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ABSTRACT

OBJECTIVE: Zinc is essential for many biochemical processes and also for cell prolifera-
tion. Thyroid hormones influence zinc metabolism by affecting zinc absorption and excre-
tion. Additionally, zinc deficiency affects thyroid function. The aim of the present study was
to evaluate a possible association of zinc levels with thyroid volume, thyroid hormones and
thyroid autoantibody levels in healthy subjects, patients with autoimmune thyroid disease
(AITD) and patients with nodular goitre following successful iodine supplementation. This is
a cross-sectional study in which 201 subjects who were not under medical treatment and did
not have previous thyroid surgery or radio-iodine treatment were evaluated. Seventy patients
had nodular goitre, 67 AITD and 64 had normal thyroid. Thyroid volume was calculated by
ultrasonographic measurements. Serum free T4, T3, TSH, anti-thyroglobulin and anti-thyroid
peroxidase levels were determined by appropriate methodology.RESULTS: In patients with
normal thyroid, zinc levels were significantly positively correlated with free T3 levels (p <0.001).
In the nodular goitre group, thyroid volume was negatively correlated with TSH and circulat-
ing zinc levels (p=0.014 and p=0.045, respectively). In the AITD group, thyroid autoantibod-
ies and zinc were significantly positively correlated. Multiple regression analysis revealed a
significant relationship between thyroid volume and zinc only in the patients with nodular
goitre (p=0.043). CONCLUSION: There was significant correlation of serum zinc levels with
thyroid volume in nodular goitre patients, with thyroid autoantibodies in AITD and with free
T3 in patients with normal thyroid.
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INTRODUCTION

Zinc is an important element for numerous bio-
chemical processes as well as for cell proliferation.
Zinc is extensively studied by bioinorganic chemistry
and it is known that there are many metalloproteins
with specific enzymatic activity containing zinc.
Carbonic anhydrase, liver alcohol dehydrogenase
and alkaline phosphatase are some examples of zinc
enzymes.'

Thyroid function influences zinc metabolism. In
a study carried out in nephrectomized rats, it was
observed that reduced thyroid function was strongly
related to low serum zinc level.? Prasad et al reported
that thyroid hormones modulate zinc transport activity
in rat renal and intestinal brush-border membrane.?
The evaluation of tissue specimens of 72 patients ac-
cording to their content and coefficient of variation of
iodine, zinc and selenium revealed a significant rela-
tionship between these elements and thyroid hormones
and TSH blood levels.* In a German epidemiologic
study in which 5932 clinically healthy, subjects were
tested to evaluate iodine status and goitre prevalence, a
significant negative relationship was detected between
thyroid volume and zinc levels in subjects older than
40 years, although in other age groups there was no
correlation between thyroid volume, iodine status
and serum zinc levels.’ Erytrocyte zinc and carbonic
anhydrase enzyme levels are altered in patients with
Graves’ disease. Based on this observation it has
been suggested that erythrocyte zinc levels could be
used as an index of thyroid status in the preceding
months in the same way that glycohemoglobin levels
are employed in diabetics. This index can also be ap-
plied for the differentiation between Graves’ disease
and other forms of thyrotoxicosis.*®

Zinc has some effects on TSH and thyroid hormone
levels. Furthermore, zinc supplementation improves
thymic and immune functions in children with Down’s
syndrome.*!? Specifically, children with Down’s syn-
drome and low zinc levels have a higher incidence of
subclinical hypothyroidism and higher TSH levels that
can be improved by zinc replacement.!’

In Turkey, legislation necessitating the iodization of
table salt was started in 1999 by the addition of 50-70
mg/kg potassium iodide or 25-40 mg/kg potassium
iodine in order to prevent endemic goitre caused by

iodine deficiency. In a recent study evaluating goitre
prevalence in school age children in Ankara, it was
shown that the iodine sufficiency was reached within
7 years of initiation of countrywide prophylaxis.!!1?
In the present study, we aimed to evaluate a possible
relationship of serum zinc levels with thyroid hor-
mones, thyroid volume, anti-thyroglobulin (anti-TG)
and anti-thyroid peroxidase (anti-TPO) antibodies
(Ab) in subjects with either normal thyroid, autoim-
mune thyroid disease (AITD) or nodular goitre in the
Turkish population of Ankara following successful
iodine supplementation.

