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Abstract 
 

Background 

Chronic Kidney Disease (CKD) is a worldwide growing issue 
and a public health problem. It is associated with significant 
morbidity and mortality. The prevalence of CKD has been 
described in several studies. High prevalence of CKD has 
also reported in the different studies from different part of 
world. The prevalence of reduced glomerular filtration rate 
(GFR) in Australia was 11.2%. Singapore, a South-East Asian 
country, reported a CKD prevalence of 10.1%, while the 
prevalence of CKD in Japanese general population was 
reported to be 18.7%. Reduced kidney function is associated 
with a variety of biochemical abnormalities such as 
electrolytes. However, the extent of the changes and their 
magnitude in relation to different stages of CKD is not well 
defined especially in the early stages of CKD. Thus, the main 
objective of our study was to assess the variations in the 
serum levels of sodium, potassium, calcium and phosphorus 

in different stages of CKD. 

Materials and methods  

 It was a hospital based cross-sectional study conducted in 
the Department of Clinical Biochemistry in collaboration 
with the Department of Internal Medicine (nephrology 
unit), Kathmandu, Nepal between 1

st
 February, 2008 to 1

st
 

January, 2010. CKD was defined  as per National Kidney 
Foundation Guidelines. The variables collected were age, 
gender, blood pressure, serum level of urea, creatinine , 
sodium, potassium, calcium, phosphorus, urinary albumin, 
urinary total protein (UTP), urinary protein creatinine ratio 
(PCR). The One way ANOVA was used to examine the 
statistical significant difference between groups. Correlation 
of different parameters with markers of CKD was done by 
Pearson‘s correlation for quantitative data. A p-value of 
<0.05 (two-tailed) was used to establish statistical 
significance.  

Results 

Increased values of systolic and diastolic blood pressure 
found up to the level of stage IV CKD. However, in stage V 
CKD a slight decrement of blood pressure from stage IV CKD 
was seen. With the progression of stages of CKD, sodium 
levels were found to be decreased (p<0.001). In contrast to 
that potassium and phosphorus levels were found to be 
increased with the stages of CKD and (p<0.001). Serum level 
of calcium was found to be declined with the augment in 
stages of CKD (p<0.001). Positive and negative correlation of 
different parameters with kidney damage markers was 
assessed by Pearson’s correlation coefficient. 
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Conclusion 

The elevation in serum level of potassium, phosphorus and 
decrease in serum level of calcium were obvious even 
among the patients with early stages CKD. 

Keywords 

Chronic Kidney Disease, Sodium, Potassium, Calcium 
Phosphorus. 

 

 

Background 

Chronic Kidney Disease (CKD) is a worldwide growing issue 
and a public health problem. It is associated with significant 
morbidity and mortality

1, 2
. The prevalence of CKD has been 

described in several studies. In the United States, cross-
sectional analysis of the most recent National Health and 
Nutrition Examination Surveys (NHANES) showed that the 
prevalence of CKD increased from 10.0% in 1988–1994 to 
13.1% in 1999–2004

2
. High prevalence of CKD has also 

reported in the different studies from Europe, Australia, and 
Asia. The prevalence of reduced GFR in Australia was 
11.2%

3
. Singapore, a South-East Asian country, reported a 

CKD prevalence of 10.1%, while the prevalence of CKD in 
Japanese general population was reported to be 18.7%

4, 5
. 

Bone disorders associated with CKD comprises of a number 
of abnormalities of bone metabolism. Bone disorders 
develop during the course of CKD can be categorized into 
(a) associated with increased bone turnover and increase 
parathyroid hormone (PTH) levels including osteitis fibrosa, 
lesion of secondary hyperparathyroidism (b) decrease bone 
turnover and decrease or normal PTH level including 
osteomalacia and adynamic bone disease. The 
pathophysiological mechanism behind the development of 
bone disorder through secondary hyperparathyroidism 
results in abnormal mineral metabolism including declining 
in kidney function. This leads to reduced phosphorus 
excretion and consequent phosphorus retention. Elevated 
serum phosphorus level can directly suppress the 1-
hydroxylase enzyme and consequently decrease calcitriol 
production; moreover reduced functional mass of kidney 
leads to decrease calcitriol production. Decreased calcitriol 
production causes reduced calcium absorption from the 
gastrointestinal tract which further contributes to 
hypocalcemia

