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Comparison of Total and Ionic 
Calcium in Hypothyroidism

Introduction 
Thyroid stimulating hormone (TSH) secreted by pituitary gland 
regulates the synthesis of two vital hormones Thyroxine (T4) and 
Triiodothyronine (T3). Both T4 and T3 exert negative feedback 
control over the hypothalamus as well as anterior pituitary, thus 
controlling the release of both Thyroid Releasing Hormone (TRH) 
from hypothalamus and TSH from anterior pituitary gland. To assess 
thyroid status, Free Thyroxine (FT4) and TSH are considered to be of 
more clinical significance [1]. These hormones are crucial in various 
functions such as thermoregulation, metabolic functions, and 
water, electrolyte and mineral homeostasis. Thyroid hormones act 
directly on the bones, thereby maintain the calcium homeostasis. In 
euthyroid state, the TSH range is 0.5-5.0 mIU/L and the FT4 range 
is 0.75-1.54 ng/dL. In hypothyroidism, FT4 drops below the normal 
reference range and TSH exceeds the upper limit of reference 
range along with prominent signs and symptoms such as weight 
gain, tiredness, hoarseness of voice, menorrhagia and dry coarse 
skin. Improper diagnosis of hypothyroidism or irregular follow-up 
of the patients on levothyroxine often can lead to overcorrection 
with symptoms of hyperthyroidism like palpitation, insomnia, 
hunger and anxiety [2]. Therefore, thyroid profile should be routinely 
done to determine the efficacy of treatment and management of 
associated symptoms.

Calcium is an important mineral which plays a major role in the 
formation of teeth and bones, muscle contraction, blood coagulation, 
normal functioning of many enzymes and normal rhythmic 
contraction of the heart. In hypocalcemia, ionised serum calcium 
levels in plasma are less than 8.5 mg/dL. The symptoms and signs 
of hypocalcemia include rickets in children, osteomalacia in adults, 
perioral paresthesias and spontaneous muscle cramps. In severe 
hypocalcemia, electrocardiogram shows QT interval prolongation 
which indicates the risk of developing ventricular tachycardia [3].

Various studies have reported normal calcium levels in hypothyroidism 
and both increased and decreased calcium levels in hyperthyroid 
patients [4-8]. Based on these conclusion, the present study was 
designed to evaluate the alterations in total and ionic calcium 
levels in hypothyroid patients and euthyroid controls and thereby 
emphasise on the importance of calcium estimation and the need to 
maintain calcium homeostasis in hypothyroid patients.

Materials and Methods
The cross-sectional study was conducted with 70 participants 
(35 male and 35 female) attending the Outpatient department and 
participants of Master Health Checkup at SRM Medical College 
Hospital and Research Centre, SRM IST (study conducted in 
year 2017).

The participants were selected by convenient sampling from the 
general population (aged 20-45 years), were divided into two 
groups, A and B with 35 hypothyroid patients and 35 euthyroid 
controls respectively. Individuals with normal TSH (0.5-5 mIU/L) and 
normal FT4 (0.75-1.54 ng/dL) levels were classified as euthyroid 
controls. Recently diagnosed hypothyroid patients TSH >5 mIU/L 
and FT4 <0.75 ng/dL were taken as subjects.

Patients with a history of alcoholism, kidney, liver and bone disorders 
or patients on calcium or mineral supplements or any other 
medication that might affect serum calcium levels were excluded 
from the study. Procedures performed in the present study involving 
human participants were conferring with the ethical standards (IEC 
Number: 1243/IEC/2017) of the Institution. The blood samples were 
collected after obtaining written consent from all the individuals 
under study.

Blood collection and analysis: Overnight fasting blood samples 
of 2-3 mL were collected in plain vials. The samples were 
analysed on the day of collection to avoid misinterpretations. 
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ABSTRACT
Introduction: Thyroid hormones are involved in various functions 
of human body such as metabolic activities, homeostasis 
of electrolytes and minerals like calcium and potassium. The 
blood calcium level is believed to increase glucose uptake of 
cells by acting as a messenger under the influence of thyroid 
hormone. Some studies report alteration in calcium levels 
with respect to the thyroid status, while other studies report 
alteration in ionic calcium and normal levels of total calcium 
levels in hypothyroidism. 

Aim: To estimate and find the correlation between total and 
ionic calcium levels in hypothyroidism.

Materials and Methods: The study was conducted on 35 
healthy controls (Groups A) and 35 hypothyroid subjects (Groups 
B) of age group 20-45 years. Blood samples were analysed for 
Thyroid Stimulating Hormone (TSH) and Free Thyroxine (FT4) 
by Chemiluminescence Immunoassay (CLIA), serum albumin by 
Bromocresol Green (BCG) method and calcium levels by the 

Arsenazo method. Independent student’s t-test and Pearson’s 
correlation were used to analyse the results. A p-value <0.05 
was considered as statistically significant.

Results: The study confirmed the direct correlation between 
blood total (r-value 0.32, p-value <0.001) and an ionic (r-value 
0.03, p-value <0.001) calcium levels in hypothyroid patients. 
Significant differences (p value <0.001) were observed in FT4 and 
TSH levels between hypothyroid and control group. However, 
no significant (p-value=0.498) difference was found between 
the albumin levels between the groups, which indirectly reflects 
the values of total and ionic calcium. 

Conclusion: This study concluded that both total calcium and 
ionised calcium were decreased in patients with hypothyroidism 
when compared to those with euthyroid status. Thus the study 
highlights the need for hypothyroid patients to be screened for 
serum calcium levels to prevent hypocalcemia and its related 
complications.
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in overt hypothyroid patients. Our findings were in accordance 
with the study conducted by Ashmaik AS et al in the year 2013 
which showed decreased calcium levels in Sudanese patients with 
hypothyroidism [17].

