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Abstract

The present study investigated the status of calcium and magnesium as well as essential trace elements including iodine,
selenium, copper, iron, and zinc in adults residing in the Zhytomyr region of Ukraine. In addition, the relative risk of goiter
occurrence was evaluated. In this comparative study, 40 adults without goiter (control group) and 16 adults with diagnosed
nodular goiter (NG) were examined. Inductively coupled plasma optical emission spectrometry (ICP-OES) was used for the
measurements of Mg, Ca, Se, Zn, Cu, and Fe in serum of patients with NG and control group. Patients with nodular goiter had
lower serum values of Ca, Mg, Se, Cu, Fe, and Zn than those in the control group. The presence of mild iodine deficiency was
evident in both groups with the median urinary iodine excretion (UIE) 80.5 pg/L in the control group and 64.5 pg/L in goiter
group. There was a positive association between goiter presence and low concentration of Ca in serum (odds ratio (OR) = 2.29
(1.26-3.55), p < 0.05) in the NG group. High relative risk of goiter was observed at low concentrations of magnesium (OR =3.33
(1.39-7.62), p < 0.05) and selenium (OR = 1.63, (1.16-1.78), p < 0.05) in comparison with OR values in the control group. Low
concentrations of Ca, Mg, Zn, and Se in serum combined with reduced UIE resulted in the highest risk of goiter (OR = 12.5,
(2.15-79.42), p < 0.01). This study proved that Thyroglobulin concentration in serum is the reliable indicator of nodular goiter.
We also suggest that a combination of low concentrations of Ca, Mg, Zn, Cu, and Se in blood serum, and reduced iodine
concentration in urine resulted in the highest risk of nodular goiter development.
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Introduction
P< Maksym O. Polumbryk

polumbr@nuft.edu.ua Goiter is a worldwide health problem caused by impaired
iodine intake. This disease is increasing at an alarming rate
and affects up to 10% of the people worldwide [1]. Goiter
results in the enlargement of the thyroid gland in the forms
of diffuse and nodular growths. Nodular goiter is an excessive
growth of thyroid tissue caused by structural and functional
changes of several regions within the thyroid gland [2]. The
main risk factor of NG is insufficient intake of essential trace
elements, especially iodine and selenium [3-5]. Iodine defi-
ciency causes TSH elevation and peroxide accumulation in
thyroid gland, leading to increased insulin-like growth factor,
fibroblast growth factor, and follicular cell mutation [6-8].
Follicular cell formation will continue changing, followed
by single nodule formation in tissue of thyroid gland.
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Imbalanced intake of trace elements, other than iodine, re-
sults in higher risks of the thyroid disease [9]. Selenium plays
an important role in normal thyroid hormone metabolism [10].
Several selenoproteins, primarily glutathione peroxidase,
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contribute to thyroid gland functionality acting as antioxidant
protector of the thyrocytes against peroxidative damage [10,
11]. Also, selenium-containing enzyme deiodinase is able to
remove iodide from thyrosyle ring of the thyroid hormones
[10]. Zinc is also involved in the metabolism of thyroid hor-
mones. Zinc is necessary for the proper functionality of the
enzyme iodothyronine deiodinase, which is responsible for
thyroxine (T4) conversion to the active form of triiodothyro-
nine (T3) [10, 12]. There are limited studies related to cal-
cium’s role in the thyroid hormone metabolism. Increased
concentration of TSH may increase concentration of Ca®* in
serum of experimental rats [13]. Copper, iron, and magnesium
are indirectly involved in the synthesis of thyroid hormones
but the exact mechanisms are unclear. Since the elements
mentioned above play significant roles in different physiolog-
ical processes, their inadequate dietary intake may promote or
exacerbate various diseases other than thyroid dysfunction.

There are limited studies about goiter incidence occurrence
in Ukraine. Our investigations are focused on the regions
mostly affected by the Chernobyl disaster, primarily because
people living in the area received high doses of radioactive
iodine (1311)_ The inhabitants of the region are suffered from
high rate of thyroid cancer observed in the first year after the
disaster [14]. NG is associated with increased prevalence of
thyroid cancer. Therefore, associations between NG, thyroid
cancer, and other thyroid diseases are attracting considerable
attention.

