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Saliva has the potential to work alongside needles in standard medical diagnosis. Yet the number of stud-
ies aimed at deciphering the biochemical communication between saliva and the rest of the body’s sys-
tems is still very limited. The aim of this study is to investigate the interfluid interaction between saliva
and serum by determining the correlation between saliva pH and serum biochemical parameters under
mild conditions. Ultimately, using saliva may provide a stress-free diagnostic tool, but more ambitiously,
the pH of saliva could present a genuine cost-effective screening tool that may immensely benefit areas
with limited access to health care and diagnostic labs. Saliva and blood samples were collected from 43
randomly selected children (7–12 years), living in Jeddah, free from obesity and chronic or systemic body
and mouth diseases. A complete serum biochemical analysis was performed, and the salivary pH of all
samples was measured immediately at the time of collection. The correlations between saliva pH and
serum biochemical parameters were investigated using Univariate and multiple linear regression models.
Our results showed that pH has a weak significant positive correlation with total protein and a negative
weak significant correlation with urea. Weak correlations suggest the existence of more serum factors to
be investigated for their effect on the pH using a stepwise multiple linear regression. The multiple linear
models’ calculated saliva pH values were close to the measured values, demonstrating its possible capac-
ity to predict saliva pH using serum parameters. The regression model’s successful prediction of saliva pH
using serum biochemicals reflects the significant correlations between the body fluids’ parameters and
invites more research to elucidate these relationships.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

In adherence to Leonardo da Vinci’s theory that everything is
inextricably connected, this study aims to investigate the interfluid
interaction between saliva and serum by determining the correla-
tion between saliva pH and serum biochemical parameters under
mild conditions. Understanding the biochemical relationship
between saliva and the rest of the body’s fluids and systems is
the gateway to determining the potential for using saliva to diag-
nose various diseases. These body fluids and systems’ biochemical
relationships are complex and specifically regulated to maintain
homeostasis. Elucidating these relationships could allow the use
of one fluid parameter to predict others and to predict the status
of the body’s systems.

The body is an open system that is affected by and contributes
to the external environment. Homeostasis refers to the dynamic
mechanisms by which the body systems maintain vital ranges of
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temperature, pH, acidity, and ion strength and remain stable in the
changing surroundings. Failure to maintain homeostasis may affect
the functions of body systems and thus cause diseases (Billman,
2020). To ensure healthy living, we need to understand the mech-
anisms that maintain homeostasis, including how body fluids com-
municate and affect each other. Extracellular fluids, including
saliva, are critical in maintaining homeostasis by providing stable
conditions for cells to live in (Baptista, 2006). When under acute
stress, the body’s systems perform allostasis by implementing
change mechanisms to maintain stability (Libretti & Puckett,
2022).

The content of saliva in the mouth is contributed to by the
major and minor salivary glands, nonexocrine components, the
mucosal fluid, and the gingival fluid. The gingival and mucosal flu-
ids contribute substances from the circulatory system to the saliva
(Boroumand, et al., 2021). The oral microorganisms produce most
of the salivary metabolites which may enter the bloodstream
(Hyvärinen, Kashyap, & Kullaa, 2023). Thus, saliva content may
reflect the content of other body fluids and contribute to it, which
can be useful in diagnosing various conditions such as Cushing’s
syndrome by measuring saliva cortisol (Bäcklund, et al., 2020),
which showed variation in accuracy when compared to serum cor-
tisol levels for Cushing’s syndrome diagnosis (Vieira-Correa, et al.,
2019). Other examples include detecting SARS-CoV-2 in the saliva
for COVID-19 diagnosis (Azzi, et al., 2020; Teo, et al., 2021). Saliva
is used to detect hormonal levels, like testosterone (Gao, Stalder, &
Kirschbaum, 2015; Alvi & Hammami, 2020), estradiol, cortisol, cor-
tisone, progesterone, corticosterone, dehydroepiandrosterone
(Gao, Stalder, & Kirschbaum, 2015), and melatonin (Sundberg,
et al., 2020). Saliva is used to detect vitamins (Clarke, et al.,
2019), drugs (Desrosiers & Huestis, 2019), microbes (Gao, et al.,
2018; Costalonga & Herzberg, 2014), and viruses (Eventov-
Friedman, et al., 2019; Jamieson, et al., 2020; Khurshid, Zafar,
Khan, Mali, & Latif, 2019; Zhou, Hua, & Liu, 2017).

