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Aim. To investigate the content of iodine (1), selenium (Se), zinc (Zn), magnesium (Mg), calcium (Ca) and vitamin D, the thyroid ~ Keywords:
volume and thyroid functional state in patients with autoimmune thyroiditis (AIT) and subclinical hypothyroidism (SCH), to  autoimmune
assess the elemental supply, possibilities and feasibility of preventive and therapeutic use of micro- and macronutrients in  thyroiditis,

the early stages of the disease. subclinical

. . - ) hypothyroidism,
Materials and methods. 134 people were examined (13 men, 121 women). Within the entire sample, 2 groups were microelements
formed depending on the presence of functional and laboratory signs of the disease: 1st — control group consisted of 53 macroelementé
healthy individuals without endocrine pathology, average age — 37.9 £ 11.8 years, of which 8 were men (15.10 %), and ioduria, Se, Mg ’Ca
2nd group with AIT and SCH - 81 people, average age — 40.0 + 11.1 years, of which 5 were men (6.17 %). Anthropometric vitamin’ D. e

parameters were determined: age, sex, height, weight, body mass index; thyroid functional state: total thyroid volume,

concentration of thyroid-stimulating hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3), level of antibodies to )

thyroid peroxidase (TPOAD), level of antibodies to thyroglobulin (TgAb): level of micro- and macroelement: | in urine, Se, ~ Pathologia.
RN 2025;22(2):127-133

Mg, Ca, vitamin D in serum.

Results. In the group with AIT and SCH, a significant (p < 0.001) increase in thyroid volume, TSH, TPOAb and TgAb levels
and a significant decrease in thyroid hormones T4 (p = 0.008), fT3 (p < 0.001) were found compared to the control group. In
both groups, a slight iodine deficiency in the urine and a deficiency of vitamin D in the serum compared to reference values
were noted. In the group of patients with AIT and SCH, a significant decrease in Se (p = 0.016), Mg (p < 0.001) and total Ca
(p<0.001) was found compared to the control. A pronounced positive correlation of Se /| (r = 0.691) was found. The statistically
significant Odds ratio of AIT progression and overt hypothyroidism with reduced Mg content is OR =2.80 (95 % CI 1.29-6.09,
p = 0.0094), with reduced Ca content — OR = 7.68 (95 % Cl 2.77-21.30, p = 0.0001).

Conclusions. The group with AIT and SCH and the control group have a weak iodine deficiency in the urine and vitamin D
deficiency in the blood serum compared to normal reference values, which indicates a general population deficiency. In the
group of patients with AIT and SCH, a significant decrease in serum Se, Mg and total Ca was found compared to the control. A
significant positive correlation Se /| (r = 0.691) indicates the relationship of these trace elements and confirms their combined
effect on the development of autoimmune disorders and thyroid hormonal changes. A high risk of progression of AT and overt
hypothyroidism exists with reduced Mg and Ca content.

BmicT mikpo- Ta MakpoeAreMeHTiB y nauieHTiB 3 aBTOiIMYHHUM TUPEOIAUTOM Kntouosi croga:
i cy6KAIHIiYHMM rinoTMpeo3om e
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Merta po6oti - gocniauTy BMICT ofly (1), ceneHy (Se), LuHKy (Zn), markito (Mg), kanbito (Ca) Ta BitamiHy D, 06'em Ta tyHk-  MIKPOBAEMEHTH,

uioHanbHWI cTaH WwyTonoai6Hoi sanosm (LL3) y nauienTia 3 aBToiMyHHUM TpeoinuTom (AIT) Ta cy6kmiHiuHMM rinoTupeosom  MAKPOBAEMEHTH,
(CKT"), oLiHUTY eneMeHTHe 3abe3neqeHHs!, MOXIMBOCTI Ta AOLMbHICTL MPEBEHTUBHOO Ta MikyBanbHOMO 3aCTOCYBaHHS MIKpO- mgAypm,DSe, Mg, Ca,
BiTamiH D.

Ta MaKpOHYTPIEHTIB HA paHHiX eTanax 3axBOPHOBaHHS.

