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artificial intelligence programs, which also raises many ethical issues, is revealed. Recommendations for the draft of
the future Ethical Code of Ukrainian nutritiologists are developed, taking into account international experience and
current realities of the activities of specialists providing advice on healthy eating.
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ENVIRONMENTAL FACTORS AFFECTING THE MORPHO-FUNCTIONAL

STATE OF THE THYROID GLAND
Danylo Halytsky Lviv National Medical University (Lviv, Ukraine)
lilysvyatotska@gmail.com

Thyroid hormones are vital for the normal functioning of all body systems, and therefore, knowledge of any factor
(genetic, environmental or internal) that alters the structural organisation of the thyroid gland or affects pituitary
thyroid-stimulating hormone (TSH) and thyroid hormone levels is extremely important. Genetic factors account for
up to 65% of the inter-individual variation in TSH and thyroid hormone levels, but many environmental and internal
factors can also influence thyroid morphology and function. This review analyses the results of studies on the impact
of external pathogenic factors on thyroid morphology, TSH and thyroid hormone levels in healthy adults. The effects
of smoking, alcohol consumption, diet, physical activity, and pollutants (chemicals and heavy metals) are considered.
Lifestyle factors (smoking, overweight) and iodine (a trace element supplied by the diet) showed the highest level of
influence on the morphological and functional state of the thyroid gland. Smoking leads to a decrease in TSH levels
and an increase in thyroxine (T4) and triiodothyronine (T3) levels. A relationship exists between body mass index
(BM) levels and TSH and free T3 levels. An increase in TSH levels and a decrease in thyroid hormone levels have been
observed after excessive iodine intake.

The study of the influence of genetic, environmental and internal factors on the morphology and function of
the thyroid gland is promising since the results of this scientific research can contribute to the understanding of the
complex interaction of structural and functional changes underlying the pathology of both thyroid diseases and
hormonal dysfunction.

Key words: thyroid gland, thyroid hormones, TSH, lifestyle factors, nutritional supplements.

Connection of the publication with planned re- Introduction.

search works.

The article is a part of the planned research work
of the Department of Normal Anatomy and Operative
Surgery with Topographic Anatomy of Danylo Halytskyi
Lviv National Medical University “Morphological and
functional features of organs in pre- and postnatal pe-
riods of ontogeny, under the influence of opioids, food
additives, reconstructive surgery and obesity” (state
registration number 0120U002129).

In recent decades, the prevalence of thyroid pa-
thology of various origins among the adult population
has reached enormous proportions. In recent years,
the level of endocrine diseases has tended to increase
both worldwide and in our country [1]. There is an in-
crease in the number of patients with various endo-
crinopathies, the most common of which are thyroid
disease and diabetes mellitus. Among the population
of Ukraine, thyroid diseases account for 51% of all en-
docrine pathologies [2].
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The thyroid gland plays an extremely important
role in regulating the body’s functions, especially con-
cerning metabolism and energy balance. It produces
thyroid hormones, such as thyroxine (T4) and triiodo-
thyronine (T3), which affect almost all cells in the body.
These hormones regulate metabolic rate, thermogen-
esis (heat production), growth and development of
organs and tissues, nervous system functioning, re-
productive system, cardiovascular system, and other
essential processes [3].

Insufficient or excessive thyroid hormone produc-
tion can lead to various diseases. Hypothyroidism,
which is characterised by low levels of thyroid hor-
mones, can lead to symptoms such as fatigue, weak-
ness, weight gain, depression and problems with
concentration [4]. Hyperthyroidism is characterised
by excessive hormone production and can lead to
symptoms such as nervousness, irritability, anxiety,
sudden weight loss, rapid heart rate and tremors [5].
The thyroid gland can also be the subject of other dis-
eases, such as nodules, inflammation or thyroiditis and
thyroid cancer. Despite the critical role of the thyroid
gland in regulating many metabolic processes, it is
quite vulnerable to the negative impact of factors from
both the environment and the body’s internal environ-
ment. Understanding the role of the thyroid gland in
the body’s functioning and the structure of these dis-
eases is essential for early diagnosis, treatment and
prevention of these pathologies.

The aim of the study.

To review and analyse modern sources of scientific
literature on the influence of environmental factors
on the structural organisation and levels of thyroid
hormones and pituitary thyroid-stimulating hormone
(TSH).

Main part.

The synthesis of thyroid hormones is regulated by
feedback mechanisms that are directly controlled by
the hypothalamus-pituitary-thyroid (HPT) axis. De-
creased levels of thyroid hormones lead to increased
synthesis of hypothalamic thyrotropin-releasing hor-
mone (TRH), which increases the release of thyroid-
stimulating hormone (TSH) by the anterior pituitary
gland. TSH stimulates the production of thyroid hor-
mones by thyrocytes [6]. The synthesis of thyroid hor-
mones involves the active uptake of iodine through the
sodium/iodine symporter (NIS), the production of thy-
roglobulin (Tg) and its iodination by the enzyme thy-
roid peroxidase (TPO). The thyroid hormones thyroxine
(T4) and triiodothyronine (T3) are released through the
proteolysis of Tg. T4 is released from the gland in much
larger quantities (in a ratio of approximately 14:1) [7].
However, the majority of T4 is converted to T3 in target
tissues (by the action of type 1 and type 2 deiodinases
(Diol and Dio2)) [8]. When released into the plasma,
thyroid hormones are bound to plasma proteins (over
99.7%), and only a small amount of hormones are un-
bound (free) (fT4 and fT3). The unbound form of thy-
roid hormones is biologically active [9]. Changes in the
levels of TSH and thyroid hormones may indicate a dis-
ruption of the thyroid gland’s normal function. Since
the prevalence of thyroid disease is very high (an es-
timated 12% of the USA population will develop thy-
roid disease in their lifetime [10]), understanding the

mechanisms underlying variations in TSH and thyroid
hormone levels is extremely important.

Studies of the effect of smoking on TSH and thyroid
hormone levels have shown a decrease in TSH levels
and an increase in T3 and T4 levels in smokers [11, 12,
13, 14]. Most studies observed an increase in thyroid
hormone levels after a decrease in TSH levels. There is
a link between smoking (measured by serum cotinine,
which is an objective indicator of smoke exposure) and
TSH levels. It was found that every ten ng/ml increase
in serum cotinine levels leads to a 1.4% decrease in
TSH levels [15]. It has also been observed that TSH
levels gradually increase after smoking cessation [16].
The mechanism by which smoking affects TSH and thy-
roid hormone levels has not yet been determined. It
is not surprising, as tobacco contains more than 4000
components. One proposed mechanism is that sodium
thiocyanate, formed from tobacco cyanide, inhibits io-
dide transport and thyroglobulin iodination (incorpo-
ration of iodine into thyroglobulin) [17]. Contact with
thiocyanate leads to a decrease in hormone synthesis.

Alcohol has been shown to have a toxic effect on
thyroid cells, which is believed to be the cause of
thyroid volume reduction in people who abuse alco-
hol [18]. A study that examined the impact of alcohol
consumption on thyroid hormone levels showed an in-
crease in TSH levels and a decrease in free T3 levels.
A positive correlation was found between free T3 and
the tendency to consume alcohol in patients with al-
coholism [19]. Other authors have found that thyroid
dysfunction in patients with alcoholism may be caused
by the “euthyroid syndrome” (ES) [20]. This syndrome
is characterised by a condition in which serum levels of
thyroid hormones are low in patients who have non-
thyroid systemic diseases but who are actually euthy-
roid. The diagnosis is based on the exclusion of hypo-
thyroidism.

Most studies of the effect of body mass index (BMI)
on TSH and thyroid hormone levels have found a posi-
tive correlation between BMI and TSH [21, 22, 23, 24]
and T3 levels [25, 26, 27]. Even high BMI in pregnant
women was associated with increased fetal TSH levels
and increased fetal thyroid weight. The relationship
between thyroid hormone levels and weight is well-
known in autoimmune diseases. Hyperthyroidism is
accompanied by weight loss, while hypothyroidism is
associated with weight gain [28]. Adipose tissue se-
cretes the hormone leptin, which is also involved in
the production of hypothalamic TRH and, accordingly,
the production of pituitary TSH [29]. There is a positive
correlation between leptin levels and BMI [30], so it
may be a reasonable explanation for why TSH levels
increase with BMI.

