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Abstract: The present study aims to evaluate the levels of calcium regulating hormones in patients with thyroid
disorders. Ninety Iragi subjects with age range (20-55) years were divided into three groups; first group
included 30 patients with hyperthyroidism, second group included 35 patients with hypothyroidism, while third
group included 25 subjects with euthyroid as controls. Venous blood samples were collected to determine the
levels of calcium and phosphorus, thyroid profile [triiodothyronine (Ts), thyroxin (T4), and thyroid stimulating
hormone (TSH)]; and levels of calcium regulating hormones [parathyroid hormone (PTH), calcitonin, and
vitamin D3]. The results showed that levels of calcium was significantly (p<0.05) higher in hyperthyroidism
group as compared with hypothyroidism and euthyroid groups; while it was significantly (p<0.05) lower in
hypothyroidism group as compared with euthyroid group. Levels of phosphorus was significantly (p<005) lower
in hyperthyroidism group as compared with hypothyroidism and euthyroid groups; while it was significantly
(p<0.05) higher in hypothyroidism group as compared with euthyroid group. Levels of T; and T4 were
significantly (p<0.05) higher in hyperthyroidism group as compared with hypothyroidism and euthyroid groups;
while they were significantly (p<0.05) lower in hypothyroidism group as compared with euthyroid group. TSH
level was significantly (p<0.01) lower in hyperthyroidism group as compared with hypothyroidism and
euthyroid groups; while it was significantly (p<0.01) higher in hypothyroidism group as compared with
euthyroid group. The findings of calcium regulating hormones revealed a significant (p<0.05) decrease in PTH
level in hyperthyroidism group as compared with hypothyroidism and euthyroid groups; while a significant
(p<0.05) increase was found in hypothyroidism group as compared with euthyroid group. A significant
(p<0.05) increase was found in levels of calcitonin and vitamin Dz in hyperthyroidism group as compared with
hypothyroidism and euthyroid groups; while a significant (p<0.05) decrease was found in hypothyroidism
group as compared with euthyroid group. According to these results, it can be concluded that calcium
regulating hormones are affected by thyroid disorders.
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I. Introduction

The body metabolism, blood pressure, heart rate, and temperature of the body are controlled by thyroid
hormones which include triiodothyronine (T3) and thyroxin (T4) [1]. Imbalance in production of these hormones
start from disorder of the thyroid gland itself, the hypothalamus, which normalize the pituitary gland by thyroid
releasing hormone (TRH) or the pituitary gland, which produced thyroid stimulating hormone (TSH) [2].
Thyroid disorders includes: hyperthyroidism and hypothyroidism; hyperthyroidism is the situation that occurs
due to extreme production of thyroid hormone by the thyroid gland (Chair et al., 2011), while hypothyroidism is
a condition resulting from deficiency in thyroid hormones discharge and action (Laurence et al., 2006).
Historically, three hormones are considered to be necessary physiologically in the regulation of calcium
homeostasis in mammals, these hormones are parathyroid hormone (PTH), calcitonin, and vitamin D [5]. The
essential role of the parathyroid glands in regulating Ca*2 homeostasis by altered bone metabolism [6]Calcitonin
is forms from the parafollicular C cells of the thyroid gland which create in the neural crest. Although calcitonin
can decrease plasma [Ca?*] by declining renal reabsorption of calcium and phosphate and reducing osteoclast
activity, its actions are temporary, and chronic excess or insufficiency is not connected with disordered calcium
or bone metabolism [7]. Vitamin D3 is created in the skin when exposure to ultraviolet B radiation by the action
of the enzyme 7-dehydrocholesterol reductas [8]. The hormonal form of vitamin D (1a, 25—dihydroxyvitamin
D3) acts to mobilization of calcium in bone and calcium reabsorption in the kidney, absorption of calcium and
phosphate in the intestine and have non-calcaemic functions via nuclear receptors [9]. Calcium is the fifth most
abundant element in the human body [10]. Component calcium of bone in the body is approximately 99%, small
amount is found in the cytosol of most cells. Phosphorus is wanted for cellular structural components and bone
mineralization, for energy storage as ATP, for oxygen transport, and for acid base balance [11].
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Il. Materials and Methods

2.1 Subjects and Blood Collection

Ninety lIragi subjects with age range (20-55) years have been involved in this study during their
attendance to The Endocrine Glands Center and Diabetes. The studied subjects were divided into three groups;
first group included 30 patients with hyperthyroidism, second group included 35 patients with hypothyroidism,
while third group included 25 subjects with euthyroid as controls. Patients with history of hepatic disease, renal
disease, rheumatoid disease, diabetic mellitus, dermatoid supplements and dietary supplements were excluded
from the study. Venous blood sample (5 ml) has been collected from the studied subjects and serum has been
collected and kept at (-20°C) until used.