Marepianv i metoan. O6cTexunm 134 oci6: 13 vonosikis i 121 XiHky. Y mMexax BUGIPKM CDOPMOBAHO [BI IPYNN 3aNEXHO  naronoris. 2025.
BiZl HAsIBHOCTi (hyHKLiOHamNbHMX i TabopaTopHMX 03HaK 3axXBOPOBaHHS: A0 1 (KOHTPOMbHOI) rpynu 3amy4eHo 53 300poBUX  T.22, Ne 2(64).
oci6 6e3 eHIOKPUHHOI NaTororii, cepeaHin Bik — 37,9 * 11,8 poky, i3 Hux 8 yonosikis (15,10 %), Ao 2 rpynn — 81 xBoporo Ha €. 127-133
aBTOIMYHHUI TUPEOIAMT i CyOKNIHIYHMIA riNoTMPeo3, cepeHin Bik — 40,0 £ 11,1 poky, i3 HWX 5 yonosikis (6,17 %). BuaHayeHo

TaKi aHTPOMOMETPUYHI NOKa3HWUKK, SIK BiK, CTaTb, 3piCT, Maca Tina, 0bpaxoBaHo iHaekc Macu Tina. OuiHUM yHKUiOHaNbHWIA

craH LL3, 30kpema Bu3Haummm i cymapHuii 06’em, KOHLEHTpaLto TpeoTponHoro ropmoHa (TTT), BinbHOro TMPOKCuHy (BT4),

BifIbHOrO TPUOATMPOHIHY (BT3), piBeHb aHTWTIN Ao Tnpeonepokcuaasu (TPOAD), piBeHb aHTUTIN go Tvpeornobyniny (TgAb),

a TaKoX piBeHb Mikpo- Ta MakpoenemeHTis (I B cevi, Se, Mg, Ca, BitamiHy D y cupoBaTui kpoBi).

Pesyastatu. Y rpyni nauieHTiB 3 AIT i CKI™ BuaHaveHo ictotHe (p < 0,001) 36inbwenHs o6'emy L3, piHst TTI, TPOAb Ta
TgAb Ta icTOTHe 3HKEHHS TUPeOiaHUX ropmoHiB fT4 (p = 0,008), fT3 (p < 0,001) NoOpiBHAHO 3 BiANOBIAHUMM NOKA3HUKaMK
KOHTpOIbHOI rpynu. B o6cTexeHnx 3 060x rpyn BUSIBNEHO crabkui iopoaediuuT y cedi Ta HeAoCTaTHICTb BiTamiHy D y
CUpoBaTLi KPOBI MOPIBHSAHO 3 pedpepeHTHUMY 3HaYeHHsaMK. Y rpyni nauieHTiB 3 AlT i CKI™ BCTaHOBWM 3HAYHE 3HIMKEHHS Se
(p=0,016), Mg (p < 0,001) Ta 3aransHoro Ca (p < 0,001) NopiBHSHO 3 KOHTPOMNEM. BUsiBUNK BUpaXKeHy NO3NTUBHY KOpensLio
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Se /| (r=0,691). CtaTucTnyHo BiporigHe cniBBigHOLWEHHS LWaHciB nporpecii AIT Ta IBHOrO rinoTnpeo3y Ha OHi 3HKEHOI
KOHLeHTpauii Mg ctaHoBuTb OR = 2,80 (95 % CI 1,29-6,09, p = 0,0094), Ha choHi 3meHLueHoro BmicTy Ca— OR =7,68 (95 %

Cl 2,77-21,30, p = 0,0001).

BucHoBku. ObcTexeHi 3 rpynu AIT i CKT, sik i 3 KOHTPONBHOI, MaroTh Cnabkuii ogoaediunT y cedi Ta HeQOCTaTHICTb BiTamiHy D
y CVpOBATLi KPOBi MOPIBHAHO 3 HOPMamnbHUMMW MOKa3HWKaMK; Lie CBIAYMTL NPO 3ararnibHy NonynsuiiHy He[oCTaTHICTb.
Y rpyni nauienTis 3 AIT i CKI" BCTaHOBNEHO iCTOTHE 3HWXEHHSI B cupoBaTLi kposi Se, Mg i 3aranbHoro Ca nopiBHSHO 3
KoHTponeM. 3Ha4Ha nosuTueHa kopenauis Se/ | (r=0,691) nigTBepaxye B3aEMO3B'A30K LIMX MIKPOENEMEHTIB i iXHilt noeaHaHNI
BMSIMB HAa PO3BWUTOK aBTOIMYHHMX NOPYLUEHb | FOPMOHanbHUX 3MiH Y LLI3. Bucokuii pusunk nporpecii AIT Ta siBHOro rinotupeosy

BU3HAYEHO Yy pasi 3HvkeHoro BmicTy Mg i Ca.