6
. Elevated serum phosphorus level reduces 

calcitriol synthesis and hypocalcaemia jointly stimulate the 
production of PTH and the proliferation of parathyroid cells 
which contribute to the development of secondary 
hyperparathyroidism. High level of PTH stimulates 
osteoblasts and causes high bone turnover

7
. Low turnover 

bone disorders include osteomalacia and adynamic bone 
disorders. Both disorders are due to decrease in bone turn 
over or remodeling which is associated with the reduced 
number of osteoclasts and osteoblasts, and decreased 
osteoblastic activity. An accumulation of unmineralized 
bone matrix or increased osteoid volume can be found in 
osteomalacia. Reduced bone volume and mineralization can 

be found in adynamic bone disease. Bone disorders 
associated with alteration of calcium and phosphorus levels 
develop during the course of CKD and are associated with 
adverse outcomes if patients with eGFR <60ml/min/1.73m

2
. 

In this state, patients should be evaluated for bone 
disorders and disorders of calcium and phosphorus 
metabolism. Normal kidney retains sodium and for electrical 
neutrality excretes the potassium in urine. Reduced kidney 
function and functional mass of kidney causes reduction in 
sodium retention, and potassium excretion through urine. 
 
Reduced kidney function is associated with a variety of 
biochemical abnormalities which includes serum 
concentration of sodium, potassium, calcium and 
phosphorus

8,9
. However the extent of the changes of these 

parameters and their magnitude in relation to different 
stages of CKD is not well defined especially among the 
person with mild to moderate CKD (i.e. early stages CKD). It 
urges us to see the level of sodium, potassium, calcium and 
phosphorus in different stages of CKD. Thus, the main 
objective of our study was to assess the variations in the 
serum levels of sodium, potassium, calcium and phosphorus 
in different stages of CKD. 
 

Material and Methods 
 

Study design and the participants 

It was a hospital based cross-sectional study conducted in 
the Department of Clinical Biochemistry in collaboration 
with the Department of Internal Medicine (nephrology 
unit), Tribhuvan University Teaching Hospital, Institute of 
Medicine (TUTH, IOM). Tribhuvan University teaching 
hospital is a tertiary care hospital in capital city of Nepal and 
it is a well facilitated and equipped hospital for patients 
with kidney disease. Hence, this site was chosen for the 
study. 

Data collection  

This study was carried out from 1
st

 February, 2008 to 1
st

 
January, 2010. The study population included patients 
visiting the medical out-patient department (OPD) and 
nephrology unit of TUTH from different parts of Nepal. A 
medical history was taken and a physical examination was 
performed by a physician. After obtaining written consent 
from the participants, 125 participants over the age of 16 
years and below 60 years having CKD were eligible for the 
measurement of biochemical profile including urea, 
creatinine, sodium, potassium, calcium, phosphorus and so 
on. Furthermore, 106 healthy controls i.e. non-CKD were 
also enrolled. Age, sex, weight, blood pressure were 
collected from the participants. Participants with 
haemophilia and recent cancer chemotherapy were 
excluded from the venipuncture. 5 ml of blood was drawn 
after an overnight fast (12 -16 hours) by venous puncture 
and spot urine sample was also collected. After clotting of 
blood, serum was separated within an hour by 
centrifugation. Serum was used for biochemical profile. The 
urine sample was also processed on the same day and 
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estimated for urinary albumin, protein and creatinine. 
Laboratory standard operation procedures were maintained 
for all laboratory analysis. Internal quality control sera, both 
normal and pathological were also run for each lot of the 
test for the validation of the results. 
 