2.2 Measurement of calcium and phosphorus levels
Serum calcium and phosphorus levels were spectrophotometrically estimated using commercial kits
(Human, Germany).

2.3 Determination of thyroid profile assay and calcium regulating hormones

Cobas e411 apparatus (Company Roche) was used to carry out the thyroid profile assay (Ts, T4, and
TSH) and calcium-regulating hormones (PTH, Calcitonin, and Vitamin D3) according to manufacture
recommended procedure by using specific kit for each hormone.

2.4 Statistical analysis

Statistical analysis was performed with statistical package for social sciences (SPSS), version20, and
computer software. All results were reported as mean + SE. Statistical comparisons between groups were made
using an analysis of variance (ANOVA). The significant level was set as P<0.05.

I11. Results And Discussion
2.1 Levels of serum calcium and phosphorus
Serum levels of calcium was significantly (p<0.05) higher in hyperthyroidism group (10.91+0.21
mg/dl) as compared with euthyroid (8.87+0.16 mg/dl); while it was significantly (p<0.05) lower in
hypothyroidism group (7.02+0.10 mg/dl) as compared with euthyroid group. Levels of serum calcium was
significantly (p<0.05) higher in the hyperthyroidism group as compared with hypothyroidism group, as shown
in figure (1).
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Figure (1): Levels of serum calcium in the studied groups

e Mean carrying different letters indicate a significant difference (p<0.05).
e Mean carrying similar letters indicate a non-significant difference (p>0.05).

Regarding the hyperthyroidism group, these findings are similar to that of previous studies [12, 13]
which reported a significant increase in calcium levels among hyperthyroidism as compared to controls. This
may be due to poor mobilization of calcium in hyperthyroidism that leads to increase its concentration in blood
[14]. The excess thyroid hormone stimulates osteoclast cells and increases their activities to mobilize calcium
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from bone matrix into blood [15]. On the other hand, the results of hypothyroidism group are agreement with
[16] who reported a significant decrease in calcium levels as compared to controls. This may be due to slow
overall metabolism in hypothyroidism which leads to low absorption of calcium from the gut and more
excretion in urine result in decrease of serum calcium levels [17].

Serum levels of phosphorus was significantly (p<005) lower in hyperthyroidism group (3.10+0.21
mg/dl) as compared with euthyroid group (4.07£0.11 mg/dl); while it was significantly (p<0.05) higher in
hypothyroidism group (5.95+0.14 mg/dl) as compared with euthyroid group. Levels of serum phosphorus was
significantly (p<0.05) lower in hyperthyroidism group as compared with hypothyroidism group, as shown in
figure (2).
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Figure (2): Levels of serum phosphorus in the studied groups

e Mean carrying different letters indicate a significant difference (p<0.05).
e Mean carrying similar letters indicate a non-significant difference (p>0.05).

These findings are in agreement with previous studies [19].The increased of serum phosphorus in
hypothyroidism group could be attributed to increased production of calcitonin which promote tubular
reabsorption of phosphate resulting in hyperphosphatemia and tubular excretion of calcium causing
hypocalcaemia [20].

2.2 Thyroid profile assay of the studied groups

The results of thyroid profile assay are shown in figures (3, 4, and 5). Figure (3) shows that level of T3
was significantly (p<0.05) higher in hyperthyroidism group (4.65+0.58 nmol/L) as compared with euthyroid
group (2.93+0.07 nmol/L); while it was significantly (p <0.05) lower in hypothyroidism group (1.73+0.12
nmol/L) as compared with euthyroid group. Level of T3 was significantly (p<0.05) higher in hyperthyroidism
group as compared with hypothyroidism group.
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Figure (3): Levels of triiodothyroninein the studied groups
e Mean carrying different letters indicate a significant difference (p<0.05).
e Mean carrying similar letters indicate a non-significant difference (p>0.05).
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The same findings were reported by previous studies [22, 23]. Other author [13] shows a significant
increase in T3 levels among hyperthyroidism as compared to controls. This may be due to increasing the level of
iodine in the body by eating too much of iodine, inflammation of thyroid gland, too much synthetic thyroid
hormone by the thyroid gland [24]. Similar findings were reported by other study [25], which reported a
significant decrease in T3levels among hypothyroidism as compared to controls. This may be due to a lack of
vitamin D contributed to the possibility of low thyroid hormones [26].

