCTaTHICTb BiTamiHy [l BuasneHo y 82,9% naujieHTis i3
3aXBOPIOBAHHAMM LWMTONOAIBHOI 3a103M pi3HOro no-

XoarKeHHs. Cepepn, NaUiEHTIB KOHTPOIbHOI rpynu Len pi-
BeHb 6yB 64%. BogHouac cepes XBOpPUX 3 ayTOIMYyHHOO
NaTo/ori€El0 WMTONOAIBHOT 3271031 Ki/IbKICTb NaLLIEHTIB 3
nediuntom BiTamiHy [ 6yna 88,7%. TakoXK BCTAaHOBNEHO
npAmMuKiA 38°A30K MixK piBHem TTT i 3abe3neueHicTio Bi-
TamiHom D opraHi3my. TaK, KoHueHTpauia TTI npu ayTo-
iMmyHHOMY TUpeoiauTi 6yna 7,8 MMO/n npu HasBHOMY
Aediuuti Bitaminy [, (meHwe 20 Hr/mn) Ta 3,4 MMO/n —
NPV HOPManbHil KOHUEHTpaLii BiTamiHy [l B opraHismi.
Y naujeHTiB 6€3 ayToiMmyHHOI natosorii wuTonoaibHoi
3371031 He CMocTepiranacb 3aNeXKHICTb MiX KOHLEeHTpa-
uieto TTT i pisHem BiTamiHy [, y Kposi. OTpMMmaHi pesynb-
TaTU BKa3ylOTb Ha [AOUINbHICTb NPOBEAEHHA CKPWHIiH-
roBOro BM3HAYEeHHA KOHLEHTpaLii BiTamiHy [ y KpoBi
NaLiEHTIB 3 ayTOIMYHHOI TUPEOiAHOK NATONOTIELD.

B ogHOMY pocnigrKeHHi B3anm yyacTtb 75436 nauieH-
TiB, AKi NpoMwamn disnKanbHe 06CTEKEHHA Ta BU3SHAYEH-
HA PiBHA TOPMOHIB WMTONOAIGHOT 331031 Y CMPOBATLL
KpOBi; ogHakK nunwe y 5656 nauieHTiB 6yn0 BU3Ha4YeHO
KOHUEHTpaL,ito BiTamiHy D. 3a 4ONOMOro0 MHOXMHHOTO
perpecinHoro aHanisy nopylweHHs GyHKLUil wutonosi6-
HOIi 3271031 3HAYHO KOPEe/oBasIo 3 iIHAEKCOM MacH Tina,
OKPYKHICTIO XMBOTA Ta piBHem uupKyatotoyoro TTI.
OcTaHHili MaB BULLMIA piBEHb Yy rPyni HeQOCTaTHOCTI Ta
AediunTy BiTamiHy D. | HaBnNaKkK, piBHI BiIbHOTo TPUOA-
TUPOHIHY Ta TMPOKCMHY BYAN HUXKUMMM Y LIUX NALLIEHTIB,
Hi}K Y TUX, XTO MaB A0CTaTHI piBeHb [23].

PaHooMmi3oBaHe K/iHIYHE JOCNIAXKEHHA, NpoBeaeHe
Chahordoli Bkatoyano 42 KiHku 3 TMpeoigutTom Xawum-
MOTO, AKi 6ynu po3gineHi Ha rpynu BiTamiHy D i nnaue-
60. Byno ouiHeHo, Wo nepwa rpyna otpumysana 50 000
MO BiTamiHy D, Togaj Ak Apyra oTpumysana naauebo wwo-
TUXHA npoTtarom 3 micauis. JTabopaTopHi napameTpy,
TaKi K KOHLEeHTpPauia BiTamiHy D, Kanbuito, ATMNO, ATTT,
rOPMOHIB LLMTONOAiIOHOI 3271031 OLLIHIOBANM Ha NOYaTKY
Ta B KiHLi A4OCNiAKEeHHA 33 LONOMOroH iMyHODEepPMEHT-
HOro aHanisy. Y nepwin rpyni nicaa nikysaHHA 6yno Bu-
ABNEHO CyTTEBE 3HUXKEeHHA ATTI i TTI, ane He 6yno icToT-
HUX BigMiHHOCTel y piBHAX ATMO mix gBoma rpynammu
(p=0,08). Tak camo HecyTTEBO 3MiHMBCA PiBEHb BiZIbHMX
rOPMOHiB. TakKMM YMHOM, Byno 3pobaeHo BUCHOBOK, LLLO
npenapaTu BiTamiHy D 6ynnM KOPUCHUMUN AN 3HUMKEHHA
AKTUBHOCTI 3aXBOPIOBAHHA; TUM He MeHLW, A0AaTKOBI
[OKa3un, HaZlaHi KOHTPONbOBAHMMMK TPUBANMMU OOCHi-
OXKEHHAMM, € BaXKNIMBUMWU AN BCTAHOBNEHHA MOT0O aK-
TYanbHOCTI B KAiHIYHIN npakTuui [24].

