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Background: Thyroid hormones play an important role in the homeostasis of calcium and phosphorous levels. A person 
with thyroid dysfunction may exhibit symptoms that are owing to the alteration in calcium levels.
Objective: To evaluate the effect of thyroid function on the total and ionic calcium levels in women with thyroid dysfunction.
Materials and Methods: The study group included three groups: group I (clinically proven healthy controls), group II  
(hyperthyroidism), and group III (hypothyroidism) with 45 subjects in each group. Estimation of the biochemical parameters 
was done by standard methods, and the level of ionic calcium was calculated using a formula.
Result: Serum total calcium and ionic calcium were significantly decreased in hypothyroidism group subjects when  
compared with hyperthyroidism and healthy control subjects. In groups II and III, the total calcium was inversely correlated 
with the thyroid stimulating hormone level.
Conclusion: Our study showed that there is an association between the serum calcium levels and thyroid function.  
However, there is no marked difference between the total and ionic calcium levels in thyroid dysfunction.
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the bone can cause a depressed turnover in hypothyroidism, 
and this can often lead to a decrease in the blood calcium 
level. A reduced mobilization of calcium prevails in hyperthy-
roidism, and this can lead to an increase in the blood calcium 
level.[3] The plasma contains calcium that occurs in three 
physiochemical states. Ionized calcium, which is also termed 
as free calcium constitutes, approximately, 50%, remaining 
40% is bound to the plasma proteins, and the rest 10% is 
complexed with small anions. All plasma or serum calcium is  
ionized, regardless of its association with proteins or small  
anions; hence, the term ionized calcium is inaccurate.  
Because the free or ionized calcium is biologically active and 
tightly regulated, it is the best indicator for calcium status.[4] 
Despite the measurement of free calcium being clinically more 
useful, it has not replaced the measurement of total calcium.

Previous studies have been carried out on serum calcium  
levels in thyroid disorders. Some of the studies revealed 
conflicting results. Normal values were obtained in some,[5] 
while decreased serum calcium levels in hypothyroidism were  

Introduction

Thyroid disorders are one of the most common endocrine 
disorders. Bone remodeling is affected by the direct or indirect 
effect of the thyroid hormones on the bone cells.[1] The bone is 
affected by the interaction of the thyroid stimulating hormone  
(TSH) with the TSH receptors that are expressed on the  
precursors of osteoblasts and osteoclasts.[2] In the early life, 
a deficiency of the thyroid hormone can lead to a delay in the 
bone development. An impaired mobilization of calcium into 
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total calcium, and ionic calcium were highly significant with  
p < 0.001. When groups I and II were compared [Table 2]  
using Post hoc test, T3 and T4 showed a highly significant  
p value < 0.001, whereas albumin, total calcium, and ionic  
calcium showed a significant p value < 0.05. When the groups I  
and III were compared [Table 2], T4, TSH, albumin, total  
calcium, and ionic calcium were highly significant with a  
p value < 0.001. On comparison of group II vs. group III, 
only T3, T4, and TSH showed a highly significant p value of  
< 0.001 [Table 2].

Correlation of Total Calcium with TSH in Hyperthyroidism
When the total calcium with TSH was correlated in hyper-

thyroidism group, a negative correlation was observed with  
r value = 0.021 [Figure 1].

Correlation of Total Calcium with TSH in Hypothyroidism
In hypothyroidism group, a negative correlation of total 

calcium with TSH (r = 0.013) was observed [Figure 2].

Discussion

Our study showed that serum total calcium and ionic  
calcium were significantly decreased in hypothyroidism group 
when compared with hyperthyroidism subjects and healthy 
control subjects. In both the groups II and III, total calcium 
was inversely correlated with the TSH level. Thyroid disease 
is a pathological condition, which affects the calcium and 
phosphorous metabolism. Abnormalities in the calcium and  
phosphorous homeostasis are known as disorders of the  
mineral metabolism. Thyroid hormone is essential for the normal  
growth and maturation of skeleton. Thyroid disease has wide-
spread systemic manifestations including their effect on bone 
resorption.[13] Serum calcium levels have been used as an  
index of bone resorption.[14]

