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Abstract

Introduction: Hypothyroidism, the commonest form of hormonal dysfunction, is due to thyroid hormone deficiency or its impaired
activity. Various electrolyte disturbances in association with hypothyroidism were observed in many studies. The role of thyroid
hormones on mineral metabolism is not well understood and the underlying mechanism too. The present study was undertaken to
assess and analyze the alterations in the levels of serum calcium, magnesium and phosphorous and their relation with T3, T4 and
TSH in hypothyroid state.

Materials and Methods: A case control study was taken up on 40 normal healthy subjects and 40 subjects with thyroid hormone
deficiency. Blood sample for analysis was collected from all the subjects. Serum T3, T4, TSH, magnesium, calcium and
phosphorous were estimated in all the subjects.

Results: A significant hypocalcemia was observed among cases compared to controls (p<0.0001).Serum phosphorous (p<0.0001)
and magnesium(p<0.0001) were significantly increased among cases compared to controls.

Conclusion: The present study indicated significant effect of thyroid hormones on these minerals. This study concludes that serum
phosphorous and magnesium levels were high whereas serum calcium level was low in hypothyroidism when compared to normal
subjects. A regular follow up of these serum minerals should be done in thyroid hormone deficiency which would be of great help

in its management.
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Introduction

Thyroid gland is involved in a wide array of
metabolic  functions like regulation of lipid,
carbohydrate, protein and mineral metabolism®.For
physiological growth and maturation of skeletal system
thyroid hormones are vital. Thyroid diseases are
common and their incidence and prevalence were
considered to increase with age. Among the 42 million
people suffering from thyroid diseases in India,
hypothyroidism is the commonest?. Disturbance of
calcium and phosphorous homeostasis were frequently
observed with thyroid dysfunction®. Literature have
revealed serum levels of hypocalcemia and
hyperphosphatemia in the commonly occurring thyroid
dysfunction, hypothyroidism*®.

Hypocalcemia has been a significant finding in
hypothyroid patients as per the literature. Thyroid
hormones regulate calcium in the blood by releasing it
from the cells. Since Thyroxine level is less in
hypothyroidism, outflux of calcium from the cells is
decreased®.

Increased  production  of  calcitonin in
hypothyroidism can promote tubular clearance of
calcium and tubular absorption of phosphate’. Few
studies have revealed disturbance in magnesium
metabolism in hypothyroidism too®. Serum magnesium
was observed to be increased in hypothyroid disorders as
per the literature®. Even though the changes in the
calcium and magnesium account to slight levels in
thyroid disorders, these disturbances were vital for the
patients in long run®. Studies revealed that metabolic
syndrome and cardio vascular diseases were related to
disturbances in metabolism of magnesium and calcium
in hypothyroidism?%,

As the effect of hypothyroidism in these minerals is
quite complex, this study was undertaken to find their
alterations.

Material and Methods

A case-control study was conducted at Hyderabad in
Malla Reddy Hospital between July 2015 to January
2016. This study was taken up with 40 Subjects who
were hypothyroid as cases and 40 age and sex matched
apparently normal healthy subjects from general
population as controls.

Selection Criteria

Inclusion: Subjects between 20-55years age group were
considered. Known hypothyroid patients on analysis
with serum T3, T4and TSH were considered as cases.
Exclusion: Patients suffering with renal diseases,
hepatic diseases, pituitary adenomas, bone diseases,
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diabetes mellitus, alcoholism, other serious medical
conditions and patients on mineral supplementation or
any drugs that will affect mineral metabolism.

Ethical Considerations: Ethical Clearance was
obtained from the institutional ethical clearance
committee. After explaining the objectives of the study
in detail, informed consent for involvement in the study
and venipuncture was obtained.

Blood Sample Collection: Venous blood was drawn
using a plain disposable vacutainer system in fasting
state in aseptic condition. Serum was separated and
analysis was conducted.

Estimation of Serum T3, T4 and Thyroid
Stimulating Hormone (TSH) was done by Monobind
Acculite TSH kits using CLIA2. Serum Magnesium?,
Phosphorous® and Calcium?®® were estimated by Xylidyl
blue, Phosphomolybdate and Arsenazo Il methods
respectively.

Statistical Analysis

Comparison of the above biochemical parameters
between cases and controls was conducted by student t-
test and expressed as MeantStandard Deviation. SPSS
Package Version 20 statistical software was used to
calculate Pearson’s correlation coefficient to correlate
the parameters among the cases. p<0.05 and p <0.01
were considered as statistically significant and highly
significant respectively.

Results
The mean age in the controls and cases were
35.78+8.85 years and 35.68+8.91 years respectively.

The mean serum T3 among controls and cases were
1.09+0.35ng/L and 0.48+0.11ng/L respectively. Highly
significant decrease was observed among cases
compared to controls (p<0.0001). The mean serum T4
among controls and cases were 8.98+2.21ug/L and
2.54+1.25ug/L respectively. Highly significant decrease
was observed among cases compared to controls
(p<0.0001). The mean serum TSH among controls and
cases were 2.70+1.37ulU/L and 52.53+27.25 plU/L
respectively. Highly significant increase was observed
among cases compared to controls (p<0.0001). The
mean Serum Calcium in controls and cases were
10.04+0.56 mg/dl and 8.58+0.46 mg/dl respectively. A
significant hypocalcemia was seen in cases compared to
controls (p<0.0001). The mean serum phosphorous in
controls and cases were 3.62+0.62 mg/dl and 4.39+0.38
mg/dl respectively. Highly significant increase was seen
in cases compared to controls (p<0.0001). The mean
Serum Magnesium in controls and cases were
2.00+£0.18mg/dl and 2.46+0.17 mg/dl respectively
.Highly significant increase was seen in cases compared
to controls (p<0.0001). (Table 1, Fig. 1)

Serum Calcium, Phosphorous and Magnesium
levels were correlated with Thyroid Stimulating
Hormone levels in the cases. On analysis, a strong
negative correlation was observed between serum TSH
and Calcium. Phosphorous and Magnesium had
insignificant correlation in comparison with TSH among
the cases (Table 2).

