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Abstract
Inorganic metal ions and the proteins play an essential role in living systems. Different hormones
and cellular messengers regulate the hemostasis of organisms. Calcium, magnesium, iron and zinc
are abundantly distributed in human bodies and play vital role in many biochemical processes.
Albumin and ferritin are also the most abundant proteins present in our bodies and carrying out
important physiological processes. A disease state or a medical condition can perturb the normal
levels of metal ions and proteins in living systems. In the present study, we have analyzed the
serum concentration of Ca, Mg, Fe, Zn, albumin and ferritin of hyperthyroid patients. This study
includes 184 collected samples (52 normal subjects and 132 hyperthyroid patients), with age
group ranging between 11 to 75 years. During sample collection, only those patients were
included for whom hyperthyroidism was initially diagnosed but not taking any medicines yet. The
hyperthyroid state was determined by the correlation of FT3, FT4 and TSH. Serum Fe, Ca and
albumin levels were determined by spectrophotometric method, while Zu and Mg by atomic
absorption spectroscopy (AAS) and ferritin by radioimmunology assay (RIA). Obtained results
demonstrated the significant differences in the studied parameters as compared to the normal
subjects.
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Introduction

Thyroid disease is one of the most common
endocrine disorder. Studies have shown that about
108 million people in India are distressed from
metabolic and endocrine syndrome, of which
approximately 42 million are thyroid aberrations
[1]. Hyperthyroidism is chiefly due to overexcited
activity of thyroid gland and some other roots [2].
Many physiological, clinical and biochemical
changes occur when body tissues are exposed for
long time to higher concentrations of thyroid

hormone [3, 4]. The hemostasis the body is an
intricate process, involving different hormones,
proteins and metal ions etc. In this connection
albumin and ferritin are important proteins present
in the blood. Both of these belong to the family of
globular protein [5]. Ferritin is responsible for the
storage of iron, while albumin is a transportation
protein. Albumin transports metal ions and
different hormones in the body, and is responsible
for carrying zinc and thyroid hormones [6, 7].
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Crystallographic studies revealed that albumin
consists of a heart shaped assembly of three
homologous domains, while the ligand binding
domain is located in the hydrophobic cavities
present between two subdomain IIA and IIIA [5,
8], and the zinc binding site is present at the
interface of domains I and II [7]. Zinc is of great
importance too as it is the most common metal ion
present at the active site of metalloproteinase,
which are involved in many biochemical
processes, e.g. angiotensin converting enzyme,
which is an important enzyme in the blood
pressure regulation [9]. The normal concentration
of zinc in blood serum is required for the proper
functioning of pituitary gland, hypothalamus and
for the biosynthesis of Thyrotropin Releasing
Hormone (TRH) in the human body [10, 11]. It
also plays a key role in the deiodination of
thyroxine T4 [12]. The alteration of zinc level is
well reported in hyperthyroidism and thyroid
cancer [13, 14], and mainly observed in
erythrocytes and brain tissues [15].

Iron plays an important role in transport of
oxygen throughout the body by binding with
hemoglobin. Magnesium is a cofactor for about
300 cellular enzymes and has an imperative role in
energy metabolic rate, contributing in phosphate-
transfer reactions concerning ATP and nucleotide
triphosphates for efficient integrity of the nervous
system [16]. Several research reports have shown
that a decrease in the amount of serum magnesium
is related to increased inflammation [17]. Through
a large number of studies, it has been well
established that calcium is mainly responsible for
the bone health and also prevents bone loss [18].
Hyperthyroidism affects the bone mineral
homeostasis and diminution the bone density [19].
Primarily bone mineral homeostasis is controlled
by the following three major hormones including
calcitonin, parathyroid hormone (PTH) and 1,25-
dihydroxyvitamin D [20]. Moreover, thyroid
hormones mainly target intestine, bone, kidney and
heart tissues, and may indirectly influence the
hemostasis [21].

