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Abstract . ‘
Backeround: Usc of saliva as alternative to blood in
monitoring systemic discases is still subject to
continued rescarch. Henee, this study cvaluated
changes in biochemical composition of saliva and
plasﬁm before and after hemodialysis and also
determined the corrclation between these factors in
saliva and plasma of paticnts with chronic kidney
discasc (CKD).
Methods: A cross scctional study that included 50
paticnts with CKD undergoing hemodialysis. Whole
saliva and blood samples were collected from the
participants before and after dialysis. Samples were
analyzed for urca, creatining, total protein, sodium,
potassium, calcium, chloride, and bicarbonate. Data
were compared using Related Samples Wilcoxon
Signed Rank test. Correlation between plasma and
salivary paramecters was determined using
Spearman’s corrclation test.
Results: Levels of salivary urca and creatinine were
reduced in the post dialysis statc in consistence with
reduced plasma lcvels. Salivary and plasma
bicarbonate levels were clevated in the post dialysis
state compared to pre-dialysis while both salivary
and plasma levels of total protein, sodium, potassium,
calcium and chloride did not show significant
change. There were positive correlations between
salivary and plasma creatinine and potassium in the
post dialysis statc as well as calcium in both pre and
post dialysis statcs.
Conclusion: Findings of this study suggest that saliva
reflects plasma levels of biochemical factors in
paticnts with CKD in the pre and post dialysis statces.
Hence, saliva may be an alternative to blood in
monitoring patients with CKD undergoing dialysis.

K‘cywor(ls: Saliva; blood: chronic kidneyv disease;
dialysis

Résumeé

Contexte: L wtilisation de lasalive comme alternative
au sang dans la survcillance des maladics
systémiques fait toujours 1"objet de recherches
continu¢es. Par conséquent, cette étude a évalué les
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changements dans la composition biochimique dc
la salive ct du plasma avant ct aprcs I’hémodialyse
et a également déterminé la corrélation entrc ¢cs
facteurs dans la salive ct le plasma des patients
atteints d'insuffisance rénale chronique (IRC).
Méthodes - Une étude transversale qui a inclus 50
paticnts attcints d’IRC sous hémodialysc. Des
&chantillons cntiers de salive ct de sang ont ¢été
prélevés chez les participants avant ct apres la
dialyse. Les ¢chantillons ont ét¢ analysés pour I’urée,
la créatinine, les protéines totales, lc sodium, le
potassium, le calcium, lc chlorurc ct le
bicarbonate. Les données ont été comparées a I’aide
du test du Rang Signé Wilcoxon des échantillons
reliés. La corrélation cntre les paramétres
plasmatiques ct salivaires a ¢té détcrminée en
utilisant lc test de corrélation de Spearman.
Résultats - Les niveaux d’urée salivaire et de
créatinine ont été réduits dans 1'¢tat post dialyse en
accord avec des taux plasmatiques réduits. Les taux
salivaires et bicarbonatés plasmatiques étaient ¢levés
dans 1’état post dialysc par rapport a la pré-dialyse,
tandis que les taux salivaires ct plasmatiques de
protéincs totales, de sodium, dc potassium, dec
calcium ct de chlorurc n’ont pas montré dc
changement significatif. Il y avait des corrélations
positives entre la créatinine salivaire et plasmatique
ct lc potassium dans I’¢tat post dialyse ainsi que le
calcium dans lcs ¢tats de dialyse pré et post.
Conclusion : Les résultats de cette ¢tude suggérent
que la salive refléte les taux plasmatiques de facteurs
biochimiques chez les patients atteints d’[RC avant
ctapres la dialyse. Par conséquent, la salive peut étre
unc alternative au sang dans la surveillance des
paticnts atteints d’IRC subissant unc dialysc.