In cases of hyperthyroidism, there will be a direct stimula-
tion of bone cells by high thyroid hormone concentrations.[15]  
Hypercalcemia has been reported in about 23% cases of  
hyperthyroidism.[16] The percentage of hypercalcemia in hyper-
thyroidism cases increased to 50% when ionized calcium was 
measured instead of total serum calcium.[17]

Our study showed that when cases of hyperthyroidism 
were compared with controls, the results were highly signif-
icant for both the measured total calcium and ionic calcium, 
with a significant p value of < 0.001. This is in accordance with 
the findings of Manicourt et al.,[18] but in contrast to Dhanwal  
et al.[8] However, the changes in the serum calcium level  
do not appear to be an acute problem for these patients,  
although it may lead to problems on a long-term basis. Studies 
conducted by Szabo Ritzl[19] have shown elevated ionized cal-
cium levels in patients older than 60 years of age. The linear 
correlation between the ionized calcium levels and the differ-
ent parameters of thyroid function is highly significant in the 
older age group.

In hypothyroidism, there can be decrease in the blood  
calcium levels because of impaired mobilization of calcium 

obtained in others.[6] Hyperthyroid patients have been repor-
ted with hypercalcemia,[7] while there are also reports of  
hypocalcemia in hyperthyroid patients, with 26% of hyperthy-
roid patients in India showing hypocalcemia.[8]

To overcome this, we decided to focus on the serum levels 
of total calcium and free (ionized) calcium in both the hypo- and 
hyperthyroid cases in order to determine whether free calcium 
is a better indicator for calcium levels than total calcium.

Materials and Methods

This study was conducted in the Clinical Biochemistry  
laboratory at the RL Jalappa Hospital, the attached hospital of 
Sri Devaraj Urs Medical College, Kolar, Karnataka, India, over 
a period of 4 months from September to December 2014. The 
Institutional Ethical clearance was obtained for the study. The 
study group included a total of 135 subjects in the age group 
of 18 to 55 years.

 ●  group I: forty-five age-matched healthy individuals;
 ●  group II: forty-five clinically proven cases of hyperthyroidism; 

and
 ●  group III: forty-five clinically proven cases of hypothyroidism.

Women aged above 55 years, those with hepatic, renal, 
and cardiovascular diseases, those with parathyroid disor-
ders, those on mineral supplementation, those on treatment 
for thyroid disorders, and those on medications that can affect 
the calcium levels were excluded from our study.

After 8 h of overnight fasting, 2 mL of venous blood was 
drawn from both the control and study groups under aseptic 
conditions. The serum was separated by centrifugation and 
stored at −20°C until estimation. The serum total T3, T4, and 
TSH were estimated by chemiluminiscence method,[9] using 
Vitros 250 ECI Johnson and Johnson analyzer. Serum total 
calcium and serum albumin were analyzed in Vitros 250 Dry 
chemistry analyzer by O-Arsenazo method[10] and Bromocresol  
green dye binding method,[11] respectively. Ionic or free calcium 
was calculated using the formula[12]:

Ionized calcium = 0.25 × [0.9+ (0.55 × total calcium)− 
(0.3 × albumin)].

Statistical Analysis
Statistical analyses were performed using SPSS software, 

version 20 (Armonk, NY, USA). Results were expressed as 
mean ± SD. ANOVA test was used for testing the significance 
between the groups, followed by Post hoc test using Bonferroni 
criterion. Correlation of parameters was done by Pearson’s  
correlation formula. A p value of < 0.05 was considered  
statistically significant.

