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ABSTRACT

Introduction: Chronic Kidney Disease (CKD) nowadays becomes an emerging condition with 

increasing morbidity and mortality. It is associated with complex disturbances in calcium, 

phosphorous, alkaline phosphatase and magnesium levels especially in stage 4 and 5 of CKD.

Aim And Objective: The main aim of this study is to compare the levels of serum, calcium, 

phosphorous, alkaline phosphatase and magnesium levels in stages 4 and 5of chronic kidney disease 

patients with healthy individuals.

Materials and Method: About 30 CKD patients in stage 4 and 5, attending Nephrology out- patient 

department and 30 healthy individuals between the age group 25 to 78 were included in this study, 

conducted from April to June 2016 at Mahatma Gandhi Memorial Government Hospital, Trichy. 

Serum levels of Calcium, Phosphorous, Alkaline Phosphatase (ALP) and Magnesium were 

measured; eGFR was calculated by CKD -EPI Formula. All measured variables were correlated 

with e GFR and compared between cases and controls.

Statistical Analysis: Statistical analysis is done by SPSS Software.

Results and Conclusion: The results are presented as a mean ± SD and 'p' value of less than 0.05 is 

considered as significant. In our study, serum Calcium is decreased, serum Magnesium, 

Phosphorous, Alkaline Phosphatase levels are increased in stage 4 and 5 of CKD (p-

value<0.01.Hypocalcemia and hyper phosphatemia due to failing kidney results in secondary hyper 

parathyroidism in advanced Chronic Kidney Disease, responsible for abnormal mineral metabolism 

observed in our study.

Key Words: Chronic Kidney Disease, eGFR, Calcium, Magnesium, Phosphorous, Alkaline 

Phosphatase.

INTRODUCTION:

hronic Kidney Disease (CKD) is defined 

as the presence of kidney damage or GFR 
2C< 60 ml/min/1.73 m  for atleast 3 months, 

with pathological abnormalities or damage, 

including abnormalities in blood or urine tests or 
1

imaging studies . In  advanced CKD (stage 4 and 5)  

circulating levels of parathyroid hormone (PTH) 

are progressively increased as kidney function 
2declines, as a result of phosphate retention , 

hypocalcemia, decreased production of 1,25-

dihydroxycholecalciferol  results  in  endogenous 

changes within the parathyroid gland and skeletal 
3

resistance to the actions of PTH . Secondary 

Hyperparathyroidism  is associated with abnormal 
3mineral metabolism in the form of increased 
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Alkaline phosphatase due to increased bone turn 
4&5

over . Stage 4 and 5 of CKD is associated with 

increased magnesium due to decreased excretion of 
6

magnesium . In this study, we measured the levels 

of serum calcium, phosphorous, alkaline 

phosphatase and magnesium in stage 4 & 5 of 

chronic kidney disease, correlated with e GFR and 

compared with controls.

MATERIALS AND METHODS:

This study was conducted from April to June 2016 

at Mahatma Gandhi Memorial Government 

Hospital, Trichy in 30 patients of Advanced 

Chronic Kidney Disease (stage 4 and 5)  between 

the age group of 25 to 78 years  and age matched 30 

healthy individuals as controls. Informed consent 

was obtained from patients and blood samples were 

collected within 24 hours of admission in hospital. 

Serum levels of Magnesium measured by 

Calmagite  method, Serum Calcium  by Arsenazo 

method, Serum Phosphorous levels by Ammonium 

Molybdate method, Serum Alkaline Phosphatase 

levels by PNPP/PMP method. eGFR is calculated 

by CKD-EPI formula for staging Chronic Kidney 

Disease.

Statistical analysis was done using SPSS software. 

Student't' test was used to compare the difference 

between the two means.

Inclusion criteria: 

Patients in stages 4 & 5of CKD -eGFR were 15 to 

29 mL/min/ 1.73 m2&< 15 mL/min/ 1.73 m2 of 

both sexes, age group 25 to 78 years.

Exclusion criteria: 

Chronic Kidney Disease patients those who are on 

peritoneal dialysis or Hemodialysis.

RESULTS:

In Chronic Kidney Disease patients and controls, 

Mean and Standard Deviations were calculated for 

all quantitative variables. Table 1 shows the Mean 

& SD of e GFR, Urea and Creatinine of control and 

cases with the statistical significance (p=<0.01 ). 