Mots-clés: Salive; sang: maladie rénale chronique;
dialyse

Introduction

Chronic kidney discasc (CKD) is onc of human
discascs that have global impact for which diagnosis
and monitoring require supplementing clinical
evaluation with laboratory testing [ 1]. The increasing
global burden of CKD and resultant end-stage renal
discase (ESRD) continues to present scrious
challenges for the entire world [1, 2]. Management
of CKD includes renal replacement therapy (RRT)
and the available options are dialysis or kidncy
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transplantation. Hemodialysis as a form of RRT

requires frequent blood collection for adequate

monitoring [3]. The frequent blood sampling
associated with hemodialysis may result in blood loss
[4]. In addition, the individuals involved in the
management of patients with CKD arc at more risk
of blood borne discascs because of their frequent
contact with blood. Hencee, a non-invasive diagnostic
test with minimal risk as well as ability to provide a
dcpendable cvaluation of discasc condition and
adcquacy of hemodialysis would be invaluable to
both the healthcare professionals and the patients.

It had been reported in several studies that
changes occur in salivary sceretions in some systemic
discascs for which saliva has been suggested to be
an alternative to blood in monitoring these discases
[5-7]. Also, the diagnostic potential of salivary urca
and crcatinine analyses in paticnts with CKD had
beenreported [8-11]. Saliva has great potential as a
diagnostic fluid and offers many advantages over
blood and other biological fluids because of its
cconomic and noninvasive mcthod of collection
which promotes its use for monitoring systemic
discases [12, 13]. In addition, salivary analysis holds
great promise as an cffcctive tool for the diagnosis,
prognosis and monitoring adcquacy and
cffectivencss of dialysis in patients with CKD [11].
Other advantages of saliva as a clinical tool over
blood and other body fluids include usc of smaller
aliquot samples, good coopcration from paticnts, cost
cffectiveness, casy storage and transportation, good
sensitivity and correlation with Ievels of some factors
in blood {14, 15]. Saliva is indeed a very uscful
diagnostic fluid. However, its potential for clinical
medicine is not used as much as it should. Hence, its
usc as alternative to blood in monitoring of systemic
discascs as well as cfficacy of dialysis therapy is
still subject to continued rescarch. This study was
thercfore designed to cvaluate changes in salivary
biochemical factors before and after hemodialysis
and to dctermine corrclation between plasma and
salivary biochemical lactors before and after
hemodialysis.

Methods

Study design

This was a prospective study of patients with CKD
who were being dialyzed in a tertiary hospital.
Following cthical approval from the institution
Rescarch Ethics Committee, the study was carried
out among consccutive patients with CKD that
rcquired hemodialysis. Chronic kidney discasc was
defined as estimated glomerular filtration rate
cGFR< 60mls/min/1.73m". Inclusion criteria were

age >18 ycars, diagnosis of CKD and presence of
indication for hemodialysis. Exclusion criteria were
age < 18 ycars, diagnosis of acute kidney injury,
patient who did not requirc hemodialysis, history
suggestive of upper gastrointestinal bleeding,
unconsciousness and inability to produce saliva.
This study included 50 patients with CKD
composed of 35 males and 15 females with a
mcan age 0f49.5 + 16.07 years. The patients were
in stages 3, 4 or 5 and there clinical data are as

shown in table 1.

Table 1: Demographic and clinical data of participants

Mean + SD/
Value (%)
N =50

Variables

49.5 £+ 16.07,

Age (vears)
Range: 19 t0 77

Gender
Male 35 (70%)
Female 15 (30%)
CKD grading
Stage 3 6 (12%)
Stage 4 24 (48%)
Stage 5 20 (40%)
Note. CKD: chronic kidney disease
Each participant completed a sclf-

administered questionnaire to obtain demographics,
stage of CKD and dialysis history. Whole saliva
samples were collected by asking patients to spit into
a graduated universal bottle until about 3ml of saliva
was produced just before and after dialysis when the
paticnt was stable. Samples were transferred
ascptically to sterile tubes and stored at -20°C until
the time for laboratory analysis. Simultancously,
venous blood samples (5Sml cach) were collected in
sample tubes with lithium heparin. Whole saliva and
plasma (scparated from the blood samples) were used
for the biochemical analysis.