Y pocnigxKeHHi, nposeaeHe Behera, 23 naujieHTa
otpumyBann go3m 60000 MO Ha TUKAeHb BiTamiHy D
NpoTArom 8 TUXKHIB, @ NOTiM TaKy caMy [,03y OAMH pas Ha
micaub npotarom 4 micauis. Yepes 6 micAuis 3HOBY BU-
MIpANM KOHUEHTpaLito aHTMTIiA o TMNO Ta TMpeoigHuX
rOPMOHIB Yy CMPOBATL,i KpoBi. MNigBMLLEHHA PiBHA BiTaMi-
Hy D 6yn0 CTaTMCTUYHO 3Havywmm: Big 15,33+5,71 Hr/
Mn 00 41,22+12,24 Hr/mn. Tutpu antuTin go TMO npo-
OEMOHCTPYBaAN CTAaTUCTUYHO 3HAYyLLEe 30i/blIEHHS Bif,
746,8+332,2 no 954,1+459,8 MO/mn (p=0,006), Toaj Ak
3HayeHHA TTT NpPOAEMOHCTPYBa/M CTAaTUCTUYHO 3Ha-
yyle 3HUMKeHHs Big 7,23+3,16 go 3,04+2,62 mMO/n
(p=0,01) [25].

Y meTa-aHanisi, AKKIA BKAOYaB 25 gocnigxeHb, Wwo
oxonatoBas 2695 Bunagkis i 2263 KOHTPOAbHI rpynu,
6yN0 BUABNEHO, LLO NALIEHTU 3 TUPEOoigMTOM XaluMmo-
TO Manu HUXKUI piBHI BiTamiHy D y cmpoBaTLi KpoBi no-
PiBHAHO 3 KOHTPOAbHMMM rpynamu. Y ocib 3 gediuntom
BiTamiHy D MOpPiBHAHO 3 KOHTPO/NbHMMM Fpynamu byno
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BM3HAY€HO CNiBBiAHOLWEHHA LIAHCIB BUABNEHHA TUPEO-
ianty Xawwmmorto (1,94-5,3; p=5,7 x 10-6). Lli BUCHOBKM
6y TOTOXKHUMM B YCiX BKNHOUEHWUX JOCNIAKEHHAX — EB-
ponencbKMX i a3iaTCbKUX, JOPOCANX | ANTAYMX, @ TAKOXK
OOCNifKEHHAX cepeaHboi Ta BUCOKOI AKOCTI. Buwi Bia-
MIiHHOCTI y 3HayeHHAx 25(0OH)D mix rpynamu 6ynu
noB’sA3aHi 3 npueksaTopianbHUMK WnpoTamm (<35° N/S,
p=3,4 x 10-4) Ta eKOHOMiIKaMM 3 NOMIPHMUM piBHEM AO0-
xoay (BanoBwuiA HauioHanbHUI goxia 1000<USD<12000,
p=0,012). BasnoBuit HauioHanbHMi goxig (p=3,5 x 10-6)
i cepefHilt piBeHb TMPEOTPOMNiHY B CMPOBATLi KPOBI Y
xBopux (p=0,017 y 21 goCAiAKEHHi) BUABWUAW HENiHil-
HY NoMipHicTb. OCHOBHWIM BUCHOBOK iNIFOCTPYE CYTTEBUI
3B’A30K MiXK TMpeoigMToM XalWwmmoTo Ta BiTamiHOM D i
YACTKOBO MOACHIOE NonepeaHi 3millaHi 4OKasK, Hagato-
YM BEIKWUI BHECOK Y BUABNEHHA GaKTOpiB, MOB’A3aHUX
3 reTeporeHHicTio, MiAKPECOYN, 338 AKUX YMOB iCHYE
HalcUAbHIWKWIA 38’a30K [15].