Table 1: Comparison of Age, Sex, T3, T4, TSH, Serum Calcium, Phosphorous, Magnesium in Controls and

Cases
Parametres Controls (n = 40) Cases (n = 40) P Value

Age (Years) 35.78+8.85 35.68+8.91

Sex (M/F) 17/23 14/26

T3(ng/L) 1.09+0.35 0.48+0.11 < 0.0001*
T4(ug/dl) 8.98+2.21 2.54+1.25 <0.0001*
TSH (ulU/L) 2.70+1.37 52.53+27.25 < 0.0001*
Serum Calcium (mg/dl) 10.04+0.56 8.58+0.46 <0.0001*
Serum Phosphorous (mg/dl) 3.62+0.62 4.39+0.38 <0.0001*
Serum Magnesium (mg/dl) 2.00+0.18 2.46+0.17 <0.0001*

p< 0.05 is statistically significant. (* is highly significant), TSH — Thyroid stimulating hormone
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Fig. 1: Comparison of Age, T3, T4, TSH, Serum Calcium, Phosphorous and Magnesium in Controls and

Cases

Table 2: Correlation of Serum Calcium, Phosphorous and Magnesium with T3, T4, TSH among Cases

Parametres Correlation coefficient (r value) P Value
TSH Vs Calcium -0.79 < 0.0001*
TSH Vs Phosphorous -0.08 =0.94
TSH Vs Magnesium -0.18 =0.88

p< 0.05 is statistically significant. (* is highly significant) TSH — Thyroid stimulating hormone

Discussion

Thyroid hormones regulate body hemodynamics,
thermoregulation and metabolism. They have an
influence on renal hemodynamics, glomerular filtration
and electrolyte handling'®. Hypothyroidism being the
most prevalent endocrine disease, can lead to a variety of
clinical situations including, electrolyte and mineral
disturbances, congestive heart failure and coma.
Calcium, magnesium and phosphorous homeostasis
were frequently disturbed in thyroid dysfunctions.
Thyroid hormones affecting the glomerular filtration rate
and blood flow, have direct effect on Calcium and
Magnesium resorption®’.

The aim of this study was to investigate the effects
of hypothyroidism on serum calcium and other minerals
like Phosphorous and Magnesium. According to
different case reports in the literature, mineral
disturbances in any sort of thyroid dysfunction were
possible.

This study demonstrated a significant low level of
serum calcium among cases than controls (p<0.0001). A
significant negative correlation between TSH and serum
calcium level among cases was observed. Our study was
in accordance with study conducted by Shivaleela et al*é,
Murgod R et al® and animal study by Kumar et al*°.

Thyroid hormones are most essential for normal
growth and maturation of the skeletal system. Depressed
turnover due to impaired mobilization of calcium into the
bone was observed in hypothyroidism leading to reduced
blood calcium. Increased production of calcitonin which
promotes the tubular reabsorption of phosphate and
favor the tubular excretion of calcium, leading to

hypocalcemia and hyperphosphatemia as seen in
hypothyroidism?.

Total calcium levels in serum were found to be
significantly lower in hypothyroid patients in
comparison to controls. Thyroxine normally regulates
blood calcium levels by releasing calcium extra cellular.
In hypothyroidism, less thyroxine in the bloodstream and
thus less thyroxine entry into the cells leading to
decreased extra cellular calcium release®.

A statistically significant increase in serum
phosphorous was observed in cases compared to controls
in our study (p<0.0001).Insignificant correlation
between TSH and serum phosphorous among cases was
observed. Our study was in accordance with study
conducted by Abbas MM et al #  Alcalde et al “and
Schwarz C et al?.Our findings were in contrast to study
by Gammage? reporting decreased serum phosphorous
levels in hypothyroidism.

A statistically significant increase in serum
Magnesium was observed in cases compared to controls
in our study (p<0.0001). Insignificant correlation
between TSH and serum Magnesium level among cases
was observed. Our study is in accordance with study
conducted by Frizel et al®.

As per the study by McCaffrey et al, renal retention
of magnesium was due to 15-30% increased reabsorption
of the filtered magnesium in thyroid deficient rats at any
given plasma concentration as the thyroid hormones had
direct effect on the tubules'’.Our findings were
contradictory to Abedelmula M, et al?*, concluding that
significant decrease in serum Magnesium levels in
hypothyroid group compared to controls.
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Based on the findings of our study, it was inferred
that mineral metabolism has intimate association with
thyroid hormones. Thyroid hormones determine the
mineral pool in the blood by regulating mobilization of
calcium, phosphorous and magnesium into the blood and
their clearance through urinary excretion due to their
effect on GFR/ renal plasma flow.

Conclusion

Our study concludes that serum calcium level was
decreased in hypothyroidism compared to euthyroids. A
strong negative correlation between serum TSH levels
and serum calcium was observed among hypothyroid
individuals. Serum magnesium and phosphorous levels
were increased in hypothyroidism. Hypothyroid patients
need to be regularly evaluated for serum calcium,
phosphorous and magnesium as early detection and
correction can prevent further complications from
mineral metabolism dysfunction.

The limitation of the study was small sample size
which might be the reason for insignificant correlation of
serum phosphorous and magnesium with TSH among
cases.
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