It has been established that diet can alter TSH and
thyroid hormone levels. The well-known deficiency of
iodine in the diet, which is considered the most com-
mon cause of hypothyroidism in the world [31], is not
addressed in the current professional literature, as the
problem of iodine deficiency has been significantly re-
duced by salt iodisation programmes [32]. However,
other dietary components that can alter TSH and thy-
roid hormone levels, such as soy, foods associated with
the development of endemic goiter, other foods (junk
food, seaweed), micro- and macronutrients, should be
considered.
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It is important to note that cyanogenic glycosides
[33] and flavonoids [34], found in many plant foods,
can alter TSH and thyroid hormone levels. The possible
anti-thyroid effect of soy-based foods (soy, tofu and
soy milk) has long been a subject of scientific attention.
Soy contains soy isoflavones, a subclass of flavonoids.
Isoflavones interfere with the work of TPO, an enzyme
involved in synthesising thyroid hormones [35]. Many
in vitro [35, 36] and in vivo studies [37, 38, 39] have
shown that soy isoflavones have a negative impact on
thyroid function in vulnerable groups, including people
with subclinical hypothyroidism, iodine deficiency (e.g.
during pregnancy) and thyroid disease.

Seaweed is often used in Asian cuisine. They in-
clude different types of algae (green, red and brown)
that accumulate iodine from the ocean. For example,
brown algae are the main accumulators of iodine in
the ocean [40]. While iodine deficiency causes hypo-
thyroidism, excess iodine can cause both hyperthy-
roidism and hypothyroidism [41]. Studies in healthy
adults have shown a sustained increase in TSH levels
after consumption of algae [42] or a temporary 150%
increase in TSH levels in healthy individuals after con-
sumption of algae (with unchanged free T4 levels),
which returned to normal within three days [43].

There are evidences that consumption of “junk”
food (fast food) [44] affects thyroid hormone levels.
Consumption of such foods leads to an increase in
weight (BMI) and insulin levels [45]. Increases in thy-
roid hormone levels have also been observed after
consumption of white bread [46] and pasta [45], while
consumption of wholemeal bread [46] has been shown
to decrease free T4 levels. In addition, consuming
bacon and sausages has increased free T3 and free T4
levels [46].

Many microelements also affect TSH and thyroid
hormone levels. Among vitamins, vitamin D has been
studied the most. Vitamin D binds to the vitamin D re-
ceptor (VDR) [47]. It is predominantly synthesised in
the skin when exposed to sunlight (95%), and only a
small amount is obtained from food (5%) [48]. VDR
receptors are found in the anterior pituitary gland.
Vitamin D, in addition to other pituitary hormones
[49, 50, 51], is believed to regulate TSH release [52].
In addition, VDR receptors have been identified in cul-
tured thyrocytes derived from rats [53]. The decrease
in TSH levels with higher vitamin D levels is thought
to result from increased thyroid hormone levels (due
to the stimulating effect of vitamin D on thyrocytes)
[54]. Many studies have shown a link between vitamin
D deficiency and autoimmune thyroid disease [55]. In
addition, a survey including pregnant women found a
positive correlation between TSH and vitamin D levels
[56].

Many minerals, including selenium, zinc, iron, cop-
per, and iodine, impact thyroid function. Selenium is
an essential trace element that is important for the
normal functioning of many proteins and enzymes
[57]. It is ingested through food, mainly meat, grains
and seafood. Selenium is essential for the functioning
of many enzymes (selenoproteins) involved in the syn-
thesis and metabolism of thyroid hormones, as well as
protecting against oxidative damage (the thyroid gland
has a high concentration of selenium) [58]. Selenium
deficiency has been observed among patients with be-

nign thyroid disease [59]. Therefore, selenium supple-
ments are used to treat various autoimmune diseases
of the thyroid gland.

It is well known that iodine deficiency disrupts the
normal functioning of the thyroid gland, but on the
other hand, high iodine intake can also cause prob-
lems with the morphological and functional state of
the gland. Although most healthy people can tolerate
high doses of iodine, it can lead to the development
of hyperthyroidism and even hypothyroidism in vulner-
able individuals [60]. Causes of excess iodine include
the consumption of excessive amounts of iodised salt
and seaweed [42, 43] and excessive doses of iodine
through water, milk, and food supplements containing
iodine. Studies of the effect of excessive iodine intake
on TSH and thyroid hormone levels in healthy adults
have shown increased TSH levels and decreased thy-
roid hormone levels [42, 43, 61].

Industrial chemicals and pesticides can disrupt the
normal functioning of the thyroid gland. These sub-
stances are classified as endocrine disruptors [62].
Polychlorinated biphenyls (PCBs) and polybrominat-
ed diphenyl ethers (PBDEs) are endocrine-disrupting
chemicals. Due to their structural similarity to thyroid
hormones, they can affect thyroid hormone signalling
pathways [62]. Other studies have shown that PCBs
bind to thyroid hormone receptors [63], and PBDEs
can affect thyroid iodide uptake [64]. PCBs have been
widely used as insulating fluids for electrical appli-
ances, as well as in many other industrial and con-
sumer products, such as copy paper, inks, and paints.
These substances were banned in the United States
in 1979 and again banned under the Stockholm Con-
vention on Persistent Organic Pollutants in 2001 [65].
However, these substances are persistent organic pol-
lutants that accumulate in the environment and the
body’s adipose tissue, so they can still have harmful
health effects [62]. Polybrominated diphenyl ethers
are also persistent organic pollutants and are still used
as fire-extinguishing agents. Their use is controlled by
the Directive 2002/95/EC on the restriction of hazard-
ous substances, which the European Union adopted in
February 2003. However, these chemicals continue to
pose a threat to human health.

Phthalates are among the most widely used chem-
icals in the world. They are mainly used as plasticis-
ers, i.e. substances added to plastics to increase their
flexibility, transparency, resistance and durability, to
soften polyvinyl chloride used in food packaging, coat-
ing the inside of food cans, toys, pipes, cosmetics, etc.
Since phthalates are not chemically bound to the ma-
terial, they can easily diffuse into food, water and air
[66]. Studies have shown that phthalate (DEHP) has an
antagonistic effect on the action of thyroid hormones
[67, 68]. In addition, studies on rats have shown that
phthalates cause histopathological changes in the thy-
roid gland, leading to decreased hormone levels [69].
Perchlorate is a chemical used in producing enamels,
paints, pyrotechnics, airbags and fertilisers, as well as
a food contact substance (so it can be found in vari-
ous foods, milk and water) [70]. Perchlorate reduces
iodine uptake by the thyroid gland as it is a sodium/
iodine symport inhibitor [71]. Healthy adults typically
experience decreased levels of T4 [72, 73] and T3 [72]
after exposure to perchlorate, while TSH levels may re-
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main unchanged [74, 75] or increase. It suggests that
perchlorate may initially affect thyroid hormones.

Studies have shown that pesticides, including insec-
ticides, fungicides and herbicides, alter normal thyroid
function [76, 77]. Pesticides affect the metabolism and
production of thyroid hormones [78]. Nitrates can be
found in vegetables grown in soil, as well as in surface
and groundwater. Due to the excessive use of fertilis-
ers, nitrate levels in food and water can increase in ag-
ricultural and industrial areas. The nitrate ion binds to
the sodium/iodine symporters, leading to low iodine
uptake in the thyroid gland [79]. Nitrate exposure has
been found to be associated with the risk of hypothy-
roidism [80, 81].