Result

Table 1 shows the comparison of the biochemical para-
meters between the groups I, II, and III. ANOVA test showed  
that the serum total T3, T4, TSH, serum albumin, serum  
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Table 1: Comparison of the biochemical parameters between group I (clinically healthy controls), group II (hyperthyroidism), and 
group III (hypothyroidism)
Biochemical parameters Group I (n = 45) Group II (n = 45) Group III (n = 45) ANOVA F value with significance, p*
Serum total T3 (ng/mL) 1.21 ± 0.2 1.69 ± 0.7 0.97 ± 0.37 27.110, <0.001
Serum total T4 (µg/dL) 8.151 ±.8 14.07 ± 3.4 5.53 ± 2.9 108.589, < 0.001
Serum TSH (µIU/mL) 2.46 ± 1.0 0.45 ± 2.3 31.51 ± 36.3 28.609, < 0.001
Serum albumin (g/dL) 4.54 ± 0.8 3.9 ± 0.76 3.7 ± 1.0 10.895, < 0.001
Serum total calcium (mg/dL) 10.34 ± 0.4 9.12 ± 1.79 8.69 ± 2.0 10.183, < 0.001
Ionic calcium 1.30 ± 0.14 1.18 ± 0.19 1.14 ± 0.21 8.858, < 0.001

Results are expressed in mean ± SD.
*p < 0.001 is highly significant.

Table 2: Post hoc test comparing group I vs. group II, group I vs group III, and group II vs group III
Total T3  

(ng/mL), p
Total T4  

(µg/dL), p
TSH  

(µIU/mL), p
Albumin  
(g/dL), p

Total calcium  
(mg/dL), p

Ionic calcium, p

Group I vs. group II < 0.001** < 0.001** 1.000 0.004* < 0.005* 0.008*
Group I vs. group III 0.054* < 0.001** < 0.001** < 0.001** < 0.001** < 0.001**
Group II vs. group III < 0.001** < 0.001** < 0.001** 0.670 0.790 1.000

*p < 0.05 is significant; **p < 0.001 is highly significant.

Figure 1: Correlation of total calcium with TSH in hyperthyroidism.
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into the bone. Our findings showed that when the hypothy-
roidism subjects and control subjects were compared the  
result was highly significant only for T3, T4, and TSH, but the 
change in both the total calcium and ionic calcium was not  
significant. This was in contrast to the findings of Hassan  
et al.,[20] where there was a significant decrease in mean  
serum calcium levels in their test group when compared with 
the control group. A significant decrease in the ionized calci-
um and normal total calcium levels in hypothyroid cases were 
seen in a study done by Al-Hakeim.[21] Although measuring 
serum ionized calcium should give a better indication than the  
total calcium levels, our study showed that there does not  
appear to be a significant difference between the measure-
ment of total calcium and ionic calcium in hypo- and hyper-
thyroidism.

Conclusion

This study concludes that there is an association between 
the serum calcium levels and thyroid function, which may be 
relevant in marked cases of hypo- or hyperthyroidism. Hence, 
it is better to estimate the levels of serum calcium in all thy-
roid disorders. However, this will have to be correlated with 
the duration and severity of thyroid disorders. Further studies 
are required, where direct estimation of ionic calcium by ion 

selective electrode is done to derive a meaningful conclusion.  
Our study population of 45 in each group is comparatively 
small, and the study can be extended to a larger population. 
Dietary habits of the persons should also be taken into con-
sideration.

Acknowledgment

Self funded by authors. We gratefully acknowledge the 
services of Mr. Ravishankar, Statistician for the statistical data 
analysis.

References

1.  Biondi B, Cooper DS. The clinical significance of subclinical  
thyroid dysfunction. Endocr Rev 2008;29(1):76–131.

2.  Abe E, Sun L, Mechanick J, Iqbal J, Yamoah K, Baliram et al. 
Bone loss in thyroid disease: role of low TSH and high thyroid 
hormone. Ann NY Acad Sci 2007;11116:383–91.

3.  Melmed S, Polonsky KS. Williams’ Text book of Endocrinology. 
In: Calcium and Phosphorous Metabolism, 12th edn. Philadelphia, 
PA: WB Saunders, 2011. pp. 10–11.

4.  Burtis CA, Ashwood ER, Bruns DE. Teitz Text Book of Clinical 
Chemistry and Molecular Diagnostics, 4th edn. New Delhi: Elsevier, 
2006. p. 1892.

Figure 2: Correlation of total calcium with TSH in hypothyroidism.



International Journal of Medical Science and Public Health | 2016 | Vol 5 | Issue 04

Mendez et al.: Ionic and total calcium levels in thyroid dysfunction

637

5.  Begic-Karup KS, Wagner B, Raber W, Schneider B, Hamwi A, 
Waldhäusl W, et al. Serum calcium in thyroid disease. Wein Klin 
Wochenschr 2001;113(1–2):65–8.