Autoimmune thyroiditis / Hashimoto’s thyroiditis (AIT/HT)
is one of the most common pathologies among endocrine
diseases and is the most common cause of hypothyroid-
ism. Autoimmune thyroiditis begins asymptomatically, is
associated with damage to thyrocytes, and the synthesis
of autoantibodies is the final stage of the immune re-
sponse to the autoantigens TPO (thyroid peroxidase) and
Tg (thyroglobulin). The prevalence of thyroid antibodies
—TPOADb (11.3 %) and TgAb (2.0 %) in euthyroid subjects
was observed in 15.3 % of individuals [1]. Over time, latent
AIT progresses to subclinical and manifest thyroiditis
with hypothyroidism. Subclinical hypothyroidism (SCH)
is a persistent increase in the level of thyroid-stimulating
hormone (TSH) with normal values of thyroid hormones
(TG). Subclinical hypothyroidism is relatively common dis-
order, and most population studies have demonstrated a
prevalence of approximately 5-10 % of the population [2].
In Ukraine, the incidence of AT in the population is 43.1
cases per 100 thousand population, the prevalence is
almost 10 times higher (421.2 cases per 100 thousand
population) [3].

The implementation of genetic factors of autoimmune
thyroid diseases (AITD) depends on various environ-
mental influences, such as stress, smoking, bacterial
and viral infections, chemical pollutants, and dietary
iodine [4]. The autoimmune process in the thyroid is
closely associated with oxidative stress (OS), a process
that damages cellular structures, including lipids and
membranes, proteins, and DNA [5]. Excessive formation
reactive oxygen species (ROS) are involved in various
stages of the pathogenesis of thyroid diseases and even
endemic goiter [6].

As external factors, trace elements in appropriate
concentrations are necessary for the proper functioning
of the thyroid gland. lodine (1), selenium (Se), zinc (Zn),
iron (Fe), copper (Cu), manganese (Mn) are part of en-
zymes involved in the reduction of OS [7,8].

lodine deficiency in nutrition is a global problem
that affects all segments of the population and exists
in many countries around the world [9]. lodine is need-
ed for the synthesis of TG, and | deficiency leads to
insufficient production of thyroxine and related thyroid
diseases [10]. lodine deficiency in the thyroid causes an
increase in the content of ROS, which is formed from
hydrogen peroxide, which is involved in the synthesis
TG [11]. Insufficient | intake (<100 pg/L) is associated
with an increased incidence of thyroid nodules [12]. Both
deficiency and excess | intake can serve as risk factors
for thyroid diseases. Excessive | intake in the population
due to poorly controlled iodine prophylaxis programs
can cause euthyroid or subclinical hypothyroid AIT [13].
In regions with excess | intake, an increased incidence
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of AIT is observed, characterized by high TPOAb and
TgAb titers [14].

lodine and Se play a key role in the development of
AITD. Selenium is a component of deiodinases, enzymes
responsible for homeostasis and control of TG activity. Se
deficiency reduces the expression and activity of antioxi-
dantenzymes [7]. Selenoproteins prevent excessive ROS
formation, which can lead to thyroiditis or chronic inflam-
mation. Epidemiological data indicate the prevalence of
thyroiditis in Se deficiency [15]. Although some authors
did not note the relationship between the prevalence of
HT and Se content [16].

Zinc is involved in TG metabolism by regulating the
activity of deiodinases, TRH (thyrotropin releasing hor-
mone) and TSH, and by modulating the structures of key
transcription factors involved in TG synthesis [17]. There is
a relationship between Zn deficiency and TG levels [18].
Zn acts as an antioxidant by inhibiting DNA / RNA and
protein oxidation, as well as the inflammatory response,
which leads to a decrease in ROS production [19].

Altered Ca?* regulation in lymphocytes, which disrupts
the control of metabolism, proliferation, differentiation,
antibody secretion, cytokines and cell cytotoxicity, leads to
autoimmune and inflammatory diseases [20]. Intracellular
mitochondrial Ca?* is a key regulator of cell apoptosis. Ca**
uptake and mitochondrial metabolism underlie the survival
of Treg cells under OS conditions [21]. Ca?* signaling
activates the proliferation and survival of B lymphocytes
that produce autoantibodies [22]. The main mechanism
ofincreased intracellular Ca?*is the deficiency of intracel-
lular Mg?, which can cause immunodeficiency, increased
acute inflammatory response, decreased antioxidant re-
sponse and OS. Magnesium regulates the balance of Ca
and phosphorus (P) through its effect on vitamin D [23].