In the light of aforementioned important
role of different proteins and metal ions in the
human physiology, and a possibility of
disturbance/imbalance in their serum level, we

have designed a systematic study to find out if
there is any affect of hyperthyroidism on iron, zinc,
calcium, magnesium, albumin and ferritin. Another
aim of this study was to see if geographical
location and race has any correlation with the
factors studied.

Materials and Methods
Subjects

A clinical based descriptive study was
conducted during the period from February to June
2017. This study encompassed over 184 samples
having 52 healthy persons (age ranging between 11
to 67 years, and 132 (109 males and 33 females)
hyperthyroid patients, with age ranging between 11
to 72 years. More than 1000, patients were
attended and test group was selected on the basis,
in all the patients, hyperthyroidism was initially
diagnosed. None of them had any major disease,
like hepatitis, thalassemia, anemia/sickle cell
anemia, and had not gone under any major or
minor surgery, in the past 18 months. The patients
were attended and interviewed at
radioimmunoassay laboratory (RIA), INMOL
Hospital Lahore. The patients were spotted on the
result of clinical examination and by the
correlation of FT3, FT4 and TSH. Written consent
was obtained from each patient to use his or her
blood samples for this study. The purpose and
nature of the research work was fully explained to
them, before collecting their blood sample.
Concentration of calcium and albumin was
determined using Erba Kit (ERBA diagnostic
Mannheim GmbH, Germany). Iron was also
determined by, Iron Assay Kit (Elabscience, USA).
Ferritin-IRMA Kit was used for the determination
of serum ferritin. Thyroid hormone concentration
was determined by using Beckman Coulter Kit. All
other chemicals used were obtained from Merck
(Germany), unless otherwise stated.

Control Group

The control group consisted of 52 blood
samples, obtained from healthy persons.

Test/Case Group

The test group consisted of 132 blood
samples, obtained from hyperthyroid patients.
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Sample Collection and Preparation

Approximately 5 mL venous blood was
drawn from each person by employing disposable
syringe and then transported into coated tubes
(coated with antibodies labelled with I125) for
clotting. The serum was separated from the plasma
by centrifugation at 3000 rpm for ten min. Serum
samples were stored at –20oC temperature before
use.

Determination of FT3, FT4 and TSH

Serum hormone levels of FT4, FT3 and
TSH were estimated by using RIA/IRMA
methodology using kits manufactured by Beckman
coulter on Gamma Counter SR 300 [22-24].

Determination of Zinc and Magnesium

The serum samples were digested as
follows. 2 mL of nitric acid (65 %, analytical
grade) were added to 0.5 mL of serum, followed
by addition of 1 mL of 30% H2O2. The mixture
was heated in a beaker till the evaporation of acid.
The residue was dissolved in 25 mL water and
stored at 4°C, till analysis by atomic absorption
spectrophotometer (AAS). Stock solution of zinc
was prepared by dissolving 1g of zinc metal
granules (99.9%; Fisher scientific, USA) in 1:1
mole ratio of 40 mL hydrochloric acid and distilled
water then diluted up to 1 L to obtain 1000 µg/mL
of zinc. Working standards of 100, 10, 5, 2 and 1
ppm were prepared by diluting the stock solution
with distilled water. Likewise, stock solution of
magnesium was prepared by using anhydrous
magnesium chloride. In order to determine the
absorbance of digested samples for magnesium,
zinc by atomic absorption spectrophotometer
(Varian 240, Co. USA), and auto-sampler was used
for aspiration of the samples. Acetylene flame at
0.1 nm flame width and 213.9 nm wavelength was
used for the analysis. The Mg and Zn
concentration of each sample was calculated using
standard curve
[25].

Estimation of Iron, Calcium and Albumin

The concentration of serum albumin, iron
and calcium was determined by using assay kits
based on colorimetric method, with Micro-lab-200,

spectrophotometer. The protocols provided by the
supplier with the assay kits were followed ideally.

Estimation of Serum Ferritin Levels

Serum ferritin levels were determined by
RIA/ IRMA methodology, by using Gamma
Counter SR 300, (Co. USA). The procedure
provided by the manufacturer of the ferritin assay
kit was followed exactly.

Statistical Analysis

All the statistical evaluations were made
using Excel software.

