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Aims: 
 

1. To estimate and compare levels of salivary Urea, Creatinine and pH in chronic renal failure 
patients and in healthy individuals.  

2. To estimate and correlate levels of Blood Urea, Serum Creatinine respectively with Salivary 
Urea, Creatinine in patients with chronic renal failure.  

3. To explore potential of salivary Urea, Creatinine and pH as a markers for monitoring of mineral 
balance in the chronic renal failure patients.  

 

Methods and Material: The recruitment of participants to the study was done at the Department of 
Oral Medicine and Radiology. Collection of blood, saliva samples and the analysis of all the samples 
was carried out at the Hematology and Biochemistry Laboratory of the institution. 
 

Thirty patients were selected and they were placed in ‘Group A’. 
 

Thirty healthy individual who had no relevant medical history were selected and they constituted the 
control group that is ‘Group B’. 
Total 60 individuals were become participants of the study. 
 

Informed consent was taken from patients and ethical committee approval taken. 
 

Results: There was a statistically significant difference between salivary urea, creatinine and ph 
levels in the chronic renal failure group and control group (p<0.00001). 
 

There was a positive correlation between the Salivary and Blood Urea in Chronic renal failure group 
and is also statistically significant (p=0.0016). 
  

There was a positive correlation between the Salivary and Serum Creatinine in Chronic renal failure 
group and is also statistically significant (p<0.05). 
 

Conclusions: Based on the results of the present study and data available from other studies, we 
propose that salivary urea, creatinine, pH has a strong potential as a marker in diagnosis and 
monitoring of chronic renal failure patients. 
 

Copyright © 2016 Sagar Nagare et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

 
INTRODUCTION

 

 

The kidneys play an essential role in the maintenance of 
haemostasis. Chronic renal failure occurs when the function of 
the kidneys is impaired towards 510% of the original 
capacity, defined by a reduction in glomerular filtration rate 

(GFR), and decreased creatinine clearance rate [1]. 
 

The important clues to the presence of kidney disease and 
kidney failure are abnormal urine tests, high blood pressure, 
and reduced kidney function which can be judged by a blood 
test. The progression of kidney damage is marked by rises in 
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two important chemical substances in blood; Urea and 
Creatinine. 
 

Saliva is a dilute fluid, over 99% being made up of water and 
the rest comprised of dissolved solids i.e. organic and 
inorganic constituents. The biomedical research community 
has provided improved technology to identify measure and 
monitor the levels of ions, chemicals and molecules in saliva 
[2]. 
 

These salivary biomarkers are being explored as a means of 
monitoring general health and in the early diagnosis of disease. 
In the past, serum has been the fluid most often used in disease 
diagnosis; however, saliva has many advantages over both 
serum and urine [3]. 
 

Chronic renal failure is also known to alter the constitution and 
flow of saliva. The oral manifestations generally observed in 
patients with chronic renal failure include enamel hypoplasia, 
pallor of the oral mucosa (usually associated with anemia), 
xerostomia, uremic odor, lubrication, buffering action, a low 
caries prevalence in both primary and permanent dentitions, as 
well as a large amount of calculus formation is believed to be 
all the above finding related to the high level of some salivary 
components in this disease can be explained by the patient’s 
progressive loss of renal function and retention of these 
components, which would normally be excreted through the 
kidney [4]. 
 

Hence, the purpose of this study was to assess the levels of 
salivary component in chronic renal failure patients and 
compare them with those in Healthy individuals and estimated 
the salivary component could hold potential to be an aid in the 
diagnosis and monitoring of chronic renal failure. 
 

Study Setting 
 

The recruitment of participants to the study was done at the 
Department of Oral Medicine and Radiology. Collection of 
blood, saliva samples and the analysis of all the samples was 
carried out at the Hematology and Biochemistry Laboratory of 
the institution. 
 

Population: Thirty patients were selected and they were 
placed in ‘Group A’. 
 

Thirty healthy individual who had no relevant medical history 
were selected and they constituted the control group that is 
‘Group B’. 
 

Total 60 individuals were become participants of the study. 
 

The inclusion criteria were: 
 

Adults (over the age above 18 years).  
 

Individuals who were capable of understanding the supplied 
information. Those who gave informed consent to participate 
in the study.  
 

The exclusion criteria were:  
 

Individuals suffering from any other systemic disease that 
could affect the saliva characteristic and composition.  
 
Individuals receiving any type of medication that could affect 
the salivary quantity and quality.  
 