The active metabolite of vitamin D (1,25(0H),D,), in
addition to its main function in the body — maintaining Ca
and P homeostasis, performs a number of non-classical
effects, including reducing OS, antimicrobial protection,
anti-inflammatory effect [24]. Vitamin D affects innate and
adaptive immunity and may have an immunomodulatory
effect on AIT [25].

Treatment of patients with AIT associated with SCH
remains controversial today, most patients are under
observation without treatment [26]. Treatment is recom-
mended to start with levothyroxine (L-T4) with a serum
TSH level 210 mIU/L, as this TSH level is associated
with an increased incidence of cardiovascular events and
cardiovascular mortality [27]. Therefore, it is important to
understand the factors that influence the immune system
in patients with AIT associated with SCH.
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Aim

To investigate the content of iodine, selenium, zinc,
magnesium, calcium and vitamin D, the thyroid volume
and thyroid functional state in patients with autoimmune
thyroiditis and subclinical hypothyroidism, to assess the
elemental supply, the possibilities and feasibility of pre-
ventive and therapeutic use of micro- and macronutrients
in the early stages of the disease.

Materials and methods

An open randomized controlled study was conducted
to assess the content of micro- and macronutrients,
the thyroid volume and thyroid functional indicators in a
group of patients with AIT and SCH. The study protocol
was conducted in accordance with the principles of the
Declaration of Helsinki and approved by the Bioethics
Committee of the State Institution “V. P. Komisarenko
Institute of Endocrinology and Metabolism of the Nation-
al Academy of Medical Sciences of Ukraine” (Protocol
No 43/1-KE dated 06/06/2022). All subjects provided
informed consent.

134 subjects (13 men, 121 women) were examined.
Within the entire sample, 2 groups were formed depending
on the presence of functional and laboratory signs of the
disease: the 1st — control group consisted of 53 healthy
individuals without endocrine pathology, average age —
37.9 £ 11.8 years, of which 8 were men (15.10 %), and
the 2nd group with AIT and SCH — 81 people, average
age—40.0 £ 11.1 years, of which 5 were men (6.17 %). An-
thropometric indicators were determined: age, sex, height,
weight, and body mass index (BMI) was calculated.

Thyroid functional state: concentration of thy-
roid-stimulating hormone (TSH), free thyroxine (fT4), free
triiodothyronine (fT3); immunological indicators: level of
antibodies to thyroid peroxidase (TPOAD), level of anti-
bodies to thyroglobulin (TgAb), level of vitamin D in blood
serum — were determined on the Cobas e 411 analyzer
(“Roche Diagnostics”, Germany). The total thyroid volume
was determined by the Brunn method (Terason 2000
scanner with a linear sensor with a frequency of 10 MHz
(“Terason Ultrasound”, USA).

The concentration of | in the urine was determined
by the cerium-arsenite Sandell-Kolthoff method modified
by J. T. Dunn et al. on a UV-1280 spectrophotometer
(“Shimadzu”, Japan). The method for determining ioduria
undergoes external quality control at the Center for Dis-
ease Control and Prevention (CDC) in Atlanta (USA). The
Se content in serum was determined by the fluorometric
method (“Hitachi MPF-4” spectrofluorometer) after acid
mineralization, conjugation with 2,3-diaminonaphthene
and extraction from acidic aqueous solutions with cy-
clohexane. The content of Mg, Ca in blood serum was
determined photometrically using the Cobas 6000 C501
analyzer (“Roche Diagnostics”, Switzerland). The content
Zn in blood serum was determined by atomic absorption
spectrometry (spectrometer “Labor Berlin”, Germany). In
regions with sufficient | content, the maximum range of
reference values for thyroid volume by sex and body area
is 4.25-20.98 cm? for men and 3.44—18.31 cm? for women.
Reference values for serum TSH are 0.27-4.20 mIU/L,
fT4 - 0.93-1.71 ng/dl, fT3 — 2.02-4.43 pg/ml, TPOAb
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— up to 34 IU/ml, TgAb — up to 115 IU/ml. Reference
values for | in urine — 100.0-200.0 ug/L, Se in serum
— 60-120 pg/L, vitamin D (25(0OH)D) in serum in adults
30.0-50.0 ng/ml, Zn in serum — 70.0-150 pg/dl, total Mg
in serum — 0.66—1.07 mmol/L at the age of 18-60, total
Ca in serum — 2.15-2.5 mmol/L at the age of 18-60.