Several studies have shown a correlation between the concen-
trations of biochemical parameters in saliva and blood, which
makes saliva a suitable noninvasive diagnostic candidate. For
example, the correlation between salivary and serum levels were
shown for glucose (Andersson, Birkhed, Berntorp, Lindgärde, &
Matsson, 1998; Abikshyeet, Ramesh, & Oza, 2012; Hartman,
et al., 2014; Fares, Said, Ibrahim, Amin, & Saad, 2019), insulin
(Fabre, et al., 2012; Gupta, Sandhu, Bansal, & Sharma, 2015;
Vallejo, Mead, Gaynor, Devlin, & Robbins, 1984; Alqaderi, et al.,
2022), C-reactive protein (CRP) (Punyadeera, Dimeski, Kostner,
Beyerlein, & Cooper-White, 2011; Ouellet-Morin, Danese,
Williams, & Arseneault, 2011; Browne, et al., 2013; Pay & Shaw,
2019; Alqaderi, et al., 2022), cytokines (Diesch, Filippi, Fritschi,
Filippi, & Ritz, 2021; Novak, Hamedi, Bergmeier, Fortune, & Hagi-
Pavli, 2021), adiponectin (Thanakun, Watanabe, Thaweboon, &
Izumi, 2014; Riis, et al., 2017; Kalyani & Raghunath, 2020), cortisol
(Vining, McGinley, Maksvytis, & Ho, 1983; Perogamvros, Keevil,
Ray, & Trainer, 2010; Estrada-Y-Martin & Orlander, 2011), and
antioxidants (Ahmadi-Motamayel, Goodarzi, Jamshidi, & Kebriaei,
2017; Punj, Shenoy, Kumari, & Pampani, 2017; Zovari, Parsian,
Bijani, Moslemnezhad, & Shirzad, 2020).

In addition, saliva reflects the effect of dialysis on metabolic
wastes. Seethalakshmi, et al. compared pre-dialysis and post-
dialysis unstimulated whole saliva to serum in end-stage renal dis-
ease patients. Both samples showed a significant post-dialysis
decrease in the concentrations of urea, creatinine, sodium, potas-
sium, and phosphate (Seethalakshmi, Koteeswaran, & Chiranjeevi,
2014). The correlation between biochemical parameters in saliva
and serum shows a biochemical association between fluids and
makes saliva a potentially effective tool for diagnosis and biomar-
ker analysis.
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Saliva maintains stable pH and ionic conditions for enzyme and
other immunological parameters. The maintenance of optimal pH
is vital for protein structure and biochemical reactions. Prolonged
inflammation alters the pH of tissues and body fluids and can cause
damage. Koppolu, et al. showed that salivary pH is positively cor-
related with serum pH (Koppolu, et al., 2022). Researchers showed
that saliva pH is significantly lower in type II diabetic patients
(Puttaswamy, Puttabudhi, & Raju, 2017; Uthayasankar & Jayaraj,
2020), and in generalized chronic periodontitis patients (Baliga,
Muglikar, & Kale, 2013). Moreover, one study (Tremblay, Brisson,
& Gaudet, 2012) showed that salivary pH was significantly corre-
lated with triglycerides (TG), apolipoprotein B (apo B), and plasma
glucose. Since saliva can be collected noninvasively and stress-free,
correlating the saliva pH to serum biochemical markers presents a
cost-effective disease screening method. Despite these potential
benefits, there is a shortage in studies that investigate this
relationship.

The correlation between serum and saliva biochemicals and pH
shows the association between human blood and saliva. To com-
prehend human biochemical homeostasis, the interactions and
associations between systems and body fluids should be thor-
oughly examined and understood. This study contributes to this
much-needed branch of research by studying the correlation
between saliva pH and serum biochemical concentrations in
healthy children. The understanding of the correlation between
saliva pH and serum biochemicals may help in creating a cost-
effective method to guide health care practitioners’ diagnoses. It
also may lead to adjusting body systems by prolonged adjustment
of salivary pH.
2. Methods

2.1. Participants selection

For simplicity and cost-effectiveness, the study focused on a
single gender. A-priori Sample Size Calculator for Multiple Regres-
sion (Soper, 2023) was used to calculate the minimum required
sample size. The observed R2 value of (0.8) was used to calculate
the anticipated effect size (f2). According to the equation

(f 2 ¼ R2

1�R2 = 4), the f2 is 4 which is considered a large effect size
(0.59) according to Cohen’s suggestion for regression effect size
(0.14: Small, 0.39: medium, 0.59: large). The power analysis indi-
cated that the minimum required sample size for the multiple
regressions is 43, given the desired probability level of 0.05, the
number of 13 predictors in the model, the anticipated effect size
of 0.59, and the desired statistical power level of 0.8.