Y MmeTa-aHanisi, nposeaeHomy Taheriniya, xoua i
6yno po3rnsaHyTo 6123 Habopu AaHUX, KpUTepii BKAtO-
YeHHA ANA LbOro CUCTEMATMYHOTO OrNAy Ta MeTa-aHa-
Ni3y 6ynv BUKOHAHI aunwe y 42 nauieHTiB. HuxkYi piBHi
BiTamiHy D KopentoBanu 3 ayToiMyHHUMM 3aXBOPHOBAH-
HAMMW LWMTOBUAHOT 3an103m (p=0,013) [26].

Hu3bKka KOHLEeHTpauia BiTamiHy D € nepBMHHUM
dbeHomeHOM, NPUYETHUM A0 naToreHesy xsopobu. [e-
diymMT BiTamiHy D y KpoBi Npu iHWMX ayTOIMyHHUX XBO-
pobax MOMKHa MOACHUTU CUHAPOMOM Manbabcopbuii
abo BiACYTHICTIO [OCTATHbLOI iHCONALT Yepes3 naToorito
WKipK. MauieHTn 3 naTanorielo wWmtonoaibHoi 3an103um y
6inbWwoCTi BUNaAKiB He MatoTb 3aXBOPOBaHb LUKIpK | Ma-
Nbabcopbuii. OAnH i3 MOXAUBUX BapiaHTIB MOACHEHHA
HW3bKOI KOHLEeHTpaUii BiTamiHy [l y KpOBi TakmMxX MauieH-
TiB MOXKe 6yT1 NpUCKopeHnit meTabosiam KicTKOBOI TKa-
HUHM [27]. Kpim TOro, BMCOKI piBHI Kanbuito Ta pochopy
B CMPOBATLLi KPOBI Ta HU3bKI PiBHI LLUPKYAKOOYOro napa-
TUPEOIAHOTO FTOPMOHY MOMYTb MPUrHiYyBaTU GYHKLO
HupKoBoi 25(0OH) D1-a rigpoKcmnasu. 3arasiom BiTamiH
D moxe cnpusaTn npodinakTuui abo KopekLii rinotnpe-
03y Ta NOKpPALLEHHI0 PYHKLIT LMTOBUAHOT 331031 [28].

Kpim TOro, Bigmivyaerbca, Wo piBeHb BiTamiHy D 3Ha-
YHO HWMXKYMI cepef naujieHTiB Bikom Ao 40 pokis. Mpu
NOACHEHHI pe3yabTaTiB CNig BPaxoByBaTK AeAKi NUTaH-
HA. Hanpuknag, npu iHTepnpeTauii pe3ynbTtaTiB — ce-
30HHi KONMBaHHA BiTamiHy D y cupoBartui. Lier dakT nia-
TBEPAKYETHCA y 6baraTbox poboTax [29]. Kpim Toro, 6yno
[0BefgeHo, Lo biogocTynHicTb BiTamiHy D 3meHLWyeTbCA
cepep, ocib i3 HagMipHO Baroto abo OXMPIHHAM, OAHAK

y binbwocTi BMnaakis uen ¢paktop He Bpaxosysasca [30,
31].