Inclusion criteria 

The participants having age more than 16 years and less 
than 60 years having CKD were enrolled as a study 
population. Similarly, the participants having age more than 
16 years and less than 60 years without CKD were enrolled 
as a healthy control group.  

Exclusion criteria 

For study cases: The participants of ages less than 16 years 
and more than 60 years, pregnancy, HIV infection, chronic 
disease like tuberculosis, COPD, liver disease, endocrine 
disorder, patients under medication for calcium.  
 
For healthy controls: The participants having age less than 
16 years and more than 60 years, pregnancy, HIV infection, 
chronic disease like malignancy, chain smokers, 
tuberculosis, COPD, liver disease, endocrine disorder, 
patients under medication for calcium, diabetes mellitus, 
hypertension, any medical history of CKD. 
 
Sample size calculation  
In a pilot study of 9 patients with stage I CKD, we found 
Mean potassium was 4 and σ = 0.1 = standard deviation. 
For, 95% confidence interval, Z = 1.96, 5% significance level, 
E = 0.04 = Allowable error. Therefore required sample size 
with n = {Z

2 
X σ

2
}/E

2 
was 24

10
.  

Outcome variables: 

Serum level of urea (Enzymatic method)
11

, creatinine 
(modified Jaffe’s reaction)

12
, calcium (o-cresolphthalein-

complexone (CPC))
13 

and phosphorus (precipitate method)
14

 
were measured using fully- automated chemistry analyzer, 
BT 2000, Italy. Serum level of sodium and potassium were 
measured using flame emission spectrophotometry

15
. 

Urinary protein was measured in BT 2000 Plus biotechnica 
instruments - clinical chemistry analyser

16
. Urine albumin 

was estimated by solid phase, sandwich-format, 
immunometric assays (NycoCard, U-Albumin, Norway). 
Colour developed by the conjugate on the membrane is 
measured by using the colour densitometer (NycoCard 
READER II, Axis-Shield PoC AC, Norway). 

Explanatory variables: 

CKD was defined as either (a) the presence of 
microalbuminuria (>3.4 mg albumin/mmol creatinine) as a 
marker of kidney damage or (b) reduced excretory function 
with an eGFR<60 mL/min/1.73 m

2
 as a marker of kidney 

dysfunction or both for more than two months
17, 18, 19.

 
In spot urine sample albumin was measured quantitatively 
and adjusted to creatininuria. Then, it was interpreted as 
albumin creatinine ratio (ACR) ≥3.4–33.9 mg albumin/mmol 
creatinine as microalbuminuria

19
. 

The formula of Cockcroft and Gault equation
20

 for creatinine 
clearance (Ccr) in males: 

 
Ccr, = [140 - age (in years)] x weight (in kg) × 88.4 / [72 x 

serum creatinine (μmol/L)+ 
 
A comparative equation for women was proposed on the 
basis of their 15% lower muscle mass (on average):  
 

C cr = [140 - age (in years)] x weight (in kg) × 88.4 x 0.85 / 
*72 x serum creatinine (μmol/L)+ 

 
After establishing the CKD, it was further classified into five 
different stages of CKD as: Stage I CKD (if eGFR is >90 
mL/min/1.73 m

2
), Stage II CKD (if eGFR is between 60 and 

<90 mL/min/1.73 m
2
), Stage III CKD (if eGFR is between 30 

and <60 mL/min/1.73 m
2
), Stage IV CKD (if eGFR is between 

15 and <30 mL/min/1.73 m
2
) and Stage V CKD (if eGFR is 

<15 mL/min/1.73 m
2
)

 17
. Apart from these, age, sex, blood 

pressure and weight were also collected.  
 
Ethical committee approval 

Preceding the study, approval for the study was obtained 
from the institutional research ethical committee. 

Data management and statistical analysis 

The data was analyzed using Excel 2003, R 2.8.0 Statistical 
Package for the Social Sciences (SPSS) for windows version 
16.0 (SPSS Inc; Chicago, IL, USA). Comparison of mean of 
continuous data between different stages of CKD was tested 
by one-way ANOVA. Correlation of different parameters 
with markers of CKD was done by Pearson‘s correlation for 
quantitative data. A p-value of <0.05 (two-tailed) was used 
to establish statistical significance

21,22
. 