Procedure for Blood And Salivary Urea, Creatinine, 
Estimation 
 

1. Centrifugation of Blood and Saliva sample  

2. Analyzing and Determining the parameter of the 
Blood and Salivary Urea, Creatinine by “Automatic 
EM360 chemical analyzer”.  

 

Determination of Urea [5] 
 

Blood and Salivary Urea determined by “UreaseGLDH” 
method which is described by Talke and 
 

Schubert. 
 

Determination of Creatinine [6] 
 

Blood and Salivary Creatinine determined by “Modified 
Jaffe’s Reaction” method. 
 

Salivary pH [7] 
 

Take a pH test strip, placed this into the 2 drops of tightens 
saliva for 10 seconds, and then checked the colour of the strip. 
This was compared with the testing chart and value was 
recorded. 
 

All the data was entered in predesigned proforma. 
 

RESULTS 
 

The present study was conducted in the department of Oral 
Medicine and Radiology and department of Hematology and 
biochemistry Laboratory of the institution 
 

Thirty healthy individuals (C Control Group) and thirty 
chronic renal failure patients (CRF) were investigated for 
blood Urea, Serum Creatinine and salivary Urea, Creatinine, 
pH. Blood and salivary samples were collected and processed 
as described in the methodology section. The values so 
estimated were entered in the predesigned proforma. Data was 
further sorted into tables and analyzed to achieve the aims of 
the study. 
 

Table I depicts the age and gender wise distribution among the 
controls and chronic renal failure patients. The mean age and 
gender was similar among the two groups (p=0.05). 
 

Table II depicts the mean level of salivary Urea in Chronic 
renal failure group (149 41.74) and Control group (32.92 
7.84). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table I Age and Gender wise distribution of participants 
in Control Group (C), Chronic renal failure patients group 

(CRF). 
 

Age Gender 
 Group 

Total 
 

C CRF  

≤35 
Male 4 4 8  

Female 4 5 9  

>35 to≤45 
Male 3 2 5  

Female 2 1 3  

>45 to≤55 
Male 2 4 6  

Female 3 2 5  

>55 
Male 6 5 11  

Female 6 7 13  
Total  30 30 60  

Mean Age  48.6 49.23 48.91  
 

Table II Comparison of Mean salivary Urea among the 
Chronic renal failure patients group (CRF) and Control 

Group (C). 
 

 Mean Salivary Std. No of  
Group Urea (mg/dl) Deviation participant PValue 

   s  
CRF 149 41.74 30 <0.0001 

C 32.92 7.84 30  
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Table III depicts the mean level of salivary Creatinine in 
Chronic renal failure group (2.38 0.9) and Control group (0.41 
0.35). The difference between this is statistically significant 
(p<0.0001). 
 
 
 
 
 
 
 
 

 
Table ΙV depicts the mean level of salivary pH in Chronic 
renal failure group (7 0.24) and control group (6.5 0.22). The 
difference between this is statistically significant (p<0.0001). 
 
 
 
 
 
 
 
 
 

 
If salivary urea, creatinine estimation is to be considered as a 
reliable substitute to Blood Urea, Serum creatinine estimation 
respectively then strong correlation needs to be established 
between this two parameters. We present such a comparison, 
in the following section 
 

Graph Ι depicts correlation between the Salivary and Blood 
Urea in Chronic renal failure group. Pearson’s correlation 
coefficient (r) is 0.55, which indicates positive correlation 
between Salivary and Blood Urea and is also statistically 
significant (p=0.0016). In other words, when blood Urea 
increase or decrease, there is corresponding increase or 
decrease in salivary Urea. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph II depicts correlation between the Salivary and Serum 
Creatinine in Chronic renal failure group. Pearson’s correlation 
coefficient (r) is 0.31, which indicates Positive correlation 
between Salivary and Serum Creatinine and is also statistically 
significant (p<0.05). In other words, when serum Creatinine 
increase or decrease, there is corresponding increase or 
decrease in salivary Creatinine. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

Renal Failure is known to alter the constitution and flow of 
saliva. Estimation of salivary Urea, Creatinine and pH thus, 
holds potential to be an aid in the diagnosis and monitoring of 
patients with chronic renal failure. With this purpose, in mind 
thirty healthy individuals (C Control Group) and thirty 
chronic renal failure patients (CRF) were investigated for 
blood Urea, Serum Creatinine and salivary Urea, Creatinine, 
pH. Blood and salivary samples were collected and processed . 
 

