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Abstract

Thyroid dysfunction is frequently associated with disturbances of calcium
and phosphorus homeostasis. Previous studies on bone and mineral metabolism
in women with autoimmune thyroiditis (AIT) and hypothyroidism have con-
flicting results. The aim of the present work was to study the parameters of
calcium-phosphorus metabolism in women with newly diagnosed autoimmune
hypothyroidism and to compare them with those of the control group of healthy
women. The study included 64 women with newly diagnosed autoimmune hy-
pothyroidism. A comparison was made with the data of 75 age-, BMI- and
menopausal state-matched healthy women. FT3, FT4, TSH, TPO-Ab, TG-Ab,
total and ionized serum calcium, inorganic phosphate, magnesium, parathyroid
hormone (PTH) and 25(OH) vitamin D were studied. Total and ionized cal-
cium were lower in hypothyroid women in the absence of statistically significant
difference compared to the controls. Intergroup analysis revealed no differences
in serum phosphorus and 25(OH)D levels. Serum magnesium and PTH were
significantly higher in hypothyroid group. These results coincide with some
of the studies that examine the parameters of bone and mineral metabolism
in hypothyroidism. Bone turnover is suppressed due to impaired mobilization
of calcium from the bone, leading to decreased serum calcium levels and ele-
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vated PTH. We found a significant effect of thyroid hormones on magnesium
homeostasis. The study did not find differences in vitamin D status between the
groups. The observed inverse correlation between 25(OH)D and TgAb supports
the concept of pathogenic relationship between vitamin D and the development
of AIT.

Key words: calcium-phosphorus metabolism, autoimmune thyroiditis,
hypothyroidism

Introduction. Thyroid dysfunction is frequently associated with distur-
bances of calcium and phosphorus homeostasis. Thyroid disorders are important
cause of secondary osteoporosis. Although hypothyroidism increases the duration
of the bone remodelling cycle resulting in decreased bone turnover and acceler-
ated mineralization [1], population-based studies have shown that patients with
hypothyroidism are at increased risk of fractures [2,3|. Previous studies done
on serum calcium, phosphorus, magnesium, 25(OH) vitamin D and parathyroid
hormone (PTH) levels in women with autoimmune thyroiditis (AIT) and hypothy-
roidism provide conflicting results.

Osteomineral metabolism in hypothyroidism. Dysturbances in some
parameters of bone and mineral metabolism have been reported in hypothyroid
patients. The suppressed bone turnover due to impaired mobilization of calcium
into the bone leads to decreased blood calcium level, mildly elevated serum PTH
and 1,25(OH)gvitamin D, decreased alkaline phosphatase, urinary calcium excre-
tion and glomerular filtration rate [4]. However, these changes are not statistically
significant in hypothyroid patients compared to the euthyroid controls, even dur-
ing treatment [5].

In hypothyroidism, there is also an increased production of calcitonin which
promotes the tubular reabsorption of phosphate and favours the tubular excretion
of calcium which leads to hypocalcemia and hyperphosphatemia [5].

The aim of present study was to assess the parameters of calcium-phosphorus
metabolism in women with newly diagnosed autoimmune hypothyroidism, not
receiving specific treatment, and to compare them with those of the control group
of healthy women.

Patients and methods. Study design and subjects. The study was
conducted in “St. George” University Hospital — Plovdiv, Bulgaria, Department of
Endocrinology. A total of 64 women with newly diagnosed autoimmune hypothy-
roidism were included in the study. Of them 63% (n = 40) were premenopausal
and 37% (n = 14) were postmenopausal. A comparison was made with the data
of 75 age-, BMI- and menopausal state-matched healthy women (Table 1).

Selection criteria. Inclusion criteria: women over 20 years of age with
newly diagnosed autoimmune thyroiditis and hypothyroidism, signed written in-
formed consent. Exclusion criteria: treatment with levothyroxine and/or antithy-
roid drugs; use of oral contraceptives or hormone replacement therapy in the last
6 months, calcium-phosphorus preparations, vitamin D or medications that could

1220 M. Miteva, M, Orbetzova, B. Nonchev et al.



Table 1

Characteristics of the studied subjects

_ Patients Controls P
N %
Subjects 64 100 75
Age (mean £ SE) 46.61+1.1 44.59+1.6 P > 0.05
Menopause
Premenopause 40 63 43 P > 0.05
Postmenopause 14 37 32

affect calcium-phosphorus metabolism in the last 6 months; patients with con-
comitant diseases, affecting bone metabolism — severe systemic or other endocrine
diseases, immunological or infectious diseases, malignant processes; pregnant and
breast-feeding women.