Heavy metals such as arsenic (As), cadmium (Cd),
lead (Pb) and mercury (Hg) are toxic substances that
affect the structural organisation and normal function-
ing of the thyroid gland. As is known to inhibit the ac-
tivity of thyroperoxidase (TPO) [82], cadmium affects
TPO activity [83, 84] and changes hormone metabo-
lism [83, 85]. Lead interferes with iodide absorption
by the thyroid gland [83] and affects thyroid hormone
metabolism [86]. Mercury affects the activity of TPO
[83, 84] and accumulates in thyroid tissues, can reduce
iodine uptake, leading to hypothyroidism [87].
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Conclusions.

The analysis of the scientific literature showed
that there is still considerable variability in the results
of studies of the impact of environmental factors on
the structural organisation and function of the thyroid
gland and TSH levels. The pollutant that has shown a
strong association with thyroid hormones is perchlo-
rate. Lifestyle factors (smoking, overweight) and io-
dine (a trace element supplied by the diet) showed the
highest level of influence on the morphological and
functional state of the thyroid gland. Smoking leads to
a decrease in TSH levels and an increase in T3 and T4
levels. A relationship exists between body mass index
(BMI) levels and TSH and free T3 levels. An increase in
TSH levels and a decrease in thyroid hormone levels
have been observed after excessive iodine intake.

Prospects for further research.

It is promising to study the influence of genetic,
environmental and internal factors on the morphology
and function of the thyroid gland, as the results of this
research can contribute to understanding the complex
interaction of structural and functional changes under-
lying the pathology of both thyroid diseases and hor-
monal dysfunction.

YNHHUKN HABKOJ/INLLIHbLOTO CEPEAIOBULLIA, LLO BN/IUBAIOTb HA MOP®O-
®YHKUIOHA/IbHUU CTAH WLUTONOAIBEHOI 3A/103U

JbBiBCbKMIA HaLiOHANbHUIT MeauUHMIA yHiBepcuTeT imeHi JaHuna MaauubKoro (m. /1bBiB, YKpaiHa)
lilysvyatotska@gmail.com

TupeoioHi 20pMOHU HUMMEBO HEOOXiOHI 0519 HOPMATbHO20 PYHKUIOHYBAHHS YCiX cucCmem op2aHi3my, a momy
3HAHHA 6Y0b-AK020 YUHHUKQ (2eHemu4yH020, HABKOAUWHb020 b0 8HYyMpPilWHb020), AKUU 3MIHIOE CMPYKMYypPHY
0p2aHi3ayito WumonodibHoi 3as103U YU 8MAUBAE HA PiBHI MUPEOMPONHO20 20pMOHY 2inogiza (TSH) ma mupeoioHux
20pMOHIB, € 8Kpali saxcausum. feHemuYHi YUHHUKU 3ymosesntooms 00 65% mircocobosoi sapiayii pieHie TSH ma
mupeoiOHUX 20PMOHI8, ase YUMA/O HABKOAUWHIX Ma 8HYMPIWHIX YUHHUKIB MAKOX MOXymb 8nausamu Hd
Mopgosoeito ma yHKUi wumonodibHoi 3aa103uU. Y yboMy 02750i NposedeHo aHAsi3 pe3ysbmamie 00CNiOHeHHs
8r1/1UBY 308HIWHIX NAMO2eHHUX YUHHUKI8 Ha Mopgosoeito wumonodibHoi 3aa03u, pieHi TSH ma mupeoioHux
20pMoOHie y 300posux Oopocaux awodell. Po3easHymo 8raus8 KypiHHA, COMCUBOHHA Q/IKO20/1H0, XAP4YYyBAHHS,
hi3u4HOI aKMUBHOCMI, @ MAKOM 306pyOHIO8AYI8 (XIMIYHUX PEYOBUH i 8aXKUX Memasnis). YUHHUKU criocoby ¥cumms
(KypiHHA, HAOMipHa 8aza) ma (iody (MiKpoenemeHm, w0 Ha0Xo0uUMb 3 Xap4y8aHHAM) NOKA3aaAU Halisuwuli piseHb
8rsusy Ha Mopgo-yHKUIOHANbHUL cmaH wumonodibHoi 3a103u. KypiHHA npu3eodume 00 3HUMeHHSA pieHA TSH
i 36inbweHHsA pieHA mupokcuHy (T4) i mpulioOmupoHiny (T3). ICHye 3anexcHicmb Mixc pigsHAMU iHOeKcy macu mina
(IMT) ma pieHamu TSH i ginbHozo T3. licns HAOMIipHO20 crioxcusaHHsA (iody bys10 8iomiveHo 36inbweHHs pigHa TSH
ma 3HUMCeHHS PieHA MupPeoiOHUX 20pMOHIE.

lNepcrnekmuUBHUMU € 00CMIOHEHHS 8MAUBY 2eHEMUYHUX, HABKOAUWHIX Ma 8HYyMPIilWHIiX YUHHUKI8 Ha MOpgo02ito
i ¢yHKYit0O WumonoodibHOI 3a703U, OCKiNbKU pe3ynbmamu 8KA3aH020 HAYKOB8020 MOWYKY MOXCYymb Crpuamu
PO3YMIHHIO CKAQOHOI 830EMOOIT CMPYKMypHUX Ma (PyHKUIOHAAbHUX 3MiH, W0 /Aexams 8 0CHO8i namosoeii aK
30X80PHBAHL WUMONO0iI6HOI 3a/103U, Ma i 8 NOpPyWeHHi 20pMOHANbHOT hyHKYiT.

Knrouoei cnoea: wyumonodibHa 3as103a, mupeoioHi 20pmoHuU, TSH, YUHHUKU criocoby ¥cumms, xap4yosi 006a8Ku.

38’A30K ny6niKauii 3 n1aHOBMMMU HAayKOBO-A40CIA-
HUMK poboTamu.

CTaTTA € YaCTMHOK NIAHOBOI HayKOBO-AOCAIAHOI
pob0oTK Kadeapn HopmasibHOI aHaTOMIi Ta onepaTUBHOI
Xipyprii 3 TonorpadiyHoto aHaToMmieto JIbBiBCbKOro Ha-
LLiOHANIbHOTO MEeAMYHOro yHiBepcuteTy iMmeHi [aHuna
lanuubkoro «Mopdo-PyHKLIOHaNbHI ocobanBocTi op-
raHiB y npe- Ta NOCTHaTa/bHOMY Mepiofax OHTOreHesy,

npv BNAMBI onioiais, xap4yoBux [06aBOK, PEKOHCTPYK-
TUBHWX ONepaLisx Ta OXKMUPiHHI» (HOMep AepKaBHOI pe-
ecTpauii 0120U002129).

Bcryn.

B ocTaHHI gecATMpivya NoWKUpPEHICTb NATONOTIT Wm-
TOonoAibHOI 3an103M pi3HOro reHesy cepes AOPOC/IOrO
HaceneHHA AocArNa Be/IMYe3HMX mMmaclwTabis. 3a ocTaH-
Hi POKW piBEHb EHAOKPUHHWX 33aXBOPIOBAaHb MAE TEH-
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OEHL0 A0 3pOCTaHHSA, AK Y BCbOMY CBITi, TaK i B HaLwin
neprkasi [1]. BiazHayatoTb 36inblIEHHA YMCNA XBOPUX Ha
pi3Hi eHAoKpUMHONaTIi, HabinbW NowupeHi cepes, HUX
— 3aXBOpPHOBaAHHA WMTONOAIBHOI 331031 Ta LYKPOBUNA
niabet. Cepen HaceneHHa YKpaiHM Ha 3axXxBOPHOBaHHA
wmMTonoAibHoi 3an03m npunagae 51% ycix eHZoKPUH-
HUX natonorin [2].