After determining the minimum required sample size for
regression. The sample size was calculated using the Raosoft sam-
ple size calculator (Raosoft, 2020) with a confidence level of 95%
and a margin of error of about 15%, using Jeddah’s Population Size
of 375,032 boys between 0 and 14 years old (Zhuji World.com.
Jeddah, Saudi Arabia — statistics, n.d.).

Forty-three randomly selected boys living in Jeddah, Saudi Ara-
bia between seven to twelve years old (mean ± SD, 10.31 �
1.37810), and weighing 30.634 � 5.7875 kg satisfied the inclusion
and exclusion criteria.

This age group was selected to eliminate common factors in
adulthood that may affect saliva and other biochemical conditions,
such as smoking and drinking. To exclude the effect of extreme
conditions such as metabolic syndromes, we selected children with
average body weight for this age group who are free from any
chronic or systemic diseases. Children with oral diseases that
may affect saliva properties were also excluded from the selection
process. The participants’ parents signed a consent form.



Fig. 1. Box plot showing saliva pH distribution, maximum and minimum values.
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Inclusion Criteria:

� Boys in the age group of 7 to 12 years
� Free from any systemic or local diseases (such as submandibu-
lar duct canaliculi, asthma, and diabetes mellitus)

� Children with DMFT/deft score <3

Exclusion Criteria:

� History of current or recent (at least for the past 1 month)
antibiotic usage

� Children who were severely ill
� Children who have difficulty in opening the mouth
� Abscess, draining sinus, cellulitis, or other conditions requiring
emergency dental treatment

� Children with any orthodontic appliances or any removable/-
fixed prostheses

� Children with any negative oral habit (e.g., mouth breathing)
� Children with early childhood caries

2.2. Biological material collection and analysis

Saliva and blood serum were used in these analyses. Blood from
veins was taken and after the coagulation samples were cen-
trifuged (7 min, 6000 rpm), in order to separate the serum in which
biochemical parameters were determined.

Saliva collection protocol was adopted from Henson and
Wong’s published protocol (Henson & Wong, 2010). As follows:
Subjects were on an 8-hour fast (refrained from eating, drinking,
or oral hygiene procedures for at least 8 h prior to the collection).
Subjects were given distilled drinking water and asked to rinse
their mouth out well for 1 min. Subjects then expectorate the
water. After this oral rinse, subjects were asked to spit into a
50 mL sterile tube.

All biochemical laboratory work and results analyses were per-
formed in the National Guard centers between KSAU-HS and King
Khalid Hospital.

The complete biochemical analysis was performed for the con-
centrations of the following parameters: phosphate (P), calcium
(Ca), sodium (Na), potassium (K), chlorine (Cl), total protein (TP),
bilirubin (Bili T), C-reactive protein (CRP), albumin (Alb), creatinine
(CR), urea (Urea2), uric acid (UA), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyl trans-
ferase (GGT), creatine kinase (CK), alkaline phosphatase (AlkP), lac-
tate dehydrogenase (LDH), glucose (Gluc), total cholesterol (TC),
triglyceride (TG), and high-density lipoprotein (HDL).

The concentration of biochemical parameters was determined
using an automated clinical chemistry analyzer Architect c8000
(Abbott, Abbott Park, IL, USA) at the clinical biochemistry labora-
tory at King Abdulaziz Medical City, King Khalid Hospital for
National Guard, Jeddah, Saudi Arabia, that is associated with
KSAU-HS. Studies were conducted based on guidance on the
ARCHITECTc System, using the ARCHITECT Reagents. Quality con-
trol samples were run daily, and they were within acceptable lim-
its. Research samples were monitored by using internal and
external quality control samples. Tests were evaluated rigorously
for precision, accuracy, and linearity before implementation.

