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1 | INTRODUCTION

The use of saliva for laboratory tests has been investigated in var-

ious medical areas because saliva could be used as a noninvasive

Background: Phosphorus and urea are measurable in saliva. Measurements of saliva
phosphorus (S-Pho) and saliva urea (S-Urea) could be useful because of low invasiv-
ity. Data are limited to saliva tests methodology and to correlations between plasma
and saliva compositions. S-Pho and S-Urea were investigated focusing on blind dupli-
cates, differences between collection sites, differences between collection times,
freezing-thawing effects, and plasma-saliva correlations.

Methods: Tests were performed using fresh saliva collected by synthetic swap early
morning after overnight fast (standard). Methodology was investigated in fifteen
healthy volunteers. Plasma-saliva correlations were investigated in thirty nephro-
pathic outpatients.

Results: S-Pho and S-Urea in all measurements ranged above detection limits
(0.3 mmol/L). In healthy volunteers, S-Pho and S-Urea were similar in duplicates (re-
sults for S-Pho and S-Urea: % difference between samples < 4.85%; R between sam-
ples > 976, P <.001), in samples from different mouth sites (<4.24%; R > .887,
P <.001), and in samples of different days (<5.61%; R > .606, P < .01) but, compared
to standard, were substantially lower in after-breakfast samples (-28.0% and -21.3%;
R >.786, P < .001) and slightly lower in frozen-thawed samples (-12.4% and -5.92%;
R 2.742, P < .001). In nephropathic patients, S-Pho was higher than but correlated
with plasma phosphorus (saliva/plasma ratio 4.80; R = .686, P <.001), whereas S-
Urea and plasma urea were similar and correlated with each other (saliva/plasma
ratio 0.96; R = .944, P < .001). Post-dialysis changes in S-Pho and S-Urea paralleled
post-dialysis changes in plasma phosphorus and urea.

Conclusion: S-Pho and S-Urea reflect plasma phosphorus and plasma urea. Early
morning fasting fresh samples are advisable because collection time and freezing-

thawing affect saliva tests.
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diagnostic tool.}*? An important prerequisite for the use of saliva in
diagnostic workup is that the salivary levels of the marker associated
with a given disorder should mirror the profile of the marker in bio-

logical samples used as gold standard in medical practice. Previous
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observations indicated that correlations between plasma concentra-
tions and saliva concentrations are detectable for some but not for
all analytes.l'19 It is well established that small molecules as phos-
phorus and urea are measurable in saliva.2>?! High plasma levels of
phosphorus and urea were reported in astronauts during space mis-
sions and in terrestrial models of microgravity.??4 In these particular
settings, high plasma levels of phosphorus and urea are considered
secondary to alterations in bone and muscle metabolism leading
to loss of bone mass and muscle mass.?? As part of a project about
the use of saliva tests in space medicine,?® this study investigated
methodological aspects in saliva measurements (duplicate samples,
saliva from different sites of collection, day-to-day variability, time
of collection, effects of freezing/thawing) and correlations between
plasma concentrations and saliva concentrations. Methodological
aspects were investigated in healthy volunteers, whereas plasma-
saliva correlations were investigated in patients with kidney disease
because low kidney function increases the levels of phosphorus and

urea not only in plasma but also in saliva.2®1014

2 | METHODS

This observational study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and was ap-
proved by the local institutional Ethics Committees (n. 5/2012 and
4/2013). The study was part of a project developed in collaboration
between the Italian Space Agency (Agenzia Spaziale Italiana, ASI)
and the National Aeronautics and Space Administration (NASA)
to explore the use of saliva for monitoring metabolic changes as-
sociated with reduction in bone mass and muscle mass.?> Healthy
volunteers were enrolled from the department staff for analyses
on methodological aspects. Patients with chronic kidney disease
(CKD) were targeted for analyses on correlations between plasma
levels and salivary levels because kidney dysfunction generally
increases plasma levels both of phosphorus and urea.?® CKD pa-
tients were enrolled from the outpatient clinic of the University
Hospital. Exclusion criteria for the healthy group were the pres-
ence or the report of a recent acute disease or of a chronic disease
at the medical examination, or the report of pharmacological treat-
ment. The selection criterion for the CKD group was a confirmed
diagnosis of CKD according to standard definitions.?® Given that
CKD modifies plasma phosphorus and plasma urea proportion-
ally to kidney dysfunction, the enrollment of CKD patients was
stratified by CKD stage to have at least five patients in each CKD
stage, that is, to have a continuum of kidney function ranging from
normal levels to severe reduction. The study included also a small
group of CKD patients on regular chronic hemodialysis to inves-
tigate the relationships of saliva phosphorus and saliva urea with
dialysis-induced changes in plasma phosphorus and plasma urea.?’
Smoking was an exclusion criterion for the group of healthy vol-
unteers and for the CKD group to exclude the effect of this con-
founding on saliva composition.28 All participants were enrolled
after having signed an informed consent.