Ha cboroaHi Bigomo, wo ponb BitamiHy D B imyHiTeTi
nonAarae y sBupobneHHi NpoTM3ananbHUX Ta iMmyHopery-
NATOPHUX MapKepiB Yepes eKCnpecito peLenTopis BiTa-
MiHy [ y aapi KNiTUH, AKKIA 6epe yyacTb Yy QYHKLiOHY-
BaHHI KNITUHHOIO IMYHITETY, CTUMY/IFOIOYN BPOAXKEHI Ta
aganTueHi iMyHHI Bignosigi. Monimopdism peuenTopis
BiTamiHy [, nos’A3aHWi 3i CXWMAbHICTIO ntogelt 4o 3a-
XBOPIOBaHb LWMTOBUAHOI 3a/103M, TaKUX AK TiNOTUPeOos.
Li peuenTtopu moayntotoTe epekTu BiTamiHy D, siK Moro
cneundivyHOro Ta BHYTPILWHbOKAITUHHOrO. Monimopdism
reHa peuenTopiB BiTamiHy [l MOXKe 3HMKYBATWM aKTUB-
HiCTb OCTaHHbOro. 3a 4OMNOMOro meTa-aHanisy Wang
Ta iH. MOBIAOMMW/IM NPO 3HAYHMI 3B’A30K MiXK nonimop-
dizamom reHa peuenTtopis BiTamiHy [ Ta ayTOiMyHHUMM
3aXBOPIOBAHHAMM LMTOBUAHOI 3371031 B Pi3HMUX ETHIu-
HUX rpynax [32].

Y cyyacHil meanumHi BiTamiH [l Mae cTaTyc mapkepa
3arasibHOro CTaHy 340p0B’s, a ioro aediumt bys npmBo-
ANTb [0 MeTaboNiuHUX NOpPYLUEeHb, PO3BUTKY ayTOIMYH-
HOI NaToNorii, cepLeBo-CYyANHHMX 3aXBOPIOBAHb, PaAKY i
CMepPTHOCTI Bif, ycix npuumH [33].

BucHoBKM.

HesBaatoun Ha NeBHYy CynepeysmBicTb y pesybTa-
Tax AOCNiAXKeHb, NPOBEAEHUX HA CbOFOAHILLHIN AEHb,
6iNblWicTb AAHWMX BKa3ylTb Ha 3B'A30K MiXK HU3bKMMMU
piBHAMM BiTamiHy [, Ta NiABULLEHUM PUSUKOM PO3BUTKY
3aXBOPIOBAHHA Ta/abo BUWMMM TUTPaMK aHTWTIA Ta/
a60 6inblMMM TPYAHOLLAMM Y MOTO NiKYBaHHI.

Monimop@ism reHis, noB’A3aHuUX i3 GpyHKLiEO Ta Mme-
Taboniamom BiTamiHy [l, TaKOXK Ma€ NeBHUI BNIUB Ha
PU3UK PO3BUTKY ayTOIMYHHOIO TUPEOIgUTY.

PO3BUTKY ayTOIMyHHOro TMPEOiIgUTY CNPUAE NOCU-
NeHHto gediunTy Bitaminy [, dopmyroum xmbHe Kono.

Ha p[aHuMiA MOMEHT iCHYE HeAoCTaTHA KiNbKicTb
OAHUX, AKi NiaTBEpAKYOTb BIACYTHICTb LWKOAM Ta Ha-
ABHICTb KOPUCTI Big, OTPMMaHHA HaOAMLLKOBUX PIBHIB.
TakMm YMHOM, BiANOBIAANbHUI NigXig NONArae B TOMy,
wob nparHyTM OoCArTM piBHA 3abe3nedyeHocTi BiTami-
Hom [ B mexKax pedepeHTHMX Aiana3oHiB, 3anNponoHo-
BaHMX Y MiXKHApPOOHUX peKOMeHaaLifx.

MepcneKTMBM NOAANbLUIUX AOCIAMKEHD.

Y manbyTHbOMy HeobXiAHI A0AaTKOBI AaHi i3 3any-
YeHHAM 6ifbLOT KibKOCTi 0Cib 3 KomopbigHOM NaToso-
rieto, 6inbl rnobanbHUI MacluTab AOCNIAKEHD Ta 3aNy-
YeHHA MOHITOPUHTY LiNopiYHMX piBHIB BiTamiHy [, W06
HagaTn 6inbll yHidbiKOBaHI pekomeHAaauji naujieHTam 3
ABTOIMYHHUM TUPEOTANTOM.