Results 

Participants with ages more than 16 and less than 60 years 
having CKD were enrolled as a study population. We had 
enrolled 106 participants as a healthy control (non-CKD) and 
125 cases of CKD. In the normal healthy control group, 58 
were males and 48 were females. Similarly, in cases, 71 
were males and 54 were females. Among the enrolled CKD 
cases, there were 25 cases of each stage of CKD i.e. from 
stage I to stage V. 

Table 1 shows that the mean difference of age, systolic 
blood pressure (SBP), urea, creatinine, eGFR, urinary total 
protein (UTP), urinary protein creatinine ratio (PCR), 
potassium, calcium and phosphorus among the different 
stages of CKD. Systolic and diastolic blood pressure was 
increased up to the level of stage IV CKD. However, in stage 
V CKD a slight decrement of blood pressure from stage IV 
CKD was seen. Serum urea and creatinine levels were found 
to be increased with the stages of CKD. Similarly, urinary 
total protein and urinary protein creatinine ratio were 
found to be increased with the stages of CKD. Furthermore, 
with the increase in stages of CKD, sodium levels was found 
to be decreased and it was statistically insignificant. In 
contrast, potassium and phosphorus levels were found to 
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be increased with the stages of CKD and it was statistically 
significant. Serum level of calcium was found to be 
decreased with the increase of stages of CKD and it was 
statistically significant.  

Table1: Mean comparison of different characteristics with 

the stages of CKD 
Different 
Paramet
ers 

Stages of Chronic Kidney Disease  
 
p-Value Non-

CKD 
n=106 

Stage-
ICKD 
n=25 

Stage-II 
CKD 
n=25 

Stage-III 
CKD 
n=25 

Stage-IV 
CKD 
n=25 

Stage-V 
CKD 
n=25 

Mean 
±SD 

Mean 
±SD 

Mean 
±SD 

Mean 
±SD 

Mean 
±SD 

Mean 
±SD 

AGE 41.9 
±9.8 

(40.09-
43.85) 

37.5 
±8.5 
(34-

41.03) 

39.8 
±9.7 

(35.82-
43.85) 

52.64 
±9.4 

(48.78-
56.5) 

52.08± 
9.1 

(48.32-
55.83) 

53.68 
±7.34 

(50.65-
56.7) 

<0.001† 

SBP 120.3 
±11.02 

(118.16-
122.41) 

135.8 
±11.6 
(131-

140.59) 

135.4 
±18.4 

(127.76-
142.95) 

148.6 
±17.3 

(141.46-
155.73) 

162 
±21.55 
(153.1-
170.89) 

153.4 
±22.04 

(144.31-
162.49) 

<0.001† 

DBP 78.3 
±8.34 

(76.69-
79.9) 

91.4 
±6.04 
(88.9-
93.89)  

91.2 
±10.82 
(86.73-
95.67) 

99.5 
±7 

(96.68-
102.51) 

95 
±8.42 

(91.52-
98.47) 

86.6 
±10.96 
(82.07-
91.12) 

<0.001† 

Urea 4.6 
±0.9 

(4.44-
4.79) 

4..5 
±0.67 
(4.22-
4.78) 

4.54 
±1 

(4.13-
4.96) 

7.45 
±1.61 
(6.78-
8.12) 

12.17 
±3 

(10.93-
13.41) 

15.8 
±4.2 

(14.04-
17.51) 

<0.001† 

Creatini
ne 

88.6 
±14.14 
(85.87-
91.31) 

83.24 
±13.42 
(77.69-
88.78) 

95.44 
±22.16 
(86.29-
104.58) 

120 
±30 

(107.59-
132.4) 

160.5 
±27.25 

(149.27-
171.76) 

329 
±49 

(308.97-
349.42) 