Unless otherwise indicated, blood and saliva samples were col-
lected early in the morning after an overnight fast. Blood samples
were taken by peripheral venipuncture and rapidly centrifuged for
plasma separation. Blood withdrawal was part of the standard rou-
tine workup programmed in the outpatient clinic for CKD patients
and, in dialysis patients, was repeated as programmed for good
medical practice after the completion of the morning, 4-hour, stan-
dard dialysis session.?” Saliva samples were collected 1-2 minutes
after blood withdrawal using a synthetic swap (Salivette, Sarstedt,
Germany).29 The protocol was designed to comply with the restraints
of space missions in which the use of a swap is the standard method
for saliva collection in the absence of gravity. The collection of sa-
liva was not timed nor preceded by salivary flow stimulation with
paraffin or other agents given that the restraints of space missions
include also strict limitations in the time availability of astronauts, in
the administration of substances to the astronauts, and in the use of
materials or disposables, etc. The swap was rapidly centrifuged for
saliva separation and for mucin removal. Unless otherwise indicated,
laboratory measurements were performed using fresh saliva sam-
ples collected early in the morning under fasting condition (standard
samples). Laboratory procedures were performed using automated
biochemistry and commercially available kits (Abbott, IL, USA).
Saliva measurements were performed by the molybdate UV method
for phosphorus and by the urease/NADH method for urea.*°

Saliva samples of the healthy group were for investigation about
the following five objectives: blind duplicates of the same standard
sample; differences between two standard samples simultaneously
collected in the right vestibulum oris and in the left vestibulum oris;
differences between standard samples collected in different days
(day-to-day variability); differences between standard samples and
samples collected 3 hours after the completion of breakfast (mid-
morning samples); and differences between standard samples and
frozen/thawed samples. The 3-hours time point for measurements
on mid-morning sample was selected in accordance with the sched-
ule programmed for experiments in astronauts during space mis-
sion.?? In experiments on frozen/thawed samples, a standard saliva
sample was split into two identical aliquots: One aliquot was kept at
2-4°C for one hour while the other aliquot was frozen and thawed
at 2-4°C within the same time. Saliva and blood samples of the CKD
group were for investigations about correlations between plasma
phosphorus and saliva phosphorus and between plasma urea and sa-
liva urea. Results were analyzed using Student’s t-test for paired ob-
servations, simple correlation coefficient (R), and linear regression.
The report of results included mean = SEM and 95% confidence in-
tervals (95% ClI).

3 | RESULTS

The healthy group was made of 9 men and 6 women with age
35 + 5 years, whereas the CKD group was made of 17 men and 13
women with age 37 + 3 years. The saliva concentrations of phos-
phorus and urea were in all measurements well above the detection
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TABLE 1 Saliva concentrations of phosphorus and urea in standard samples of healthy volunteers: blind duplicates, site of collection, and

day-to-day variability (n = 15, mean + SEM)

Blind duplicates

P for difference

First duplicate

5.59+0.73
515+0.72

Phosphorus, mmo/L
Urea, mmol/L

Site of collection

Second duplicate

between samples R between samples

5.81+£0.75 526 .994*
4.90 £0.58 .615 976"

Right vestibulum oris

Left vestibulum oris

Phosphorus, mmo/L 5.42 +0.65 5.19 £+ 0.48 467 .896*
Urea, mmol/L 5.10£0.97 5.12+0.79 .965 .887*
Day-to-day variability
First day Second day
Phosphorus, mmol/L 5.44 +0.68 570+0.74 965 .606**
Urea, mmol/L 5.17+0.76 4.88+0.98 371 .906*

Standard samples: non-stimulated fresh saliva collected early in the morning after an overnight fast and with the use of a synthetic swap.

*P <.001, **P < .01.