The purpose of this study is to investigate the status of
calcium, magnesium, and essential trace elements iodine, se-
lenium, iron, copper, and zinc in individuals with nodular
goiter and control group, and to determine associations be-
tween concentrations of the trace elements and thyroid
hormones.

Materials and Methods
Subjects

In this study, a total of 56 individuals (27 males and 29 fe-
males) residing in the Zhytomyr region of Ukraine participat-
ed in the medical survey. Nodular goiter was detected among
16 patients (7 males and 9 females) with a mean age of 38.3
1.68 years. Fine needle aspiration biopsy of thyroid nodules
was used in this study as a verification method of NG [15].
Cytological diagnoses were made by an experienced pathol-
ogist. In this study, single nodules were diagnosed in 60% of
participants in NG group, while 20% had nodular goiter with
follicular hyperplasia of trabecular hyalinizing adenoma, be-
nign cyst was detected in 14.5% participants of NG group,
and only 5.5% individuals of this group had nodular colloid
goiter. Individuals with malignant and suspicious nodules
were excluded from the study. Also, patients had no history
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of thyroid surgery. Control group included 40 participants
without thyroid diseases with a mean age of 38.9 + 0.78,
and none had thyroid disorders before or at the time of study.

Sampling

The samples of venous blood (10 mL) were taken after 10-h
fasting by mobile screening teams of V.P. Komissarenko
Institute of Endocrinology and Metabolism with the partici-
pants consent during observation of thyroid function. The
blood samples were kept for 12 h; sera were centrifuged at
3000 rpm followed by serum transfer into polyethylene tubes
(2.5 mL). The samples of serum stored at — 20 °C prior to
analysis.

All the samples of morning urine (50-100 mL) were col-
lected in 100-mL polyethylene tubes from individuals follow-
ed by transfer of 2 mL of urine in polyethylene tubes
(Eppendorf, Germany). These samples kept frozen at — 18
°C before the experiments.

Analysis

Urine samples were digested with hydrochloric acid according
to the method, described by Dunn et al. [16] Urinary iodine
concentrations were measured by the Sandell-Kolthoff reac-
tion. Besides internal control, our laboratory participated in
the external quality control for urinary iodine of EQUIP
(Ensuring the Quality of Urinary lodine Procedures) standard-
ization program of the Centers for Disease Control and
Prevention (Atlanta, USA).

Thyroid volume was measured using a real-time ultrasono-
graphic portable scanner (Terason 2000, Burlington, MA,
USA) with linear sensor, and frequency of 10 MHz. Details
of nodules, echostructure, and echogenicity were recorded.
The thyroid volume was calculated based on the volume of
ellipsoid as described by Brunn [17]

Thyroid hormone status was determined by concentrations
of FT4 (free thyroxine) and TSH (thyroid stimulating hor-
mone) in serum by radioimmunoassay analysis using reagent
pack (Amersham, U.K.). Thyroglobulin (TG), Thyroglobulin
antibodies (TgAbs), and thyroxine peroxidase (TPOAb) con-
centrations were measured in serum by LUMitest
immunochemiluminescence assays (BRAHMS Diagnostica
GMBH, Heningsdorf, Germany) using a Bertholdt 953
luminometer (Pforzheim, Germany). The reference ranges
were the following: 10.3-22 pmol/L for FT4, 0.4—4 mIU/L
for TSH, < 115 IU/L for TgAbs, 2—70 ng/mL for TG, and < 34
IU/L for TPOAD [18].