Results and Discussion

The obtained results of our study show that
mean serum FT4, FT3, have increased significantly
(p<0.001) in hyperthyroid patients as compared to
normal subjects, while mean serum TSH has
declined significantly (Fig. 1). All the other
parameters tested were found in the normal range,
although subtle differences in the level of these
parameters were observed when compared to the
control group, as data summarized in Table 1. The
concentration of TSH was very low in
hyperthyroid cases, which enriches the serum with
FT3 and FT4 in prominent way, because of
malfunction of thyroid gland (Fig. 1).

Figure 1. Comparison in the mean thyroid related hormone and
ferritin in both groups

Hyperthyroidism generally increases the
storage of serum iron and decrease the iron
metabolism in all age groups and genders,
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particularly in menopausal and premenopausal
women in accordance with clinical endocrinology
recommendations. There was a significant increase
observed in serum ferritin level of hyperthyroid
patients, which is evident from the Fig. 2 and
Table 1. Regression analysis was also carried out
to study correlation among different parameters
studied, and the data obtained were summarized in
Table 2. All the plots of regression analysis are
shown in Fig. 3.

Table 1. Statistical analysis of the investigated parameters by
student’s t-test.

Mean ± S.D
Analyte Control

Group
Hyperthyroid

Group

Significance
level

FT4 p mol/L 13.41±5.34 31.44±17.0 P<0.001

FT3 p mol/L 4.33±0.31 21.61±7.71 P<0.001

TSH ml U/L 1.43±0.23 0.075±0.015 P<0.001

Ferritin ng/mL 51.48± 8.03 85.61±8.12 P<0.001

Albumin g/dL 4.4 ± 0.29 3.0 ± 0.59 P<0.001

Iron µg/dL 89.63 ± 5.6 80.00 ± 10 P<0.05

Zinc ng/dL 244±13.8 172.5±10.6 P<0.05

Ca mg/dL 8.3±0.30 9.2±0.24 P<0.001

Mg mg/dL 5.2±0.5 3.5±0.48 P<0.001

Table 2. Regression analysis between the different investigated
parameters.

Analyte
Regression
factor (r)

