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Abstract  The parathyroid hormone (PTH) is a 115 amino acid precursor molecule; the intact PTH (iPTH) 
contains only 84 amino acids which is biologically active molecule. The PTH helps in regulation of serum calcium 
levels, either hyper or hypocalcaemia causes release of PTH. It regulates the serum calcium levels by increasing the 
flow of calcium from bone to extracellular fluid, by increasing the re-absorption of calcium from renal tubules and it 
also causes increased intestinal absorption of ionized calcium via Vitamin D. The iPTH is predominantly cleared in 
liver and kidney, the assay of iPTH is used for differently diagnosis of hypercalcaemia. The iPTH levels will be 
elevated if hypercalcaemia is due to exaggerated secretion of PTH otherwise it remains normal. Thus total calcium 
and ionized calcium levels will also be regulated by PTH. Secondary Hyper parathryoidism (SHPT) is a common 
complication of end stage renal disease (ESRD) in which there is hyperplasia of parathyroid gland. Thus, we 
conclude that there is an association of iPTH with ionized calcium in patients with SHPT and those undergoing 
hemodialysis. It is recommended that a by using a universal panel reference range in the assay of iPTH it is possible 
to minimize the complications in patients with chronic kidney disease. 
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1. Introduction 
Parathyroid hormone (PTH) is synthesized as a 115 

amino acid precursor molecule prepro PTH. It is 
transferred to the cisternal space of the Endoplasmic 
Reticulum(ER), where 25 amino acid prepeptide is 
removed to yield pro PTH, it is then transported to Golgi 
apparatus, Pro PTH is acted on by enzyme to form mature 
PTH molecule. The mature PTH molecule contains 84 
amino acids, the region of PTH from 1 – 34 amino acids is 
biologically active [1]. PTH raises serum ionized calcium 
levels through direct action on bone and the kidneys. PTH 
causes demineralization of bone which in turn increases 
calcium flow from bone matrix to ECF and it causes 
enhanced re-absorption of calcium from renal tubules and 
increases excretion of phosphate from kidneys. Long term 
regulation of total body calcium by PTH is via Vitamin D, 
causes increased intestinal absorption of ionized calcium 
[2]. PTH undergoes proteolysis in liver and kidney, PTH 
is cleaved into three fragments, N-terminal, C-terminal 
and middle fragments. N-terminal fragment disappears 

rapidly and is active whereas C-terminal fragment is 
cleaved by kidney has long half life [3]. The region of 
PTH from 1-84 amino acids is the intact PTH (iPTH), 
which is predominantly cleaved in liver and kidney. The 
assay of iPTH is used for the differential diagnosis of 
hypercalcaemia. If hypercalcaemia is due to the 
exaggerated secretion of PTH then the iPTH levels will be 
suppressed otherwise iPTH remains in normal range [4]. 
Secondary Hyperparathyroidism (SHPT) is a common 
complication of end – stage renal disease (ESRD). The 
decrease in functional renal mass results in hypocalcaemia, 
hyperphosphataemia and reduced calcitriol levels which 
stimulate the secretion of parathyroid hormone leading to 
the hyperplasia of the gland [5]. Ionized Calcium is 
normally better for accurately monitoring calcium status 
in renal diseases [6]. Ionized calcium is high in neonates 
at birth in blood then decreases by 10 – 20% after 1-3 days, 
after a week ionized calcium concentration in the neonates 
stabilize at concentrations slightly higher than adults [7]. 
Ionized calcium represents physiologically active form of 
total calcium in the plasma [8]. Liver transplantation, 
citrated blood transfusions and neonatal hypocalcaemia 
are some examples of conditions where the measurement 
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of ionized calcium is more preferred and meaningful than 
total calcium [9]. The advantages of measuring ionized 
calcium over total calcium are: [10] 

a. There is no effect of venous occlusion or change of 
posture on the ionized calcium 
b. More reliable indicator of calcium status of patients 
in certain clinical conditions 
c. Physiologically active form of calcium(50% of total 
calcium) 
The measurement of ionized calcium was used to done 

by calculation method, but by the measurement of ionized 
calcium by ion-selective electrode (ISE) technology, the 
errors are less and this method gives accurate and precise 
values. The sample drawn for analysis of ionized calcium 
should be without anticoagulant, without airbubbles. The 
use of anticoagulants like heparin for measuring ionized 
calcium decreases the concentration of ionized calcium in 
the sample [11]. 