Statistical analysis was performed using the statis-
tical software MedStat and MedCalc Software Ltd. To
check the law of distribution of quantitative data, the
Shapiro-Wilk test was used. For data with a normal
distribution, the arithmetic mean with standard deviation
was calculated. In the case of a non-normal distribution,
the median (Me) and interquartile range (QI; Qlll) were
used. Comparisons were performed using the Student’s
test or the Wilcoxon W-test, respectively. In all tests, the
value p < 0.05 was considered significant. To assess
the relationships between the indicators, Pearson’s cor-
relation coefficient was applied for normally distributed
variables, while Spearman’s rank correlation was used
for non-normally distributed ones. The calculation of the
risk of AIT and SCH in the groups was carried out with
the determination of the Odds ratio, confidence interval,
significance level (OR, 95 % Cl, p).

Results

A comparative study of anthropometric indicators and
thyroid function in the group of patients with AIT and
SCH revealed a significant (p < 0.001) increase in thyroid
volume, TSH level and a significant decrease in thyroid
hormones fT4 (p =0.008), fT3 (p < 0.001) compared to the
control group. Although the medians of thyroid hormones
in the study group were at the lower limit of the reference
norm. In the group of patients with AIT and SCH, a sig-
nificant (p < 0.001) increase in TPOAb and TgAb titers
was recorded compared to the control. In terms of age
and BMI, both groups did not differ statistically (Table 1).

The study of thyroid dimensions showed that in the
control group as a whole, the mean value (M = SD) of
the thyroid volume was 10.9 + 3.2 cm®. In the majority of
the examined women in this group (n = 45), the thyroid
volume was 10.95 + 3.2 cm?. In men (n = 8), the thyroid
volume was 10.87 £ 3.5 cm?. That is, the thyroid volume
in women and men of the control group did not differ
(p = 0.952). In the research group (AIT with SCH), the
mean value (M = SD) of the thyroid volume was larger
(p < 0.001) and was 24.7 + 11.3 cm®. This group also
had a predominance of women (n = 76) and the thyroid
volume was 24.8 + 11.4 cm®. In men (n = 5), the thyroid
volume was 23.8 + 10.8 cm?®, indicating no (p = 0.850)
difference depending on sex, despite some differences in
the reference values of thyroid volume (4.25-20.98 cm?®
for men and 3.44-18.31 cm® for women).

It should be noted that the study group (AIT and SCH)
consisted of patients who had positive TPOAb (100 %)
and TgAb (60 %). Among them, 59 patients (72.8 %) had
signs of SCH — elevated TSH and normal TG levels, the
remaining 22 patients (27.2 %) had elevated TSHand TG
levels at the lower limit of reference values or decreased.
In most patients in research group (76.5 %), the thyroid
volume exceeded the upper limits of the reference value
for men and women.
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Table 1. Anthropometric and thyroid parameters in patients in the control group and
in the group with autoimmune thyroiditis and subclinical hypothyroidism

Indicator, units of Control group (1st), Research group (2nd),
measurement n=53 n=81

Age, years

BMI, kg/m?

Thyroid volume, cm?
TSH, mlU/L

T4, ng/d|

T3, pg/ml

TPOAD, IU/ml
TgAb, IU/ml

379+ 118 40.0 £ 11.1 0.282
255+ 4.0 255+38 0.992

10932 247+£113 <0.001
1.38 (0.9; 2.1) 6,54 (5.2; 8.1) <0.001
1.22 (1.01; 1.46) 1.08 (0.99; 1.24) 0.008

3.24 (2.98; 3.60) 2.99 (2.14; 3.19) <0.001
7.1(1.9;11.7) 270.0 (164.0;410.0)  <0.001
14.0 (0.0; 57.5) 155.0 (89.0; 250.0) <0.001

Mean values with standard deviation and medians with interquartile ranges (Q1; Q3) are
presented. Comparisons were made using Student’s t-test or Wilcoxon’s W-test.

Table 2. Content of micro- and macroelements in the blood serum of patients
in the control group and the group with autoimmune thyroiditis and subclinical

hypothyroidism

Indicator, units of
measurement

Urine iodine, pg/L
Selenium, pg/L
Zinc, ug/d|
Magnesium, mmol/L
Calcium, mmol/L
25(0OH)D, ng/ml

Control group (1st), Research group (2nd),
n=53 n=

84.0 (69.0; 120.5) 820(698 112.0) 0.667
75.0 (62.0; 85.1) 67.0 (53.0; 78.0) 0.016
82.6 (72.0; 90.1) 79.0 (75.0; 86.0) 0.288
0.76 (0.14) 0.66 (0.01) <0.001
230 (2.21; 2.38) 2.18 (2.01; 2.33) <0.001
28.4 (9.8) 26.0(7.2) 0.150

Mean values with standard deviation and medians with interquartile ranges (Q1; Q3) are
presented. Comparisons were made using the Student's test or Wilcoxon's W-test.

