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Abstract The thyroid gland is susceptible to nodulation. The
mechanism responsible for the growth of only some follicular
cells, which results in nodule formation, is not yet clear.
Selenium deficiency may be a risk factor in the development
of thyroid nodules. The aim of this study was to investigate the
relationship between selenium levels in patients with euthy-
roid nodular thyroid disease. Seventy patients with a solitary
euthyroid thyroid nodule, 70 patients with more than one eu-
thyroid nodule, and 60 healthy patients without thyroid nod-
ules were included in the study. Venous serum samples were
stored at -80°C and analyzed the same day using spectrometry.
The selenium levels of patients with multiple thyroid nodules,
solitary nodules, and patients without nodules were 57.3 ±
14.8 μg/L; 58.8 ± 15.1 μg/L; and 57.6 ± 13.3 μg/L, respec-
tively. The mean serum selenium level of all patients included
in the study was 57.9 ± 14.4 μg/L. Although serum selenium
levels were slightly higher in men, a statistically significant
difference was not observed. In our study, a significant rela-
tionship between serum selenium levels and nodular thyroid
disease was not seen. Our study was undertaken in an iodine
sufficient region. Mean serum selenium levels were lower
compared with many other studies, which may be associated
with the low selenium content of the soil. Nodular thyroid
disease shows multifactorial features. When our study is

considered together with previous studies, serum selenium
levels may considered to be effective on structural thyroid
diseases if combined with additional factors such as severe
iodine deficiency. Further studies are required to assess the
role of selenium in thyroid nodule formation.

Introduction

Thyroid nodules are masses that mostly arise with hyperplasia
and/or hypertrophy of thyrocytes and can be distinguished
from thyroid parenchyma using ultrasonography and palpa-
tion. The rate of diagnosed thyroid nodules in the general
population ranges from 20 to 76 % using ultrasonography
[1, 2]. The main clinical significance of thyroid nodules is
related with the probability of developing thyroid cancer. It
is thought that factors like heredity, genetic abnormalities,
peripheral goitrogens, and lack of iodine has a risk on onco-
genesis and nodulogenesis of the thyroids. However, the eti-
ology of thyroid nodules has not yet been clearly explained. It
is also not known why some patients develop solitary nodules
and others develop multiple nodules.

Despite national iodine replacement programs, structural
and functional thyroid disorders continue to be a major health
concern in many countries. Therefore, the relationship of trace
elements other than iodine with thyroid disorders was inves-
tigated. In many studies, there has been a significant relation-
ship between serum selenium levels, which is one of the trace
elements, and thyroid disorders [3–6]. Furthermore, the rela-
tionship between cancers of various organs with selenium
deficiency has long been known [7, 8]. In the same way,
selenium deficiency could be a risk factor for the development
of thyroid nodules, but differing results on this issue have been
reported [9–12].
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Selenium is a structural component of more than 25
selenoproteins such as glutathione peroxidase, iodothyronine
deiodinase, and thioredoxin reductase, and it has an important
role in thyroid physiology [13–15]. Relative to organ weight,
selenium is found in higher concentrations in the thyroid gland
than in other organs and it has been known for many years that
this concentration correlates with blood levels [16–18]. These
factors lead to selenium being considered as the second basic
building block of thyroid metabolism, after iodine [15].

In summary, the effects of selenium on tumorigenesis and
thyroid metabolism pathophysiology have been shown in sev-
eral trials. Therefore, we aimed to investigate whether serum
selenium levels contributed to the formation of nodules in an
iodine-sufficient region [19]. In addition, we evaluated pa-
tients with solitary nodules and multiple nodules separately.
In doing so, we aimed to contribute to the discussion as to
whether selenium affected the pathogenesis of solitary or mul-
tiple nodule formation.

Materials and Methods

Participants were recruited from one university’s endocrine
and internal medicine clinics. The study protocol was ap-
proved by the local ethics committee.