The present study aims to know the relationship of 
iPTH and Ionized calcium in secondary 
hyperparathyroidism of hemodialysis patients. 

2. Materials and Methods 
50 samples of hemodialysis patients with SHPT 

attending Nephrology OP in Apollo reach Hospital and 11 
healthy control samples were also collected. The samples 
were estimated for iPTH, total calcium and ionized 
calcium. 

2.1. Blood Sample Collection 
The samples are collected in fasting conditions under 

aseptic environment. The samples are collected with the 
consent of the individuals. 5ml blood sample without any 
addition of anticoagulant is collected and allowed to clot, 
and then centrifuged at 3000rpm for 20 minutes. The 
serum obtained is used for the analysis. 

2.2. Exclusion Criteria 
•  Hormonal Imbalance 
•  Diabetes mellitus 

•  Liver disease 
•  Vitamin D deficiency 

2.3. Inclusion Criteria: 
* Chronic Kidney Disease 
Intact PTH assay Done by Chemiluminiscence 

method in Abbott 
hemiluminiscence Analyzer 

Total calcium Done by O-Crespthalene 
Complexone method 

Ionized Calcium Done by calculation ISE 
procedure 

3. Results 
The mean and SD values of patient group of iPTH are 

321.8102 and 225.9290 and control group are 49.35 and 
15.45 with p value 0.0001 extremely significant. The 
mean and SD values of ionized calcium are 3.8410 and 
0.5255 and control group are 4.34 and 0.28 with p value 
0.0001 extremely significant (Table1). 

The mean difference between total calcium and iPTH 
are 314.1792 and 95% confidence interval of this 
difference is from the range of 377.5877 to 250.7707. 
Similarly, the mean difference between ionized calcium 
and iPTH are 161.3970 with 95% confidence interval of 
this difference ranging from 193.9148 to 128.8792 
(Table1) (Figure 1). 

Table 1. The statistical data of iPTH, Total calcium and ionized 
calcium 

Parameter Mean +/- SD 95% confidence 
interval P value 

 Control Patient   

Intact PTH 49.35+/-
15.45 

321.81+/-
225.9 126.82 0.001* 

Total 
Calcium 8.68+/-0.56 7.63+/-

1.24 65.04 0.001* 

Ionised 
Calcium 4.34+/-0.28 3.84+/-

0.52  0.001* 

* Highly significant 
The statistical analysis was done using Graph pad prism 

software 
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Figure 1. The pie diagram of intact PTH, Total Calcium and Ionized calcium of Patients and control group 

The percent Recovery calculated for lower and higher 
normal levels of iPTH were 471.3% and 2233.8%, total 

calcium are 93.3% & 80.2% and Ionized calcium were 
51.3% & 92.8% (Table 2). 
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Table 2. The Percent Recovery data of iPTH, Total calcium and 
ionized calcium 

 Intact PTH Total calcium Ionized calcium 

 Lower 
Level 

Higher 
Level 

Lower 
Level 

Higher 
Level 

Lower 
Level 

Higher 
Level 

% 
Recovery 471.3% 2233.8% 93.3% 80.2% 51.3% 92.8% 

The Percent recovery of iPTH, ionized calcium 
increased for higher normal range whereas the total 
calcium decreased for higher normal range. 

