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ABSTRACT 

Introduction: With the increasing incidence of chronic 

renal disease on a global scale, it is important to 

document the chemical abnormalities that not only 

indicate deteriorating renal function, but also aggravate 

the clinical picture by causing sustained electrolyte 

imbalance, ultimately contributing to End Stage Renal 

Disease (ESRD). 

Objective: To investigate 24-hr urinary electrolytes 

excretion of non-dialysis patients presenting with history 

of chronic kidney disease (CKD) and correlate the 

biochemical abnormalities with clinical parameters. 

Materials & Methods: A total of 100 patients with 

CKD were included in a private clinic setup from 

February 2017 to December 2019 to retrospectively 

analyze the relationship of 24-hr urinary electrolytes 

with clinical indicators in these subjects. Besides 

demographic data, biochemical indices of concern were 

obtained through standard laboratory techniques. The 

patients were then divided on the basis of results into 

four quartile groups. Descriptive data analysis was done 

through SPSS 22.0. 

Results: Nephropathic patients had low eGFR, albumin, 

hemoglobin, blood calcium as well as 24-hr urine 

calcium and had high body mass index (BMI), systolic 

blood pressure, diastolic blood pressure, blood 

creatinine, blood sodium and 24-hr urine sodium. 

According to quartiles of 24-hr urinary sodium; in the 

Q4 group, 24-hr urine protein, 24-hr urine potassium and 

24-hr urine calcium were the highest while according to 

quartile of 24-hr urinary potassium; the Q3 group had 

the highest 24-hr urine protein. According to quartile of 

urinary calcium, Q4 group blood calcium, 24-hr urine 

sodium and 24-hr urine potassium was high. The results 

revealed a positive correlation of 24-hr urinary sodium 

and potassium with 24-hr urine protein and a negative 

correlation of 24⁃hr urinary calcium with 24-hr urine 

protein. 

Conclusion: The levels of urinary electrolytes in 

patients with CKD are associated with urinary protein. It 

is, therefore, recommended that the above-mentioned 

disease be treated in these patients for their proper 

management. 

Keywords: Urine Chemistry; Proteinuria; Renal 

Insufficiency, Chronic. 
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INTRODUCTION 

With the development of social economy, 

incidence of chronic kidney disease (CKD) is 

increasing every year and most of the patients 

eventually enter the end-stage of renal disease 

(ESRD), although the time from onset to ESRD is 

controllable. Blood pressure, blood sugar, urine 

protein and urinary electrolytes are closely related 

to kidney function.1,2 Kidney is an important organ 

for maintaining electrolyte balance in the body, its 

organic disease is bound to cause electrolyte 

imbalance; as a consequence, the occurrence of 

electrolyte imbalance is high in patients suffering 

from CKD, leading to altered urinary excretion of 

sodium, potassium, calcium and phosphorus.3 

Hyperkalemia is a common electrolyte disorder in 

CKD patients and studies have shown that 

hypokalemia is related to the progression of 

chronic kidney disease.4 In type 2 diabetic patients 

with normal renal function, high urine potassium 

is associated with slow decline in renal function 

and reduced onset of symptoms of cardiovascular 

complications.5 The kidneys of CKD patients are 

compromised to regulate water and electrolyte 

levels and the impaired balance function makes 

the patient prone to hypernatremia and increased 

urinary sodium excretion promoting increase in 

urine protein.6,7 There are very few studies 

elucidating the relationship between urinary 

electrolytes, urinary protein and other clinical 

indicators. Therefore, this study was designed to 

assess urinary excretion of electrolytes in different 

stages of CKD and to ascertain their correlation 

with clinical features in these patients. 

MATERIALS & METHODS 

Subjects 

One hundred patients were enrolled from February 

2017 to Dec 2019 in a private clinic setup. Venous 

blood and 24-hr urine were collected from each 

subject for determination of electrolytes and other 

variables. 

Inclusion criteria were: 1) In line with the 2012 

International Kidney Disease Organization 

"kidney disease: improving global prognosis". 
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guidelines (KDIGO). CKD was defined as per guidelines.8 2) 

Estimated glomerular filtration rate (eGFR）>15 mL（in·1.73 

m2). 

Exclusion criteria were subjects having acute kidney injury, 

decompensated cirrhosis, acute heart failure, blood infection as 

well as patients undergoing hemodialysis, peritoneal dialysis 

and kidney transplantation. Subjects using immunosuppressant 

drugs and glucocorticoids and those having malignant tumor 

were also excluded.  

Informed consent was obtained from all patients.  