The study of micro- and macronutrient content
revealed mild iodine deficiency compared to the normal
reference value (100-200 pg/L) and vitamin D (25(OH)D)
deficiency in serum compared to the normal reference va-
lue (30.0-50.0 ng/ml) in both the control and experimental
groups. The level of other elements was also at the lower
limit of the reference values in both groups. In the group of
patients with AIT and SCH, a significant decrease in serum
Se (p = 0.016), Mg (p < 0.001) and total Ca (p < 0.001)
was found compared to the control (Table 2).

To determine diagnostic markers of the disease,
correlation studies of micro- and macronutrients, thyroid
status indicators in the groups of subjects were con-
ducted. In the control group, Pearson’s linear correlation
studies revealed a strong positive relationship between
thyroid volume and TSH level (r = 0.979) and a negative
relationship between Se and TgAb (r = -0.429), as well
as between | and TgAb (r = -0.410). Correlation analy-
sis (Spearman’s rank correlation) of the parameters in
the group of patients with AIT and SCH revealed the
expected significant positive correlation between thyroid
parameters — thyroid volume / TPOADb (r = 0.675), thyroid
volume / TgAb (r = 0.525), TPOAb / TgAb (r = 0.551)
and a negative correlation between TSH and thyroid
hormones —TSH /T4 (r=-0.472), TSH/ T3 (r=-0.491).
Regarding micro- and macroelements in the studied
group, a pronounced positive correlation Se /| (r=0.691)
and moderate positive and negative correlations between
different elements were established (Table 3).

To assess the risk of onset and progression of AIT
with SCH and AIT with overt hypothyroidism with reduced
micro- and macronutrient content, the Odds ratio (OR) and
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confidence intervals (95 % Cl) of the study groups were
calculated. It was found that the risk of progression of AIT
and overt hypothyroidism is significant (p = 0.0094) with
reduced (<0.66—1.07 mmol/L) Mg content (OR = 2.80;
95 % CI 1.29-6.09), and also significant (p = 0.0001) with
reduced (<2.15-2.50 mmol/L) Ca content (OR = 7.68;
95 % Cl1 2.77-21.30) in serum (Table 4).

Discussion

The results of the study of the group of patients with AIT
and SCH revealed a significant increase in the mean value
of the thyroid volume, TSH level, TPOAb and TgAb titer
and a significant decrease in the median of the thyroid
hormones fT4, fT3 (within the lower reference range)
compared to the control, which indicates the presence of
SCH, activation of the autoimmune process in the thyroid
gland. Both in the control and in the AIT and SCH groups,
a mild degree of iodine deficiency was found compared
to the normal reference value (100-200 pg/L), which
indicates a general population iodine deficiency.

Our results on the increase in thyroid volume, TSH
level with a decrease in the concentration of | in urine and
Se in serum in patients with AIT and SCH are consistent
with studies that have shown that insufficient | intake
(<100 pglL) is associated with an increased frequency of
thyroid nodules and autoimmune pathology [12]. lodine
deficiency is considered to be much more harmful than
excess |, as it affects entire populations, while excess |
affects only a small percentage of individuals susceptible
to AITD, as it can impair thyroid function through OS [28].
The possible early increase in thyroid antibodies after |
consumption is mostly transient, varies between popula-
tions under the influence of genetic and environmental
factors, and does not always coincide with the presence
or subsequent development of AITD. The use of | sup-
plements in the general population should not be limited
by the possible increase in the prevalence of AITD. |
consumption at a concentration not exceeding 300 pg/L is
safe and outweighs the risk of autoimmune disorders [29].

The study of correlations between the content of
micro- and macroelements, thyroid status indicators
revealed in the group of patients with AIT and SCH the ex-
pected significant positive correlation between thyroid in-
dicators — thyroid volume / TPOAD, thyroid volume / TgAb,
TPOAb / TgAb and a negative correlation between TSH
and thyroid hormones — TSH /T4, TSH/fT3. The results
of the study established a negative relationship between
Se / TgAb and | / TgAb in both studied groups, which
indicates the significance of the deficiency of these es-
sential microelements in the occurrence and development
of AIT with SCH.