LntonoaibHa 3an03a BMKOHYE HaA3BUYAMHO BaXK-
NINBY PONb Y PeryatoBaHHi GyHKLiM opraHiamy, ocobnu-
BO, LLLO CTOCYETbCA OOMiHY PEYOBMH Ta eHEepPreTUYHoro
6anaHcy. BoHa BMpPObAsSiE TOPMOHM WMTOMOAIOHOT 3a-
103U, TaKi AK TUPOKCUH (T4) i TpunoATUPOHIH (T3), Aki
BM/IMBAlOTb HA Mai¥Ke BCi KNiTMHM opraHiamy. Lli ropmo-
HW PeryntooThb WBUAKICTb 0OBMiHY pe4yoBUH, TepMOoreHes
(TennonpoaykLuito), picT Ta PO3BUTOK OPraHiB i TKAHUH,
bYHKUiOHYBAHHA HEpPBOBOI CUCTEMW, PENPOAYKTUBHY
CUCTEMY, CEepLEBO-CYAMHHY CUCTEMY Ta iHLWI Ba*KNMBI
npouecu [3].

HepocTaTHiCTb ab0 HaA/NMLWOK NPOAyKyBaHHA rop-
MOHIB LWMTONOAIGHOT 3371031 MOXKe NpU3BOAUTU [0
Pi3HOMaHITHMX 3axBOpPIOBaHb. [iNOTMPEOD3, AKKIA Xapak-
TEePU3YETbCA HU3bKMM PiBHEM FOPMOHIB WMUTONOAIOHOI
3371031, MOXe NPU3BOAMTU OO0 PO3BUTKY CMMMTOMIB,
TaKMX AK BTOMa, cnabKicTb, 36inblleHHA Macu Tina,
nenpecia Ta npobsemn 3 KoHueHTpauieto yearu [4]. Ti-
nepTMpPeo3 XapaKTepusyeTbca HagMIPHUM BUPOD/EH-
HAM FTOPMOHIB i MOXe CMPUYMHUTU HACTYMHI CUMNTOMM
TaKi, AK HEPBO3HICTb, 4PaTiB/AMBICTb, TPUBOXKHICTb, pPi3Ka
BTpaTa Baru, NPUCKOPEHUIN cepLeBuii pUTM Ta TPEMOP
[5]. WwutonoaibHa 3an03a TaKoXK MOXKe ByTV npegme-
TOM iHLUMX 3aXBOPIOBAHb, TAKMX, AK BY3/10Bi YTBOPEHHSA,
3ananeHHA abo X TMPeoiamMT Ta paK WMToNoAibHoi 3a10-
31. He3BaKatoum Ha Baromy poJib WMTONoAibHOoI 331031
Y peryntoBaHHi 6aratbox 06MiHHMX NPOLECIB, OCTAHHA €
[0CUTb BPA3/IMBOIO A0 HEeraTMBHOIO BMNAMBY YMHHUKIB
AK HAaBKO/IMLLIHbOIO CepefioBULLA, TaK i BHYTPILUHbOTO
cepefoBuLLLa OpraHiamy. Po3ymiHHA poni wutonoaibHoi
3371031 y PYHKLIOHYBaHHI OpraHiamy Ta CTPYKTypi LuMX
3aXBOPIOBAHb € BAa*KNMBUM ANA PAHHBOI AiarHOCTUKK,
NiKyBaHHA Ta NPOQiNaKTUKN JAaHUX NATONOTIN.

MerTa gocnigyKeHHs.

Ornag Ta aHani3 cy4acHUX grKepen HayKoBoi nitepa-
TYPU, NPUCBAYEHUX SOCNIANKEHHIO BMMBY YNHHUKIB Ha-
BKO/IMLLIHbOIO CepeAoBMLLA Ha CTPYKTYPHY OpraHisaLito
Ta piBHi FOPMOHIB WMTONOAIGHOT 321031, @ TAKOXK TUPe-
OTPOMHOro ropMoHy rinogisa (TSH).

OcHOBHa YacTuHa.

CvHTE3 TOPMOHIB WMTONOAIOHOI 3an103M perynto-
€TbCA 3BOPOTHUMM MeXaHi3amMamu, Aki 6e3nocepesHbO
KOHTPO/IOE Bicb rinoTtanamyc-rinodis-wmuronoaiobHa 3a-
no3a (MTL). 3HMKEeHHs pPiBHA TOPMOHIB WMTONOAIBHOT
3271031 MNpPU3BOAMUTb A0 36i/NbLUEHOrO CUMHTe3y rinoTa-
NlaMiYHOro TMpPeOoTponiH penisuHr ropmoHy (TRH), wo
36i/blUyE BUAINEHHS TUPEOTPOMHOro ropmoHy (TSH)
nepegHboi Yactku rinogisa. TSH ctumyntoe BUPOOHU-
LUTBO TOPMOHIB LWMTOMNOAIOHOI 331031 TUpOLMTaMMU
[6]. CMHTE3 ropmoHiB 3an03Kn Nepenbayae akTMBHe 3a-
XOMNEHHA oAy Yepes cumnoptep Hatpito/oay (NIS),
BMPOBHULUTBO TUpeornobyniHy (Tg) i Woro MoayBaHHSA
dbepmeHTOM TUpeoigHoi nepokcnaasm (TPO). fopmoHu
wmTonoAibHoi 3an03n, TMPOKcUH (T4) i TpulioaTnpo-
HiH (T3), BMBINbHAIOTLCA Yepes npoTeonis Tg. T4 Bugi-
NAETbCA 3i 3a103M y Habarato 6inbwmx KinbKkocTax (y
cnieBigHoWweHHi npnubnunsHo 14:1) [7]. MNpoTe GinbLwicTb
T4 nepeTBoptoeTbCA B T3 B LLiIbOBUX TKAHWHAX (3a Aieto

neiogmHas tuny 1 i tuny 2 (Diol i Dio2)) [8]. Mig, yac
BUAINIEHHA B NAasMy FOPMOHU LWMTONOAIGHOI 331031
3B’A3aHi 3 6ifKamu nnasmu (noHazg 99,7%), i Anwe He-
BE/INKA KiNIbKICTb FOPMOHIB € He3B’A3aHMMMU (BiNIbHUMK)
(fT4 i fT3). He3s’A3aHa dopma ropMoHiB WUTONOAIOHOI
33,1031 € b6ionoriyHo akTMBHOLO [9]. 3MiHM B piBHAX TSH
i TOPMOHIB WMTONOAIOHOI 3371031 MOXKYTb BKa3yBaTW
peHiCcTb 3aXBOPOBaHb LWMTONOAiIOHOT 331031 AyKe BU-
coKa (ouiHto€eTbeA, Wwo 12% HaceneHHa CLUA possuBae
3aXBOPHOBAHHA LMTONOAIGHOT 32/103U NPOTATOM CBOFO
*uTTA [10], pOo3yMiHHA MexaHi3miB, W0 NeXKaTb B OCHOBI
Bapiauin piBHiB TSH Ta ropMoHiB 3371031 € HaA3BMYANHO
BaXK/IMBUM.

Mpn pocnigrKeHHi BNAMBY KypiHHA Ha piBHI TSH Ta
rOPMOHIB LWNTONOAIOHOT 331031 3ayBaXKMJ/IM 3HUMKEHHA
piBHA TSH Ta 36inbweHHsA piBHiB T3 Ta T4 y Kypuis [11,
12, 13, 14]. Y 6inbwocTi AocnigxKeHb Nicaa 3HUMKeHHA
piBHA TSH cnoctepiranu 36inblueHHA PiBHIB FOPMOHIB
wmTonoAibHoi 3a103u1. BiamiyaeTbea 38’A30K MiXK KypiH-
HAM (BMMIPAHUM 33 pPiBHEM CMPOBATKOBOFO KOTWHIHY,
AKMI € 06’ EKTUBHMM MOKA3HMKOM BNANBY AMMY) Ta PiB-
HAmM TSH. 3’acoBaHo, Wo KoskeH 10 Hr/mn 36inbleHHn
piBHA CMPOBATKOBOro KOTMHIHY MPU3BOAWUTb A0 3HW-
*KeHHs piBHiB TSH Ha 1,4% [15]. Takox 6yno nomiveHo,
Wwo piBHi TSH nocTtynoso 3pocTatoTb NicaA NPUNUHEHHSA
KYpiHHA [16]. MexaHi3m, 32 SKMM KypiHHA BN/AMBAE Ha
piBHi TSH Ta ropmoHiB WwuTonoaibHoi 3a103u, Lie He BU-
3HayeHui. Lle He AMBYE, OCKINbKM B TIOTIOHI MICTUTbCA
noHaa 4000 komnoHeHTiB. OAWH i3 3aNPONOHOBAHMX
MexaHi3MiB MONATaEe B TOMy, LLO TiOLiaHaT HaTpPito, AKUNA
YTBOPIOETLCA 3 LiiaHiAy B THOTIOHI, ralbMye TPaHCMOPT
nogmay Ta MoayBaHHA TMpPOrIobyniHy (BKAOYEHHA oy
[0 TMpornobyniHy) [17]. KoHTaKT 3 TiouiaHaTom Npu3Bo-
OVUTb A0 3HUXKEHHA CUHTe3y rOPMOHIB.