Following manufacturcr’s instructions
(RANDOX Creatininc Reagent, UK), estimation of
creatinine was done using modificd Jaffe's method
[16] while, estimation of urca was donc using the
mcthod of Marsh ¢t al., [17] (RANDOX Urea
Reagent, UK). Estimation of total protcin was done
using Biurct method [18]. Sodium and potassium
levels were determined using flame cmission
spectrophotometry, while estimation of calcium was
donc using indircct colorimetric method [19].
Concentrations of chloride and bicarbonate were
determined by Schales method using mercuric nitrate
|20].
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Statistical analysis

All statistical analyses were performed using IBM -
Statistical analysis Software Package (SPSS
Statistics) Version 22. 0. Armonk. New York. The
main quantitative variables were salivary and plasma
levels of urea, creatinine, total protein, sodium,
potassium, calcium, bicarbonate and chloride before
and after dialysis. Data arc presented using
descriptive statistics such as mecan, median and
interquartile range. Data were tested for normality
using Kolmogorov-Smirnov test. Scrum and salivary
levels of most analytes were not normally distributed:
hence the Related Samples Wilcoxon Signed Rank
test was used to comparc median values of the factors
before and after dialysis. Correlation between plasma
and salivary biochcmical parameters was determined
using Spcarman’s corrclation test. All analyscs were
done at p-value < 0.05.

Results

Salivary levels of urca and crcatininc were
significantly reduced in the post dialysis samplcs
compared to the pre dialysis samples (p <0.001 and
p <0.001 respectively). These findings were similar
to what was obscrved in plasma samples (Figs. 1
and 2). Levels of bicarbonate were significantly
clevated in saliva and plasma in post dialysis samples
compared to the pre dialysis samples (p = 0.04 and
0.02 respectively). Salivary levels of total protein,
sodium, potassium, calcium, chloride and

bicarbonate before and after dialysis arc shown in
tablc 2.
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Fig. 1: Levels of salivary/plasma urea before and after
dialysis

Plasma levels of total protein, sodium,
potassium, calcium, chloride and bicarbonate before
and after dialysis arc shown in tablc 3. As shown in
figures 1 and 2, plasma Ievels of urca and creatinine
were significantly reduced in the post dialysis
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Fig. 2: Levels of salivary/plasma creatinine before and after
dialysis

samples (p <0.001 and p <0.001 respectively). The
mean percentage reductions of urca and creatinine
in plasma were 57% and 55% respectively while the
mean pereentage reductions of urea and creatinine
in saliva were 66% and 65% respectively.

Table 2: Salivary biochemical factors before and after
dialysis

Before After p-value
dialysis dialysis
Sodium (mEq/L) 4.3(3.9) 5.44.6) 0.29
Potassium (mEq/L) 18.7(13.4) 19.2(8.5) 0.40
Chloride (mEq/L) 12(12) 14.1(11.8) 0.13
Bicarbonate (mg/dl) 14(16) 18(14) 0.04*
Total Protein (mg/dl) 17(21) 21(14) 0.32
Calcium (mg/dl) 7.53.4) 7.2(5.8) 0.26
Urea (mg/dl) 93(141)  32(58) <0.001**
Creatinine (mg/dl) 2.6(2.5) 0.9(1.4) <0.001**

Data are presented as median (Interquartile range)

Table 3: Plasma biochemical factors before and after
dialysis

Before After p-value
dialysis  dialysis
Sodium (mEq/L) 125(12) 129 (6) 0.06
Potassium (mEg/L)  5.3(2.2) 5.1(3.6) 0.08
Chloride (mEq/L) 97(10) 99 (9) 0.24
Bicarbonate (mg/dl) 17(4) 18 (3) 0.02+
Total Protein (mg/dl) 60(10) 64 (14) 0.11
Calcium (mg/dl) 8.1(3.3) 8.7(3.8) 0.37
Urea (mg/dl) 151(126) 65 (36) <0.001**

Creatinine (mg/dl) 10.4(7.18) 4.7 (3.6) <0.00]**

Data are presented as median (Interquartile range)
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There were positive corrclations bcl'\vccn
salivary and plasma crcatinine and pglznssium in the
post dialysis statc as well as calcium in both pre and
post dialysis states (tablc 4).