The results of T4 levels in figure (4) reveals that it was significantly (p<0.01) higher in hyperthyroidism
group (172.20£13.26 nmol/L) as compared with euthyroid group (108.00+5.89 nmol/L); while it was
significantly (p<0.01) lower in hypothyroidism group (77.33+6.08 nmol/L) as compared with euthyroid group.
Level of T4 was significantly (p<0.01) higher in hyperthyroidism group as compared with hypothyroidism
group.
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Figure (4): Levels of thyroxin in the studied groups

o Mean carrying different letters indicate a significant difference (p<0.05).
e Mean carrying similar letters indicate a non-significant difference (p>0.05).

Similar findings were reported by other authors [18,19, 13].The increase production of T3 and T4 may
be This due to may be attributed to solitary or multiple thyroid nodules, which resulted because of hyperplasia
of some follicular cells lead to increase iodide uptake more than surrounding tissues. Therefore elevated of and
T4 production, while TSH secretion is depressed while the adjacent tissues in thyroid become inactive [27].
Attention was directed at the iodine effects on thyroid gland physiology. There is evidence to suggest that
elevated levels of iodine in the diet in endemic area of iodine deficiency were associated with autoimmune
thyroid disease in susceptible individuals [28]. On the other hand, decrease in T4 levels among hypothyroidism
may be due to inadequate function of the gland itself (primary hypothyroidism), inadequate stimulation by TSH
from the pituitary gland (secondary hypothyroidism), or inadequate release of TRH from the
brain's hypothalamus (tertiary hypothyroidism) [29, 30].

Figure (5) shows that the TSH level was significantly (p<0.01) lower in hyperthyroidism group
(0.04£0.01p1U/mL) as compared with euthyroid group (5.22+0.20 plU/mL); while it was significantly (p<0.01)
higher in hypothyroidism group (24.12+4.43ulU/mL) as compared with euthyroid group. Level of TSH was
significantly (p<0.01) lower in hyperthyroidism group as compared with hypothyroidism group.
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Figure (5): Levels of Thyroid stimulating hormone in the studied groups

o Mean carrying different letters indicate a significant difference (p<0.01).
e Mean carrying similar letters indicate a non-significant difference (p>0.01).

These results are in agreement with previous studies [20, 16, 31]. This may be due to T3 and T, output
from the thyroid gland is regulated by TSH secreted from the anterior pituitary gland, which itself is regulated
by TRH produced by the hypothalamus [32]. In hyperthyroidism TSH decrease due to the presence of anti-
thyroid autoantibodies in the circulation. In this, autoimmune condition, there is production of antibodies against
normal thyroid antigen. The source of these antibodies is immune competent plasma cells. The antibodies bind
with TSH receptors to initiate and increase Tz and T4 synthesis and production regardless of decrease level of
TSH by negative feedback mechanism exerted by T3 and T4 on pituitary and hypothalamic axis [33]. In
hypothyroidism TSH increase due to pituitary is response to the decreased hormone levels.

2.3 Levels of calcium-regulating hormones in the studied groups

The results of calcium-regulating hormones are presented in figures (6, 7, and 8). Regarding the PTH
level and as shown in figure (6), there was a significant (p<0.05) decrease in hyperthyroidism group (45.74+5.1
pmol/L) when compared with euthyroid group (50.98+5.15 pmol/L); while there was a significant (p<0.05)
increase in hypothyroidism group (60.23+4.94 pmol/L) when compared with euthyroid group .When a
comparison has been made between the hyperthyroidism group and hypothyroidism group, the results revealed a
significant (p<0.05) decrease in hyperthyroidism group.
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Figure (6): Levels of parathyroid hormone in the studied groups
¢ Mean carrying different letters indicate a significant difference (p<0.05).C
e Mean carrying similar letters indicate a non-significant difference (p>0.05).
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It has been demonstrated that levels of PTH was decreased in hyperthyroidism cases compared with
hypothyroidism and euthyroid cases [34, 35]. The explanation behind these results is that thyroid hormones
generally stimulate bone reabsorbtion directly by increasing ionized serum calcium and phosphorus level and
suppressing PTH [36].