A/NIKOroNb MPOAEMOHCTPYBAB TOKCUMYHUIA BNAMB Ha
KNITUHM WMTONOAIBHOI 3271031, WO BBAXKAETbCA NpPU-
UMHOI 3MeHLIeHHs o6’emy wWMTONOAIGHOT 3an03U Y
Nofen, AKi 3/10B}KMBatoTb ankorosnem [18)]. AocnigkeH-
HA, WO BMBYANO BMN/INB CNOXMBAHHSA aNKOTONH0 HA PiBHi
rOPMOHIB 3271031, BKa3yBasio Ha 36inbweHHA piBHiB TSH
i 3MEeHLEeHHA PiBHIB BibHOro T3. BMABMAM NO3UTUBHY
KOPEensaLito MixK BinbHUM T3 i TEHAEHLLIEI A0 CNOXUBAH-
HS a/IKOTO/1t0 Y XBOPUX Ha ankoronism [19]. IHwi aBTopK
3’acyBanu, Wo AnchyHKLiA WwuTonoaibHoi 3a103M y XBO-
pUX Ha asIKoronism Moxke ByTW CNpPUYMHEHA «CUHAPO-
MoM eyTupeoiaHoi xsopobu» (CEX) [20]. Lei cuHapom
XapaKTepU3YyETbCA CTAHOM, NPU AKOMY PiBHi TOPMOHIB
WwMTONOAiI6HOI 3371031 B CMPOBATLL KPOBi € HU3bKUMMU Y
NALEHTIB, AKI MalOTb HETUPEOIAHI CUCTEMHI 3aXBOpPIO-
BaHHA, ane sKi ¢akTM4HO € eyTupeoigHumu. [iarHo3
IPYHTYETbCA HA BMKJ/IKOYEHHI rinoTUpeosy.

BinblicTb AOCNiAXKeHb BMNAMBY iHAEKCY Macu Tina
(IMT) Ha piBHi TSH Ta ropmoHis wwuTOnNoAibHOI 3an0-
31 BCTAHOBWJIM MO3UTUBHY KOPENAL0 MK 3HayeH-
Hamu IMT Ta TSH [21, 22, 23, 24] Ta piBHAMK T3 [25,
26, 27]. HaBitb BUCOKMI IMT y BariTHUX »KiHOK BUABMB-
cA nos’A3aHMM 3i 36inbleHHsM piBHIB TSH y nnoaa
i 36iNblIEHHAM Barn WMTOMOAIOHOI 3a103M y naoaa.
B3aeEMO03B’30K MiXK piBHAMM FOPMOHIB LWMTONOAIGHOT
3a/1031 Ta Barot fobpe Bigomuii B nepebiry aBToiMyH-
HUX 3aXBOpPOBaHb. [iNepTMpPeons cynpoBOAXKYETLCA BTPA-
TOO Baru, To4j AK rinoTMpeos nos’a3aHUi 3 MPUPOCTOM
Baru [28]. *KupoBa TKaHMHA BUAINSE TOPMOH JIENTUH,
AKUIN TaKkoXK 6epe ydacTb y BUPOBAEHHI rinoTanamiyHoro
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TRH i, BignosiaHo, BupobseHHi rinodizapHoro TSH [29].
ICHYE NO3UTUBHA KOpeAnAuia MiX piBHAMM nenTuHy i IMT
[30], Tomy Le moxKe BYTM XOPOLLIMM NOSICHEHHSAM, YOMY
piBHi TSH 36inbLwytoTbeA 3i 3pocTaHHaM IMT.

BcTaHOBANEHO, LLO AiETa MOXKe 3MiHIOBaTK piBHi TSH
Ta FrOPMOHIB wWmMTONoAibHoi 3ano3un. [obpe Bigomuit
nediunT Moay B paLioHi, WO BBaXA€ETbCA HaMnowwu-
peHilo NpuYMHOLO rinoTupeosy B cBiTi [31], y cyyac-
Hii daxoBiii niTepaTypi NPAaKTUYHO He PO3MNALAETLCA,
OCKiNIbKM npobnema aediunTy Moay 3HAa4YHO 3MEHLIU-
Nlaca 3aBAAKM Nporpamam nogyBaHHA coni [32]. Mpore,
BapTO B3ATU A0 yBaru iHWI KOMMNOHEHTU XapyyBaHHSA,
AKI MOXYTb 3MiHIOBATU PiBHI TSH Ta ropmoHiB wutono-
AOi6HOI 3a103M, TaKi AK cofA, NPOAYKTM, NOB’A3aHi 3 pos-
BUTKOM eHAeMIYHOro 300y, iHWi NPOAYKTU XapyyBaHHSA
(wkignmnea ixa, MOpCbKi BOAOPOCTi), MiKpo- Ta MaKpo-
enemeHTH.

BaKNMBO 3a3HAUNTK, WO LiaHOreHHi rniko3uam [33]
Ta ¢naBoHoign [34], AKi 3ycTpiyatoTbcA B LUIMPOKOMY
CNEeKTPi POCNMHHOI IXKi, MOXYTb 3MiHIOBATK PiBHI TSH Ta
rOPMOHIB WMTONOAIOHOI 3a103U. MOXANBUIA aHTULLU-
TONOAIBHNI edeKT NPoAyKTiB Ha OCHOBI coi (cos, Tody
Ta COEBE MOJIOKO) IOBIMIM Yac 3a/MLIaBCA 06’ EKTOM Ha-
YKOBOT yBaru. B coi mictaTbca coeBi i3odnaBoHM, nig-
Knac ¢pnaBoHoigis. 130¢pnaBoHM 3aBarkatoTb poboTi TINO,
bepmeHTy, Lo bepe yyacTb Y CUHTE3i FOPMOHIB LWMUTOMO-
AibHoi 3an03m [35]. baraTo in vitro [35, 36] Ta in vivo ao-
cnigxkeHb [37, 38, 39] nokasanu, WO COeBi i30¢p1aBOHU
MaloTb HEraTMBHWUIA BNAMB Ha OYHKLUjiO WwutonomibHoi
3a71031 Ntofei BpasanBMX rpyr, 30Kpema, ocib 3 cyokni-
HiYHMM rinoTupeosom, 3 gediuntom Moay (Hanpuknaa,
niZ, Yac BariTHOCTI) Ta 3 3aXBOPIOBAHHAMM WMTOMNOAIGHOI
3an10341.

MopcbKi BOAOPOCTi 4aCTO BMKOPUCTOBYHOTLCA B asi-
aTCbKil KyxHi. BOHW BK/OYalOTb Pi3Hi TMNM BogopocTei
(3eneHi, YepBOHI Ta KOPUYHEBI), AKi HAKONWYYHOTb MOA, 3
OKeaHy. Hanpuknaga, KopuyHeBi BOAOPOCTi, € OCHOBHM-
MW HaKonuyyBadamu ioay B okeaHi [40]. Xoua liogoae-
biUUT cnpuYMHAE riNOTUMPEO3, HAA/UWOK Moay MOXKe
CNPUYMHUTM AK TiNepTMpeos, Tak i rinotupeos [41].
[ocnigKeHHA 340pOBMX [OPOC/AMX MOKA3anM CTilKe
36inblueHHsA piBHA TSH nicns cnoKMBaHHA BOAOPOCTEN
[42], abo TMMmyacoBe 36inbweHHA piBHA TSH Ha 150% y
34,0pOBUX NtoAel MicNA CNOXMBaHHA BogopocTel (npwu
He3MiHEeHUX PiBHAX BinbHOro T4), ske nNoBepTanoca Ao
HOPMW MPOTATOM TPbOX AHiB [43].