-

N

w

>

o

o

N

®

References / Nlitepatypa

. Altieri B, Muscogiuri G, Barrea L, Mathieu C, Vallone CV, Mascitelli L, et al. Does vitamin D play a role in autoimmune endocrine disorders?

A proof of concept. Rev Endocr Metab Disord. 2017;18:335-46.

Gallo D, Mortara L, Gariboldi MB, Cattaneo SAM, Rosetti S, Gentile L, et al. Imnmunomodulatory effect of vitamin D and its potential role in
the prevention and treatment of thyroid autoimmunity: A narrative review. J. Endocrinol. Investig. 2019;43:413-429.

Agraz-Cibrian JM, Giraldo DM, Urcuqui-Inchima S. 1,25-Dihydroxyvitamin D3 induces formation of neutrophil extracellular trap-like struc-
tures and modulates the transcription of genes whose products are neutrophil extracellular trap-associated proteins: A pilot study. Steroids.
2019 Jan;141:14-22. DOI: 10.1016/j.steroids.2018.11.001.

Sassi F, Tamone C, D’Amelio P. Vitamin D: Nutrient, Hormone, and Immunomodulator. Nutrients. 2018 Nov 3;10(11):1656. DOI: 10.3390/
nu 10111656.

Mele C, Caputo M, Bisceglia A, Sama MT, Zavattaro M, Aimaretti G, et al. Inmunomodulatory Effects of Vitamin D in Thyroid Diseases.
Nutrients. 2020 May 16;12(5):1444. DOI: 10.3390/nu12051444.

Roehlen N, Doering C, Hansmann ML, Gruenwald F, Vorlaender C, Bechstein WO, et al. Vitamin D, FOXO3a, and Sirtuin1 in hashimoto’s
thyroiditis and differentiated thyroid cancer. Front Endocrinol. 2018;9:527. DOI: 10.3389/fendo.2018.00527.

Shaan ZH, Ahmad S, Jilani LZ, Asif N, Faizan M, Zahid M. Status of Vitamin D and Parathyroid Hormone in Patients Scheduled to Undergo
Orthopedic Fracture Management: A Case-Control Study. Indian J Orthop. 2019;53:183-189. DOI: 10.4103/ortho.lJOrtho_25_17.
Pivtorak KV. Endotelialna dysfunktsiia ta nealkoholna zhyrova khvoroba pechinky. Vinnytsia: Nova knyha; 2022. 192 s. [in Ukrainian].

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2023 — Bun. 1(168) / Bulletin of problems in biology and medicine - 2023 - Issue 1 (168) 49



ornaaun NITEPATYPU / LITERATURE REVIEWS

9. Jahn D, Dorbath D, Schilling AK, Gildein L, Meier C, Vuille-Dit-Bille RN, et al. Intestinal vitamin D receptor modulates lipid metabolism,
adipose tissue inflammation and liver steatosis in obese mice. Biochim Biophys Acta Mol Basis Dis. 2019 Jun 1;1865(6):1567-1578. DOI:
10.1016/j.bbadis. 2019.03.007.

10.Wang S, Liu Y, Zhao N, Cui X, Huang M, Li Y, et al. IL-34 expression is reduced in hashimoto’s thyroiditis and associated with thyrocyte
apoptosis. Front Endocrinol. 2018;9:629. DOI: 10.3389/fendo.2018.00629.

11. Kust D, Matesa N. The impact of familial predisposition on the development of Hashimoto’s thyroiditis. Acta Clin Belg. 2018;20:1-5. DOI:
10.1080/17843286.2018.1555115.

12.Moon S, Chung HS, Yu JM, Yoo HJ, Park JH, Kim DS, et al. Associations between Hashimoto Thyroiditis and Clinical Outcomes of
Papillary Thyroid Cancer: A Meta-Analysis of Observational Studies. Endocrinol Metab (Seoul). 2018 Dec;33(4):473-484. DOI: 10.3803/
EnM.2018.33.4.473.