Concentrations of calcium, magnesium, zinc, copper, iron,
and selenium in serum were determined by optical emission
spectrometry coupled by inductively coupled plasma (ICP-
OES, Perkin-Elmer, model Optima 2100, USA). Multi-
element standard solution (Merck, Germany, catalog number
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111355.0100) containing 30 elements was used to build a
calibration curve for Ca, Mg, Fe, Se, Cu, and Zn in the ICP-
OES analysis, Before analysis, serum samples (0.5 mL) were
digested using microwave digestion system (MSW-2,
Germany) by 2.5 mL of nitric acid during 30 min. Analysis
of Ca and Mg was performed in the radial viewing mode,
while determination of Fe, Se, Cu, and Zn was done in the
axial viewing mode. The limits of detection (LOD) for calci-
um, magnesium, copper, iron, selenium, and zinc were 0.06
ng/L, 0.05 ng/L, 0.3 pg/L, 0.3 pg/L, 3 ng/L, and 0.4 ug/L,
respectively. In order to provide precision, the measurements
were repeated twice. In this respect, experimental value was
considered to be accurate if relative standard deviation did not
exceed 2%. An external quality control of the laboratory stud-
ies of the trace elements content in serum was performed in
accordance with the Lead and Multi-Element Proficiency
Program (LAMP) of Centers for Disease Control and
Prevention and SEQAS programs (“FORTREES,” England).
Laboratory reference ranges were as follows: magnesium, 17—
28 mg/L; calcium, 90-112 mg/L; zinc, 0.6—1.2 mg/L; iron,
0.6-1.68 mg/L; copper 0.7-1.55 mg/L; selenium 0.046-0.14
mg/L [18].

The study protocol was approved by the Ethics Committee
of V.P. Komissarenko Institute of Endocrinology and
Metabolism and all participants gave informed consent before
blood and urine sampling.

Statistical Analysis

SPSS 21.0 was used for statistical analysis. The experimental
data were expressed as median and quartiles due to their non-
normal of distribution. The correlation between experimental
variables was evaluated using Spearman’s rank correlation
coefficients. Mann—Whitney U test was implemented for
non-parametric variables. Different logistic regression models
were used in order to assess the relative risk of nodular goiter.
The results were estimated as crude odds ratio (OR) and ad-
justed (aOR) and their 95% confidence interval (95 % CI). All
tests were repeated three times and considered statistically
significant at p < 0.05.

Results

The median UIE level of individuals with nodular goiter was
not significantly different from control group (Table 1). We did
not observe significant differences in TSH, FT4, TgAbs, and
TPOAD in serum between control and NG groups, while the
volume of thyroid glands and thyroglobulin level were larger
in NG group than those in control group (Table 1). Median size
of the thyroid gland (Tvol) in patients with nodular goiter was
23% lower than that in control group.

Table1 UIE and thyroid status among control group of participants and
goiter subjects of Zhytomyr region. Values are presented as median
(25th—75th percentile)

Parameter Control group NG group p value
(n) 40 16

UIE (pg/L) 80.5 (41.2-140.95)  64.9 (29.8-93.9)  0.170
Tg (ug/L)] 10.8 (7.8-16.1) 25.8 (7.9-49.1) 0.020%*
Tvol (mL) 10.1 (8.1-12.5) 13.1 (11.3-19.5)  0.003*
TSH (mIU/L) 1.4 (0.9-1.9) 1.2 (0.7-1.7) 0.290
FT4 (pmol/L) 15.6 (14.9-16.3) 20.9 (18.7-23.2)  0.121
TgAbs (IU/mL) 11 (3-28) 14 (6.8-21.8) 0.860
TPOAb (IU/mL) 19 (10.6-27) 21.9 (8.3-24.6) 0.711

*Significant difference in comparison with the control group (p < 0.05)

The median concentrations of serum zinc, selenium, cop-
per, iron, magnesium, and calcium were significantly higher in
control group than those in NG group. The median concentra-
tions of selenium and iron in serum reduced dramatically in
NG group to 47.5% and 35%, respectively (Table 2). Similar
findings were observed for copper and zinc concentrations in
serum of both groups. Median concentrations of Zn and Cu in
serum of NG group were decreased to 28.8% and 26.6%,
respectively. However, median concentrations of Ca and Mg
in serum of patients with NG changed only slightly, but were
still statistically significant. Concentrations of Fe, Cu, and Se
in serum were lower than reference range in 25%, 18.8%, and
60% of the patients with nodular goiter, respectively.