Table 4: Correlation between salivary and plasma factors
before and after dialysis

Before dialysis ~ After dialysis

0.26 (0.09)

Sodium -0.26 (0.08)

Potassium -0.05 (0.75) 0.30 (0.04%*)
Chloride -0.27 (0.08) 0.17 (0.28)
Bicarbonate -0.17 (0.27) 0.15(0.34)
Total Protein 0.25 (0.08) 0.16 (0.28)
Calcium 0.39 (0.01%) 0.46 (< 0.01%*)
Urea -0.16 (0.20) 0.08 (0.59)
Creatinine 0.07 (0.63) 0.34 (0.02%)

Data are presented as the correlation cocfficient (p value)

Discussion

The main findings from this study were reduced
levels of salivary urca and creatinine and clevated
levels of salivary bicarbonate after dialysis
consistent with their levels in plasma. In addition,
similar to what was obscrved in plasma, that there
was no significant difference in the levels of salivary
sodium, potassium, chloride, phosphate and total
protein post dialysis compared to their pre dialysis
levels.

In agreement with previous studics, our
findings showed clevated concentration of salivary
urca and creatininc in the patients with CKD before
dialysis [21-23]. . In the present study, the salivary
concentrations of urca and creatinine decrcased
substantially (66% and 65%, respectively) after
hacmodialysis probably because saliva reflected
adequate changes in concentrations of urea and
creatinine in the blood. Furthermore, the prescence
of urca and crecatininc in the saliva indicates their
passive diffusion from plasma to saliva through the
salivary glands [24]. Thesc lindings also suggest that
the salivary concentrations of urca and creatinine
could be uscful in monitoring the cfficacy of dialysis.
In addition, a good corrclation was observed between
the salivary and plasma levels of creatinine after
dialysis. The usgfulncss of salivary creatinine in
monitoring dialysis in paticnts with CKD is also
corroborated by the positive correlation between the
salivary and plasma levels after dialysis.

The post dialysis concentration of salivary
bicarbonate was higher compared to what was
observed in plasma. This finding may be explained
by the contribution of the bicarbonate dialysate
commonly uscd to correet the metabolic acidosis
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which is often associated with :l(l\l;tllggd CKD 25].
However, there was no appreciable difference in the
concentrations ofother sali ary clectrolytes (sodium,
potassium and chloride), calcium and total protein.
This finding is similar to what was obscrved iy,
plasma. The lack of change in the levels of the
salivary sodium after dialysis is similar to the repory
by previous studics [23, 26]. These observations iy,
the concentrations of salivary clectrolytes before ang
after dialysis could be explained in many ways. This
could be becausc majority of the participanis
undergoing hemodialysis had more of uremia rather
than c]cclrolylc derangements and thus the pre and

ost dialysis levcls of these parameters were similar,
Also. the lack of change in the salivary
concentrations of the clectrolytes (sodium,
potassium, calcium, chloride and phosphate) may be
cxplained by the concurrent lack of change in their
plasma levels although, the salivary concentrations
of these ions do not depend cxclusively on their
plasma concentrations [27]. Sodium and potassium
ions undergo active transport along the salivary duct
via Na-K-Cl symporters apart from passive diffusion
[28]. Contrary to our finding. Shasha er al. obscrved
that salivary concentration of sodium and potassium
level in hemodialysed patients fell until it reached
values closc to those of the controls in the post-
dialysis state [29].

There were positive corrclations between
salivary and plasma levels of calcium in the pre and
post dialysis states as well as concentrations of
potassium in the post dialysis state. Contrary to our
finding, a previous study reported no corrclation
between plasma and salivary levels of calcium in
patients with CKD [30]. The differences in the
findings could be explained by the variations in the
study population as well as laboratory methods used.

In conclusion, saliva bascd biochemical
analysis in patients with CKD showed reduccd
salivary concentrations of urca and creatinine while
bicarbonate concentration was clevated after dialysis
similar to what was observed in plasma. Inaddition,
there was positive corrclation between salivary
calcium in the pre and post dialysis states as wellas
creatinine and potassium in the post dialysis statc.
However, there was no significant change in the
salivary as well as plasma concentrations of sodium:
potassium, calcium and total protein after dialyss.
Also there was no correlation between saliva and
plasma concentrations of sodium, potassiun. and
total protein. Findings of this study indicate that
saliva reflects levels of the assessed biochemical
lactors in the plasma of patients with CKD m th‘
pre and post dialysis states, with some of the salinva
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factors showing corrclation with the plasma
counterparts. Henee, saliva may be an alternative to
blood in monitoring chronic kidney discasce

especially in patients undergoing dialysis.
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