<0.001† 

eGFR 85.6 
±15.71 
(82.52) 

103.4±1
2.12 

(98.38-
108.38) 

71.64 
±7 

(68.73-
74.55) 

45.4 
±7 

(42.48-
48.29) 

27.2 
±2.83 

(26.05-
28.39) 

12.8 
±1.82 

(12.07-
13.58) 

<0.001† 

UTP 102.1 
±40.01 
(94.42-
109.83) 

219.84 
±75.5 

(188.65-
251.02) 

340.7 
±139.61 
(260.8-
420.63) 

487.36±
601.78 

(238.95-
735.76) 

775 
±69.57 

(746.31, 
803.76) 

797.6 
±78.1 

(765.32-
829.79) 

<0.001† 

PCR 11.7 
±4.1 

(9.23-
29.47) 

26.6±13.
02 

(21.22-
31.97) 

48.3±33.
52 

(34.53-
62.21) 

106.46±
160.82 
(40.07-
172.84) 

186.9 
±20.81 
(178.3-
195.48) 

199.52 
±23.27 

(189.91-
201.91) 

<0.001† 

Na+ 138.5 
±4.3 

(137.8-
139.2) 

140.7 
±2.8 

(139.6-
141.9) 

142 
±4.6 

(140.1-
143.9) 

138.3±3.
8 

(136.7-
139.8) 

134 
±2.66 

(132.9-
135.09) 

133.36 
±3.31 

(131.99-
134.7) 

<0.001† 

K+ 4.23 
±1.06 
(4.03-
4.44) 

3.94 
±0.3 

(3.83-
4.04) 

4.01 
±0.3 

(3.88-
4.13) 

4.2 
±0.4 

(3.99-
4.38) 

4.9 
±0.3 

(4.75-
5.07) 

5.3 
±0.4 

(5.1-5.5) 

<0.001† 

Ca+2 2.28 
±0.21 
(2.23-
2.32) 

2.3 
±0.2 
(2.2-
2.38) 

2.35 
±0.16 
(2.28-
2.41) 

1.96 
±0.16 
(1.89-
2.02) 

1.85 
±0.23 
(1.75-
1.95) 

1.72 
±0.2 

(1.63-
1.8) 

<0.001† 

PO4
-3 4.1 

±0.4 
(4.06-
4.24) 

4.1 
±0.3 

(3.99-
4.24) 

4.2 
±0.5 

(3.97-
4.43) 

4.57 
±0.6 

(4.33-
4.8) 

4.7 
±0.6 

(4.46-
5.01) 

5.3 
±0.3 

(5.16-
5.42) 

<0.001† 

Age(yrs), SBP(mmHg), DBP(mmHg), Urea (mmol/L), 
Creatinine(µmol/L), eGFR (mL/min/1.73m2), Urinary Total 
Protein (UTP)(mg/L), Protein Creatinine Ratio (PCR) (mg/ 
mmol), Na

+
 (mEq/L),  K

+
 (mEq/L), Ca

+2
 (mmol/L ), PO4

-3
 

(mg/dl) 
† p-Value <0.001, statistically significant 
* p-Value <0.05, statistically significant 

Table 2: Pearson’s correlation coefficient of eGFR with 

different Variables  

Variables Pearson’s rho   p-Value 

Age (yrs) -0.54 <0.001† 

SBP (mmHg) -0.576 <0.001† 

DBP (mmHg) -0.339 <0.001† 

Urea (mmol/L) -0.782 <0.001† 

Creatinine(µmol/L) -0.762 <0.001† 

UTP (mg/L) -0.714 <0.001† 

PCR (mg/mmol) -0.733 <0.001† 

Na+ (mEq/L) 0.470 <0.001† 

K+ (mEq/L) -0.361 <0.001† 

Ca+2 (mmol/L) 0.667 <0.001† 

PO4
-3 (mg/dl) -0.524 <0.001† 

† p-Value<0.001, statistically significant 

* p-Value<0.05, statistically significant 

 

Table 2 shows the Pearson‘s correlation of eGFR with 
different parameter including sodium and calcium. Negative 
Pearson‘s correlation coefficient value indicate the level of 
Age, SBP,DBP, potassium, phosphorus, Urea, Creatinine, 
eGFR , Urinary Total Protein , Protein Creatinine Ratio, K

+
, 

PO4
-3

  increases with the decline of GFR and positive 
Pearson’s correlation coefficient value indicate the level of 
Na

+
, Ca

+2
  parameter decreases with the decline of GFR.  