METHODS

We evaluated 201 subjects (62 men, 139 women)
who consecutively visited the Ufuk University Depart-
ment of Endocrinology for thyroid disease screening,
excluding those having received any medical or surgi-
cal treatment for the thyroid at any time of their life
or subjects with a history of radio-iodine treatment.
All patients were older than 18 years and all gave
informed consent. The study was approved by the
regional Ethics Committee.

Patients with normal thyroid function, negative
thyroid autoantibodies and echographically normal
thyroid were classified as normal, independent of their
calculated thyroid volume. Patients with echographi-
cally normal thyroid but with thyroid nodules were
classified as having nodular goiter and those with
heterogenous parenchyma of the thyroid and positive
thyroid antibodies were grouped as AITD. Thyroid
nodules smaller than 2 mm in AITD patients were
not considered as nodules. Patients with both thyroid
nodules and heterogenous thyroid paranchyma were
excluded.

RADIOLOGICAL PARAMETERS

Ultrasonographic evaluation was conducted by
using a GE LOGIQ 10 ultrasonography device with a
7.5 MHz linear probe, by the one radiologist, who was
not aware of the laboratory data of the patients. The
thyroid volume was calculated by ultrasonographic
measurements using the formula “length x width x
depth x pi/6” for each lobe and the sum was accepted
as total thyroid volume.”® Their urine iodine levels
were measured to exclude iodine deficiency.
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Biochemical parameters

Serum free T4 and T3, TSH, anti-thyroglobulin
and anti-thyroid peroxidase levels were measured
by the standardized electrochemiluminescence im-
munoassay (ECLIA) method and serum zinc was
measured spectrophotometrically.

The urinary iodine concentration of 30 patients,
randomly selected, was determined in a spot morning
urine sample by the calorimetric ceric ion arsenous
acid wet-ash method based on Sandell Kolthoff reac-
tion using Fisher reagents and Genesis Spectronic
20 spectrophotometer, in order to exclude iodine
deficiency (Fisher Scientific, Laughborough, UK).

Statistical methods

A full descriptive analysis of the available data was
carried out using a Kolmogorov-Smirnov normality
test. One-way ANOVA was applied for evaluation of
difference between the two sexes and for difference
between thyroid diseases. The Tukey HSD test was
carried out to compare thyroid function tests, thyroid
volume, age, thyroid autoantibodies and zinc levels
in three thyroid diseases. Bivariate correlations were
performed for all patients, and also for both sexes and
each thyroid group for the same variables. Pearson’s
bivariate correlation analysis was carried out when
evaluating two normally distributed parameters;
otherwise, we performed Spearman’s correlation
analysis. Regression analysis was carried out to test
correlations between thyroid volume and TSH, free T4
and T3, anti-T'G, anti-TPO antibodies and zinc levels.

Parameters that were not normally distributed were
normalised by log-transformation before regression
analysis. P values lower than 0.05 were considered as
significant. All tests were carried out with the help
of SPSS 12.0, version for Windows.

RESULTS

In 30 patients, randomly selected urinary io-
dine excretion was normal with a mean value of
219.63£110.61 (SD) pg/L.

Seventy subjects (34.8%) had nodular goitre, 67
(33.3%) AITD and 64 (31.8%) had normal thyroid,
as previously defined.

Women were significantly younger (p<0.001) and
had lower thyroid volume (p=0.009) than men, but
they had significantly higher (p=0.046) anti-TPO
antibody levels (Table 1).

Echographical pattern: 27% of women had normal
thyroid, 33% multinodular goitre and 40% AITD,
while 43% of men had normal thyroid, 39% multin-
odular goitre and 18% AITD (Pearson Chi-Square
10.78, 2DF, P= 0.005).

Repeating the analyses by thyroid disease, TSH
(p=0.003) and both thyroid Ab levels were signifi-
cantly different among the three groups (p<0.001)
and higher in the AITD group (via the Tukey HSD
test p=0.011 for TSH, p<0.001 for both thyroid
autoantibodies).