Included in the study were 70 patients with single euthy-
roid thyroid nodules (61 women (87.1 %) and 9 men
(12.9 %)), 70 patients with multiple euthyroid thyroid nodules
(66 women (94.3 %) and 4 men (5.7 %)), and a control group
that comprised 60 people without euthyroid nodule formation
(47 women (78.3 %) and 13 men (21.7 %)). For all 200 par-
ticipants (174 women (87 %) and 36 men (13 %)), the demo-
graphic characteristics, physical examination, thyroid ultra-
sound, and biochemical tests were recorded. Informed consent
was given by all participants. Blood samples used to study
serum selenium levels were obtained during routine examina-
tions and analyses. Sera obtained from participants were
stored at −80 °C until all samples were collected. Patients
who were using drugs that could affect the metabolism of
thyroid hormones (e.g., antithyroid drug, L-thyroxine) and
those with thyroid dysfunction or with any other comorbidi-
ties were excluded from the study. Also, none of the patients
received selenium supplements.

Thyroid ultrasonography was performed using an ultra-
sound device with high frequency 12 MHz linear array trans-
ducer. Thyroid volumes were calculated according to the
spherical ellipsoid formula: (volume = π/6 × anteroposterior
diameter (cm) × width (cm) × length (cm)) [20]. Thyroid
volumes greater than 25 mL in men and 18 mL in women
were recorded as goiter [21]. Thyroid nodularity, nodule size,
and nodule characteristics were recorded as recommended at
2015 American Thyroid Association Management Guidelines
for Adult Patients with Thyroid Nodules and Differentiated

Thyroid Cancer [22]. Also, nodule volume was calculated
using the same formula as used for thyroid volume. In the
multinodular group, the dominant nodule was chosen for nod-
ule volume calculation and suspicion estimation. With regard
to nodule quantity, the multinodular group was stratified in
four categories: two, three, four, and more than four nodules.

The serum selenium levels of all samples were analyzed
using atomic absorption spectrometry. Selenium analysis was
performed using an Ultra lamp current 20 mA, wavelength
196 nm, 1 nm band width, with a platform graphite tube
EL08013009 Varian AA240 Zeeman background correction
Z-type device. Palladium nitrate was used as a regulatory ma-
trix and the equivalent for the calibration matrix 10, 20, 40,
and 50 mg/L dose were used.

Parameters were analyzed using SPSS version 16.0 sta-
tistical software. Analyses of variations in selenium levels
between groups were performed using ANOVA variance
analysis and regression analysis. T-test was used to analyze
continuous variables. A p value less than 0.05 was consid-
ered as statistical significance.

Results

Serum selenium levels are presented as mean + standard devi-
ation. The mean selenium levels of participants with multiple
nodules, single nodules, andwithout nodules were 57.3 ± 14.8;
58.8 ± 15.1, and 57.6 ± 13.3 μg/L, respectively. The mean
serum selenium level of all patients in the study was
57.9 ± 14.4 μg/L. ANOVA variance analysis showed that se-
lenium levels did not vary between groups (p = 0.83) (Fig. 1).

Fig. 1 Selenium levels, nodular thyroid disease, and sex relationship. c
control group, s solitary group, m multinodular group. Black boxplots
represent women participants. White boxplots represent men participants.
Circles represent extreme values. The square represents the excess value
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The serum selenium levels of women and men were
57.4 ± 14.4 and 61.4 ± 14.7 μg/L, respectively. Serum seleni-
um levels were slightly higher in men; however, a statistically
significant difference was not observed (p = 0.18). In addition,
when male and female participants were assessed individually,
we found that there was no correlation between serum seleni-
um levels and nodule formation (p < 0.05). The mean age of
our participants was 42.2 ± 13.9 years. The mean age of soli-
tary group, multinodular group, and control group was
43.9 ± 13.2, 47.6 ± 12.4, and 33.8 ± 12.2, respectively. There
was an age shift between groups. The multinodular group was
the oldest group, and the control groupwas the youngest group.
Linear regression analysis showed that age was not significant-
ly predictive for serum selenium levels (p = 0.59) (Fig. 2).

In regard of sonographic features, there were 8 (5.7 %)
hypoechoic nodules with high-risk features (microcalcification,
irregular margins, rim calcifications with small extrusive soft
tissue component, extrathyroidal extension, or round shape); 27
(19.3 %) hypoechoic nodules without high risk features; 95
(67.9 %) hyperechoic or isoechoic solid nodule, or partially
cystic nodule with uniform eccentric solid area without high
risk features; 10 (7.1 %) spongiform or partially cystic nodule
without any of the high risk sonographic features [22]. Any of
nodules were purely cystic. In the solitary group, the nodule
volumewas 0.7 mL (range, 0.1–21.7 mL). In the multinodulary
group, the dominant nodule’s volume was 1.0 mL (range, 0.2–
42.7 mL). In our study, there were 24 (12 %) participants with
two nodules, 11 (5.5 %) with three nodules, 9 (4.5 %) with four
nodules, and 26 (13 %) participants had more than four nod-
ules. There was no correlation between serum selenium levels
and nodule volume (p = 0.67) and nodule quantity (p = 0.90).