ICHYIOTb A0KA3M, WO CMOMXMUBAHHA KLWKIAAMBOI» i
(dacT dya) [44], BnAMBAE HA PiBHi TOPMOHIB WMTOBUAHOI
3a/1031. CNoXKMBaHHA TaKol i NpusBoguTb A0 36i/b-
WweHHa Baru (IMT) Ta piBHiB iHcyniHy [45]. Takox cno-
cTepirann 36iNblUeHHS PiBHIB TOPMOHIB LWMTONOAi6HOT
3371031 Micnsa cnoskusaHHA 6inoro xniba [46] Ta nactu
[45], Toai AK cno*KmMBaHHA xNiba 3 UinbHO3epHOBOro 60-
polwHa [46] NpU3BOAUTbL A0 3HUMKEHHSA PiBHIB BibHOrO
T4. Kpim Toro, 6yn10 nokasaHo, Lo CNOXKMBAHHA BEKOHY
Ta KoBH6aCoOK NpM3BOAUTL A0 36iblIEHHA PiBHIB BiNbHO-
ro T3 Ta BinbHoro T4 [46].

baraTo mikpoenemeHTiB TaKOX BM/IMBAIOTb Ha PiBHi
TSH Ta ropmoHiB wuTonoAibHoi 3an103u. Cepeps, BiTami-
HiB Halbinblwe gocnigyKysann BiTamiH D. Bitamin D gie
LWNAXOM 3B’A3yBaHHA 3 peuenTopom BiTamiHy D (VDR)
[47]. BiH nepeBa*KHO CMHTE3YETHLCA B LLUKIipi NpW BMAU-
Bi COHAAYHOrO cBiT/Na (95%) i NMWe HeBeAUKA KiNbKicTb
oTpumyeTbea 3 ixeto (5%) [48]. Peuentopu VDR Buns-
NleHi y nepeaHin vacTui rinogisy, BBaXKaeTbcA, WO Bi-

TamiH D, Kpim iHWKMX rinodiszapHux ropmonis [49, 50,
51], Takox peryntoe BugineHHsa TSH [52]. Kpim Toro, pe-
uentopu VDR BUABAEHI B KyNbTUBOBAHUX TUPEOLUTAX,
OTpUMaHKX Big wypis [53]. 3MmeHLwWweHHA piBHA TSH npu
BMLOMY BMICTi BiTamiHy D BBakaeTbcA pesynbraTom
36iNbLUEHHA PiBHA TOPMOHIB WMTONOAiI6HOT 3a103M (K
pe3ynbraT CTUMY/IHO0YO0ro BNAMBY BiTamiHy D Ha Tupe-
ouuntK) [54]. barato gocAigMKeHb NoKasaam 38'A30K MiXK
aediumtom BiTamiHy D Ta aBTOIMyHHMMM 3aXBOPHOBAH-
HAMM WMTONOAibHOI 3an03mM [55]. Kpim Toro, y mocni-
[OKEHHI, IKe BKNKOYANO0 BariTHUX XKiHOK, byna BuaBneHa
NO3UTUBHA KopenAauia MixK piBHAmMKM TSH Ta BiTamiHy D
[56].

BaraTo miHepaniB maloTb BNAMB Ha QYHKLiO WUTO-
noAibHoi 3a103K, 30Kpema cefieH, UMHK, 3ani30, Migb
Ta oa. CeneH € HEOBXigHUM MiKpoenemeHTOM, KU
€ BAaXKNMBUM AN HOPMaNbHOTO QYHKLiOHYyBaHHA bGa-
ratbox b6inkiB Ta ¢depmeHTie [57]. BiH Haaxoautb A0
opraHi3my 3 ixeto, nepeBaXkHo 3 M’Aca, 3epHa Ta Mmope-
npoAyKTiB. CeneH Ma€ BaXKNMBe 3HaYeHHA Ana QyHKLI-
OHYyBaHHA baraTbox GepmeHTiB (cenieHonpoTeiHiB), AKi
6epyTb y4yacTb y CMHTE3i Ta MeTaboni3mi ropMOHIB LUK-
TONoAibHOT 3201031, @ TAaKOX 3axXMLLAOTb Bif, OKUCHOTO
NOLWKOAMKEHHA (WMTONOAIOHA 331032 MA€E BUCOKY KOH-
ueHTpauito ceneny) [58]. Cnoctepiranu aediunt ceneny
cepen, NaLieHTIB 3 AOOPOAKICHUMM 3aXBOPIOBAHHAMM
wmTonoaibHoi 3an03u [59]. Tomy ceneHoBi AOMNOBHEHHS
BUKOPMUCTOBYOTbCA 418 NiKYBAHHA Pi3HUX aBTOIMYHHUX
3aXBOPIOBAHb LWMTONOAIOHOI 3a71031.

Jobpe Bigomo, wo aediunt oy nopyluye Hop-
ManbHe GYHKLIOHYBaHHA WMTONOAIGHOI 3a103K, ane,
3 iHWOro 60Ky, BUCOKE CNOMKMBAHHA 04y TaKOX MOXKe
CNPUYNHUTM Npobiemn 3 MopdO-PYyHKLLIOHANbHUM CTa-
HOM 3an103K. Xo4a b6inblicTb 340p0oBUX Ntogen aobpe
nepeHocATb BENUKI [03M Moay, NpoTe y Bpasamnsmux ocib
Le MOXe Npu3BecTu 40 PO3BMTKY rinepTMpeosy Ta Ha-
BiTb rinotupeosy [60]. MpuuMHaMK HaOAULLIKY Moay €
CMNOXKMBAHHA HAAMIPHOI KiNIbKOCTI Mog0BaHOI coni, Mop-
CbKUX BogopocTel [42, 43], HaAUWKOBUX O03 oay
yepes BOAY, MOJIOKO Ta Xap4yoBi A06aBKM, WO MICTATb
nop. Pesynbtatn pocnigeHb edekTy HaA/MWKOBOroO
CMOXKMBaHHA Moay Ha piBHi TSH i ropmoHiB wmTonoai6-
HOI 3371031 Yy 340POBUX AOPOCAUX MOKA3anMn 36inbLueH-
HA piBHA TSH Ta 3HMKEHHS PiBHIB TOPMOHIB LMTONOA,i6-
Hoi [42, 43, 61].