In the group of patients with AIT and SCH, a significant
decrease in serum Se, Mg and total Ca was found com-
pared to the control. The level of other elements is at the
lower limit of reference values in both groups. In the study
group, a strong positive correlation of Se /| and moderate
positive and negative correlations between different ele-
ments were noted, in particular — a positive relationship of
Zn with I, Se, Mg, Ca. The positive correlation of Se /| in
the AIT and SCH group indicates the relationship of these
trace elements and confirms their combined effect on the
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development of autoimmune disorders and hormonal
changes in the thyroid. The ratio of trace elements, in
particular Se / I, can be considered a diagnostic marker
of AIT with SCH and AIT with hypothyroidism.

Other researchers have also reported on the re-
duced content of micro- and macroelements in SCH,
hypothyroidism and AlT, as well as ways to compensate
for their deficiency and influence on pathophysiological
processes. Thus, insufficient Se intake increases sus-
ceptibility to thyroid diseases associated with OS [30].
Se supplementation in patients with euthyroid, subclinical
or overt hypothyroid HT not only reduces the level of
thyroid autoantibodies, TSH, fT4 / fT3, but also reduces
OS and inflammatory state, and improves the structure
and thyroid volume [12,31]. The use of microelements Se
and Zn has been proposed to reduce oxidative thyroid
damage in HT [12,32].

The results of the study of the content of micro- and
macroelements in the group of patients with AIT and
SCH correspond to the study of patients with latent AIT
with high titer. Significantly lower serum concentrations
of Mg and Fe were in HT patients with positive TPOAb
and TgAb [33]. Lower serum Ca and higher serum P
levels have been reported in hypothyroidism compared
with SCH [34]. In patients with hypothyroidism, mean
serum Ca and Mg levels are decreased, while serum P
levels are increased. A statistically significant negative
correlation between Ca, Mg, and TSH was observed
among hypothyroidism cases [35]. The calculation of
Odds ratios (OR) and confidence intervals (95 % Cl) of
the study groups revealed a significant risk of progres-
sion to AIT and overt hypothyroidism with decreased
(<0.66—1.07 mmol/L) Mg content (OR = 2.80; 95 % Cl
1.29-6.09) and with decreased (<2.15-2.50 mmol/L)
Ca content (OR = 7.68; 95 % Cl 2.77-21.30) in serum.
A similar prediction has been made in studies by other
authors. Thus, very low serum Mg levels are associated
with an increased risk of TgAb, HT, and hypothyroidism.
The risks of SCH and hypothyroidism in the group with
the lowest Mg level (£0.55 mmol/L) were higher than in
the group with normal Mg levels [36].

The literature on the relationship between vitamin D
levels and AITD is somewhat contradictory. The mecha-
nisms of vitamin D’s effect on AITD are still unknown,
but may be related to its anti-inflammatory and immuno-
modulatory properties [25]. There is a study that failed
to find a relationship between vitamin D deficiency and
a higher prevalence of HT [37]. No effect of vitamin D on
the levels of TSH, fT3, and fT4 hormones was found [38].
This ambiguity regarding the relationship between vitamin
D and TSH, TG, and the prevalence of HT is likely due
to the fact that susceptibility to AITD may be influenced
by polymorphisms in some vitamin D-related enzymes
and proteins, such as CYP28B1, CYP2R1, CYP24A1,
VDBP, and VDR [39].

The data obtained in our study showed that both
the control and AIT and SCH groups had a deficiency
of 25(OH)D in serum compared to the normal reference
value (30.0-50.0 ng/ml), indicating a deficiency of vitamin
D at the population level. The results of our study on the
level of 25(0OH)D in serum were confirmed by the works of
scientists who believe that the population needs to main-
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Table 3. Correlation coefficients of the content of micro- and macroelements,

indicators of thyroid status in the groups of examined

Correlation between Control group Research group

indicators

[ pearson) [p | (spearman [p |
Thyroid volume / TSH 0.979 <0.001 -
Thyroid volume / TPOAb - - 0.675
Thyroid volume / TgAb - - 0.525
TSH /T4 - - -0.472
TSH /T3 - - -0.491
TPOAb / TgAb - - 0.551
Se / TgAb -0.429 <0.01 -0.239
Se/l - - 0.691
Se/Zn - - 0.317
Se /25(0H)D - - 0.273
I/ TgAb -0.410 <0.01 -0.227
I1/Zn - - 0.396
1/ Mg - - 0.227
1/ 25(0H)D - - 0.252
Zn [ Thyroid volume 0.274 <0.05 -
Zn /Mg - - 0.246
Zn/Ca - - 0.349
Mg/ TSH 0.273 <0.05 -
Ca / Thyroid volume - - 0.236
Ca/ 25(OH)D - - 0.331

<0.001
<0.001
<0.01
<0.01
<0.001
<0.05
<0.001
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

Control group: pairwise correlation coefficients (Pearson); study group: rank correlation
coefficients (Spearman); values of coefficients that differ from 0 (p < 0.05) are given;

—: the absence of correlation.