13.Karachentsev lul, Kazakova AV, Kravchun NA, I'ina IM, editors. 100 izbrannykh lektsii po endokrinologii. Kharkiv; 2009. Chapter, Autoim-
mune thyroiditis in adolescents. p. 372-378.

14.Meghil MM, Hutchens L, Raed A, Multani NA, Rajendran M, Zhu H, et al. influence of vitamin D supplementation on local and systemic
inflammatory markers in periodontitis patients: A pilot study. Oral Dis. 2019 Jul;25(5):1403-1413. DOI: 10.1111/0di.13097.

15.Kim D. The Role of Vitamin D in Thyroid Diseases. Int. J. Mol. Sci. 2017;18(9):1949.

16.Vieira IH, Rodrigues D, Paiva I. Vitamin D and Autoimmune Thyroid Disease-Cause, Consequence, or a Vicious Cycle? Nutrients. 2020
Sep 11;12(9):2791. DOI: 10.3390/nu12092791.

17. Stefani¢ M, Toki¢ S. Serum 25-hydoxyvitamin D concentrations in relation to Hashimoto’s thyroiditis: a systematic review, meta-analysis
and meta-regression of observational studies. Eur. J. Nutr. 2020 Apr;59(3):859-872.

18.Pankiv VI, Yuzvenko TYU, Pankiv IV. Type 2 diabetes mellitus and subclinical hypothyroidism: focusing on the role of cholecalciferol.
Problems of Endocrine Pathology. 2019;2:46-51.

19.Ferrari SM, Fallahi P, Antonelli A, Benvenga S. Environmental Issues in Thyroid Diseases. Front. Endocrinol. (Lausanne). 2017;8:50.

20.Unal AD, Tarcin O, Parildar H, Cigerli O, Eroglu H, Demirag NG. Vitamin D deficiency is related to thyroid antibodies in autoimmune
thyroiditis. Cent Eur J Immunol. 2014;39(4):493-7. DOI: 10.5114/ceji.2014.47735.

21.EIRawi HA, Ghanem NS, EISayed NM, Ali HM, Rashed LA, Mansour MM. Study of Vitamin D Level and Vitamin D Receptor Polymorphism
in Hypothyroid Egyptian Patients. J Thyroid Res. 2019 Aug 26;2019:3583250. DOI: 10.1155/2019/3583250.

22.Kaminskyi OV, Pankiv VI, Pankiv IV, Afanasyev DE. Vitamin D content in population of radiologically contaminated areas in Chernivtsi
oblast (pilot project). Problems of radiation medicine and radiobiology. 2018;23:442-451. DOI: 10.33145/2304_8336_2018_23_442_ 451.

23.Chao G, Zhu Y, Fang L. Correlation between Hashimoto’s thyroiditis-related thyroid hormone levels and 25-hydroxyvitamin D. Front.
Endocrinol. 2020;11:4.

24.Chahardoli R, Saboor-Yaraghi AA, Amouzegar A, Khalili D, Vakili AZ, Azizi F. Can supplementation with vitamin D modify thyroid
autoantibodies (Anti-TPO Ab, Anti-Tg Ab) and thyroid profile (T3, T4, TSH) in Hashimoto’s Thyroiditis? A Double Blind, Randomized Clinical
Trial. Horm. Metab. Res. 2019;51:296-301.

25.Behera KK, Saharia GK, Hota D, Sahoo DP, Sethy M, Srinivasan A. Effect of Vitamin D supplementation on thyroid autoimmunity among
subjects of autoimmune thyroid disease in a coastal province of India: A randomized open-label trial. Niger. Med. J. 2020;61:237-240.

26.Taheriniya S, Arab A, Hadi A, Fadel A, Askari G. Vitamin D and thyroid disorders: A systematic review and meta-analysis of observational
studies. BMC Endocr Disord. 2021;21:171.

27.Gao XR, Yu YG. Meta-Analysis of the Association between Vitamin D Receptor Polymorphisms and the Risk of Autoimmune Thyroid
Disease. Int. J. Endocrinol. 2018;2018:2846943.