 
Table 3: Pearson’s correlation coefficient of urinary ACR 

with different Variables  

Variables Pearson’s rho  p-Value 

Age (yrs) 0.459 <0.001† 

SBP (mmHg) 0.656 <0.001† 

DBP (mmHg) 0.378 <0.001† 

Urea (mmol/L) 0.843 <0.001† 

Creatinine (µmol/L) 0.813 <0.001† 

UTP (mg/L) 0.828 <0.001† 

PCR (mg/mmol) 0.833 <0.001† 

Na+ (mEq/L) -0.492 <0.001† 

K+ (mEq/L) 0.416 <0.001† 

Ca+2 (mmol/L) -0.683 <0.001† 

PO4
-3 (mg/dl) 0.553 <0.001† 

† p-Value <0.001, statistically significant 

* p-Value <0.05, statistically significant 

 
Table 3 shows the Pearson‘s correlation of urinary albumin 
creatinine ratio (ACR) with different parameter including 
sodium and phosphorus. Positive Pearson’s correlation 
coefficient value indicate the level of age, SBP, DBP, 
potassium, calcium, urea, creatinine, protein creatinine 
ratio , Na

+
 increases with the increases level of ACR and 

negative Pearson’s correlation coefficient value indicate the 
level of urinary total protein, K

+
 , Ca

+2
 , PO4

-3
 decreases with 

the increases of ACR. Parameters at the level of p-value 
<0.05 were taken as a statistically significant. 
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Table 4: Significance of variables in different stages of CKD 
when compared to controls 

Variables 
Mean 

difference 
(I-J) 

p-value 

95% Confidential 
Interval 

Lower 
Bound 

Upper 
Bound 

Urea C 

Stage I 0.118 0.781 -0.72 0.958 

Stage II 0.074 0.861 -0.764 0.914 

Stage III -2.829 <0.001† -3.66 -1.989 

Stage IV -7.553 <0.001† -8.39 -6.71 

Stage V -11.157 <0.001† -11.99 10.31 

Creatinine C 

Stage I 5.354 0.325 -5.347 16.05 

Stage II -6.845 0.209 -17.547 3.85 

Stage III -31.405 <0.001† -42.1 -20.7 

Stage IV -71.925 <0.001† -82.62 -61.22 

Stage V -2.406 <0.001† -251.31 -229.9 

eGFR C 

Stage I -17.83 <0.001† -23.06 -12.59 

Stage II 13.9 <0.001† 8.67 19.14 

Stage III 40.16 <0.001† 34.92 45.39 

Stage IV 58.33 <0.001† 53.09 63.39 

Stage V 72.72 <0.001† 67.48 77.95 

PCR C 

Stage I -0.749 0.952 -25.4 23.9 

Stage II -22.52 0.073 -47.17 2.12 

Stage III -80.6 <0.001† -105.25 -55.95 

Stage IV -1.61 <0.001† -185.69 -136.39 

Stage V -1.73 <0.001† -198.32 -149.02 

† p-Value <0.001, statistically significant, C- Controls 
 

Table 5: Significance of variables in different stages of CKD 
when compared to controls 

 
Variables 

 
 
 