In our study the mean level of salivary Urea in Chronic renal 
failure group (149 41.74) and Control group (32.92 7.84). The 
difference between this is statistically significant (p<0.0001). 
 

The increase in the salivary concentration of urea in the 
patients with CRF is a constant finding in all the studies that 
have evaluated this biochemical parameter in adults [812]. 
 

Urea is the major end product of nitrogen metabolism in 
humans. Ammonia, the product of oxidative deamination 
reactions, is toxic in even small amounts and must be removed 
from the body. This ammonia via the Urea cycle or Ornithine 
cycle, is converted into Urea. These reactions occur in the 
liver, the urea is then transported to the kidneys where it is 
excreted [13]. 
 

In chronic renal failure patients [13], 
 

There is reduced capacity of the kidney to excrete urea.  
 

Also there is increased reabsorption of the urea by the 
proximal convoluted tubule.  
 

Therefore, there is a substantial rise in the level of blood urea 
in patients with chronic renal failure. 
 

The clearance of various compounds from blood plasma into 
saliva may take place by any of the following mechanisms 
[14]. 
 
 

1. Ultrafiltration through gap junctions between cells of 
secretory units (intercellular nexus) occur only in 
compounds with Molecular weight < 1900 Da are 
involved (water, ions, hormones such as 
catecholamines and steroids) and also their salivary 
concentration is 300–3000 times lower in saliva than 
in plasma of blood. 

2. Selective transport through cellular membranes: by 
passive diffusion of lipophilic molecules (steroid 
hormones) or by active transport through protein 
channels  

3. Transudation of plasma compounds into oral cavity 

Table III Comparison of Mean salivary Creatinine among 
the Chronic renal failure patients group (CRF) and 

Control group   (C) 
 

 Mean Salivary 
Std. 

No of   

Group Creatinine participant PValue 
 

Deviation  
 (mg/dl)  s   

CRF 2.38 0.9 30 <0.0001  
C 0.41 0.35 30   

 

Table ΙV  Comparison of Mean salivary pH among the 
Chronic renal failure patients group (CRF) and Control 

group(C). 
 

 
Mean Salivary Std. 

No of   
 

participant PValue 
 

 pH (mg/dl) Deviation  
   s   

CRF 7 0.24 30 
<0.0001 

 
     

C 6.5 0.22 30   
 

 
 

Graph I Correlation between salivary Urea and Blood Urea levels  in 
Chronic renal failure patients group(CRF) 

 

 
 

Graph II Correlation between Salivary Creatinine and Serum Creatinine  
levels in Chronic renal failure patients (CRF) 
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from crevicular fluid or directly from oral mucosa. 
The presence in the saliva of some typical plasmatic 
molecules, like albumin, depends on this mechanism.  

 

Shannon, Suddick and Chauncey in 1969 stated that the higher 
urea concentration in the unstimulated saliva could be simply 
explained on the basis of passive diffusion of urea into saliva 
in the acini or proximal regions of the ducts, together with 
sodium and water [15]. 
 

Also in chronic renal failure patients, significantly increased 
epinephrine and norepinephrine levels in plasma are 
present[16]. Increased epinephrine and norepinephrine directly 
act on ductal epithelium, by opening up intercellular junctions 
to form intercellular canaliculi which increase diffusion of urea 
in saliva [17]. 
 

In present study the mean level of salivary Creatinine in 
Chronic renal failure group (2.38 0.9) and Control group (0.41 
0.35). The difference between this is statistically significant 
(p<0.0001). 
 

In agreement with our findings, the increase in the salivary 
concentration of creatinine in the patients with CRF is a 
constant finding in all the studies that have evaluated this 
biochemical parameter in adults [12,18,19]. 
 

Creatine, the precursor of creatinine, is generated in the liver 
and exported to other tissues, principally the skeletal muscles. 
Creatinine is actively taken up into myocytes. In renal failure, 
creatine undergoes non enzymatic degradation to form 
creatinine, which is released to extracellular compartment. 
Creatine and creatinine from ingested meats are also absorbed 
and may increase serum creatinine concentration. Although 
creatinine is freely filtered by the glomerulus, both active 
tubular secretions and passive tubular reabsorption are thought 
to occur. In addition, creatinine has been shown to be excreted 
more by the gut secondary to small bowel bacterial overgrowth 
in the patients with advanced renal dysfunctions [13]. 
 