The salivary pH of all samples was measured immediately at the
time of collection using a digital pH meter (pH 211 Microproces-
sor, Hanna Instruments). To obtain accurate measurements, the
pH meter was dipped in 0.1 M HCl solution for one day and then
calibrated using buffers of pH 7 for neutral solution, pH 10 for basic
solutions, and pH 4 for acidic solutions. After adjusting the pH, the
probe was dipped in the Falcon tube containing the sample, where
it remained until the reading was stable and the screen showed
3

ready, thus yielding a pH reading. The pH meter was washed with
deionized water after measuring each sample.
2.3. Statistical analysis

The statistical software programs RStudio v 4.2.1 and SPSS v 25
were used to perform the statistical analysis. A-priori Sample Size
Calculator for Multiple Regression (Soper, 2023) was used to calcu-
late the minimum required sample size. The normality of the vari-
ables was tested using the Shapiro-Wilk test. Multiple linear
regressions were used to describe how the response variable
changes by the independent variables and stepwise regression
was used to find the best model that represents the data. The
Durbin-Watson test was used to check the independence assump-
tion. The non-constant variance score was used to test the constant
variance assumption. Finally, Spearman’s rho was used to find the
correlation for non-normal variables, and Pearson’s Correlation
was used to find the correlation for normal variables.
3. Results

3.1. Descriptive and correlation analysis

As depicted in Fig. 1, the sample population had a minimum sal-
iva pH of 6.75, a maximum of 7.44, and a median equal to 7.12. Of
the sample population, 15% had a pH of <6.96, and 75% had a pH of
<7.24.

After testing the normality of parameters, the correlations
between the pH and normal parameters were tested using Spear-
man’s rho for non-normal variables (Table 1) and Pearson for nor-
mal variables (Table 2). As seen in Tables 1 and 2, except for the
Urea and TP parameters, correlations with the pH were weak and
not significant. The relationship between pH and TP is weakly neg-
ative, and significant since the P-value of 0.050 equals 0.05. The
relationship between pH and Urea2 is weakly positive, and signif-
icant since the P-value of 0.040 is <0.05.

Pearson’s product-moment correlation was used for testing the
significance of the strong relationships: A significant association
was found between AST and ALT (p-value = 2.666x10�7 < 0.05),
LDH and CK (p-value = 4.096x10�5 < 0.05), and LDH and AST (p-
value = 7.137x10�5 < 0.05).



Table 1
Spearman’s correlation between pH and various normally distributed serum parameters.

Speaman’s rho pH BiliT (umol/L) TG (mmol/L) AlbBCG2 (g/L) Cl-C (mmol/L) Na-C (mmol/L)

Correlation Coefficient �0.071 0.330 �0.312 0.116 �0.023

Sig. (2-tailed) 0.685 0.052 0.068 0.509 0.896
ALT (U/L) UHDL (mmol/L) AST (U/L) CRP32 (mg/L) CK (U/L)

Speaman’s rho pH Correlation Coefficient �0.015 �0.327 �0.153 0.044 0.014
Sig. (2-tailed) 0.931 0.056 0.381 0.802 0.935

Table 2
Pearson correlation between pH and various serum parameters that do not follow the normal distribution.

TP (g/L) GluC (mmol/L) CaC (mmol/L) K-C (mmol/L) Chol2 (mmol/L) UA (umol/L)

Pearson Correlation �0.334* �0.004 0.008 0.106 �0.197 0.136
Sig. (2-tailed) 0.050 0.981 0.964 0.544 0.257 0.435

GGT (U/L) LDH (U/L) Crea2 (umol/L) Urea2 (mmol/L) Phos (mmol/L) AlkP (U/L)
Pearson Correlation �0.100 �0.125 �0.183 0.348* �0.047 0.048
Sig. (2-tailed) 0.569 0.474 0.293 0.040 0.787 0.786
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3.2. Regression analysis

3.2.1. Multiple linear regression model
A multiple linear regression model was used to describe how

the response variable (pH) changes by the independent variables.
The fitted regression model is:

by ¼ b0 þ b1x1 þ b2x2 þ � � � þ bnxn

� by: the predicted value of the response variable (pH).
� b0: the intercept (value of pH when all other variables are equal
to zero).

� b1: the first regression coefficient.
� x1: the first independent variable.
� b2: the second regression coefficient.
� x2: the second independent variable.
� bn: the n regression coefficient.
� xn: the n independent variable.

Model 1 (Table 3) describes the relationship between the inde-
pendent variable (biochemical parameter) and the (pH).

The coefficients in the equation describe the relationship
between each independent variable and the dependent variable
(pH). It shows the amount by which a change in one unit of the
independent variable affects the response variable (pH). The
p values for the coefficients (See Supplementary Table S2) indicate
whether these relationships are statistically significant. As the
p-value in Table S2 shows, the biochemical parameters that were
Table 3
Multiple linear regression analysis of serum parameters and saliva pH.