Analysis of sample. TSH, FT4, FT3, TPO-Ab, TG-Ab, 25(OH)vitamin D
were measured by CLIA (chemiluminescent immunoassay) using automated im-
munoassay analyzer Access 2®  Beckman Coulter Inc; TSH values above 5.6 mIU /
L were considered elevated. The reference range of FT4 was 7.86-14.41 pmol/L,
FT3 — 3.86.0 pmol/L. TPO-Ab was in the reference range: < 9 IU/mL, TG-
Ab < 4.0 IU/mL. Vitamin D values were presented in ng/ml. Factor to convert
individual values of 25(OH)D from ng/ml to nmol/1 is 2.5. Blood was collected
between October and March to avoid seasonal variations.

PTH was measured by CLIA (chemiluminescent immunoassay) using im-
munological analyzer Immulite 2000, Siemens, with reference range 11-67 pg/ml.
Serum total and ionized calcium were determined by colourimetric method (with
Arsenazo I1I), inorganic phosphate and magnesium by colourimetric method. To-
tal serum calcium reference range was 2.12-2.62 mmol /1; Tonized calcium reference
range 1.06-1.31 mmol/l; Inorganic phosphate reference range 0.77-1.45 mmol/l.
Magnesium reference range was 0.77-1.03 mmol /1.

Statistical analysis. Data were expressed as Mean + SD. The normality of
distribution was assessed by means of Kolmogorov—Smirnov test. The Student ¢-
test was applied for comparison of normally distributed data. The Mann—Whitney
U-test and the Kruskal-Wallis test were used for comparison of non-normally
distributed variables. Correlation between parameters was assessed by Pearson’s
correlation coefficient. P-values < 0.05 were considered statistically significant.
The data processing was done by using SPSS for Windows v.21 statistical software.

Results. The characteristics of the studied subjects in the hypothyroid and
control groups are presented in Table 2.

The analysis found that there was no statistically significant difference in the
mean total serum calcium concentration in patients with hypothyroidism com-
pared to the controls (2.39 £ 0.02 mmol/] versus 2.37 £+ 0.01 mmol/l, p > 0.05).
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Table

2

Characteristics of the studied groups — hypothyroid and

healthy controls

Hypothyroid Controls
Parameters (n=064) D (n=175)

mean £ SEM mean + SEM
TSH (mIU/L) 46.16 + 6.36 0.000 2.04 +£0.13
FT4 (pmol/L) 6.684+0.47  0.000 11.3140.29
FT3 (pmol/L) 4414016  0.000  5.0540.12
TPOAb(IU/mL) 590.82 £ 58.27  0.000 3.38 £1.40
TGAb(IU/mL) 471.52 £115.14 0.000 0.58 £ 0.12

There was no significant difference in ionized calcium in hypothyroid women
(1.19 £ 0.01 mmol/l, p > 0.05) as compared to the controls (1.20 + 0.01 mmol/1).

There was no statistically significant difference in serum phosphorus in hy-
pothyroid (1.23 4+ 0.04 mmol/l, p > 0.05) versus controls (1.24 + 0.05 mmol/1).
Markedly increased PTH concentration levels were found in hypothyroid group
(46.02 £+ 4.20 pg/ml, p < 0.05) compared to the controls (36.15 £ 2.47 pg/ml)
(Table 3).

Table 3

Parameters of calcium-phosphorus metabolism in patients
with hypothyroidism and healthy controls (*p < 0.05)

Hypothyroid Controls
Parameters (n=64) D (n=175)

mean + SEM mean + SEM
Ca (mmol/1) 23940018 0375  2.37+0.01
iCa (mmol/1) 11940019 0566  1.20+0.01
P (mmol/1) 1.23+0.045  0.849 1.24 £ 0.05
Mg (mmol/1) 0.90 £0.015 0.027*  0.86 £ 0.01
PTH (pg/ml) 46.02+4.20  0.033%  36.15+2.47
25(OH) vitamin D (ng/ml) 16.834+1.01  0.159  19.74 & 1.41

The mean value of serum magnesium was significantly higher in hypothyroid
women (0.90 £ 0.015 mmol/l, p < 0.05) compared to the control group (0.86 +
0.01 mmol/1).

There was no statistically significant difference in the levels of 25(OH)D be-
tween the two groups. The mean 25(OH)D concentration in hypothyroid individ-
uals was 16.83 & 1.01 ng/ml, in the controls was 19.74 £ 1.41 ng/ml.

Serum TSH, FT3, FT4, TPO-Ab, TG-Ab of patients were studied in re-
lation to serum total calcium, ionized calcium, phosphorus, magnesium, PTH
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Table 4

Correlation between serum calcium,
phosphorus, PTH and FT3, FT4

TSH FT3 FT4
Ca NS NS NS
iCa NS r =0.43" r = 0.49"
P NS NS NS

PTH NS r=-030" r=-0.27"

and 25(OH)D. Positive correlation was observed between ionized calcium, FT3
(r = 0.43; p = 0.001) and FT4 (r = 0.49; p < 0.05), between magnesium and
TSH (r = 0.32; p = 0.001), TPO-Ab (r = 0.24; p < 0.05), PTH (r = 0.27;
p < 0.05), total calcium (r = 0.27; p < 0.05), phosphorus (r = 0.25; p < 0.05). A
negative correlation was found between serum PTH, FT3 (r = —0.30; p < 0.05),
FT4 (r = —0.27; p < 0.05) and phosphorus (r = —0.35; p = 0.001) (Table 4).
There was a positive correlation between 25(OH)D and FT3 (r = 0.267, p < 0.05)
and a negative one with TG-Ab (r = —0.265, p < 0.05).

