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Abstract 
Aim: The aim of the present study was to assess the levels of bone minerals, calcium and phosphorus in 
hypothyroidism and its relation with thyroid hormone levels. 
Methods: The cross-sectional and observational study was done at department of Biochemistry, NMCH, Jamuhar, 
Sasaram, Bihar over a period of 12 months (August 2022 to July 2023) 
Results: There was a significant increase of TSH, in cases with p value < 0.001. Significant decrease in T4 was 
noted (p <0.05) in cases. Among the minerals, there was a significant increase in phosphorous and magnesium 
serum levels and a significant decrease in that of calcium levels. In our study analysis when TSH levels were 
compared with serum calcium and phosphorus among the hypothyroid patients, it showed a statistically significant 
negative correlation between TSH and serum calcium. However there was no significant correlation of TSH with 
serum phosphorous and magnesium.  
Conclusion: The study concluded that in hypothyroid patients, the serum calcium level was decreased and serum 
phosphorus level was increased when compared to euthyroid control subjects. Also there was a strong negative 
correlation between serum TSH and serum calcium levels were observed among hypothyroid individuals. It is 
therefore recommended for the regular evaluation of these minerals in hypothyroid patients which would improve 
their bone health and quality of life. 
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Introduction 

Thyroid hormones (TH), vitamin D (VD) and 
steroids belong to a special group of endocrine 
molecules which produce their effects by signaling 
in nuclear receptors (NR) [1]. Typically they are 
pleiotropic hormones, affecting a significant range 
of cell types in most tissues and in various systems. 
In common TH, steroids and VD also have intense 
effect on bone strength and on mineral and energy 
metabolism. While glucocorticoids and gonadal 
steroids, respectively, lead to a loss and an increase 
in bone mass, TH have a more complex effect 
depending on age, circumstances.1Recently, 
Dhanwal et al [2] have reported hypovitaminosis D 
and its impact on bone  mineral homeostasis and 
bone density. Patients with Graves’ disease in India 
have steatorrhea and marked proximal muscle 
weakness due to skeletal muscle myopathy. [3] 
Majority of patients have increased skin 
pigmentation during thyrotoxic state. [4] Thyroid 
hormones have direct catabolic effect on bone 
mineral homeostasis, leading to increased bone 

mineral resorption and calcium loss through 
kidneys. [5] Increased skin pigmentation and related 
vitamin D deficiency coupled with excessive urinary 
calcium loss, caused by thyrotoxicosis, may well be 
responsible for causing significant abnormalities in 
bone mineral homeostasis in thyrotoxic patients in 
India. Negative calcium balance due to catabolically 
induced increase in bone resorption may also be 
operative in Indian thyrotoxic patients. 

Bone mineral homeostasis is predominantly 
controlled by three hormones, i.e. parathyroid 
hormone (PTH), 1,25(OH)2D and calcitonin. [6] 
These hormones act on three target tissues, i.e. bone, 
intestine and kidney. There is a close interaction 
among PTH, 1,25(OH)2D and calcitonin to regulate 
serum calcium, phosphorous, and magnesium levels 
through actions on target tissues. In skin, ultraviolet 
light (wavelength of 290–315 nm) converts 7-
dehydrocholestrol, a precursor of cholesterol, to 
vitamin D3. Vitamin D3 is metabolized in the liver 
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to 25(OH)D by 25-hydroxylase enzyme and then in 
kidneys to its active form 1,25(OH)2D by 1-
αhydroxylase enzyme. Serum 25(OH)D has a longer 
half-life of 21 days and is a measure of vitamin D 
nutritional status. 1,25(OH)2D stimulates calcium 
absorption in gut and also regulates bone turnover 
and renal excretion of calcium and phosphorous. [7] 
The net effect of 1,25(OH)2D is to raise serum 
calcium while decreasing PTH. Serum calcium and 
1,25(OH)2D levels regulate PTH secretion from 
parathyroid gland. PTH stimulates bone turnover 
and renal phosphorous  excretion by inhibiting 
phosphorous reabsorption in proximal and distal 
tubules and renal calcium reabsorption at distal 
tubule. The net effect of PTH is to raise serum Ca 
and 1,25 (OH)2D while decreasing serum 
phosphorous levels. 

The aim of the present study was to assess the levels 
of bone minerals, calcium and phosphorus in 
hypothyroidism and its relation with thyroid 
hormone levels. 

Materials and Methods 

The cross-sectional and observational study was 
done at Department of Biochemistry, NMCH, 
Jamuhar, Sasaram, Bihar over a period of 12 months 
(August 2022 to July 2023). The study population 
included two groups: 

Group 1(cases): consists of already diagnosed 
hypothyroid patients 

Inclusion Criteria: cases in the age group of 18-
60years with TSH > 5.5 μIU/ml 

Group 2(controls): Age and gender matched normal 
subjects with no history of thyroid disorders. 

Exclusion Criteria: Patients suffering with renal 
diseases, hepatic diseases, diabetes mellitus, 
hypertension and pregnant women were excluded 
from the study. 