6.  Gammage MD, Logan SD. Effects of thyroid dysfunction on  
serum calcium in the rat. Clin Sci (Lond) 1986;71(3):271–6.

7.  Orluwene CG, Mommoh MO. Serum phosphorous, estimated 
ionized and total serum calcium in industrial females with thy-
roid dysfunction in Port Harcourt. Int J Res Med Health Sci 
2013;3(4):20–4.

8.  Dhanwal DK, Kochupillai N, Gupta N, Cooper C, Dennison EM.  
Hypovitaminosis D and bone mineral metabolism and bone  
density in hyperthyroidism. J Clin Densitom 2010;13(4):462–6.

9.  Kricka LJ. Principles of immunochemical Techniques. In:  
Teitz Fundamentals of Clinical Chemistry, 6th edn, Burtis CA, 
Ashwood E, Bruns D (Eds.). New Delhi: Saunders/Elsevier, Co., 
2008. pp. 167–8.

10.  Endres D, Rude R. Disorders of Bone. In: Teitz Fundamentals 
of Clinical Chemistry, 6th edn, Burtis CA, Ashwood E, Bruns D 
(Eds.). New Delhi: Saunders/Elsevier, Co., 2008. p. 715.

11.  Johnson M. Amino Acids and Proteins. Carl A Burtis, Edward 
Ashwood, David Bruns. In: Teitz Fundamentals of Clinical Chem-
istry, 6th edn, Burtis CA, Ashwood E, Bruns D (Eds.). New Delhi: 
Saunders/Elsevier, Co., 2008. p. 298.

12.  Dickerson RN, Alexander KH, Minard G, Croce MA, Brown RO. 
Accuracy of methods to estimate ionized and “corrected” serum  
calcium concentrations in critically ill multiple trauma patients  
receiving specialized nutrition support. JPEN J Parenter Enteral 
Nutr 2004;28(3):133–41.

13.  Dhanwal DK. Thyroid disorders and bone mineral metabolism. 
Indian J Endocrinol Metab 2011;15(Suppl 2):S107–12.

14.  Rizzoli R, Poser J, Bürgi V. Nuclear thyroid hormone receptors in 
cultured bone cells. Metabolism 1986;35(1):71–4.

15.  Abu EO, Bord S, Horner A, Chatterjee VK, Compston JE. The 
expression of thyroid hormone receptors in human bone. Bone 
1997;21(2):137–42.

16.  Baxter JD, Bondy PK. Hypercalcemia of thyrotoxicosis. Ann  
Intern Med 1966;65(3):429–42.

17.  Burman KD, Monchik JM, Earll JM, Wartofsky L. Ionized and  
total serum calcium and parathyroid hormone in hyperthyroidism. 
Ann Intern Med 1976;84(6):668–71.

18.  Manicourt D, Demeester-Mirkine N, Brauman H, Corvilain J.  
Disturbed mineral metabolism in hyperthyroidism: good correlation 
with tri-iodothyroxine. Clin Endocrinol (Oxf) 1979;10(4):407–12.

19.  Szabo ZS, Ritzl F. Hypercalcemia in hyperthyroidism. Role of 
age and goiter type. Klin Wochensschr 1981;59(6):275–9.

20.  Hassan EE, Ashmaik AS, Gabra HM, Elzein AOM. Assess-
ment of serum levels of calcium and phosphorous in Sudanese  
patients with hypothyroidism. Asian J Biomed Pharmaceut Sci 
2013;3(25):21–6.

21.  Al-Hakeim HK. Serum levels of lipids, calcium and magnesium in 
women with hypothyroidism and cardiovascular diseases. J Lab 
Physicians 2009;1(2):49–52.

How to cite this article: Mendez D, Kunder M, KN Shashidhar, 
Venkataswamy L. A comparative study of the ionic and total 
calcium levels in women with thyroid dysfunction. Int J Med Sci 
Public Health 2016;5:633-637
Source of Support: Nil, Conflict of Interest: None declared.