MpoMUCNOBI XiMiYHI PeYOBMHM Ta NeCTULUOM MO-
YTb NOPYWUTN HOpMasbHY PoboTy WMTONoAi6HOT 3a-
nosn. Li pe4yoBUHM KNacndikyoTbCA AK CMOMYKM, LWLO
PYHYIOTb €HOOKPUHHY cuctemy [62]. MonixnopoBaHi
6ipeHinn (PCBs) i nonibpomoaHi audeHinosi edipu
(PBDES) € XiMiYHUMM peUOBMHAMM, LLLO MOPYLUYHOTb EH-
OOKPUHHY cucTeMy. Yepes CTPYKTYPHY CXOXKiCTb 3 rop-
MOHaMU LWMTONOAIOHOT 331031, BOHM 34aTHi BMN/MBATH
Ha CUTHa/IbHI LWASXM FOPMOHIB LWMTONOAIOHOI 331031
[62]. B iHWwnx pocnigxeHHax 6yno nokasaHo, wo PCBs
3B’A3yl0TbCA 3 peLenTopamy FrOpPMOHIB LMTONOAiBHOT
3as103u [63], a PBDES MoKyTb BN/IMBATU Ha MOMMHAH-
HA Mogmay wutonoaibHoto 3an030to [64]. PCBs wupoko
BMKOPMUCTOBYBAIUCA AK i30/1H00M1 PIANHUN ANA eNeKTpuY-
HUX NPUAALIB, @ TAKOXK B BaraTboXx iHWMX NPOMMUCIOBUX
i CMOXKMBYMX TOBapax, TaKMX AK Manip ANA KONitOBAHHSA,
yopHuna, bapbu. BkasaHi pevoBuHN 6ynn 3a60poHEHi Y
CnonyuyeHux LTtaTtax y 1979 poui i 3HoBy 3a60opoHeHi B
pamkax CTOKro/IbMCbKOT KOHBEHLLiT NpOo CTilMKi opraHiyHi
3abpyaHtoBayi y 2001 poui [65]. OgHak Wi peyoBUHU €
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NepCUCTEHTHUMM OPraHiYHMMKM 3abpyaHioBaYaMK, AKi
HAKOMWYYOTbCA B HABKOJIMLLIHbOMY CEPEAOBULLI Ta KN-
POBI TKAHWHI OpraHiamy, TOMy BOHM BCE LLE MOXYTb
MaTU WKignmei sBnameuM Ha 3go0pos’a [62]. Monibpo-
MOBaHi AndeHinosi edipn TakoXK € NEPCUCTEHTHUMM
opraHiyHMmmn 3abpyaHioBaYamu, i Bce Lie BUKOPUCTO-
BYIOTbCA AK 3acObM racCiHHA MOXeXi. IX BUKOpUCTaHHA
KOHTPO/IIOETbCA AnpekTnsoto 2002/95/EC woao obme-
YKEHHA BMICTY WKIAIMBUX PEYOBUH, AKa Byna NpuHATa
€sponelicbkum Cotozom y totomy 2003 poKy. MpoTe, ui
XiMiYHi CMOAYKM NPOAOBXKYIOTb CTAHOBUTU 3arposy AnA
300p0B’A NOANHN.

dTanatm BXo4ATb 40 YMCNA HAMBINbLL NOWNPEHUX Xi-
MiYHWX CMOAYK Y CBITi. BOHN NepeBa*KHO 3aCTOCOBYIOTb-
€A AK nnacTndikatopu, TO6TO PeYoBUHM, WO A0AAOTHCA
[0 NnacTMac A4 NigBULLEHHA iX THYYKOCTi, MPO30pocTi,
BMTPMBA/IOCTI Ta AOBroBiYHOCTI, A1A NOM AKLWEHHA NO-
NiBiHINXN10pPUAY, WO MICTUTBCA B YNAKOBL AAa iXKi, no-
KPUTTi BHYTPILLIHbOI NOBEPXHi BAaHOK ANA i, irpalukax,
Tpybax, KocmeTuui i T. 4. OcKiNbKku dTanaTn He 38’A3aHi
XiMiYHO 3 MaTepianom, BOHM MOXKYTb 1erko audyHayBa-
TW B i’Ky, BOAY Ta NoBiTps [66]. B focniaskeHHAX 6yno no-
Ka3aHo, Wwo ¢tanat (DEHP) mae aHTaroHicTUYHWI BNAMB
Ha A0 TOPMOHIB WMTONOAI6HOT 3an103K [67, 68]. Kpim
TOro, AOCNIAMKEHHA Ha Wypax MoKasanu, wo ¢Tanatu
CNPUYMHAIOTL FICTONATOMONYHI 3MiHM B LWMTONOAIOHIN
3a103i, WO NPM3BOAMUTbL 40 3HUKEHHA PIBHA il TOPMOHIB
[69]. Nepxnopat € XiMiYHOIO PEYOBUHOI, KA BUKOPUC-
TOBYETLCA NPU BUPOBHULUTBI emani, dapb, nipoTexHiu-
HUX BMpo6IB, NoaylwoKk H6e3nekn Ta AobpuB, a TaKoXK
AK PEYOBMHA, L0 KOHTAKTYE 3 iKeto (ToOMy BOHa MoKe
noTpansATK B Pi3Hi NPOAYKTWU Xap4yyBaHHA, MOJIOKO Ta
BoAy) [70]. NMepxnopaT 3MeHLYE NOMIMHAHHA oAy K-
TonoAibHO 33103010, OCKiNIbKM BiH € iHFiBITOpOM CUM-
noprtepa Hatpito/ioay [71]. Y 340pOBUX AOPOCAMX, AK
npaBuo, CNocTepiraloTb 3HUMXKEHHA piBHIB T4 [72, 73] i
T3 [72] nicha BnAnBy nepxsiopaTy, ToAai Ak piBHi TSH mo-
KyTb 3annwatnca 6es 3amiH [74, 75] abo 36inblysaTmcA.
Lle cBiguMTb NpO Te, WO, MOXKIMBO, MEPXI0PAT CNOYATKY
BMN/IMBAE HAa FOPMOHMU LMTONOAIGHOT 3a/7103M1.

Jocnig)eHHA nokasanu, Wwo nectuuman, BKIKOYa-
UM iHceKTUUMAK, GyHriumMamn Ta repbiumam, smiHoTbL
HopManbHy OYHKLUilO wuTonoaibHoi 3ano3um [76, 77].
MecTMuman BNAMBAOTL Ha MeTaboniam Ta NpoayKuito
rOPMOHIB WMTONOAIBHOT 3a0103K [78]. HiTpaTn MOXKyTb
MiCTUTMCA B OBOYAX, LLLO BUPOLLYIOTLCA B FPYHTI, @ TAKOXK

y NMOBEPXHEBUX Ta FPYHTOBMX BOAAx. Yepes HaamipHe
BMKOPUCTAaHHA A06pwWB, Yy CibCbKOrOCNOAAPCbKUX Ta
NPOMMWC/IOBUX PalioHax piBEHb HIiTPaTiB y iKi Ta BOAi
MOXe 3pocTaT. loH HiTpaTy 3B’A3yeTbCA 3 cMmMopTe-
pom HaTpito/Moay, WO NPU3BOAMUTL A0 HU3bKOMO 3axo-
NAeHHA oAy B WMTOMNOAiIBHIN 3an03i [79]. BussneHo,
WO BMAMB HITPATiB MOB’A3aHUN 3 PU3UKOM PO3BUTKY
rinotupeosy [80, 81].

Bakki meTanu, Taki Ak apceH (As), kagmin (Cd), cau-
Heupb (Pb) i pTyTb (HE), € TOKCMYHUMM pedyoBUHAMMU, SKI
BM/IMBAlOTb Ha CTPYKTYPHY OpraHisauio Ta HopmanbHe
dYHKUiOHYBaHHA WwuTonoAibHoi 3an03u. Bigomo wwo As
raJbMye aKTUBHICTb TUpeonepoKkcmaasu (TPO) [82], kaa-
Milt BNIMBaE Ha akTUBHIcTb TPO [83, 84] i 3miHI0E 0O6MiH
ropmoHiB [83, 85]. CBMHeUb MEepPeLIKOAXKAE BCMOKTY-
BaHHI0 Moguay wutonogibHotwo 3ano3oto [83] i BNaMBaE
Ha 0bMmiH TUpeoigHMX ropMoHiB [86]. PTyTb BN/MBaE Ha
aKkTMBHicTb TPO [83, 84] Ta HAaKOMWUYYETLCA Y TKAHUHAX
LWMTONOAIOHOI 331031, MOXKE 3HUMKYBATM 3aXOMNIEHHA
Heto oAy, Wo NpusBoauTb 40 rinotupeosy [87].

BucHoBKM.