As reported in preclinical and experimental studies, mini-
mal 70 μg/L serum selenium levels are necessary for the

maximal selenoprotein production; participants were evaluat-
ed in this respect. In our study, 166 participants had ≥70 μg/L
serum selenium, and 34 participants had <70 μg/L. A statisti-
cally significant difference was not observed when a partici-
pant’s serum selenium levels were evaluated for the presence
of nodules relative to serum selenium levels under 70 μg/L
(p = 0.37).

Serum selenium levels of participants who had goiter
(n = 82; 41 %) and participants within normal thyroid volume
(n = 118; 59 %) were 58.9 ± 15.2 and 56.62 ± 13.3 μg/L,
respectively. A significant relationship in terms of goiter was
not found (p = 0.25).When patients who had multiple nodules
(n = 70) were assessed individually, there were 52 (74.28 %)
patients with goiter and 18 without goiter (25.72 %). Their
selenium levels were 57.0 ± 13.9 and 58.2 ± 17.7 μg/L, re-
spectively. In the multinodular group, there was no significant
relation between serum selenium levels and goiter (p = 0.80).
When the solitary thyroid nodule group was assessed, there
were 30 (42.85%) patients with goiter and 40 (57.15 %) with-
out goiter. Their selenium levels were 55.6 ± 12.8 and
61.1 ± 16.5 μg/L, respectively. There was no significant rela-
tion between serum selenium levels and goiter in the solitary
nodule group (p = 0.12).

Themean TSH levels of participants withmultiple nodules,
single nodules, and without nodules were identified as
1.25 ± 0.72, 1.84 ± 1.10, and 2.35 ± 1.20μU/mL, respectively.
The mean TSH level of all patients in the study was
1.79 ± 1.19 μU/mL. There was no correlation between serum
selenium levels and serum TSH levels (p = 0.36).

Discussion

In our study, with regard to nodular thyroid disease and serum
selenium levels, a statistically significant correlation was not
detected. The situation did not change after male and female
participants in the same condition were divided into two
groups. The Konya region has been determined to be of nor-
mal iodine status as a result of iodine prophylaxis that has
been carried out since 2000 [19, 23]. Therefore, we did not
assess the situation of iodine deficiency in patients. In our
study, there was no correlation between selenium levels and
sex or age. The low rate of male participants can lead to errors
in the evaluation of the relationship between selenium levels
and other parameters in men. In a study performed in Egypt,
22 patients with multiple thyroid nodules were compared with
15 control patients; their serum selenium levels were detected
as 9.6 ± 1.24 and 11.7 ± 1.64 μg/L, respectively. The authors
reported a significant relationship between low-level serum
selenium and multinodular goiter (p < 0.005) [9]. The present
study comprised adult groups and no correlation was detected
between serum selenium levels and age. Serum selenium
levels in this study were much lower than our study. This

Fig. 2 Age distribution and serum selenium levels. c control group, s
solitary group,mmultinodular group. Squares represent men participants,
and circles represent women participants
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situation can be explained by the dependence of racial and
geographic variables. Samir et al.’s study was performed in
an iodine deficiency area, and the effect of iodine deficiency
was not evaluated. In addition, their study contained a limited
number of participants; these conditions are the restricting fea-
tures of their study [9]. In the study of Ozata et al., which was
performed in Turkey, there was no significant correlation be-
tween the presence of goiter and serum selenium levels; nod-
ular thyroid disease was not exclusively evaluated [24]. Serum
selenium levels were lower in our study; however, similar re-
sults were found when considered in terms of the presence of
goiter. This situation can be explained by the multifactorial
features of structural thyroid diseases, i.e., nodules/follicles
and goiter. Also, we aware that there should be some time
preceding the appearance of the follicles/nodules and goiter.
Thus, although there was no association between the presence
of nodules and serum selenium, this is not proof that there was
no selenium deficiency at the time of nodule formation.