Table 1. Values of various parameters in males and females (mean =SD)

Males Females p value*

N 139 --

Age (years) 51.3£109 4221148 0.001
Thyroid volume (ml) 2371142 16.04 £ 15.5 0.009
TSH (mIU/mL) 1.89+1.27 3.39+3.44 0.070
Free T4 (pmol/L) 1.33£0.28 1.23+£0.25 0,057
Free T3 (pmol/L) 0.39 £ 0.40 0.35+0.40 0,600
Anti-thyroglobulin antibody (IU/mL) 94.27£91.15 195.84 + 143.06 0,068
Anti-TPO antibody (IU/mL) 54.08 £ 47.72 107.87 £ 104.63 0.046
Zinc (ug/dL) 7215+ 17.65 73.29 £ 1175 0,601

*t-test for normally distributed variables or the Mann-Whitney test (for non-normally distributed variables). Statistically significant

differences if p<0.05.
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Taking into consideration the whole patient sample,
a significant positive correlation was observed between
thyroid volume and age (p=0.006), also between TSH
levels and free T4, anti-thyroglobulin and anti-TPO
Ab levels (in all three p<0.001).

In men, a significant correlation between both
thyroid antibodies and free T4 levels (p<0.001 for
both) was observed, while thyroid volume (p=0.010)
and age (p=0.015) were negatively correlated with
TSH levels. There was no significant correlation
between thyroid volume and zinc levels, though zinc
levels were negatively correlated with free T3 levels
(p=0.049) in men.

In women, thyroid volume was not related to any
of the parameters studied, but thyroid auto-antibodies
(p<0.001), free T4 (negatively) (p<0.001) and zinc
levels (p=0.042) were significantly correlated with
TSH levels.

In the group with normal thyroid, the thyroid
volume was positively correlated with thyroid autoan-
tibody levels (p=0.001 for anti-TG and p<0.001 for
anti TPO). The TSH was negatively correlated only
with free T4 levels in this group. Zinc (p<0.001)
was significantly positively correlated with free T3
(p<0.001).

In the nodular goiter group, the thyroid volume was
negatively correlated with TSH (p=0.014) and zinc
levels (p=0.045). Zinc was also negatively correlated
with free T3 (p=0.007) and thyroid auto-antibodies
were negatively correlated with age (p=0.044 for
anti-TG and p=0.001 for anti-TPO).

In patients with AITD, thyroid volume was not
correlated with any of the parameters studied, but
TSH levels were significantly correlated with thyroid
autoantibodies (p=0.000 for anti-TG and p=0.008
for anti-TPO) and zinc levels (p=0.049). There was
also a strong negative correlation between TSH levels
and free T4 and T3 levels (p=0.001 and p=0.002,
respectively). Serum zinc levels were also significantly
correlated with anti-thyroglobulin Ab levels in this
group (p=0.002).

Regression analysis revealed a significant relation-
ship between thyroid volume and zinc only in nodular
goitre patients (p=0.043) but neither in AITD patient

(p=0.081) nor in the normal group (p=0.429) was
this the case. In the normal group, thyroid volume
was significantly correlated only with TSH levels
(p=0.027). (Figure 1).

DISCUSSION

It is well known that iodine deficiency affects thy-
roid volume and function.!* The effects of selenium,
magnesium, copper, iron, cobalt and manganese on the
thyroid have been studied in animals and humans.'"?
Zinc is an essential trace metal for catalytic activities
of many enzymes involved in the metabolism of hor-
mones. Zinc effects on thyroid hormones are complex
and include both synthesis and mode of action.?
Thyroid transcription factors which are essential for
modulation of gene expression contain zinc at cysteine
residues.?! Nevertheless, the effects of zinc on thyroid
hormone levels and the thyroid gland in general are
still not clear. Animal and human studies have yielded
conflicting results, low T3 levels being found in some
patients with zinc deficiency.? Interestingly, Maxwell
and Volpe observed that, while the thyroid hormone
levels and metabolic rates of two zinc-deficient sub-
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Figure 1. Relationship between thyroid volume (ml) and zinc
levels (ug/dl) in each group of thyroid disease. P values for the
relationship between zinc levels and thyroid volume in each
group were: for normal thyroid group p= 0.924; for nodular
goitre p= 0.029, for AITD group p= 0.336.
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jects were comparable, zinc supplementation (26.4
mg/day as zinc gluconate) increased both free and
total T3 and T4 levels in one subject, but increased
only total T3 in the other subject at 4 months, while
resting metabolic rate was increased in both.?? The
studies concerning the effects of zinc supplementa-
tion on thyroid function have generally been carried
out in small groups. In one such study in which 25
mg of zinc was given to euthyroid and hyperthyroid
patients, it was shown that zinc depresses TSH levels
in healthy subjects.? In our study, we investigated a
relatively large sample and found a linear relationship
between TSH and zinc levels in women in all three
groups of thyroid diseases evaluated.