Methods 

Baseline demographic data were collected, including age, body 

mass index (BMI), systolic blood pressure, complications and 

current use of drugs. Venous blood was collected from each 

patient and analyzed for sodium, potassium, calcium, 

hemoglobin, total cholesterol, triglycerides, albumin and 

creatinine.  Twenty-four urine sodium, 24-hr urine potassium, 

24-hr urine calcium and 24-hr urine protein were assayed in 24-

hr urine of every subject. The eGFR was estimated by CKD⁃ 

EPI (2009).9 

Statistical analysis 

SPSS 20.0 statistical software was used for data analysis. The 

continuous variables with normal distribution were expressed as 

means ± standard deviation; continuous variables that did not 

conform to the normal distribution were described as median 

(quartile) [M (Q1, Q3)] and categorical variables were described 

in the form of percentages. The data of normal distribution were 

compared by T-test or one-way ANOVA; SNK method was 

used when the variance was homogeneous. For comparison, 

Kruskall-Wallis test was used to test the variance. 

Nonparametric method was used to compare non normal 

distribution data between groups. Chi Square test was used to 

compare the categorical variables; p value ≤0.05 denoted 

statistical significance. 

RESULTS 

Comparison of CKD patients with different degrees of 

proteinuria with clinical indicators  

The patients were divided into nephropathy-range proteinuria 

group (24-hr urine protein ≥3.5 g) and non-nephropathy range 

proteinuria group (24-hr urine protein <3.5 g). There were no 

significant differences in age, serum potassium, and 24-hr urine 

potassium between the two groups. Non-nephropathy range 

proteinuria group compared with nephropathy range proteinuria 

group; BMI, systolic blood pressure, diastolic blood pressure, 

blood creatinine, blood sodium, 24-hr urine sodium increased, 

while eGFR, albumin, hemoglobin, blood calcium, 24-hr urine 

calcium decreased respectively. The difference was statistically 

significant between groups (Table 1and 2). 
 

Table 1: Clinical characteristics and laboratory findings of patients with CKD according to the degree of proteinuria 

Clinical indicators 

24 hour Urine 

Protein 

＜3.5 g/d（n=76） 

24 hour Urine 

Protein 

≥ 3.5 g/d（n=24） 

p value 

Age (years) 046.65 ± 14.01 048.70 ± 15.25 0.138 

BMI (kg/m2) 23.47 ± 2.60 24.32 ± 2.80 0.005 

Systolic blood pressure (mmHg) 131.45 ± 18.05 139.29 ± 21.47 <0.001 

Diastolic blood pressure (mmHg) 079.83 ± 11.20 083.20 ± 12.40 0.003 

eGFR [mL/min·1.73 m2)] 077.20 ± 31.40 069.43 ± 30.81 0.009 

Creatinine (μmol/L) 102.63 ± 58. 70 120.40 ± 69.50 0.003 

Albumin (g/ L) 36.30 ± 4.75 22.30 ± 6.42 <0.001 

Triglycerides (mmol/L) 01.40 ± 1.29 02.39 ± 1.50 <0.001 

Total cholesterol (mmol/ L) 04.50 ± 1.19 08.29 ± 2.30 <0.001 

Hemoglobin (g/ L) 126.50 ± 20.85 120.60 ± 23.51 0.005 

 

Table 2: Electrolyte findings of patients with CKD according to the degree of proteinuria 

Clinical indicators 

24 hour Urine 

Protein 

＜3.5 g/d（n=76） 

24 hour Urine 

Protein 

≥3.5 g/d（n=24） 

p value 

Blood potassium （μmol/L 03.50 ± 0.35 03.50 ± 0.39 0.926 

Blood calcium （μmol/L 02.21 ± 0.13 01.99 ± 0.18 <0.001 

Blood sodium （μmol/L） 138.59 ± 2.500 141.38 ± 3.300 0.002 

24-hr Urine sodium (mmol/ d) 135.19 ± 67.20 160.40 ± 77.70 <0.001 

24-hr Urine potassium (mmol/ d) 32.70 ± 14.33 34.70 ± 10.20 0.099 

24-hr Urine calcium (mmol/ d) 03.10 ± 1.10 1.70 ± 1.39 <0.001 
 

Comparison of various clinical indicators of 24-hour urine 

electrolyte quartiles  

According to the 24-hr urine sodium level, the patients were 

divided into four quartile groups: Q1 (≤87.20 mmol/d), Q2 

(87.20 -124.11 mmol/d), Q3 (124.11-176.25 mmol/d), Q4 

(>176.25 mmol/d). The Q4 group had the highest levels of 24-hr 

urine protein, 24-hr urine potassium and 24-hr urine calcium, 

while the levels of these indicators were lowest in Q1 group 

(Table 3). 
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Table 3:  Patients with CKD according to quartiles of 24⁃hour urinary sodium 

 

 