Creatinine has low molecular weight (113 Da) which is easily 
ultrafiltered into saliva from blood through gap junctions 
between cells of secretory units (intercellular nexus) of 
salivary gland. 
 

Also in chronic renal failure patients, significantly increased 
epinephrine and norepinephrine levels in plasma are present 
[16]. Increased epinephrine and norepinephrine directly act on 
ductal epithelium, by opening up intercellular junctions to 
form intercellular canaliculi which increase diffusion of 
creatinine in saliva [17]. 
 

In present study the mean level of salivary pH was (7 0.24) in 
Chronic renal failure group and control group it was (6.5 0.22). 
The difference between this is statistically significant 
(p<0.0001). 
 

In agreement with our findings, the increase in the salivary pH 
in the patients with CRF is a constant finding in all the studies 
that have evaluated this biochemical parameter in adults 
[11,12,18,20,21] . 
 

High pH of unstimulated whole saliva from patients with 
chronic renal failure could be the result of a higher 
concentration of ammonia as a result of urea in saliva [12]. 
 

Urea acts through a double mechanism: on the one hand, it is 
metabolised by bacterial urease to carbon dioxide and 
ammonium ion, which has an alkalinising effect; on the other 

hand, urea induces an altered response of the plaque in the 
metabolism of carbohydrates to acid catabolites, and it is 
estimated that hydrogen ion production falls by up to tenfold in 
patients with CRF. In consequence, urea plays a primary role 
in the alkalinisation of the saliva and dental plaque observed in 
patients with renal failure [12]. 
 

The increased salivary biocarbonate, histidine rich peptide, 
phosphate concentration in renal patients could partially 
contribute to the higher buffer capacity and increased pH [12] . 
The present study depicts correlation between the Salivary and 
Blood Urea in Chronic renal failure group. Pearson’s 
correlation coefficient (r) is 0.55, which indicates positive 
correlation between Salivary and Blood Urea and is also 
statistically significant (p=0.0016). In other words, when blood 
Urea increase or decrease, there is corresponding increase or 
decrease in salivary Urea. 
 

In agreement with our findings, the positive correlation 
between blood and salivary concentration of urea in the 
patients with CRF is a constant finding in all the studies that 
have evaluated this biochemical parameter in adults [2225] . 
 

Tomás I in2008, analysed the alterations of saliva in different 
stages of chronic renal failure (CRF), A statistically significant 
(p < 0.01) positive correlation was detected between the 
plasma and salivary urea concentrations (r = 0.572) in chronic 
renal failure patients [12] . 
 

This positive correlation can be explained as urea passively 
diffuses from the serum into the salivary glands and ultimately 
is excreted in the saliva. Therefore, it may be suggested that 
the salivary concentration of urea could be useful in diagnosis 
of patients with Chronic renal failure [15,26] . 
 

The study also depicts correlation between the Salivary and 
Serum Creatinine in Chronic renal failure group. Pearson’s 
correlation coefficient (r) is 0.31, which indicates Positive 
correlation between Salivary and Serum Creatinine and is also 
statistically significant (p<0.05). In other words, when serum 
Creatinine increase or decrease, there is corresponding 
increase or decrease in salivary Creatinine. 
 

In agreement with our findings, the positive correlation 
between blood and salivary concentration of creatinine in the 
patients with CRF is a constant finding in all the studies that 
have evaluated this biochemical parameter in adults [12,19]. 
 

Tomás I in 2008, analysed the alterations of saliva in different 
stages of chronic renal failure. A statistically significant (p < 
0.01) positive correlation was detected between the serum and 
salivary creatinine concentrations (r = 0.40) [12]. 
 

This positive correlation can be explained as creatinine 
passively diffuses from the serum into the salivary glands and 
ultimately is excreted in the saliva. Therefore, it may be 
suggested that the salivary concentration of creatinine could be 
useful in diagnosis of patients with Chronic renal failure [14]. 
 

CONCLUSION 
 

From our study we concluded that the mean level of salivary 
Urea, Creatinine and pH were significantly increased in 
patients with chronic renal failure as compare to control group. 
There exists a correlation between the salivary and blood urea 
and salivary and serum creatinine in chronic renal failure 
group and is satistically significant. Based on the results of the 
present study and data available from other studies, we 
propose that salivary urea, creatinine, pH has a strong potential 
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as a marker in diagnosis and monitoring of chronic renal 
failure patients. 
 

However, longitudinal controlled studies with stricter inclusion 
and exclusion criteria in larger population would be required to 
convert this potential into clinical practice. 
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