We assessed correlation between concentrations of essen-
tial trace elements and parameters of thyroid function in both
NG and control groups (Table 3). Strong correlation between
Caand Mg as well as between Ca and Cu was observed in the
control group, whereas correlation between Zn and Mg was
not statistically different. For the NG group, there was a stron-
ger correlation between Ca and Mg and between Ca and Cu
than in the control group. Moreover, positive associations be-
tween Ca and Zn, Mg and Zn, Mg and Cu, Zn and Cu, and
between Zn and Fe were found in this group (Table 3).

Table 2 Concentrations of elements in serum of patients with nodular
goiter and control group of volunteers (mg/L). Values are presented as
median (25th—75th percentile)

Elements Control Nodular goiter p value
Ca 97.9 (87.3-106.8) 81.8 (72.6-93.9) 0.002
Mg 20.3 (18.3-22.3) 16.8 (14.6-19.7) 0.001
Zn 0.63 (0.55-0.71) 0.45 (0.40-0.58) <0.001
Fe 1.31 (0.91-1.79) 0.85 (0.56-0.99) 0.001
Cu 1.43 (1.14-1.59) 1.05 (0.73-1.19) <0.001
Se 0.04 (0.03-0.054) 0.021 (0.01-0.03) < 0.001
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Table 3 Correlation between

content of calcium, magnesium, Correlation between

Control group (n = 40)

Goiter group (n = 16)

and trace elements in blood serum parameters

in the different observed groups T'Spearman p T'Spearman p
Ca/Mg 0.569 0.0001 0.709 0.002
Ca/Cu 0.429 0.0001 0.762 0.001
Ca/Zn 0.195 0.229 0.672 0.004
Mg/Cu 0.267 0.096 0.739 0.001
Mg/Zn 0.387 0.014 0.658 0.006
Zn/Cu 0.263 0.101 0.691 0.003
Zn/Fe 0.163 0316 0.503 0.047

Thyroid status was examined in control and NG groups
taking into account correlation between trace elements and
thyroid hormone concentrations. Concentration of TSH was
positively correlated with selenium concentration in control
group (75 = 0.425, p = 0.009, Table 4). Also, correlation be-
tween TG and TSH, TSH and TPOAb, and TPOADb and
TgAbs was statistically significant in control group. In con-
trast, in NG group, the following reliable correlation links
were observed: TG and UIE, TG and Se level, and Tvol and
TPOAD (Table 4).

We evaluated influence of essential trace elements and thy-
roid hormones on NG development on the basis of OR assess-
ment. In case of deficiency of trace elements, these parameters
were analyzed using the y? criteria

OR of goiter presence at low concentrations of Ca and Mg
in serum was 2.29 (95%, CI 1.26-3.55, p < 0.05) and 3.33
(95%, CI 1.39-7.62, p < 0.05), respectively, in comparison
with control group. The risk of nodular goiter was still statis-
tically significant after adjustment by sex, age, and UIE in
case of deficiency of calcium (aOR = 3.9, CI 1.08-14.3, p <
0.05) and magnesium (aOR = 4.5, CI 1.16-17.2, p < 0.05)
Moreover, OR at low levels of selenium and zinc in the blood
serum was found to be 1.63 (95%, CI 1.16-1.785, p < 0.05)
and 1.87 (95%, CI 1.13-2.59, p < 0.05), respectively.

The highest OR values were observed with simultaneous
deficiency of macro- and trace elements. It was found that the
OR was 5.83 (95%, CI 1.87-18.9, p < 0.01) at low concen-
trations of Ca, Mg, and Zn in serum, whereas at simultaneous
decreased concentrations of zinc, calcium, and magnesium in
serum together with low UIE, OR increased up to 12.5 (95%,
CI2.15-79.42, p < 0.05).