Clinical indicators 

Q1 

≤ 87.20 

mmol/d 

（n=25） 

Q2 

87.20 -124.11 

mmol/d 

（n=25） 

Q3 

124.11-176.25 

mmol/d 

（n=25） 

Q4 

＞176.25 

mmol/d 

（n=25） 

 

 

p value 

Age (years) 52.18 ± 15.50 49.56 ± 14.30 52.15 ± 13.50 51.20 ± 14.10 0.370 

24-hr Urine Protein (g/d) 0.84 (0.39，2.90) 0.86（0.20，2.1） 0.99（0.28，2.5） 2.30（0.40，4.9） <0.001 

eGFR [mL/ (min·1.73 m2)] 71.70 ± 32.41 78.66 ± 32.30 77.10 ± 35.29 77.56 ± 31.50 0.203 

Blood sodium (μmol/L) 140.50 ± 3.1000 140.72 ± 2.5000 141.00 ± 2.1000 141.01 ± 2.4000 0.231 

Serum potassium (μmol/L) 3.30 ± 0.41 3.57 ± 0.41 3.89 ± 0.40 3.80 ± 0.40 0.874 

Blood calcium (μmol/L) 2.01 ± 0.15 2.10 ± 0.15 2.12 ± 0.14 2.09 ± 0.11 0.061 

24-hr Urine sodium (mmol/ d) 58.10 ± 18.40 105.20 ± 09.880 145.51 ± 13.700 229.36 ± 55.400 <0.001 

24-hr Urine potassium (mmol/d) 26.30 ± 11.42 31.66 ± 10.40 34.10 ± 12.70 41.70 ± 12.55 <0.001 

24-hr Urine calcium (mmol/d) 1.80 ± 1.70 2.61 ± 1.77 2.83 ± 2.00 3.90 ± 2.40 <0.001 
 

When the patients were divided into four quartile groups on the 

basis of 24-hr urine potassium level; Q1 (≤22.65 mmol/d), Q2 

(22.65-30.30 mmol/d), Q3 (30.30-39.10 mmol/d), Q4 (>39.10 

mmol/d), levels of 24-hr urine sodium, 24-hr urine calcium and 

24-hr urine potassium were highest in the Q4 group and lowest 

in the Q1 group. The differences between the groups were 

statistically significant. The Q3 group had the highest 24-hr 

urine protein and the Q1 group had the lowest; the difference 

was statistically significant, while all the groups did not differ 

significantly in serum creatinine and eGFR (Table 4). 

Table 4: Patients with CKD according to quartiles of 24⁃hour urinary potassium 

 

Clinical indicators 

Q1 

≤ 22.65 

mmol/d 

（n=25） 

Q2 

22.65-30.30 

mmol/d 

（n=25） 

Q3 

30.30-39.10 

mmol/d 

（n=26） 

Q4 

>39.10 

mmol/d 

（n=24） 

 

p value 

Age (years) 51.09 ± 15.80 51.30 ± 14.30 51.50 ± 13.20 51.20 ± 14.10 0.988 

24-hr Urine protein (g/ d) 0.81 (0.29，2.4) 1.10（0.48，2.50) 1.40（0.40，4.4 ) 1.38（0.55，3.30) 0.004 

eGFR [mL/ (min·1.73 m2)] 76.92 ± 30.59 70.60 ± 31.50 72.70 ± 30.30 073.35 ± 28.41 0.541 

Creatinine (μmol/L) 104.30 ± 40.200 113.40 ± 69.600 115.48 ± 61.500 109.40 ± 41.50 0.329 

Blood sodium (μmol/L) 139.15 ± 2.4000 139.07 ± 2.4000 138.80 ± 2.4000 138.70 ± 2.600 0.820 

Serum potassium (μmol/L) 3.50 ± 0.39 3.60 ± 0.35 3.73 ± 0.42 03.77 ± 0.43 <0.001 

Blood calcium (μmol/L) 2.26 ± 0.15 2.25 ± 0.12 2.126 ± 0.14 02.31 ± 0.10 0.043 

24-hr Urine sodium (mmol/d) 90.10 ± 39.71 122.20 ± 49.110 147.29 ± 65.090 173.90 ± 71.49 <0.001 

24-hr Urine potassium (mmol/d) 16.71 ± 3.490 25.50 ± 2.110 33.50 ± 2.300 49.80 ± 12.70 <0.001 

24-hr Urine calcium (mmol/d) 2.39 ± 1.50 2.77 ± 2.01 2.97 ± 2.09 03.40 ± 2.39 <0.001 
 

When the patients were divided into four quartile groups on the 

basis of 24-hr urine calcium level; Q1 (≤1.065 mmol/d), Q2 

(1.065-2.160 mmol/d), Q3 (2.160-3.755 mmol/d) and Q4 

(>3.755 mmol/d), the Q4 group had higher levels of blood 

calcium, 24-hr urine sodium and 24-hr urine potassium as 

compared to other quartile groups; the differences between the 

groups were statistically significant. Q4 group had very low 

levels of 24-hr urine protein, serum creatinine and potassium 

and had highest eGFR, while the Q1 group revealed opposite 

trend in these variables; the differences between groups were 

statistically significant (Table 5). 