Under strict aseptic precautions, 5 ml fasting venous 
blood was collected after getting proper informed 
and written consent from the study population. The 
blood was centrifuged, serum separated and used for 
biochemical estimation. 

Laboratory tests done: 

1. Serum TSH, T3 and T4 were measured by 
enzyme linked immunoassay by using 
Benesphera kits. 

2. Serum calcium was estimated by Arsenazo III 
method and 

3. Serum phosphorous by ammonium molybdate 
method on semiautoanalyser. 

Statistical Analysis: 

Statistical analysis was done using SPSS version 21 
package. Statistical results were expressed as mean 
± SD. To correlate the parameters among the cases 
Pearson's correlation test was applied. P- value < 
0.05 was considered statistically significant. 

Results 

Table 1: Comparison of serum TSH, T3 and T4 in Cases and Control subjects 
Variables Cases Controls P Value 
TSH(µIU/dl) 19.52±12.68 3.22±1.31 0.001 
T4(ng/dl) 8.92±3.42 10.14±1.78 0.007 
T3(µg/dl) 1.23±0.40 1.66±1.27 0.128 

 
There was a significant increase of TSH, in cases with p value < 0.001. Significant decrease in T4 was noted (p 
<0.05) in cases. 
 

Table 2: Comparison of serum Calcium and Phosphorus in Cases and Control subjects 
Variables Cases Controls P Value 
Calcium(mg/dl) 8.07±0.72 10.49±0.38 0.001 
Phosphorus(mg/dl) 4.78±0.87 2.78±0.46 0.001 

 
Among the minerals, there was a significant increase in phosphorous and magnesium serum levels and a 
significant decrease in that of calcium levels. 
 
Table 3: Pearson correlation coefficient between TSH and Calcium, Phosphorous among the hypothyroid 

patients 
CASES PValue RValue 
TSHVsCalcium 0.032 -0.62 
TSHVsPhosphorus 0.525 0.132 

In our study analysis when TSH levels were 
compared with serum calcium and phosphorus 
among the hypothyroid patients, it showed a 

statistically significant negative correlation between 
TSH and serum calcium. However there was no 
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significant correlation of TSH with serum 
phosphorous and magnesium. 

Discussion 

Thyroid diseases are common and their incidence 
and prevalence were considered to increase with 
age. [8] In India, hypothyroidism is most common, 
among the 42 million people suffering from thyroid 
diseases. [9] Thyroid gland produces the hormones 
T3 and T4 which play a crucial role in cell 
differentiation during development and help to 
maintain thermogenic, metabolic homeostasis like 
carbohydrate, protein, lipid and mineral metabolism 
in adult. [10] Calcium (Ca2+) and phosphorus 
(PO42−) are all divalent metal ions, which are 
necessary for metalloenzymes and various crucial 
metabolic pathways directly or indirectly regulated 
by thyroid hormones. [11] 

As thyroid hormones are most essential for normal 
growth and maturation of the skeletal system, their 
reduced level causes depressed bone turnover, 
leading to reduced blood calcium. [12] 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. [13] There was a significant 
increase of TSH, in cases with p value < 0.001. 
Significant decrease in T4 was noted (p <0.05) in 
cases. Among the minerals, there was a significant 
increase in phosphorous and magnesium serum 
levels and a significant decrease in that of calcium 
levels. In our study analysis when TSH levels were 
compared with serum calcium and phosphorus 
among the hypothyroid patients, it showed a 
statistically significant negative correlation between 
TSH and serum calcium. However there was no 
significant correlation of TSH with serum 
phosphorous and magnesium. Our results are in 
accordance with the other studies done by Shivallela 
et al [14], Kavitha MM et al [15], Roopa and Soans 
et al [16], and Abbas et al. [17] 

When serum TSH levels were compared with serum 
Calcium and Phosphorus it showed a strong negative 
correlation between serum calcium and TSH values 
among hypothyroid patients (r = - 0.66). TSH is 
considered an antiresorptive hormone, which 
through distinct and unrelated mechanisms inhibits 
osteoclastogenesis and osteoblastogenesis. [18] 
Kumar and Prasad et al [19] substantiated the same 
in an animal study which revealed increased 
excretion of calcium in rats with high TSH. 
However there was a significant increase in 
serumphosphorus levels in hypothyroid patients 
there was no statistical significance in the 
correlation of serum phosphorous and TSH levels 
among hypothyroid patients. But the studies 
conducted by Kavitha et al [20] and Susanna TY et 
al19 showed increase in serum phosphorous and also 

a strong positive correlation with TSH level in 
hypothyroids. 

Conclusion 

The study concluded that in hypothyroid patients, 
the serum calcium level was decreased and serum 
phosphorus level was increased when compared to 
euthyroid control subjects. Also there was a strong 
negative correlation between serum TSH and serum 
calcium levels were observed among hypothyroid 
individuals. It is therefore recommended for the 
regular evaluation of these minerals in hypothyroid 
patients which would improve their bone health and 
quality of life. 

References 

1. Williams GR, Harvey CB. Mechanism of 
thyroid hormone action.Thyroid. 2002;12(6): 
441-6. 

2. Dhanwal DK, Kochupillai N, Gupta N, Cooper 
C, Dennison EM. Hypovitaminosis D and bone 
mineral metabolism and bone density in 
hyperthyroidism. Journal of Clinical 
Densitometry. 2010 Oct 1;13(4):462-6. 