While some studies delineate the association of decreased total 
and ionic calcium in hypothyroid patients, other studies contradict 
these findings. Serum calcium was found to be normal in patients 
with hyperthyroidism in a study conducted by Begic-Karup S et 
al., [4]. According to another study conducted by Sabuncu T 
et al, serum calcium levels were normal in hypothyroidism [5]. 
Susanna TY et al., concluded that there was no correlation 
between T3, T4, and TSH with the serum calcium levels in 
patients with hypothyroidism [6]. These results were in contrast 
to our findings. Supplementary studies are required to determine 
the in-detail mechanism and causes of alteration of calcium 
levels in thyroid disorder.

LIMITATION
Since we have excluded the patients with liver diseases, serum 
albumin was normal in all the patients in study and control group, 
making the ionic calcium comparison less significant in this study. 
The method of choice for estimating ionic calcium was traditional 
ion selective electrode. The sample size is relatively small, further 
studies with larger sample size and diverse participants are required 
to validate our findings. Dietary pattern of the individual should also 
be monitored to avoid misinterpretations.

Measurement of TSH and FT4 was based on the principle of 
enhanced Chemiluminescence Immunoassay (e-CLIA) in VITROS 
fully automated hormone analyzer [9]. Serum albumin was 
estimated by BCG method and total calcium by the Arsenazo 
method in Beckman Coulter fully automated chemistry analyzer 
[10]. Ionic calcium was calculated by the formula [11]:

0.25 × [0.9 + (0.55×total calcium)-(0.3×albumin)]

Statistical Analysis
Statistical analysis was performed by Independent students’ t-test, 
and Pearson’s correlation was used to determine the correlation 
between total and ionic calcium levels and hypothyroidism. The 
results were analysed using Statistical Package for Social Sciences 
(SPSS). p-value <0.05 was considered as statistically significant.

RESULTS
The study included 70 individuals divided into two Groups as A and 
B, normal thyroid functions as controls and hypothyroidism subjects 
respectively. Statistically significant (p-values <0.001) difference 
was observed in FT4, TSH, total and ionic calcium levels between 
euthyroid and hypothyroid patients [Table/Fig-1,2].

Parameters

Control Euthyroid 
(Group A) (n=35)

Hypothyroid Patients 
(Group B) (n=35)

p-values

Mean±SD Mean±S.D

FT4 (g/dL) 1.34±0.45 0.41±0.12 <0.001*

TSH (g/dL) 3.61±1.13 6.28±1.01 <0.001*

Albumin (g/dL) 4.97±0.60 5.04±0.10 0.498

[Table/Fig-1]:	 Levels of FT4, TSH and serum albumin of normal thyroid function 
(Group A) and hypothyroidism (Group B) participants.
*FT4: Free thyroxine, TSH:Thyroid stimulating hormone, *Student’s t-test *p value <0.001 is highly 
significant

Dependent 
Variable

Euthyroid 
(Group A) 
Mean±SD

Patients 
(Group B) 
Mean±SD

Mean 
Difference±S.E.

Signifi-
cance 

(p)

95% Confidence 
Interval

Lower 
bound

Upper 
bound

Total 
calcium 
(mg/dL)

10.28±1.03 8.33±0.30 -1.950±0.181 <0.001* -2.3119 -1.5881

Ionic 
calcium 
(mg/dL)

1.24±0.11 0.99±0.16 -0.250±0.033 <0.001* -0.3155 -0.1845

[Table/Fig-2]:	 Total and ionic calcium in euthyroid (Group A) and hypothyroid (Group B) 
participants.
S.E.: Standard error, Student’s t-test *p value <0.001 is highly significant

[Table/Fig-3]:	 Linear regression for total calciumin hypothyroid patients.
*Group A- Total calcium
p-value <0.001, r-value is 0.32 for total calcium

[Table/Fig-4]:	 Linear regression for Ionic calcium in hypothyroid patients.
Group A- Total ionic calcium
p-value <0.001, r-value is 0.03 for ionic calcium

The calcium (total and ionic) levels of the patients with 
hypothyroidism were lower than that of control individuals with 
normal thyroid function (p-value <0.001, r-value 0.32 and 0.03 for 
total and ionic calcium respectively) [Table/Fig-3,4].

Discussion
The main function of FT3 and FT4 is the stimulation of osteoblastic 
differentiation in the bones that promotes bone resorption and 
increases the calcium levels in blood. The reduction in FT4 and FT3 
levels in hypothyroidism leads to impairment in the mobilisation of 
calcium into the bone and decreased blood calcium levels [12]. 
In the present study, the FT4 and TSH levels were significantly 
decreased in the hypothyroid group as compared to the euthyroid 
participants. Our findings are in accordance with the study done by 
Murgod B and Soans G [13].

The present study showed decreased concentrations of total 
calcium and ionic calcium in hypothyroid patients when compared 
to the group of controls with normal thyroid function with a highly 
significant p value of <0.001. Similar results were also observed 
by the studies conducted by Shivaleela MB et al and Gohel MG et 
al and Abdel-Gayoum AA [14-16]. The study was conducted by 
Abdel-Gayoum AA showed decrease in blood calcium concentration 
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Conclusion
Even though calcium is one of the most important  mineral in our 
body with varied essential functions, many physicians are still 
unaware of the fact of abnormal low calcium levels occurring in 
hypothyroid patients. The present study will help them to understand 
the importance of screening of serum calcium in hypothyroidism 
patients for determining the course of treatment and prevention of 
the complications of hypocalcemia.
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