Mean 
difference 

(I-J) 
p-value 

95% Confidential 
Interval 

Lower 
Bound 

Upper 
Bound 

Na+ C 

Stage I 2.48 0.014* 0.499 4.46 

Stage II -3.471 <0.001† -5.02 -1.91 

Stage III 0.248 0.754 -1.3 1.8 

Stage IV 4.528 <0.001† 2.97 6.08 

Stage V 5.168 <0.001† 3.61 6.72 

K+ C 

Stage I 0.296 0.088 -0.04 0.63 

Stage II 0.224 0.196 -0.11 0.56 

Stage III 0.044 0.796 -0.29 0.38 

Stage IV -0.675 <0.001† -1.01 -0.33 

Stage V -1.08 <0.001† 1.42 -0.74 

Ca
+2

 C 

Stage I -0.019 0.661 -0.108 0.069 

Stage II -0.069 0.124 -0.158 0.019 

Stage III 0.32 <0.001† 0.231 0.409 

Stage IV 0.424 <0.001† 0.335 0.513 

Stage V 0.56 <0.001† 0.471 0.649 

PO4
-3

 C 

Stage I 0.039 0.775 -0.182 0.244 

Stage II -0.053 0.624 -0.266 0.16 

Stage III -0.421 <0.001† -0.634 -0.207 

Stage IV -0.589 <0.001† -0.802 -0.375 

Stage V -1.14 <0.001† -1.354 -0.927 

† p-Value <0.001, statistically significant, C- Controls  
* p-Value <0.05, statistically significant 

Tables 4 and 5 depicts comparison of different variables 
between the control group and different stages of CKD. 
Serum level of sodium, potassium, calcium and phosphorus 
were significantly different in control group and late stages 
of CKD. However, difference in serum level of sodium, 
potassium, calcium and phosphorus were statistically 
insignificant in control group and early stages of CKD. 
 
Discussion 

Prevalence of CKD 

CKD is a worldwide public health problem. In the US, 9.6% 
of non-institutionalized adults are evaluated to have 
CKD

23,24
. In Italy, approximate prevalence for stage 3 to 5 

CKD is around 4 million
25

. Several studies have been 
reported from different part of the world including Asia 
regarding the level of sodium, potassium, calcium and 
phosphorus (electrolyte and bone metabolism) at different 
stages of CKD

6,9,26
. However, much less information is 

available on serum level of sodium, potassium, calcium and 
phosphorus from developing regions of the South East Asia. 
The CKD prevalence in Singapore was reported as 10.1% 
and in general population of Japan was found to be 18.7%

27-

28
. To the best of our knowledge, this is the first study 

conducted in Nepal to quantify the relationship of the 
serum level of sodium, potassium, calcium and phosphorus 
between the stages of CKD severity. Our results are 
therefore broadly generalized among the stages of CKD. 
Since we defined the CKD as per National Kidney 
Foundation (NKF) guidelines by using kidney dysfunction 
and kidney damage as a marker; we found that different 
metabolic abnormalities of CKD were apparent at the 
different level of renal function and kidney damage. 

CKD and Age 
The mean value of age of participants was found to be 
increased with the stages of CKD. eGFR also decreases with 
the age. Our present study illustrates that there was 
significant difference between cases and controls. The mean 
age for controls was 41.9 ± 10.1 yrs and it concurred with 
the findings of Li ZY et al

29
. 

 

 CKD and Blood Pressure 
Our present study illustrates that there was no significant 
differences between cases and controls at the various 
stages of CKD. Systolic blood pressure increases up to the 
level of stage IV CKD. In stage V CKD, It was comparatively 
less than stage IV CKD

30
. 

 
CKD and biochemical renal profile 
Serum urea, creatinine, UTP, urinary PCR and eGFR are parts 
of the renal biochemical profile. Serum level of urea and 
creatinine was found to increase gradually with the stages 
of CKD. Similarly, UTP and PCR were also found to gradually 
increase with progressing stages of CKD. Since the 
functional mass of kidney decreases in CKD, eGFR also 
decreased with the stages

30,31
. 

