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Abstract
Background: Chronic Kidney Disease (CKD) normally hampe- 
red homeostasis of serum phosphorus calcium and intact 
Parathyroid Hormone (iPTH). Secondary Hyperparathyroidism 
(SHPT) arises in most patients during the progression of CKD, 
which is characterized by increased blood PTH levels. The aim 
of the study was to evaluate the role of calcium, phosphorus 
and iPTH levels in various stages of CKD.

Methods: Using a cross-sectional study design, we 
evaluated serum biochemical parameters and haemoglobin 
concentration among 70 CKD patients and 50 healthy 
persons as controls attending our outpatient nephrology 
clinic. CKD was defined as a glomerular filtration rate less 
than 60 ml/min/1.73 m2 for 3 months or more, while 
anemia was defined as a Hemoglobin concentration (Hb) 
less than 11 g/dl.

Results: The mean age of the study participants was 52.5 ± 
13.2 years and 40 (57.1%) of the patients were males. The 
most common causes of CKD were diabetic nephropathy 
(70%) and hypertension (30%). The mean serum calcium 
and mean iPTH were 8.01 ± 1.96 mg/dl and 139.92 ± 93.42 
pg/ml respectively.

Conclusions: In our study statistically significant increase in 
the serum levels of intact parathyroid hormone, urea, 
creatinine, calcium and phosphorus in patients with CKD as 
compared with controls.

Keywords: Parathyroid Hormone (PTH); CKD; Secondary 
Hyperparathyroidism (SHPT)

Introduction
Calcium and phosphorous homeostasis requires integration of 

many organs within the human body such as parathyroid glands, 
kidneys and intestine. Parathyroid Hormone (PTH) produced by 
the parathyroid gland and it is composed of 84 amino acids with 
very short half-life (2 min-4 min), encoded by a gene on the short 
arm of chromosome 11 and its main role is to increase serum Ca 
level and it is measured using the second generation intact PTH 
assay which has the ability to detect various PTH fragments 
including full-length 1-84 PTH and large C-terminal PTH 
fragments, mainly 7-84 PTH, a fragment with hypocalcemic 
hormone actions, although the roles of each fragment on various 
systems in the body are not yet clear [1].

In CKD intact Parathyroid Hormone (iPTH) progressively 
increases gradually leads to the imbalance of calcium and 
phosphorous homeostasis [2]. At early stages of CKD with 
increases in Parathyroid Hormone (PTH) that begin at estimated 
Glomerular Filtration Rate (eGFR) levels of approximately 45 
mL/min/1.73 m2 and the plasma. PTH concentration is 
negatively correlated with Glomerular Filtration Rate (GFR) in 
patients with CKD. Around 80% of patients with GFR of less than 
20 mL/min/1.73 m2 have an increased level of PTH [3]. In 
advanced stage Chronic Kidney Disease (CKD), progressive loss 
of nephrons impairs the vitamin D activation which inally causes 
calcium deficiency.

Secondary Hyperparathyroidism (SHPT) is a common 
complication during the progression of CKD, which alters the 
mineral and bone metabolism and also increases iPTH levels [4]. 
The criteria for diagnosis of secondary hyperparathyroidism are 
low-normal serum calcium, high serum phosphorous and 
elevated serum parathyroid hormone levels. It is associated with 
increased comorbidity including Renal Osteodystrophy (ROD), 
extra skeletal calci ication and Cardiovascular Disease (CVD), 
resulting mortality and adversely affects the quality of life of 
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phosphatase and iPTH were routinely measured in the clinical 
laboratories using fully automated analyzer. CKD was defined as 
the presence of markers of kidney damage and/or eGFR of <60 
mL/min/1.73 m2 for at least three months [8].

Statistical analysis
Comparison between means was carried out using the 

student’s t-test while comparison between percentages was 
carried out using chi square test. One-way Analysis of Variance 
(ANOVA) and Kruskal-Wallis tests were used to compare 
participants’ parameters across the stages of CKD. The level of 
statistical significance was set at a P value less than 0.05.