Model equation R2 Dependent b0

1 0.808 pH �5:632

4

statistically significant are Trig, Cac, Cl-C, Crea2, Urea2, K-C, Chol2,
AlkP, CK and Phos. Among these biochemical parameters Trig, CaC,
Cl-C, K-C, CK, urea2, and AlKP were positively correlated whereas
Crea2, Chol2, and Phos were negatively correlated.

As an example, the model suggests that a 1 mmol/L increase in
the CaC may increase the mean of the pH by 1.7678 while keeping
all other parameters constant, whereas a 1 mmol/L increase in the
Phos decreases the mean of the pH by 0.3775, while keeping all
other variables constant.

The following five assumptions of multiple linear regressions
were tested and confirmed: linear relationship between dependent
and independent variables, independence or no correlation
between the independent variables, constant variance assumption,
normality of error terms, and no multicollinearity.

3.2.2. Univariate and multiple linear regression models of Pearson’s
significantly correlated variables

Pearson’s product-moment correlation was used for testing the
significance of the relationships. The relationships of pH with
Urea2 and TP are significant; pH and Urea2 are weakly positively
correlated (P-value = 0.04035 <0.05), whereas TP and pH are
weakly negatively correlated (P-value = 0.04993 <0.05).

Two univariate linear regression models (Table 4; equations 2 &
3) were used to describe how the response variable (pH) changes
by the independent variables (TP) and (Urea2). The fitted regres-
sion model is:

by ¼ b0 þ b1x1
Independents b P-value

1 Trig (mmol/L) 0.584 0.000338
GluC (mmol/L) �0.167 NS
CaC (mmol/L) 1.768 0.000444
CI-C (mmol/L) 0.088 0.00018
K-C (mmol/L) 0.229 0.008272
Chol2 (mmol/L) �0.104 0.009850
CK (U/L) 0.0005 0.037634
Crea2 (umol/L) �0.023 0.000475
Urea2 (mmol/L) 0.071 0.001200
Phos (mmol/L) �0.378 0.038895
CRP32 (mg/L) 0.008 NS
AlkP (U/L) 0.001 0.018954
UHDL (mmol/L) �0.109 NS



Table 4
Regression analysis of serum parameters that correlate with saliva pH.

Model equation R2 Dependent b0 Independents b P-value

2 0.121 pH 6:8122 Urea2 (mmol/L) 0.059 0.0499
3 0.112 pH 8:4042 TP (g/L) �0.017 0.0404
4 0.194 pH 7:928 Urea2 (mmol/L) �0.014

TP (g/L) 0.050
5 0.121 Urea2 (mmol/L) �9:5327 pH 2.029 0.0404
6 0.112 TP (g/L) 123:514 pH �6.584 0.0499
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� by: the predicted value of the response variable (pH).
� b0: the intercept (value of pH when TP is equal to zero).
� b1: the first regression coefficient.
� x1: the first independent variable.

As shown in equation 2 (Table 4), a 1 g/L change in the TP
decreases the mean of the pH by 0.0167 (P-value = 0.0499). Equa-
tion 3 shows that a 1 mmol/L change in the Urea2 increases the
mean of the pH by 0.0597 (P-value = 0.0404).

Assumptions of univariate linear regression were verified, and
the three models (equations 2, 3, and 4) were accepted with 95%
confidence. Then, new models were created to solve for �, the
serum parameter.

� Equation 5 shows that the amount that a one-unit change in the
pH affects the mean of the Urea2 by 2.0299 mmol/L (P-
value = 0.0404)

� Equation 6 shows that the amount that a one-unit change in the
pH affects the mean of the TP by �6.584 g/L (P-value = 0.0499)

3.3. Validation and verification

To check the validity of the models, we compared the measured
pH values with the calculated values (Table S3). We superimposed
both into a histogram and scatter plot. Fig. 2 shows overlaying his-
tograms of measured pH values and calculated pH values. Only the
histograms of data obtained from equation 1 (Fig. 2a) show a sim-
ilar mean and a very close distribution of measured data.