Y = a + bx
Significance
level t-test

TSH vs ferritin 0.19 Y= 79.2 – 14.7x 0.001

FT3 vs ferritin 0.23 Y = 45.2 +1.21x 0.001

FT4 vs ferritin 0.32 Y =19.7 + 1.32x 0.001

FT4 vs Iron 0.21 Y = 54.8 + 6.9x 0.05

Iron vs ferritin 0.15 Y = 83.2 + 0.07x 0.5

FT4 vs Zinc -0.22 Y = 250 – 1.42x 0.01

FT3 vs Zinc -016 Y = 220 -1.17x 0.5

TSH vs Zinc 0.25 Y = 177 + 29.9x 0.01

FT4 vs albumin -0.48 Y = 4.2 – 0.014x 0.001

Albumin vs zinc 0.29 Y = 30.6 + 4.73x 0.001

FT4 vs Ca 0.04 Y = 17.9 + 0.005 x 0.001

TSH vs Ca - 0.02 Y = 9.19 - 0.04 x 0.001

FT4 vs Mg - 0.52 Y = 10.9 – 0.03 x 0.001

TSH vs Mg 0.54 Y = 3.79 + 0.58 x 0.001

There was highly significant negative
correlation (p < 0.001) established with r = 0.19
between serum ferritin concentration and thyroid
stimulating hormone TSH. Decreasing
concentration of TSH will increase the
concentration of ferritin in hyperthyroid patients
(Fig. 3a). On the other hand, a highly significant (p
< 0.001) positive correlation with r = 0.23 was
observed between FT3 concentration and ferritin
levels. There was a linear relationship observed
with a positive slope. Table 1 summarizes the
values of iron in both groups. A rectilinear
positive association (p < 0.001) uphold between
the FT4 and ferritin in test groups convincingly
evident from the Fig. 3b. Thyroid dysfunction
affects the serum iron levels in hyperthyroid
patients to a great extent. As a result, serum iron
levels in hyperthyroid patients depletes
significantly. However, our results do not show
much difference in the values between the two
groups. There is a negative correlation
between serum iron levels and FT4 in blood
sera of hyperthyroid patients, which is evident
from the Table 2 and Fig. 3c. The relative
increase in FT4 concentration will reduce
the sera concentration in the hyperthyroid
patients. The relative lowering in the serum
iron levels also results upsurge in ferritin
iron level, which simply can be termed as iron
over loading of ferritin. There is a positive
undeviating correlation between serum iron
concentration and ferritin levels in serum Table 2,
Fig. 3d. The shrinkage in the serum ferritin levels
results in the very fast hair loss in the patients of
all age sets [26]. Iron deficiency results as fetal
complications primarily during the course of
pregnancy.

There is a linear relationship of FT4 with
serum zinc concentration with negative slope,
which implies that relative upsurge in these
hormones, would result in decreased serum zinc
concentration in hyperthyroid patients (Fig. 4a).
There is a linear association between TSH and
Zinc concentration of hyperthyroid patients with
positive regression line which elucidate that a
relative lowering of TSH in hyperthyroidism
will decline the serum zinc concentration (Fig. 2c,
4b).
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Figure 2. Correlation between the different parameters in hyperthyroid patients (test group). Correlation between ferritin and TSH (A),
FT4 and Albumin (B). Zinc and TSH (C) and Zinc and Albumin (D)

Figure 3. Correlations between thyroid hormones, iron and ferritin, (a) TSH and Ferritin, (b) FT4 and Ferritin, (c) Iron and FT4 and (d)
Iron and Ferritin
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Figure 4. Correlations between TSH, Zn and Thyroid hormones, (a) Zinc and FT4, (b) Zinc and TSH, (c) Albumen and FT4 and (d)
Zinc and Albumin

Figure 5. Correlations between Thyroid Harmons, Ca and Mg, (a) FT4 and Ca, (b) TSH and Ca, (c) FT4 and Mg and (d) TSH and Mg
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The amount of albumin analyzed in the
hyperthyroid group is lower than the normal range.
There is a negative linear correlation between
albumin and FT4 for hyperthyroid patients
(Fig. 2b), which suggested that a relative increase
in the FT4 concentration would decline the
concentration of albumin in hyperthyroidism. A
positive correlation between zinc and albumin can
be seen in Fig. 2d. Calcium is present in relatively
higher concentration in hyperthyroid patients as
compared to the normal subjects can be visualized
from Fig. 5a, 5b. In contrast, there was a negative
correlation between FT4 and serum magnesium
concentration in hyperthyroidism. Increase in
concentration of FT3 in hyperthyroidism will
decrease the serum magnesium concentration,
which is evident from the data presented in Table 1
and Fig. 5c and 5d. There is a rectilinear
correspondence between the sera altitudes of
Ca and Mg in our findings markedly prescribed in
Fig. 5.

Thyroid hormones are responsible for
controlling different physiological processes, like
cell growth, homeostasis and regulation of
metabolism of lipids, carbohydrates, proteins etc.
Disturbance in the balance of these hormones can
result in various medical problems, like muscle
wasting, reduced bone mineral density, insulin
release and liver carcinogenesis [27]. In this
context we have analyzed, serum levels of calcium,
magnesium, zinc, iron, albumin and ferritin. Our
study indicates an intricate relationship of these
metal ions with the thyroid gland, and shows that it
is independent of geographical location and race.

The serum levels of all studied parameters,
of the hyperthyroid test group, are present in their
normal range except albumin, which is below the
normal level. This could be due to the reason that
we had selected a group of hyperthyroid patients in
whom hyperthyroidism was recently diagnosed
(stage of early diagnoses). Thus, it indicates that
the disturbance in the balance of these proteins and
metal ions, and hemostasis in general might be
caused slowly. However, the serum values of the
test group in comparison to the normal group
(Table 1), show that there are significant
differences, following a similar trend reported by
several previous studies [26, 27].