MpoBeaeHNin aHani3 HayKoBOI NliTepaTypun NMoKasas,
LLLO BCE LUe iCHYE 3Ha4YHa BapiabenbHicTb pe3ynbTaTiB Ao-
CNiAXKEHHAMM BNAMBY HAaBKONIMLLIHIX YAHHUKIB Ha CTPYK-
TYpHY opraHisauito Ta ¢yHKLito WwWuTonoaibHoi 3a103u,
piBeHb TSH. 3abpygHioBayem, AKUIA BUABUB CTiKUI
3B’A30K 3 FOPMOHAMM LMTOMNOAIOHOI 3a7103M, € Nepx/Io-
paT. Y4HHMKM cnocoby KuTTA (KypiHHA, HagmipHa Bara)
Ta roay (MiKkpoenemMeHT, Wo HaAX0AMUTb 3 XapuyBaHHAM)
NoKasa/iv HalBULWKI piBeHb BNAMBY Ha MOPdO-YHKL-
OHaNbHUI CTaH WMTONOoAiI6HOI 3a1031. KypiHHA npu3so-
OUTb [0 3HUKeHHA piBHA TSH i 36inbweHHA piBHA T3 Ta
T4. ICHYE 3aNeXHICTb MiXK PIBHAMM iHAEKCY Macu Tina
(IMT) Ta piBHAMM TSH Ta BinbHoro T3. Micna HagmipHoro
CNOXKMBAHHA Moady byno BiamiueHO 36inblUeHHA PiBHA
TSH Ta 3HUXKEHHA PiBHA TUPEOILHNUX TOPMOHIB.

MepcnekTMBM NOAANBLUNX [OCNAXKEHD.

MepcnekTUBHUMWN € JOCAIAKEHHA BNAUBY reHeTUY-
HUX, HaBKOJIMLWIHIX Ta BHYTPIWHIX YMHHUKIB Ha MOp-
donorito i yHKUit0 WMTONOAIOHOI 3371031, OCKINbKM
pe3ynbTaTM BKA3aHOro HAyKOBOrO MOLUYKY MOXKYTb
CNPUATN PO3YMIHHIO CKNALHOI B3aEMOZii CTPYKTYPHMX
Ta PYHKLIOHANbHMX 3MiH, LLLO IeXaTb B OCHOBI NaTonorii
AK 3aXBOPHOBAHb LMTONOAIOHOI 3371031, Ta i B NOPYLUEH-
Hi rOpMOHaNbHOI PYHKLT.
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TONOAIBEHOI 3AN03U

CeatoubKa J1. O.

Pe3tome. B cTaTTi HaBegeHWI aHani3 cy4acHOi HayKOBOI NiTepaTypu WoOAO BRAAUBY YMHHUKIB HAaBKONMULLHLOIO
cepegosulLa Ha Mopdo-dyHKLiOHaNbHUI CTaH WMTONOAIOHOT 321031, BpaxoBytoum BE/IMKY NOLLIMPEHICTb NATONOrIN
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LWMTONOAIOHOI 3371031, PO3YMiHHA MEXaHi3MiB, L0 NeXKaTb B OCHOBI il po60TK € HaA3BMYANHO HeobxiaHUMK. CUH-
Te3 rOPMOHIB LLMTONOAIGHOT 321031 PeryntoeTbCA 3BOPOTHUMM MexaHi3Mamu, AKi besnocepesHbO KOHTPOIOE Bicb
rinotanamyc-rinogis-wmronoaibHa 3a103a TOMy 3MiHM Ha Byab-AKUX GYHKLiOHANbHUX PiBHAX MOXYTb BKa3yBaTK Ha
BaHHA NaTO/NOMYHUX CTAHIB A1A 3abe3neyeHHA ONTUMANbHOIO 340PO0B’A WMTONOAI6HOT 3271031 | GYHKLIOHYBaHHSA
BCbOrO OpraHiamy. MeToto LbOoro ornaay € HaAaHHA BCEBIYHOTO yABNEHHA NPO NiTepaTypy, Lo PO3rNALAE BMNIMB HA
LWMTONOAI6HY 33103y Pi3HOMAHITHMX GaKTOPiB HABKONULLHBOIO cepefoBmLLa, CNOCOBY KUTTA, HeAOCTaTHbOro abo
HaZMIPHOIO CNOXMBaHHA MoAy Ta cefleHy, HeAOCTaTHOCTI BiTamiHy D, TIOTFOHOMANIHHA, BNMBY Xap4yoBWUX A06aBOK,
HITPaTIB, TOKCMYHUX XiIMIYHUX CMIOMYK Ta BAaXKKMX MeTaiB.

MpoBeaeHWin aHani3 NoKasasg, WO BCe LWe iCHYe 3Ha4YHa BapiabesibHICTb pe3ynbTaTiB AOCNIAKEHD BNIMBY YMH-
HWKIB HAaBKO/IMLWIHBbOIO CEPEfOBULLA HA CTPYKTYPHY OpraHisauito Ta dyHKLio wuTonoaibHoi 3ano3u, piseHb TSH.
3abpyaHoBavem, AKU BUABMB CTIMKUI 3B’A30K 3 rOPMOHaMM LLUTOMNOLIOHOI 331031, € nepxaopat. Y4HHMKM cnoco-
Oy XUTTA (KypiHHA, HaAMipHa Bara) Ta o4y (MiKpoenemeHT, Wo HaAX0ANUTb 3 XapuyyBaHHAM) NOKa3aan HauBULMIA
piBeHb BNAMBY Ha MOPdO-OYHKLiOHaNbHUIA CTaH WMTONOAIOHOT 3a103U. BigmiyaeTbcs AesaKa KOHTpaBepCiltHicTb A0-
CRifXeHb LWOAO A03M XapyOBUX A00aBOK, LLLO CMOXMBAETLCA B iXKY MOCTIMHO, i 3a AKUX YMOB BOHM YMHATDL LWIKiAAN-
BW BMNJINB 418 340POB’A.

MepcnekTUBHUMM € AOCAIAKEHHSA BNNBY FEHETUUYHMX, HABKOIULLHIX Ta BHYTPILWHIX YNHHWKIB, OCKiZIbKK pe3ynb-
TaTW HAYKOBOTO MOLUYKY CAPUATUMYTb KPALLOMYy PO3YMIHHIO B3AEMOZIT CTPYKTYPHUX Ta OYHKLIOHANBbHUX 3MiH, LLO
JiexkaTb B OCHOBI NaTOANOTIi WMTONOAIOHOT 33271031, TaK i B MOPYLWEHHI ropMOHabHOT QYHKLi.

KntouoBsi cnoBa: wutonoaibHa 3an03a, TMpeoigHi ropMoHu, TSH, YUNHHUKK cnocoby KUTTA, XxapyoBi 4obaBKu.

ENVIRONMENTAL FACTORS AFFECTING THE MORPHO-FUNCTIONAL STATE OF THE THYROID GLAND

Sviatotska L. O.

Abstract. The article provides an analysis of up to date literature review regarding the impact of environmental
factors on the morpho-functional condition of the thyroid gland. Given the high prevalence of thyroid pathologies,
understanding the mechanisms of underlying its functioning is of utmost importance. Thyroid hormone synthesis
is regulated by the feedback mechanisms directly controlled by the hypothalamo-pituitary-thyroid axis, so changes
at any functional level can indicate disruptions in its normal operation. It is essential to focus on prevention, early
diagnosis and treatment of pathological conditions to ensure optimal thyroid health and overall body functioning.

The aim of this review is to provide a comprehensive overview of literature discussing the influence of various
environmental factors, lifestyle, inadequate or excessive iodine and selenium consumption, vitamin D deficiency,
smoking, the impact of dietary supplements, nitrates, toxic chemical compounds, and heavy metals on the
thyroid gland. The analysis conducted reveals significant variability in research results concerning the impact of
environmental factors on the structural organization and function of the thyroid gland and TSH levels. The pollutant
that demonstrated a consistent association with thyroid hormones is perchlorate. Lifestyle factors (smoking,
excessive weight) and iodine (a micronutrient obtained from the diet) exhibited the most significant influence on the
morpho-functional state of the thyroid gland. Some controversy exists regarding the dosage of dietary supplements
consumed regularly and under what conditions they have a detrimental impact on health.

Research on the influence of genetic, environmental, and intrinsic factors is promising since the results of
scientific inquiry will contribute to a better understanding of the interaction between structural and functional
changes underlying thyroid pathology and hormonal dysfunction.
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