28.Musa IR, Gasim Gl, Khan S, Ibrahim IA, Abo-alazm H, Adam I. No association between 25 (OH) vitamin D level and hypothyroidism among
females. Open access Macedonian journal of medical sciences. 2017;5(2):126-30.

29.Komisarenko YI, Bobryk MI. Vitamin D deficiency and immune disorders in combined endocrine pathology. Front Endocrinol. 2018;9:600.

30.Akdere G, Efe B, Sisman P, Yorulmaz G. The relationship between vitamin D level and organ-specific autoimmune disorders in newly
diagnosed type | diabetes mellitus. Bratislava Med J Bratislavske Lekarske Listy. 2018;119(9):544-9.

31.Pivtorak K, Yakovleva O, Pivtorak N, Fedzhaga |, Doroshkevich I. Metabolic features of adipose tissue and clinical significance of adipokins
in patients with non-alcoholic fatty liver disease (review). Georgian Medical News. 2021;316-317:135-141.

32.Wang X, Cheng W, Ma Y, Zhu J. Vitamin D receptor gene Fokl but not Taql, Apal, Bsml polymorphism is associated with Hashimoto’s
thyroiditis: a meta-analysis. Sci Rep. 2017;7(1):1-11.

33.Caristia S, Filigheddu N, Barone-Adesi F, Sarro A, Testa T, Magnani C, et al. Vitamin D as a Biomarker of Il Health among the Over-50s:
A Systematic Review of Cohort Studies. Nutrients. 2019;11:2384.

BITAMIH [, TA AYTOIMYHHUM TUPEOIAUT

NisTopak K. B., IBaHuyk O. B.

Pe3slome. Y pgaHilt poboTi NpoBeAeHO aHani3 CyvyaCHUX HAYKOBMX MiTEpaTypHUX AKepes WoAo MexaHi3mis
B33aEMO3B’A3KY MiX AediumTom BiTamiHy [, meTaboniyHMMK NOpYLIEHHAMM Ta PO3BUTKOM ayTOIMYHHOIO TUPEO-
ianTy. MpPOTArOM OCTaHHIX KiNbKOX AeCATUNITb ByN10 BUBYEHO BaXKAMBICTb BiTamiHy [l y pi3HOMaHITHMUX acneKTax,
He NoB’A3aHMX 3 POPMYBAHHAM CKe/leTy, BK/OYAOUM POsb BiTamMiHy [l y ayTOiMyHHMX 3aXBOPIOBAHHAX, MeTaboniy-
HUX CUHAPOMAX, CEPLLEBO-CYANHHUX 3aXBOPHOBAHHAX, PaKy Ta CMEPTHOCTI Bif, yCiX NpUYMH. Haa3BMYaiHO WMPOKKIA
CneKkTp aji BiTamiHy [l 06yMmOBNEeHWI HAABHICTIO Moro peuenTopis y 6araTbox TKaHMHax. BitamiH [, mae nepeLko-
[O)Kalounii BNIMB Ha BMPOBAEHHA 3aManbHUX LMTOKIHIB i paKTop HEKPO3Y NyxAnHKU. Kpim Toro, BiTamiH D cnpouyye
iHOYKUiO perynaTopHux T-KNiTUH, Wwob 3mMeHWnTN 3anexHi Big T-KAiTUH iIMyHHI BigNoBiAi npy ayToiMyHHMX 3axBo-
ptoBaHHSAX. MaLUieHTU 3 ayTOIMyHHUM TUPEOIANTOM MatoTb BUCOKY MOWMPEHICTb AediumTy BiTamiHy [, Wo BNAMBaE
Ha YacTOTy BUHUKHEHHS NOpPYLLIEeHb rOPMOHa/bHOT GYHKLiT i NPOrHo3 3axBoptoBaHHA. Y CTaTTi BUCBIT/IEHO pi3HOMa-
HiTHi BapiaHTV naTtoreHesy AediumnTy BiTamiHy [ i pO3BUTKY ayTOIMYHHOIO TMPEOIiANUTY. 3arajibHO BiZOMO, IO K-
TonoaibHa 3an03a — opraH, AKUIA € OAHIE0 3 NPOBIAHMX YaCTUH HEMPOEHAOKPUHHOI Ta IMYHHOI CUCTEMU, BU3HAYHE
3HAYeHHA AKOI 3MiMNCHIOETBCA HA PI3HMX eTanax XUTTA NtogMHU. HakonuyeHi gaHi ceigyaTh Npo Te, WO NopyLIeHHA
bYHKUjT WwmTonoaibHOoi 331031 NPU3BOAMTL A0 NOPYLLUEHHA 06MiHY peYoBMH B OpraHiami Ta BN/MBAE Ha AiANbHICTb
NPaKTUYHO YCiX opraHiB i cuctem. HayKoBi ZocniaKeHHA CTBEPAMKYIOTL, WO BiTamiH D Bigirpae Baxkansy posb y ¢pop-
MYBaHHI BignoBigen iMyHHOT CUCTEMM NPU PiI3HUX ayTOIMYHHMX, @ TAKOX 3aMasibHUX 3aXBOPIOBAHHAX, B TOMY YMCAI
i Npy ayToiMyHHOMY TUpeoianTi. BcTaHOBNEHO, WO BiTamiH D npuiimace yyacTb y audepeHuiaLii 1 yTBOPEHHi KAiTUH
Pi3HUX TKAHMH | OPraHiB, a TaKoX y npouecax popmMyBaHHA BigNoBiAi iIMyHHOI cucTemn. YUCNeHHUMU JOCNIAKEH-
HAMW [0BeAEeHO, WO AOCTAaTHA KOHLLeHTpaLiA BiTamiHy [l B opraHiami cnpuae npodinakTuLi po3BUTKY ayTOiMyHHNUX
NnopyLUeHb NPW Pi3HUX MNATONOTIYHMUX CTaHaX.