3. Goswami R, Tandon RK, Dudha A, Kochupillai 
N. Prevalence and significance of steatorrhea in 
patients with active Graves’ disease. Official 
journal of the American College of 
Gastroenterology| ACG. 1998 Jul 1; 
93(7):1122-5. 

4. Goswami R, Kochupillai N. Adrenocortical 
reserves in patients with Graves' disease. 
European Journal of Endocrinology. 2001 Jan; 
144(1):85-. 

5. Mosekilde L, Christensen MS. Decreased 
parathyroid function in hyperthyroidism: 
interrelationships between serum parathyroid 
hormone, calcium-phosphorus metabolism and 
thyroid function. European Journal of Endocr 
inology. 1977 Mar;84(3):566-75. 

6. Bikle DD. Regulation of bone mineral 
homeostasis: An integrated new. In: Favus   MJ, 
editor. Primer on the metabolic bone disease 
and disorders of mineral metabolism. New 
York: Raven Press; 1993. pp. 76–82. 

7. Portman AW, Heny HL. New York: Raven 
Press; 1993. Vitamin D: Metabolism and 
mechanism of action. Primer on the metabolic 
bone disease and disorders of mineral 
metabolism; pp. 63–9. 

8. D. Sridevi1, Amrut A Dambal, Sidrah, Anila 
Sushma Challa, Samata K. Padaki. A Study of 
Serum Magnesium, Calcium and Phosphorus in 
Hypothyroidism. International Journal of 
Clinical Biochemistry and Research 2016;3(2): 
236-239. 

9. Unnikrishnan AG, Menon UV. Thyroid 
disorders in India: An epidemiological 
perspective. Indian J EndocrinolMetab 2011; 
15:78-81. 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Singh et al.                                   International Journal of Current Pharmaceutical Review and Research  

169   

10. AlaEldin S. Ashmaik, Haala M. Gabra, Amna 
O M. Elzein, NassrEldin M A.Shrif, Elhashimi 
E. Hassan. Assessment of Serum Levels of 
Calcium and Phosphorous in Sudanese Patients 
with Hypothyroidism. Asian Journal of 
Biomedical and Pharmaceutical Sciences; 03 
(25); 2013; 21-26. 

11. Susanna TY, Sagayaraj A, Shashidhar KN, 
Gomathi M, Mahesh V. A CORRELATIVE 
STUDY OF THYROID PROFILE AND 
MINERAL STATUS IN PATIENTS WITH 
HYPOTHYROIDISMÂ-Â AÂ HOSPITALÂ 
BASEDÂ CASEÂ CONTROLÂ STUDY. 
Asian Journal of Pharmaceutical and Clinical 
Research. 2016 May 1:292-4. 

12. Melmed S, Polonsky KS, Larsen PR, 
Kronenberg HM. Williams textbook of 
endocrinology E-Book. Elsevier Health 
Sciences; 2015 Nov 11. 

13. Murgod R, Soans G. Changes in Electrolyte and 
Lipid profile in Hypothyroidism. International 
Journal of Life science and Pharma research 
2012;2(3):185-194. 

14. Shivallela MB, Poornima RT and Jayaprakash 
Murthy DS. Serum calcium and phosphorous 
levels in thyroid dysfunction. Indian journal of 
fundamental and applied life sciences. 2012; 2 
(2):179-83.7. 

15. Kavitha MM, Chandrashekharyya SH, SV 
Kashinakunti, Sunitha H, Neela BM, Sanjeev 

Ratna. Alteration in levels of Serum calcium, 
phosphorous and magnesium in patients of 
Hypothyroidism. Int J Biol Med Res. 2014; 5 
(4): 4594- 4596 

16. Roopa M and Gladys S. Changes in electrolytes 
and lipid profile in hypothyroidism. 
International journal of Life Science and 
Pharma Research. 2012; 2(3):185-94.13 

17. Abbas MM, Mahamoud AH, El-Desouky W. 
Biochemical changes in serum lipids fractions, 
calcium, magnesium and phosphorous levels in 
women with subclinical hypothyroidism. 
Nature and Science 2013;11(5). 

18. Abe E, Marians RC, Yu W, Wu XB, Ando T, Li 
Y, Iqbal J, Eldeiry L, Rajendren G, Blair HC, 
Davies TF. TSH is a negative regulator of 
skeletal remodeling. Cell. 2003 Oct 17;115(2): 
151-62. 

19. Kumar V, Prasad R. Molecular basis of renal 
handling of calcium in response to thyroid 
hormone status of rat.BiochemBiophysActa. 
2002; 1586(3):331-43.12.  

20. Kavitha MM, Chandrashekharyya SH, SV 
Kashinakunti, Sunitha H, Neela BM, Sanjeev 
Ratna. Alteration in levels of Serum calcium, 
phosphorous and magnesium in patients of 
Hypothyroidism. Int J Biol Med Res. 2014; 5 
(4): 4594- 4596. 

 