Table 2 shows the Comparison of Mean & SD of 

calcium, phosphorous, ALP and Magnesium 

between control and cases with the statistical 

significance (p=<0.01).Table 3 shows the Mean, 

Standard Deviation of GFR, serum Urea, 

creatinine, calcium, phosphorous, ALP and 

Magnesium between male and female cases. As 

shown in the Table -3, there is no statistical 

significance of the  difference observed in  

variables with 'p' values of e GFR (p=0.938), 

U r e a ( p = 0 . 1 6 1 ) ,  C r e a t i n i n e ( p = 0 . 1 5 2 ) ,  

Ca lc ium(p=0.207) ,  Phosphorous(0 .06) ,  

ALP(0.295) and Magnesium(0.694).

Table 1. Mean & SD of e GFR, Urea and 

Creatinine of control and cases

Table 2. Comparison of Mean &SD of calcium, 

phosphorous, ALP, Magnesium between control 

and cases
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Table 3. Comparison of Mean and SD of all 

variables between male and female cases

DISCUSSION :

Chronic Kidney Disease (CKD) encompasses a 

spectrum of different pathophysiological process 

associated with abnormal kidney function and 
2

progressive decline in Glomerular  Filtration Rate . 

CKD is classified into 0 - 5 stages based on the GFR 

Stage 1& 2 are not usually associated with any 

symptoms arising from the decrease in GFR. If 

GFR declines further to level of stage 3, 4 & 5 

complications are more common , almost all the 

systems are affected especially anaemia, 

malnutrition, Bone Mineral Disease and the 

abnormalities of sodium, potassium, water and acid 

homeostasis. Advanced stage of CKD is associated 

with diminished 1,25,dihydroxy cholecalciferol 
7

synthesis which results in Renal osteodystrophy . 

The present study shows as in Table 1, there is 

statistically significant increase in blood Urea and 

creatinine  in stage 4 and 5 of CKD   with p value of  

<0.01.

Renal osteodystrophy is the spectrum of 

histological changes, which occur in bone 

architecture of patients with CKD. In advanced 

stages of CKD, plasma phosphate concentration 
8

rises, resulting in reduced ionised calcium .

In our study as  shown in the  Table- 2  serum 

Calcium is decreased in stage 4 and 5of CKD when 

compared with that of the controls which is 

statistically significant (p value < 0.01), this 
9correlates with the study of Lim et al article , this is 

also in concordance with the study of Patel et al 
10

article .

As depicted in table 2, statistically significant 

elevated   phosphorous levels in  stage 4 and 5 of 

CKD patients compared to the controls observed in 

our study, this is in concordance with the study of 
10

Patel et al article .

Calcium exerts negative feedback on PTH 

secretion through the calcium-sensing receptors in 
11the parathyroid . Decrease in serum calcium 

during the course of CKD caused by phosphate 

r e t e n t i o n  a n d  d e c r e a s e d  1 , 2 5  

dihydroxycholecalciferol  leads to increased 
1 2PTH . Elevated PTH st imulates  bone 

demineralization and lead to high turnover, a 

condition characterised by accelerated rates of 

bone absorption and resorption with concurrent 

production of alkaline phosphatase from osteoblast 

cells contributing to its high levels in plasma as the 
4,5 13 

renal function or GFR declines . Freethi etal 

showed increased levels of Alkaline phosphatase in 

CKD patients (stage 4 and 5) which correlates with 

our  study which shows elevated levels of  Alkaline 

phosphatase in  stage 4 and 5  of CKD patients with 

p value < 0.01 which is statistically significant as 

depicted in Table - 2.

In advanced stages of CKD, the quantitative 

excretion of magnesium tends to decrease and 

cannot be compensated any longer by an increased 

fractional excretion of magnesium. Thus, 

hypermagnesaemia develops frequently in patients 
14

with creatinine clearance <10 mL/min . Koycheva 
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et al studies showed increased levels of 

magnesium instage 4 and 5 of  CKD, which is in 

concordance with our study which  shows elevated 

levels of  magnesium in CKD (stage 4 and 5 )as in 

Table 2 with statistically significant p value < 0.01. 

Present study shows, as depicted in table 3 there is a 

difference in measured variables between male and 

female patients namely Urea, Creatinine, Calcium, 

Phosphorous, ALP and Magnesium but there is no 

statistical significance.

CONCLUSION:

Based on the results of our study, abnormalities in 

Calcium, Phosphorous and Magnesium 

metabolisms in the form of Hypocalcaemia, 

hyperphospataemia, hypermagnesaemia and 

increased levels of Alkaline phosphatase are 

observed  in stages 4 and 5  of CKD.

Limitations of the study:

1. For better understanding of pathophysiology 

of CKD - BMD (Bone Mineral Disease 

estimation of PTH (Parathyroid Hormone) is 

useful.

2. Since Magnesium is  primarily an 

intracellular cation Magnesium Tolerance 

test is a better method to assess the body 

magnesium content.
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