In Denmark, in a mild iodine deficiency area, a study inves-
tigated the relationship between goiter and thyroid nodules
with serum selenium levels, before and after iodine supple-
mentation. Although a trend for risk of multiple thyroid nodule
formation was identified with low serum selenium levels, it
was not statistically significant (p = 0.087). No interaction
was found between serum selenium levels and the develop-
ment of single thyroid nodules (p = 0.855). Furthermore, the
negative correlation between serum selenium levels (median
96.8 μg/L) and thyroid volume was statistically significant
(p = 0.006). When the participants were divided into two
groups as male and female, serum selenium levels showed an
inverse correlationwith the presence of goiter in women but no
significant correlation was determined in men. When the par-
ticipants were examined as before and after iodine supplemen-
tation, although the negative correlation continued its statistical
significance in the before iodine supplementation group, this
relationship lost its statistical significance in the after iodine
supplementation group (p = 0.021 and 0.249, respectively)
[10]. In a study conducted in Switzerland, in children with
iodine and selenium deficiency, thyroid volume decline re-
duced after iodine supplementation in patients with selenium
deficiency [25]. This confirms the theory of follicular cell hy-
pertrophy and hyperplasia and cannot be explained by only
one cause. When considered together with Rasmussen’s study
[10], this suggests that selenium and iodine deficiency may not
be independent factors of thyroid disorders.

When we chronologically reviewed studies performed in
Turkey, a significant correlation had been identified between
serum selenium levels and thyroid nodules or goiter in the
early 2000s. However, recent studies, some of which were
performed by the same researchers, did not observe this cor-
relation [11, 26, 27]. This situation may be associated with the
reduction of iodine deficiency in Turkey through iodine sup-
plementation. The main reason of uncorrelated serum

selenium levels with nodular thyroid disorders and goiter in
our study may be the alleviation of iodine deficiency, which is
the most important contributor of thyroid disorders. Likewise,
in a study conducted in a mild iodine deficiency area of
France, the noncorrelation between selenium levels and thy-
roid nodulation could have been associated with mild levels of
iodine deficiency. However, the correlation between serum
selenium levels and goiter in the French study could be ex-
plained by the presence of contributors of thyroid disorders
other than iodine [28, 29].

Normal serum selenium levels in terms of thyroid diseases
have not yet been determined. However, experimental and
preclinical studies have shown that levels higher than 70 μg/
L are necessary for the production of sufficient selenoproteins
[30–32]. Other studies have indicated that a ≥100 μg/L level
of serum selenium is necessary in the prevention of goiter and
autoimmune thyroid disease or anticancer activity [4, 33, 34].
When our study’s data were considered according to serum
selenium levels above or below 70 μg/L, there was no signif-
icant difference in terms of thyroid nodulation and goiter. The
absence of other clinical studies in the literature on this subject
and specific selenium levels (above 70 μg/L) raises the need
for further investigation.

The effect level of serum selenium levels on the thyroid
gland and its functions are still controversial. This is due to the
heterogeneity of studies in terms of age, sex, severity of iodine
deficiency, differences in study method, and differences in
analysis of data; the subject may not yet have been sufficiently
studied. Furthermore, an organism’s selenium level is not yet a
clear descriptor in terms of thyroid disorders. For now, it is
known that serum selenium levels, GPX activity, urinary se-
lenium, nail and hair selenium are associated with each other.
However, each mutual relation has not yet been definitively
determined [35–37].

The main source of selenium is soil content. The selenium
levels of all nutrients of vegetables or animals are most influ-
enced by soil content. The soil levels of selenium vary greatly
in various regions of the world, from toxic levels to very low
levels [37]. We think that our study’s low serum selenium
levels were due to the low levels of soil selenium content.

In conclusion, a statistically significant correlation between
serum selenium levels and nodular thyroid disease was not
identified in our study. The volunteers in our study came from
the Middle Anatolia region of Turkey, and their serum seleni-
um levels were determined lower than those found in other
studies [38, 39]. This condition is associated with low soil
selenium content. When our study is considered together with
previous studies, serum selenium levels may be considered to
be effective on thyroid structural diseases if combined with
additional factors such as severe iodine deficiency. Therefore,
assessment of selenium deficiency in terms of its public health
impact and nodular thyroid disorders should be undertaken in
further investigations.
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