Our study demonstrated that the relationship
of zinc to various thyroid parameters differs in the
three studied groups. Specifically, in the nodular
thyroid group zinc levels were negatively correlated
with thyroid volume and free T, whereas in the
normal thyroid group, zinc was positively correlated
with free Ts. Previous iodine deficiency might be
an important factor explaining the findings in the
nodular thyroid group even in the absence of current
iodine deficiency.

Data as to whether zinc deficiency may increase
nodule formation or cause goitrogenous growth of the
thyroid is lacking. This could be studied by large-scale
prospective studies, especially in areas of previous
iodine deficiency such as Ankara.

In patients with AITD, TSH was correlated with
zinc and thyroid autoantibodies. This result cannot
be explained by an antioxidant effect of this element
since this is not in accordance with the known effects
of antioxidants on the thyroid.?* Zinc deficiency is com-
mon in children with Down’s syndrome, who also have
higher incidence of hypothyroidism improves which
zinc supplementation.’ The effects of zinc have been
studied in detail in patients with Down’s syndrome
while also examining a possible relationship with
other comorbidities of this syndrome.”? Although no
relationship between zinc and thyroid autoantibod-
ies was detected in children with Down’s syndrome,
the incidence of antibodies was reported to be up to
25% % Other studies have shown the importance of
evaluating patients with only chronic thyroiditis with
regard to the effects of zinc. The results of the above

studies offer little to our understanding of the role of
zinc on thyroid function in subjects without Down’s
syndrome. Nevertheless, studies of zinc in Down’s
syndrome, are in concordance with the results of
our study.

Our regression analysis revealed a significant
relationship between serum zinc levels and thyroid
volume only in patients with nodular goiter. Possible
effects of previous iodine deficiency on the develop-
ment of the thyroid nodules and the goitrogenous state
of the gland might play a role in this association, a
hypothesis based on the fact that the volume of the
thyroid gland in the other groups was not related with
zinc levels. Even with normal iodine levels, zinc may
have goitrogenous effect in this group of patients.
This relationship between goitre and zinc level is in
concordance with an old study by Napolitano et al in
children with Down’s syndrome, which are in conflict
with the study of Hampel et al.>® Our study is the
first which analyzes zinc levels separately in subjects
with either normal thyroid or nodular goiter as well
as in patients with AITD. This distinction could well
be important in the evaluation of the effects of zinc
both on thyroid diseases or in subjects with normal
thyroid. Moreover, zinc levels measurements in thy-
roid tissue together with oxidant/antioxidant balance
evaluation could also be of assistance in explaining
the mechanism.?” Finally, thyroid nodules in patients
with AITD should also be examined separately to
assess the effect of zinc in this group.

The effects of zinc in states of deficiency of other
trace elements is also not clear.?” Although our patients
were not currently iodine deficient, they had previously
been exposed to an iodine deficient environment.
Hence our finding may not apply to other popula-
tions. Relationship between thyroid volume, thyroid
functions and zinc in different thyroid diseases with
and without deficiencies of other elements should
be assessed.

Conclusions. Significant relationships between
thyroid volume and serum zinc levels in nodular
goitre patients, between thyroid autoantibodies and
zinc in AITD patients and between free T; and zinc
in subjects with normal thyroid were detected. The
findings underline the importance of studying the
link of serum zinc levels with thyroid gland function
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in groups of well defined thyroid disorders in order to
draw meaningful conclusions with regard to the role
of zinc in thyroid physiology and nosology.
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