The relationship between iPTH and total calcium is in 
sigmoid way similarly the curve obtained between the 
iPTH and ionized calcium is also a sigmoid curve (graph 1 
and graph 2) 

 

Graph 1. The sigmoid curve between iPTH and total calcium 

 

Graph 2. The Sigmoid curve between iPTH and Ionized calcium (i ca+2) 

4. Discussion 
Nephrology guidelines recommend targets and 

treatment strategies to correct serum levels of phosphorus, 
calcium and parathyroid hormone because observational 
data suggest there is an association between these 
biomarkers and vascular disease which leads to death 
[12,13]. The burden of cardiovascular morbidity in 
individuals with chronic kidney disease necessitates the 
potential for serum levels of phosphorus, PTH and 
calcium to act as important modifiable risk factors [14]. 
Long term regulation of body total calcium by PTH is 

through vitamin D. There is a decreased expression of 
vitamin D receptor in both primary and secondary 
hyperparathyroidism which inhibit parathyroid gland 
proliferation [15,16]. Among ESRD beginning dialysis, 
initial PTH levels above 200pg/ml was associated with 
half the mortality of similar patients with PTH levels 
below 65pg/ml controlling ionized calcium by monitoring 
its concentration can avoid problems from hypocalcaemia 
such as renal stones, other soft tissue calcification [17]. 
According to publications if iPTH value is less than 
100pg/ml there is 83% probability that the renal patient 
has adynamic low bone turnover disease [18]. In our study 
there are 8 cases with iPTH value less than 100pg/ml thus, 
there is 83% probability of adynamic low bone turnover in 
these individuals. The PTH and serum calcium curves are 
sigmoid in primary and secondary hyperparathyroidism 
due to renal failure [19]. Similarly the intact PTH and 
ionized calcium curves are sigmoid [4]; PTH levels are 
elevated in SHPT usually associated with renal failure as a 
result of constant stimulation of parathyroid gland by low 
calcium levels. Hypocalcaemia accompanied by low PTH 
level seen in hypoparathyroidism either post surgical or 
idiopathic [20,21]. 

The relationship between iPTH and calcium levels or 
iPTH and ionized calcium can be expressed as sigmoid 
curve. The sigmoid curve obtained in the present study 
between iPTH and total calcium shows maximum calcium 
levels of 5mg/dl corresponding to iPTH level of 600pg/ml 
and minimum iPTH level of sigmoid curve is 200pg/ml 
with total calcium levels of 9.5mg/dl. Similarly, the 
highest ionized calcium levels observed from sigmoid 
curve were 2.3mg/dl with iPTH level  

480 pg/ml and lowest iPTH was 90pg/ml corresponding 
to ionized calcium of 4.8mg/dl. Thus, the iPTH level 
below 90pg/ml, total calcium below 5mg/dl, and ionized 
calcium below 2.3mg/dl deteriorates the conditions 
associated with SHPT of chronic kidney disease. Thus, the 
parathyroid gland activity is mediated by a direct 
interaction of calcium ions with the calcium sensitive 
receptors [22]. There is a lack of comparability in the 
iPTH levels and it remained as a problem for the 
management of ESRD. The lack of comparability in iPTH 
levels is due to: 

i. In ESRD patients due to decreased kidney function 
there is accumulation of large and small fragments of 
PTH, which interfere with two antibodies that are 
intended to bind iPTH ( 23,24, 25). 
ii. The standards or calibrators used to determine iPTH 
vary from company to company which would have 
potential to cause assay interference [26,27]. 
Thus, the iPTH levels can be used as a criterion in 

treating ESRD if there is a development of a universal 
reference panel to use in standardization of commercial 
iPTH assay [28]. Thus, by following universal reference 
panel determination of plasma intact PTH combined with 
plasma ionized calcium is a reliable means of studying the 
hyperparathyroidism associated with chronic renal disease 
[29]. 

5. Conclusion 
The 95% confidence interval mean difference between 

total calcium and iPTH is 314.792 and the 95% 
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confidence interval mean difference between ionized 
calcium and iPTH is 161.3970. If we follow a universal 
reference panel in standardization of iPTH assay then the 
iPTH value < 90pg.ml, ionized calcium < 2.3mg/dl, total 
calcium < 5 mg/dl can be used as cut off in determining 
the severity of SHPT in patients undergoing hemodialysis 
and is associated with chronic kidney disease. Evaluation 
of such parameters regularly may result in effective 
management of individuals with chronic kidney disease. 
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