Results
A total of 70 patients and 50 as a control were included in this 

study. The mean age of the study participants was 52.5 ± 13.2 
years. In our study, 40 (57.1%) were men and 30 (42.8%) were 
women. 35 patients (50%) were in the age group 40-60 years. 
Demographic characteristics are summarized in Table 1. 
Hypertension (70%) was the most common chronic morbidity 
among the participants followed by diabetes mellitus (30%).

patients with CKD [5]. In stage 3 of CKD 40% incidence of SHPT is 
reported, 70% in stage 4 and >80% in stage 5 [6,7]. The iPTH 
maintain the homeostasis between calcium and phosphorus in 
the body. Therefore, routine evaluation of serum levels of 
calcium, phosphorus, iPTH and alkaline phosphatase play an 
important role in different stages of CKD especially 3-5. The aim 
of the study is to determine the role of calcium, phosphorus and 
intact Parathyroid Hormone (iPTH) in different stages of chronic 
kidney disease.

Patients and Methods
A total of 120 consecutively presenting pre-dialysis CKD 

patients attending renal outpatient were screened and 70 adults 
above 17 years age, of either sex, diagnosed with CKD (pre-
dialysis) were randomly selected as cases and 50 healthy 
persons as controls. Patients providing informed consent and 
patients with documented chronic kidney disease were included 
in the study. The study was carried out between October 2021 
and May 2022. All participating patients gave written informed 
consent. About 10 ml of blood was obtained from each patient 
for the determination of hemoglobin concentration, serum 
protein, albumin, creatinine, urea, calcium, phosphorus, alkaline 

Table 1: Demographic details of the study participants (N=70).

Sr.No Characteristics N (%)

1 Age in years

20-40 10 (14.28)

40-60 35 (50)

More than 60 25 (35.71)

2 Sex

Male 40 (57.1)

Female 30 (42.8)

3 Etiology

Hypertension 49 (70)

21 (30)

4 Stages of CKD

Stages I&II 8 (11.42)

Stages IIIa 13 (18.57)

Stages IIIb 14 (20)

Stages IV 14 (20)

Stages V 21 (30)

The mean serum urea level was 78.98 ± 68.63 mg/dl when
compare to control (22.01 ± 6.92), which was statistically
significant (***P<0.0001). The significantly increased creatinine

and urea levels were in conformity with the results obtained by 
Dirican, et al. who also observed that these values were 
increased when compared to controls [9]. The mean serum
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calcium level was 8.01 ± 1.96 significantly lower than control 9.1
± 0.92 mg/dl, P=0.004 (Table 2).

Table 2: Biochemical parameters.

Parameter Cases (n=70)
Mean ± SD

Control (n=50)
Mean ± SD

Standard error 95% CI P-value t-statistic

Blood urea
(mg/dl)

78.98 ± 68.63 22.01 ± 6.92 9.753 -76.2826 to -37.6574 ***P<0.0001 -5.842

Serum creatinine 
(mg/dl)

6.31 ± 4.98 0.86 ± .30 0.706 -6.8481 to -4.0519 ***P<0.0001 -7.719

Serum calcium
(mg/dl)

8.01 ± 1.96 9.1 ± 0.92 0.298 0.4990 to 1.6810 **P=0.0004 3.652

Serum
phosphorous
(mg/dl)

4.93 ± 1.82 3.52 ± 0.71 0.271 -1.9472 to -0.8728 ***P<0.0001 -5.198

Serum protein
(g/dl)

6.92 ± 0.91 6.82 ± 0.73 0.197 -0.4935 to 0.2935 P=0.613 -0.507

Serum
albumin(g/dl)

3.6 ± 0.70 3.56 ± 0.54 0.149 -0.3382 to 0.2582 P=0.789 -0.268

iPTH (pg/ml) 139.92 ± 93.42 51.02 ± 15.93 13.63 -115.3632 to -62.4368 ***P<0.0001 -6.652

Serum alkaline
phosphatase
(IU/L)

98.13 ± 47.12 83.11 ± 29.68 7.553 -29.9779 to -0.0621 P=0.0491 -1.988

Note: Statistically significant as *P<0.05, **P<0.01 and statistically highly significant as***P<0.0001

A reverse correlation was found between intact PTH and Ca
level (r=-0.340), which indicates that the variables iPTH and Ca
level are inversely proportional to each other (Figure 1).