Table 4. Calculation of Odds ratio of progression of autoimmune thyroiditis or overt

hypothyroidism with reduced content of micro- and macroelements

Micro-, macronutrient Control Research | OR (95 % CI)
group, n group, n
31 56 - -

Urine iodine, decreased

norm 22 25
Selenium, decreased 12 30 -
norm 41 51
Zinc, decreased 9 7 -
norm 44 74
Magnesium, decreased 1 36 -
norm 42 45
Calcium, decreased 5 36 -
norm 48 45
25(0OH)D, decreased 33 60 -
Norm 20 21

1.59 (0.77-3.27)

2.01(0.92-4.41)

0.46 (0.16-1.33)

2.80 (1.29-6.09)

7.68 (2.77-21.30)

1.73 (0.82-3.65)

0.2081

0.0816

0.1523

0.0094

0.0001

0.1488

tain 25(OH)D concentrations above 40 ng/mlin the range
of 40-80 ng/ml, which is optimal for disease prevention
and reducing the severity of various conditions, such as
cardiovascular and metabolic diseases, autoimmune di-
seases, infections and cancer, as well as mortality without
side effects [24]. In addition, in patients with HT, reduced
levels of vitamin D were found, negatively correlated with
TSH and positively with fT3 and fT4 [25,40]. HT is more
closely associated with vitamin D deficiency than with its
insufficiency. However, additional treatment with chole-
calciferol is associated with a decrease in TPOAb and
TgAb levels in patients with AITD with both insufficiency
and deficiency of vitamin D [11].

According to our data in the AIT and SCH group, vita-
min D showed a weak positive relationship with I, Se and
Ca, which does not contradict the literature data on the
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enhancement of the effect of vitamin D by the use of Sein
patients with HT. Thus, daily intake of vitamin D (4000 IU)
for 6 months increased the level of 25-hydroxyvitamin D,
reduced serum TPOAb and TgAb titers in women with
HT. The effect on antibody titers was more pronounced
in women with HT who received daily selenomethionine
(200 pg) for 12 months before the start of the study [38].
The presence of element deficiencies in AIT patients with
SCH, the high risk of SCH transitioning to overt hypothy-
roidism, and the absence or limited treatment with L-T4
suggest the use of these elements for the prevention of
the next stage of AIT with overt hypothyroidism.

Conclusions

1. In the group with autoimmune thyroiditis and sub-
clinical hypothyroidism, a significant (p < 0.001) increase
in thyroid volume, TSH level, TPOAb and TgAb titerand a
significant decrease in thyroid hormones fT4 (p = 0.008),
T3 (p <0.001) were found compared to the control group.

2. Mild iodine deficiency in urine and vitamin D de-
ficiency in serum compared to normal reference values
were found in the group with autoimmune thyroiditis and
subclinical hypothyroidism, as well as in the control group,
which indicates a general population deficiency.

3. In the group of patients with autoimmune thyroiditis
and subclinical hypothyroidism, a significant decrease
in serum Se (p = 0.016), Mg (p < 0.001) and total Ca
(p < 0.001) was found compared to the control.

4. The pronounced positive correlation Se / |
(r = 0.691) indicates the relationship of these trace ele-
ments and confirms their combined effect on the deve-
lopment of autoimmune disorders and thyroid hormonal
changes.

5. A significant risk of progression of autoimmune
thyroiditis and overt hypothyroidism exists with a reduced
serum Mg content (OR = 2.80, 95 % CI 1.29-6.09,
p =0.0094) and with a reduced Ca content (OR = 7.68,
95 % C12.77-21.30, p = 0.0001).

Prospects for further research are to continue study-
ing the micro-macronutrient composition in patients with
autoimmune thyroiditis and subclinical hypothyroidism.
For individuals with insufficiency / deficiency of micro-,
macronutrients, changes in functional and sonographic
thyroid indicators, to continue studying the possibility and
feasibility of prophylactic use of drugs / food supplements
to reduce the risk of disease onset and progression.
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