Discussion

Iodine plays a crucial role in development of NG. The follow-
ing methods are generally used in the assessment of iodine
intake: goiter rate, serum TG, serum TSH concentrations [1,
3], and urinary iodine excretion. UIE is a superior indicator of
recent iodine intake because approximately 90% of iodine is
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released with urine if the individual is iodine replete [1]. Our
studies suggest that both control and NG groups were charac-
terized by mild iodine deficiency, but only 18.8% individuals
with goiter had normal UIE level, whereas UIE concentration
greater than 100 pg/L was detected among 33.3% of partici-
pants in the control group. It should be noted that severe io-
dine deficiency was observed in 5.1% individuals with goiter
and 6.25% in control group, respectively. Table 1 summarizes
experimental data regarding thyroid status of control and NG
groups. Concentrations of TSH, TG, and FT4 in serum are
considered alternative indicators of iodine status.
Unfortunately, increased iodine consumption not always re-
sults in marked decrease of TSH level which still remains
within the reference range [1, 19]. Similarly, FT4 level chang-
es very slowly after iodine administration. As a sensitive in-
dicator of iodine status, TG concentration reflects the im-
proved thyroid function after iodine repletion. Median TSH
concentration was slightly different in both groups, whereas
TG concentration was more than twofold greater than in con-
trol group, thus indicating mild iodine deficiency in control
and moderate iodine deficiency in the NG group. Therefore,
TG concentration in serum was the most reliable parameter of
nodular goiter in our investigations. In this study, serum TG
concentration was directly correlated with UIE (Table 1), and

Table 4 Correlation between iodine and selenium content in blood
serum and thyroid status parameters in the different observed groups

Correlation between parameters Control group

(n = 40)

NG group
(n=16)

FSpearman P VSpearman P

Tvol/TgAbs —0.288 0.075 —0.510 0.044
Tg/l -0.254 0.119 0.518 0.04

Tg/Se 0.309 0.063 0.531 0.034
Tg/TSH 0.415 0.009 -0.091 0.736
Se/TSH 0.425 0.009 -043  0.097
TSH/TPOAb 0.332 0.039 0.394 0.131
TgAbs/TPOAb 0.578 <0.001 0.363 0.167
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in the control group, TG was close to normal which is consid-
ered to be 10 ug/L [20].

Selenium plays an important role in metabolism of thyroid
hormones. A specific selenium-containing enzyme, glutathi-
one peroxidase (GPx), regulates synthesis of thyroid hor-
mones through modulation of H,O, availability for
thyroperoxidase action in follicular lumen [11]. Moreover,
another selenoenzyme, iodothyronine deiodinase, can convert
thyroxine (T4) to bioactive triiodothyronine (T3) [21]. We
observed a marked decrease of median Se concentration in
the NG group (21 pg/L) compared with control group (49
pg/L). These concentrations are lower than the minimal limit
of recommended daily intake (55 pg/L). Our findings contrast
to those obtained by Sakiz et al. [19], who reported similar
mean concentration of Se in serum for the patients with single
nodules (58.8 £ 15.1 pg/L), multiple nodules (57.3 + 14.8
ug/L), and control group (57.6 + 13.3 ug/L). These data can
be explained by sufficient dietary iodine of participants. Giray
et al. have suggested that low selenium concentration may
contribute to goiter among individuals with iodine deficiency
[22].

Copper may act as both antioxidant and prooxidant, and it
is incorporated into a variety of metabolic enzymes in the
human body, including cytochrome C, superoxide dismutase,
and lysyl oxidase. Presence of copper is necessary for T4
production [21]. A decrease of Cu concentration in serum
was observed among patients with NG, comparing with the
control group. These findings are in agreement with the data
obtained by Aihara et al. [23] but in contrast with those of
Giray et al. [22] and Kazi et al. [24], who reported high Cu
concentrations in plasma from patients with NG and in serum
from individuals with diffuse goiter, respectively. Thyroid tis-
sue from patients who survived the Chernobyl disaster ex-
hibits decreased concentrations of Cu, Fe, and Zn compared
with control group [25]. Mean concentrations of copper, iron,
and zinc in patients with NG were 3.35 + 0.9 ug/g of dry
tissue, 201.6 + 23.4 ug/g, and 41.8 = 7.2 ug/g, respectively.
Concentrations of these trace elements in thyroid tissue were
significantly higher in the control group. Mean concentration
of Cu, Fe, and Zn in thyroid glands of control group were5.24
+0.5 ng/g, 241.4 £22.0 pug/g, and 101.3 + 10.9 ug/g, respec-
tively [25]. These findings correlate with our data, probably
due to similarity of procedure of goiter detection. The individ-
uals with NG were euthyroid and did not suffer from hyper-
thyroidism [25].