TABLE 2 Saliva concentrations of phosphorus and urea in healthy volunteers: comparisons of standard samples with mid-morning

samples and frozen/thawed samples (n = 15, mean + SEM)

Standard samples

5.89+£0.73
5.17 £0.81

Phosphorus, mmol/L
Urea, mmol/L
Standard samples
5.45+£0.56
5.24+£0.71

Phosphorus, mmol/L

Urea, mmol/L

Mid-morning samples
4.24 +0.62
4.07 +0.45

P for difference between

Frozen/thawed samples
4.77 £0.51
493 +0.66

samples R between samples
.095 .786*
.009 .822*
.093 .742*
.200 .865*

Standard samples: non-stimulated fresh saliva collected with the use of a synthetic swap early in the morning after an overnight fast.
Mid-morning samples: non-stimulated fresh saliva collected with the use of a synthetic swap in the morning three hours after the completion of

breakfast.

Frozen/thawed samples: non-stimulated saliva collected with the use of a synthetic swap early in the morning after an overnight fast.

*P<.001, **P<.01.

limits of laboratory tests (0.3 mmol/L). Table 1 summarizes the re-
sults in the healthy group with the use of standard samples (saliva
collected early in the morning after an overnight fast and processed
as fresh sample) with regard to blind duplicates, site of collection,
and day-to-day variability. Table 1 shows that saliva concentrations
of phosphorus and urea of blind duplicates were almost identical and
highly correlated. The difference of duplicate samples from the mean
was 1.85% for phosphorus and 5.60% for urea (technical error). With
regard to the possible effects of the site of saliva collection, data
indicated that saliva concentrations of phosphorus and urea of sam-
ples from the right and the left vestibulum oris were almost identical
and highly correlated. With regard to day-to-day variability, find-
ings were similar also in the comparisons of saliva concentrations of
phosphorus and urea between samples of different days, although
the value of the R was apparently lower for saliva phosphorus as
compared to saliva urea.

Table 2 summarizes the results in the healthy group for anal-
yses of saliva concentrations of phosphorus and urea of standard

samples (saliva collected early in the morning after an overnight
fast and processed as fresh sample) compared to mid-morning
samples (saliva collected in the morning three hours after the
completion of the breakfast and processed as fresh sample) and to
frozen/thawed samples (saliva collected early in the morning after
an overnight fast and processed after 1-hour freezing/thawing
cycle). Mid-morning samples had lower saliva concentrations both
for phosphorus and urea. The difference was significant for urea
and borderline significant for phosphorus. The R between concen-
trations in standard samples and concentrations in mid-morning
samples were highly significant but of lower order in comparison
with the R found between duplicates and between simultaneous
samples from different sites of collection. Frozen/thawed samples
had slightly lower saliva concentrations of phosphorus but not of
urea. The R between concentrations in standard samples and con-
centrations in frozen/thawed samples were highly significant but
of lower order in comparison with the R found between duplicates
processed as fresh samples.
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In the CKD group, standard saliva samples and plasma sam-
ples collected 1-2 minutes before saliva were apparently dif-
ferent for phosphorus concentration that was 4.80-time higher
in saliva (mean+SEM in saliva and plasma=778+0.79 and
1.62 £ 0.14 mmol/L, P <.001 by t test for paired data). Vice versa,
saliva and plasma were almost identical for urea concentration
(17.5+2.2 and 18.2+ 2.2 mmol/L, P =.322). Figure 1 shows that
significant direct associations were found between plasma concen-
trations and saliva concentrations both of phosphorus and urea. The
95% Cl of the coefficients indicated that the regression line between
plasma urea and saliva urea did not differ from the identity line (y-
axis intercept =0 and slope = 1). Figure 2 shows the changes of
saliva and plasma concentrations of phosphorus and urea in five dial-

ysis patients from pre-dialysis to post-dialysis. The changes in saliva

10

Plasma urea, mmol/L

’ 20 ' hemodialysis session. Closed circles = pre-

dialysis data; open circles = post-dialysis
data

concentrations paralleled the changes in plasma concentrations both
for phosphorus and urea.

4 | DISCUSSION

The present study investigated methodological aspects in labora-
tory tests on saliva and correlations between plasma concentrations
and saliva concentrations in patients with kidney dysfunction.