Concerning of the calcitonin level and as show in figure (7), There were non-significant (p<0.05)
differences in calcitonin levels between hyperthyroidism group (1.990 + 0.52pg/ml) and hypothyroidism group
(0.802 = 0.22 pg/ml); while a significant differences between hypothyroidism and euthyroid (2.694 + 0.68 pg/ml
). There was non-significant differences between hyperthyroidism and euthyroid.
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Figure (7): Levels of calcitonin in the studied groups
e Mean carrying different letters indicate a significant difference (p<0.05).
e Mean carrying similar letters indicate a non-significant difference (p>0.05).

These results support the previous result regarding calcium levels (serum levels of calcium was
significantly (p<0.05) higher in hyperthyroidism group as compared with euthyroid; while it was significantly
(p<0.05) lower in hypothyroidism group as compared with euthyroid group. Levels of serum calcium was
significantly (p<0.05) higher in the hyperthyroidism group as compared with hypothyroidism group).However;
in hyperthyroidism cases the results don’t increase above the normal value. [37] Shows elevated calcitonin
levels can be found in various pathological conditions e.g. medullary thyroid carcinoma, leukemic and
myeloproliferative disorders or may be produced ectopically in small cell lung cancer or breast cancer.
Furthermore elevated levels can also be found in hypergastrinemia, and renal failure and chronic inflammatory
disease. After total thyroidectomy detectable levels of serum calcitonin may be indicative of persistent or
recurrent MTC.

Figure (8) shows levels of vitamin D3 in the studied groups. It is obvious from this figure that the level
of vitamin D3 was significantly (p<0.05) higher in hyperthyroidism group (9.86+1.18 ng/ml) as compared with
euthyroid group (8.32+£1.02 ng/ml); while it was significantly (p<0.05) lower in hypothyroidism group
(6.24+0.59ng/ml) as compared with euthyroid group .When a comparison has been made between the
hyperthyroidism group and hypothyroidism group, the results revealed a significant (p<0.05) increase in
hyperthyroidism group.
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Figure (8): Levels of vitamin D3 in the studied subjects
e Mean carrying similar letters indicate a non-significant differences (p>0.05).
e Mean carrying different letters indicate a non-significant differences (p>0.05).
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The finding that hypothyroidism is associated to low vitamin D3 levels has been reported in a previous
study [37]. On the other hand ,the present finding that euthyroid cases, as healthy control ,had higher level of
vitamin D3 but still the values were towered the lower end of the spectrum has been observed in other studies
[35,31].This result may be explained on the ground that in Muslim countries, covering clothing for religious
reasons is practiced, resulting in low sun exposure ending to hypocalcaemia due to vitamin D may influence the
thyrotrophs by acting on vitamin D receptors, which are widely distributed through distinct portions of the brain
system [38]. Since the primary source of vitamin D in body is its synthesis from cholesterol in skin with the help
of sunlight, there seems to be other factors as well leading to its insufficient levels [39]. Also, the explanation
behind these results is that the most cases of the present study were females so that the level of vitamin D3 was
low when compared with the normal range. It is well documented that female had lower serum vitamin D3
levels as compared with males [40, 41].Other reason is sluggish intestines as seen in hypothyroidism and the
reduced absorption of vitamin D3 [42]. Also, the inadequate dietary intake of calcium and increased in bone
turnover in hyperthyroid patients lead to increase in level of calcium and hence negative feedback on the
secretion of PTH hormone and vitamin D synthesis [43, 44]. [45] Concluded that the requirement of 25(OH)
vitamin D for patients with thyroid disease is probably higher than healthy population to control PTH level.

IV. Conclusion
Calcium regulating hormones were affected by the thyroid profile (Ts, T4 and TSH) levels. Decreased
of PTH and increased of calcitonin were found in hyperthyroidism; while the inverse status was found in
hypothyroidism. Clear decrease was found in the levels of vitamin D3 in all studied groups (hyperthyroidism,
hypothyroidism and euthyroid).
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