Zinc plays significant roles including immune function,
growth, sexual maturation, wound healing, and others, and
may have an effect on thyroid function [22]. A correlation
between the amount of zinc in human diet and goiter devel-
opment has not been established; however, it is known that
zinc deficiency accompanies hypothyroidism [26].
Interestingly, increased level of zinc in serum is associated
with decreased FT4 concentration in males, while these

observations were not significant in females [27]. Also, the
correlation between lower values of Zn level in hair of chil-
dren with goiter compared with control group [28] has been
observed. In our study, we observed a significant decrease of
Zn concentration in serum for patients with goiter in compar-
ison with control group, indicating that zinc may act as an
additional factor in development of nodular goiter along with
deficiency of other essential trace elements, primarily iodine
and selenium.

Deficiency of iron affects production of thyroid hormones
since heme-dependent TPO decreases [24, 29]. The present
study indicates deficiency of iron among individuals, especial-
ly in NG group. In other words, almost 25% of patients with
goiter had lower than optimal iron concentrations in serum.
We observed decreased concentration of iron in serum for the
NG group in comparison with controls. These data are similar
to results obtained by Kazi et al., who observed significant
elevations of iron in serum of control group in comparison
with the patients with NG [24].

Currently, limited data exist concerning the role of Mg in
thyroid function. Prolonged consumption of Mg supplements
may normalize thyroid morphology among patients with thy-
roid diseases [30]. Also, there is a significant correlation be-
tween increased TSH concentration and low Mg concentra-
tion in serum in patients with depressive disorders [31].
Administration of Mg has resulted in increased magnesium
concentration in serum and decline in Ca concentration [32].
Hyperthyroidism is associated with hypercalcemia, but this
correlation is age dependent [33]. Elevated Ca concentration
in serum is observed in 18.8% hyperthyroid patients aged 60
years and older, while only 2.3% of hyperthyroid patients
under 60 years of age had increased calcium concentration
in serum [33]. Our results contrast with the observations men-
tioned above. Median Ca concentration in serum for NG
group was lower than that of the control group. These differ-
ences might be due to different ages of participants in our
experiment and the survey carried by Szabo et al. [33], which
were (38.3 £ 1.68) years and (62 + 16) years, respectively.

A small number of patients with nodular goiter might be a
limited factor in this study. Therefore, a larger group of par-
ticipants is necessary in order to develop a detailed regression
model of for the role of trace elements in NG development.

Conclusions

In conclusion, the UIE measurements revealed mild iodine
deficiency among residents of Zhytomyr region in both con-
trol and NG groups. Median TG levels also indicated presence
of mild iodine deficiency in these groups. This study proved
that Thyroglobulin concentration in serum is the most reliable
indicator of nodular goiter. Median concentrations of calcium,
magnesium, and other trace elements in serum were lower in
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the NG group comparing with control group. Similar findings
of inadequate concentrations of several essential trace ele-
ments in serum have been observed among people residing
in Kyiv region of Ukraine [34]. Here we suggest that low
calcium concentration in serum, but not as much as low con-
centrations of Mg, Zn, or Se in serum, resulted in increased
relative risk of goiter development. The highest risk of goiter
occurrence was observed in combination of decreased concen-
trations of serum calcium, zinc, magnesium, and selenium in
serum and reduced concentration of iodine in urine.
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