Kntouosi cnoBa: ayToiMmyHHWUI TMPeOoiauT, BiTamiH [, ayToiMyHHi 3axBoptoBaHHA, MeTaboniyHo-acouiioBaHi 3a-
XBOPIOBaHHSA, WuTonoAibHa 3an03a.
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VITAMIN D AND AUTOIMMUNE THYROIDITIS

Pivtorak K. V., lvanhuk O. V.

Abstract. An analysis of modern scientific literary sources about the mechanisms of the relationship between
vitamin D deficiency, metabolic disorders and the development of autoimmune thyroiditis was carried out in this
work. Over the past several decades, the importance of vitamin D in a variety of aspects unrelated to skeletal forma-
tion has been studied, including the role of vitamin D in autoimmune diseases, metabolic syndromes, cardiovascular
disease, cancer, and all-cause mortality. The extremely wide range of action of vitamin D is due to the presence of
its receptors in many tissues. Vitamin D has an inhibiting effect on the production of inflammatory cytokines and
tumor necrosis factor. In addition, vitamin D facilitates the induction of regulatory T cells to reduce T cell-dependent
immune responses in autoimmune diseases. Patients with autoimmune thyroiditis have a high prevalence of vitamin
D deficiency, which affects the frequency of hormonal dysfunction and the prognosis of the disease. The article high-
lights various variants of the pathogenesis of vitamin D deficiency and the development of autoimmune thyroiditis.
It is generally known that the thyroid gland is an organ that is one of the leading parts of the neuroendocrine and
immune system, the significant importance of which is carried out at various stages of a person’s life. Accumulated
data indicate that a violation of the function of the thyroid gland leads to a violation of the metabolism in the body
and affects the activity of almost all organs and systems. Scientific studies claim that vitamin D plays an important
role in the formation of immune system responses in various autoimmune and inflammatory diseases, including
autoimmune thyroiditis. It has been established that vitamin D takes part in the differentiation and formation of cells
of various tissues and organs, as well as in the processes of forming the response of the immune system. Numer-
ous studies have proven that a sufficient concentration of vitamin D in the body helps prevent the development of
autoimmune disorders in various pathological conditions.

Key words: autoimmune thyroiditis, vitamin D, autoimmune diseases, metabolic-associated diseases, thyroid
gland.
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