The measurements of saliva concentrations were viable with
the use of automated biochemistry and commercially available kits
for phosphorus and urea. Both these analytes ranged above the de-
tection limits of the methods in all measurements. Data about blind

duplicates indicated that the measurements of saliva phosphorus
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and saliva urea were accurate because the difference between du-
plicates ranged below 6%, whereas the correlation coefficients be-
tween duplicates ranged above 0.9. The site of the saliva collection
did not add significant variability either for phosphorus, or for urea.
The correlation coefficient between standard measurements per-
formed in different days was >0.9 for saliva urea and =0.6 for saliva
phosphorus indicating that, at least in the group of 15 healthy volun-
teers under analysis, the day-to-day variability was minor for saliva
urea and larger for saliva phosphorus. It can be speculated that the
day-to-day variability could reflect the influence of dietary factors,
although other possibilities could not be excluded. The lack of previ-
ous data on blind duplicates, site of saliva collection, and day-to-day
variability precluded the comparison with other studies. To comply
with the restraints of space missions, the study protocol did not in-
clude any procedure to stimulate or to time the collection of saliva
samples. Thus, it is unknown if the accuracy of results could differ in
the case of stimulated or timed saliva collections.

The concentrations of phosphorus and urea were lower when
saliva was collected mid-morning after the breakfast as compared to
standard samples collected early in the morning under fasting con-
ditions. This datum was in agreement with the observation that sa-
liva osmolality is lower in mid-morning samples as compared to early
morning samples.® It is reasonable to propose that the lower con-
centrations in mid-morning saliva reflected a higher dilution of sa-
liva because an increase in plasma phosphorus and plasma urea was
actually expected after the breakfast.®>%? Other possibilities cannot
be excluded. Although saliva concentrations in standard samples
correlated with saliva concentrations in mid-morning samples both
for phosphorus and urea, the evidence of differences between early
morning samples and mid-morning samples pointed to the need of
standardized conditions for saliva sampling to reduce the confound-
ing of circadian rhythms.

Compared to fresh samples, frozen/thawed samples tended to
have lower concentrations of phosphorus but not of urea. The lack
of previous data on differences in laboratory tests between fresh sa-
liva and frozen/thawed saliva precluded the comparison with other
studies. The observation that the freezing/thawing effects differed
between phosphorus and urea suggested that differences in the sol-
ubility of the analytes could be involved.

Data in the group of CKD patients together with the subset of
pre-dialysis and post-dialysis data coherently indicated that saliva
phosphorus was several times higher than plasma phosphorus and
positively correlated with plasma phosphorus. The finding of a pos-
itive correlation between saliva phosphorus and plasma phospho-
rus was in accordance with the conclusions of the study by Savica
et al where samples were collected after an overnight fast** but
was in contrast with the conclusions of the study by Rodrigues et al
where samples were collected after 1-hour fast.® The past obser-
vation of absent correlation using samples collected after 1-hour
fast together with the present observation of reduced saliva phos-
phorus three hours after breakfast supported the interpretation
that the lack of correlation in the study of Rodrigues et al could
reflect the confounding of a short fasting before the collection

WILEY->°

of saliva samples. Regardless of the mechanism(s) accounting for
the abundance of phosphorus in saliva, the evidence of a correla-
tion between saliva phosphorus and plasma phosphorus could be
explained hypothesizing that plasma phosphorus controls the se-
cretion and/or the diffusion of phosphorus in saliva. With regard
to urea, its saliva concentrations were almost identical and highly
correlated with plasma urea in accordance with previous observa-
tions.2111315 The high-order correlation of saliva urea with plasma
urea and the identity of urea concentrations in plasma and saliva
reasonably reflected the chemical characteristics of urea, that is,
extremely soluble and diffusive. The observations of similar post-
dialysis changes in plasma concentrations and in saliva concen-
trations of phosphorus and urea suggested that the correlations
observed in non-dialysis CKD patients reflected rapid cross-talks
between plasma and saliva rather than a long-term equilibrium.
Study results have practical implications also. Besides the possi-
ble uses of saliva in aerospace medicine for monitoring the metabolic

2225 g3liva laboratory

conditions of astronauts during space missions,
tests could be useful noninvasive procedures for screening or fol-
low-up of kidney dysfunction and associate disorders. The noninva-
sivity of saliva sampling makes saliva particularly suitable in those
cases in which the collection of blood samples would be difficult or
undesirable, such as children, patients with arduous venipuncture,
patients with the need of many repeated samples, and patients on
peritoneal dialysis.

Briefly, the study reported new observations about phospho-
rus and urea measurements in saliva and about the correlation
of saliva concentrations with plasma concentrations. The results
indicated the saliva tests are accurate and well correlated with
blood tests both for phosphorus and for urea. Moreover, the study
results indicated also that the time of the saliva collection and
the freezing/thawing procedure affect the results of the measure-

ments in saliva.
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