Ferritin also possess a buffer action in
blood serum, if the rate of iron metabolism is
descents, and it will absorb the extra amount of
iron to maintain normal levels. In contrast, if the
rate of iron metabolism is upturn, ferritin will
release more iron to maintain the normal levels
[28]. During hyperthyroidism the rate of iron
metabolism declines significantly as a result serum
ferritin levels surges up, which is also evident from
our study. A study carried out on thalassemia
patients, concluded that ferritin could be used to
predict, the progression to thyroid dysfunction
[29]. Previous studies have also shown that
increase in the ferritin level of hyperthyroid
patients could be the result of direct action of these
hormones on the synthesis of ferritin [30].

Serum albumin is responsible for
transporting thyroid hormones and zinc ions. A
genetic problem known as familial
dysalbuminemic hyperthyroxinemia (FDH), due to
mutation of the human serum albumin (HSA),
results in an increased concentration of serum T4
[31]. Metabolism of albumin is promoted by
thyroid hormones, also hypothyroidism reduces the
degradation of albumin [32]. Our results as
expected show a significant decline in the level of
serum albumin, which is in good agreement with
the previous studies [33]. Proliferation in the
concentration of thyroid hormones, like FT4 and
FT3 will require more quantity of binding proteins,
which results in the decline in concentration of pre
– albumin and albumin in hyperthyroidism [34].
Our studies also infer that a relative intensification
in the thyroid hormones in hyperthyroid case will
significantly (p<0.001) decrease the serum albumin
concentration. A lowering of serum albumin might
disturb the physiological balance, as it is the
principle plasma protein, and responsible for the
regulation of plasma on tonic pressure and
transportation of exogenous and endogenous
ligands [5].

In hyperthyroid test group, the
concentration of zinc was reduced in blood serum.
Previous studies have also reported disturbed level
of zinc, in thyroid disorders [35]. There is a
significant (p< 0.001) linear positive relationship
between zinc and albumin according to our current
study with r = 0.29. This relationship suggests that
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a relative reduction in zinc concentration will also
lower down the serum albumen concentration.
Other studies have also reported a significant
correlation between serum zinc and albumin, and a
decline in the albumin concentration resulting in
the decline of zinc as well [36, 37]. Our study is in
line with previous studies and it indicates that zinc
is involved in the metabolism of proteins [38].

In the present work, it was also
demonstrated that there is substantial diminution of
serum magnesium levels in hyperthyroid patients,
as also reported previously in literature [39].
Subclinical deficiency of magnesium as a result of
chronic disease, leads to cardiovascular infarction
and early mortality [40]. Further investigation of
the level of calcium in test and control groups
revealed significant increase in the level of calcium
in the hyperthyroid group. Earlier studies have also
reported hypercalcemia in hyperthyroid patients
[41]. Increased level of calcium in the serum is
also an indication of disturbed calcitonin, a
hormone secreted by thyroid gland. The role of
calcitonin in the hemostasis of calcium is not clear
in human beings, as yet [42]. Our investigation
also showed that hyperthyroidism was mainly
observed in pre-menopausal and post-menopausal
women in the population of Lahore, which is in
accordance with a previous study [43, 44].

Conclusion

Hyperthyroidism disturbs the metabolism
of calcium, magnesium, iron, zinc, albumin and
ferritin. Serum magnesium levels sharply declined
in patients with hyperthyroidism, whereas the
concentration of calcium significantly surged up.
There is also decline in the concentration of both
zinc and albumin. The upsurge FT4 and FT3 serum
levels also overload the serum iron levels by
growing ferritin levels, reducing bioavailability of
iron in hyperthyroidism. These changes are highly
momentous in pre-menopausal and post-
menopausal women. The male population also
illustrates this but in diminutive quantity. In male
population, this trend is sighted in all age groups
not highly specific with any age. Some patients
also contain this disorder by birth from their
parent. The results of our current work are in
accordance with previous studies done in other

parts of the world. Therefore, this study clearly
shows that, there is no correlation between the
disturbance in levels of the serum metal ions,
ferritin and albumin with the geographical location
and race of the hyperthyroid subjects.
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