 

Table 5: Patients with CKD according to quartiles of 24⁃hour urinary calcium 

Clinical indicators 

Q1 

≤ 1.065 

mmol/d 

（n=25） 

Q2 

1.065-2.160 

mmol/d 

（n=26） 

Q3 

2.160-3.755 

mmol/d 

（n=24） 

Q4 

> 3.755 

mmol/d 

（n=25） 

p value 

Age (years) 51.30 ± 15.29 47.40 ± 14.70 44.40 ± 13.50 045.77 ± 13.10 <0.001 

24-hr Urine protein (g/ d) 2.10（0.61，5.01) 1.03（0.30，2.98) 0.70（0.23，2.00) 0.51（0.21，1.30) <0.001 

eGFR [mL/(min·1.73 m2)] 52.00 ± 30.77 70.92 ± 31.40 84.85 ± 29.10 094.29 ± 20.60 <0.001 

Creatinine (μmol/L) 149.80 ± 70.200 111.80 ± 60.800 91.22 ± 48.33 76.29 ± 29.30 <0.001 

Blood sodium (μmol/L) 141.00 ± 2.9000 140.50 ± 2.2000 140.40 ± 2.8900 141.00 ± 2.000 0.814 

Serum potassium (μmol/L) 3.96 ± 0.49 3.80 ± 0.38 3.71 ± 0.32 03.60 ± 0.30 <0.001 

Blood calcium (μmol/L) 2.31 ± 0.28 2.36 ± 0.18 2.38 ± 0.121 02.40 ± 0.20 <0.001 

24-hr Urine sodium (mmol/d) 106.76 ± 50.700 132.70 ± 60.000 149.90 ± 70.700 166.50 ± 70.51 <0.001 

24-hr Urine potassium (mmol/d) 31.44 ± 14.58 32.30 ± 12.10 33.10 ± 10.50 036.19 ± 13.15 0.010 

24-hr Urine calcium (mmol/d) 0.50 ± 0.25 1.47 ± 0.30 2.81 ± 0.39 05.39 ± 1.70 <0.001 
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DISCUSSION

This study was carried out on non-dialysis patients having 

CKD. The results show that the urinary excretion of sodium and 

potassium is comparable in these patients; although eGFR was 

decreased and urinary calcium excretion also showed a 

downward trend. The CKD patients who were in the ESRD state 

had developed proteinuria as one of the characteristic 

manifestations, which also accelerates deterioration of kidney 

function. Related research found that renal dysfunction in 

elderly patients with CKD is one of the important reasons for 

the decline in the presence of high levels of proteinuria.10 The 

24 hour urine electrolyte research on CKD patients has become 

a major hot spot. This study was aimed to analyze the relevance 

of clinical features to urine electrolytes; urine protein was the 

focus of analysis. Related research shows that increased urinary 

sodium and potassium excretion augments the extent of 

proteinuria and the progress of renal dysfunction.11 The present 

study showed increased urine sodium and potassium with 

increased urinary protein excretion and these findings are 

compatible with the results of Martinez et al.11  

Some studies have found that urinary protein is increased with 

high uric-acidification and dysfunction in CKD patients12 and 

the proteinuria can be improved by salt restriction in these 

patients.13 The association of urine electrolytes with urine 

protein shown in this study suggests that increase in urinary 

sodium and potassium excretion may intensify the renal 

pathology causing structural damage, thereby increasing urine 

protein; on the contrary, the increased urinary calcium may 

prevent the progression of disease process in the pathological 

structure of the kidney. 

It is reported that high blood phosphorus increases 

cardiovascular events and the risk of their occurrence.14 Further 

research is needed to explore the relationship between urinary 

electrolyte excretion and kidney disease progression as well as 

the risk of cardiovascular and other diseases in such patients to 

ascertain the association between urine electrolytes and 

prognosis in CKD. 

In summary, the decline in renal function increases the severity 

of disease in CKD patients; urinary protein excretion increases 

with increased excretion of sodium and potassium as well as 

decreased excretion of urinary calcium which may further 

deteriorate kidney function. Therefore, suggesting that the 

management of urine electrolyte levels in patients with chronic 

kidney disease should receive more and more attention. 
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