Figure 1: Scatter diagram showing reverse correlation between 
iPTH and Ca level in CKD stage V patients. Note: Ca level, 

Linear (Ca level).

In our study, the increased levels of mean serum iPTH were 
present even in CKD stage I and II and it was related to low mean 
serum calcium level and progressive rise of serum inorganic 

phosphate from early to advanced CKD (Figure 2). Nasri, et al. 
have reported that there is a positive correlation of serum 
phosphate, Ca × P product and iPTH with serum calcium implying 
that there is a central role for phosphorus in calcium-phosphorus 
deposition in soft tissues like cornea and conjunctiva, 
underscoring further attention to phosphorus control in CKD 
patients undergoing hemodialysis (Figures 3 and 4) [10].

Figure 2: Diagram showing iPTH level in CKD stages I&II compare 
with control. Note:               Control               ipth,               Linear
(control)
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Figure 4: Diagram showing iPTH level in CKD stages IIIb compare 
with control. Note:                Control,            Cases, 

(cases).

The level of serum iPTH was higher in CKD stage IV and V thus 
confirming the relationship between severity of hyperparathyro -
idism and the degree of renal impairment (Figures 5 and 6) [11].

Figure 6: Diagram  showing iPTH level  in  CKD stages V compare 
with control. Note: Control, Cases,
Linear (cases).

Discussion
Majority of the patients presented in late stages of CKD, with 

over 35% in stage IV and V. In relation to the co-morbidities, 
hypertension was 70% which was similar to the study by 
Abraham, et al. [12]. In our study the patients stage V of CKD 
(dialysis) had significantly higher chance of having secondary 
hyperparathyroidism when compared to nondialysis patients 
(stage I-IV CKD) similar studies conducted by Levin, et al. where 
patients belonging to stage IV and V had higher prevalence of 
secondary hyperparathyroidism when compared to the Stage I-III 
[6,13]. Malawadi, et al. in 2014 found that the serum iPTH 
(331.68 ± 204.99 pg/mL) was significantly higher in more 
advanced renal failure (CRF stage V), which confirms the 
relationship between severity of hyperparathyroidism and the 
degree of renal impairment, which was almost similar to our 
study [14].

In CKD stage V (dialysis) patients are most likely to 
have secondary hyperparathyroidism which was similar to 
our study [15]. As stages of CKD advances the level of intact PTH 
also increases, de Boer, et al. also observed increased iPTH 
levels as the stage of CKD advances [16]. The increased levels 
of mean serum iPTH may be related to reduction in serum 
calcium level and progressive rise of serum inorganic phosphate 
from early to advanced stages of CKD.

Conclusion
Parathyroid hormone serum level is high in CKD patients, 

more than one-fifth of the CKD patients had secondary 
hyperparathyroidism and significant association between stages 
of CKD and secondary hyperparathyroidism especially in patients 
belonging to stage IV and V and it is associated with mortality 
and morbidity in CKD patients and excessive suppression of 
parathyroid  hormone  with calcium-containing compounds and 
vitamin D  leads  to  bone  diseases.  It  is  concluded  that the
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Figure 3: Diagram showing iPTH level in CKD stages IIIa 
compare with control. Note: Control, Cases, 
Linear (cases).

Figure 5: Diagram showing iPTH level in CKD stages IV 
compare with control. Note: Control, Cases, 

Linear (cases).
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estimation of serum iPTH and calcium and phosphorous helps
for the diagnosis of secondary hyperparathyroidism in the early
stage of CKD and to manage the future complications of chronic
renal failure.
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