 
Sodium and Potassium levels in CKD 

In our study, with progression of CKD from mild to severe, 
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serum potassium levels were found to increase and the 
elevation was statistically significant. Though the serum 
level of potassium in mild to moderate form of CKD is 
physiological unclear, the association between increased 
serum potassium level with reduced renal function is clear. 
With the progression of CKD stages, various homeostatic 
compensatory mechanisms may be operating. Among them, 
the important mechanism is hormonal changes. For 
example, aldosterone cannot act in kidney to promote 
urinary potassium excretion due to decrease functional 
mass of kidney in CKD

32
. Our study also showed that the 

mean level of sodium in different stages of CKD was 
statistically significant. In earlier stages of CKD, the level of 
sodium was not decreased below the clinical reference 
range and level of potassium was not increased above the 
clinical reference range. However, with the progression of 
CKD from stage III to stage V, hyponatremia and 
hyperkalemia occurred. The statistically significant 
difference in serum potassium levels between different 
stages of CKD might be due to size of the reference range 
(3.5 to 5.0 mEq/L) which represents a 33% change in 
concentration, whereas for sodium, the reference range 
(135 to 145 mEq/L) extend over only a 7% change in 
concentration

33
. 

 
Phosphorus levels in CKD 

The slight increase in mean value of phosphorus level in 
study cases with mild to moderate CKD suggests that 
increase serum phosphorus may stimulate the parathyroid 
activity at the level of mild to moderate kidney 
dysfunction

34
. However, the mean phosphorus level was 

found to be within normal reference range. If there is 
stimulation of parathyroid activity at the level of mild to 
moderate kidney dysfunction, the early increment of serum 
phosphorus level, which is still within the expected range, 
will not be accompanied by decreased calcium level. 
Furthermore, increased serum phosphorus level with mild 
to moderate CKD was found to be independent with diet 
and duration of fasting period. The increase of serum 
phosphorus level even above the upper reference range 
from moderate to severe CKD is due to the secondary 
hyperparathyroidism, inability of kidney to excrete of 
phosphorus through urine which was found to be 
accompanied with decrease level of serum calcium

6,26
. 

 
Calcium levels in CKD 

In this study we found that serum calcium level was not 
decreased in mild to moderate form of CKD. However, the 
serum level of calcium was found to be decreased from 
moderate to severe form of kidney dysfunction. The finding 
of Pitts et al also concurs with our study in which decreased 
serum calcium level was apparent

34
. Moreover, our finding 

was also compatible with the findings of Wilson et al
35 

and 
Llach et al

36
. The biochemical basis of hypocalcaemia with 

progression of kidney dysfunction includes decrease kidney 
function leads to reduced excretion of phosphorus through 
urine and consequent phosphorus retention. Elevated 
serum levels of phosphorus directly suppresses the 

synthesis of calcitriol in kidney
34,37,38

. Decreased functional 
mass of kidney in CKD leads to reduced calcitriol production. 
The decreased calcitriol production causes reduced calcium 
absorption from kidney tubules and intestine. 
 

Conclusion 

Elevation in the serum levels of potassium and phosphorus 
were apparent even in the mild to moderate form of CKD. 
Calcium level was also significantly decreased with the 
progressing stages of CKD. However, decreasing level of 
sodium was not statistically significant. Thus, we conclude 
that estimation of serum level of sodium, potassium and 
phosphorus even in the early stage CKD is recommended to 
assess the electrolyte and bone metabolism. 

What this study adds 

In a regular clinical practice, estimation of serum electrolyte 
levels are done only in case of severe form of CKD (i.e. late 
stages of CKD) and End Stage Renal Disease (ESRD). More 
attention has been given only to cure severe forms of CKD 
instead of trying to prevent the early stages of CKD. 
Alteration of electrolytes in late stages of CKD is obvious. 
However, as we have reported in this study, elevation of 
potassium and phosphorus and decrement levels of calcium 
even in the mild to moderate form of CKD. 

Future scope of study 

Further study can be done with a comprehensive approach 
on the basis of different levels of mechanism. Causal 
mechanism for alteration in serum electrolyte level will 
support the prevention and management of electrolyte 
alteration in CKD. 
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