Discussion. We found lower mean serum values of total and ionized serum
calcium in hypothyroid patients in the absence of statistically significant difference
compared to the controls. There was no significant difference in serum phosphorus
levels. Significantly higher were magnesium and PTH levels in the patient group.

These results are in accordance with some of the studies that examine the
parameters of bone and mineral metabolism in hypothyroidism. Bone turnover
is suppressed due to impaired mobilization of calcium from the bone, leading
to decreased serum calcium levels. The synthesis of calcitonin is increased, which
stimulates tubular phosphate reabsorption and promotes calcium excretion, which
also leads to hypocalcemia and hyperphosphatemia. In overt hypothyroidism,
elevated PTH is observed, which could be due to the development of resistance to
PTH. This in turn leads to an increased 1,25(OH)avitamin D, causing a relative
increase in calcium absorption [6]. However, some authors did not find statistically
significant differences in serum calcium levels in hypothyroid patients compared
to the euthyroid controls even during treatment [5].

SUNEEL et al. |[7] studied mineral status in patients with thyroid disorders
and found decreased calcium and increased phosphorus level in hypothyroidism,
mainly due to influence of PTH and calcitonin which favour tubular excretion by
inhibiting tubular reabsorption.

MURGOT and SOANS [8] and KAUR et al. [9] studied changes in electrolyte
profile in patients with hypothyroidism and reported significantly reduced calcium
level and increased magnesium and phosphorus levels. It was also found that
there was a significant positive correlation between serum TSH, magnesium and
phosphorus levels and a negative correlation between TSH and calcium level.
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Our patients with hypothyroidism had higher magnesium levels than the
controls (p < 0.05). We observed a positive correlation between magnesium and
TSH (p = 0.001) and negative between magnesium, FT3 and FT4 (p < 0.001).

Similar results found FRIZEL et al. [10]. In their study total and ionized
plasma magnesium were elevated in hypothyroidism. MCCAFFREY and QUAMME
[11] studied the renal excretion of calcium and magnesium in rats with a deficiency
or excess of thyroid hormones. They found 15-30% increased kidney magnesium
reabsorbtion in hypothyroid rats. Due to the direct effect of thyroid hormones
on the renal tubule, their chronic absence leads to retention of magnesium in the
kidney [11].

SCHWARZ et al. [12] found that there was a positive correlation between serum
TSH and phosphate level. Phosphates levels were higher in cases with elevated
TSH than in the controls. GOHEL et al. [13] found decreased levels of calcium
and magnesium in hypothyroid patients.

SHIVALEELA et al. [14] studied serum calcium and phosphorus level in thy-
roid dysfunction patients and found low calcium and phosphorus in hypothyroid
patients.

Serum levels of 25(OH)D, 1,25(OH)2D and other metabolites of vitamin D
in thyroid dysfunction have been extensively analyzed. BOUILLON et al. [6] found
no difference in vitamin D levels in hypo- and hyperthyroid patients and healthy
individuals. No changes in circulating vitamin D levels were reported by JAs-
TRUP et al. [15] and MACFARLANE et al. [16]. Accordingly our results do not
show difference in serum levels of 25(OH)D among patients with hypothyroidism
compared to the healthy controls.

There are several limitations at this phase of the study with the small num-
ber of the subjects included being the most significant. Data obtained from the
patients follow up after restoration of euthyroidism will provide valuable informa-
tion on the causal relationship between thyroid hormones and the parameters of
calcium and phosphorus metabolism.

The results of the present and other similar studies will provide further knowl-
edge on the problem with potential clinical implications in the differential diag-
nosis and treatment of bone and mineral metabolism disorders in patients with
thyroid dysfunction.

Conclusion. The results of the present study revealed significant elevation
of PTH in women with newly diagnosed autoimmune hypothyroidism compared
to the healthy controls. However, no differences in the concentration of Ca, ion-
ized Ca, P and 25(OH)D were found. Higher magnesium levels were detected
in hypothyroid group probably due to increased kidney magnesium reabsorbtion.
The observed inverse correlation between 25(OH)D and TgAb supports the con-
cept of pathogenic relationship between vitamin D and the development of AIT.
The results are in accordance with other studies and reflect the changes in bone
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metabolism in patients with thyroid hormones deficiency. The reported correla-
tion of 25(OH)D with FT3 requires further investigation.
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