The scatter plot in Fig. 3 shows the distribution patterns of the
pH values. As seen in the red and green scatter plots (Fig. 3a) both
plots center around the same positive slope, and many of the val-
ues are superimposed on each other. The other scatter plots
(Fig. 3b, 3c, and 3d) show that calculated pH values were not
aligned with the measured ones. The results show that the model
in Equation 1 was better than the other models at reproducing
the pH values for children between the ages of 7–12 years.
4. Discussion

This study did not put much weight on predetermining the
sample size (Sim, Saunders, Waterfield, & Kingstone, 2018), since
it exceeded the minimum required sample size for regression
(N > 25) (Jenkins & Quintana-Ascencio, 2020). We believe available
data with high significant correlations can be used to construct
knowledge without overestimating the individual value as a rele-
vant unit. This data can be used for abstract theoretical constructs
such as homeostasis, inter fluid correlations, osmolarity, and bal-
ance. This study’s findings and the current knowledge of these con-
cepts can be built upon to logically make justifiable connections to
form models and theories. These models and theories can then be
tested and validated on larger samples. We invite colleagues to use
constructivism and logic to further advance our knowledge of
homeostasis, inter fluid correlation, and mechanisms of the body
systems interactions.
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The above steps may be used as a scaffold to frame the thinking
process. Further logical analysis of the weak and non-significant
correlations in our model is as essential as the analysis of the sta-
tistically significant correlations. The analysis may advance our
understanding of mechanisms by which each component is
reflected in the saliva pH.

Sample size influences the statistical significance (Royall, 1986;
Collins & Morris, 2008; Khalilzadeh & Tasci, 2017). A small sample
size could fail to ascertain statistical significance that may appear
in a larger size (saturation effect). That is why the results of this
study are valuable, as the results show correlations in small sample
sizes and mild conditions. There is solid ground here to have con-
fidence in these correlations and to logically seek interpretations.
This is supported by Emmel’s statement, ‘‘It is not the number of
cases that matters, it is what you do with them that counts”
(Emmel, 2013; Sim, Saunders, Waterfield, & Kingstone, 2018). Fur-
thermore we can ask questions about thresholds that allow a par-
ticular parameter (like glucose) to be reflected by our response
variable (saliva pH), and the roles that the selected parameters play
on each other to affect the pH.

As apparent from the correlation table in normal, heathy chil-
dren (See Supplementary Table S1), the correlations between
serum biochemicals and saliva pH are weak and non-significant,
except for urea and TP. Our results show that the correlation
between the pH and TP is significant (p-value = 0.050 = 0.05) and
weakly negative. On the other hand, the relationship between pH
and urea2 is significant (p-value = 0.040 < 0.05) and weakly posi-
tive. This suggests that urea has a direct impact on pH or pH has
a direct impact on urea, whereas TP and pH have an inverse impact
on each other. However, since the correlation is weak but signifi-
cant, it suggests the existence of other important determinants in
this correlation. Considering the correlation between urea2 and
pH, we cannot rule out the existence of a lurking variables that
affects both of them directly.

The circulatory system spans the whole body, where plasma
encounters nearly all body cells. Plasma proteins may reflect indi-
vidual health status (Enroth, 2021). Moreover, plasma proteins act
as weak acids to maintain blood pH homeostasis. The specific role
of blood proteins in acid-base balance is still a topic of inquiry.
Researchers found that lowering the plasma protein concentration
increased the pH (alkalosis), whereas increasing the plasma pro-
tein concentration decreased the pH (acidosis) (Rossing, Maffeo,
& Fencl, 1986). In other studies, researchers calculated the charges
attributed to proteins and observed the acid-base effect of protein
in plasma at physiological pH = 7.4 (Figge, Rossing, & Fencl, 1991).
They developed a mathematical model that produced results that
aligned well with data collected from human serum and concluded
that proteins other than albumins have little effect on total anionic
charge (Figge, Rossing, & Fencl, 1991). The negative correlation
between saliva pH and serum protein agrees with the correlation
between blood pH and protein concentration (Rossing, Maffeo, &
Fencl, 1986; Figge, Rossing, & Fencl, 1991). The fact that this corre-
lation appeared regardless of the small study population and mild
physiological conditions increased our confidence in the potential
ability of saliva pH to be used as a screening tool to reflect on



Fig. 2. Histogram showing the frequency of pH values superimposed on the frequencies of the calculated pH values using the four equations. The frequency of pH values (in
red) superimposed on the frequencies of the calculated pH values using equation 1 (blue seen on a), equation 2 (green seen on b), equation 3 (pink seen on c), and equation 4
(gray seen on d). We can see that almost all the pH values have the same mean, but the kurtosis is different except for pH calculated using equation 1(Fig. 2.a). The purple
shaded area in (Fig. 2.a) reflects data from both measured and calculated pH using equation 1. The majority of the histogram’s bars are shaded purple.

Fig. 3. Scatter plot showing the trend of the distribution of actual pH values in comparison with the calculated pH values. The distribution of actual pH values (red) in
comparison with the calculated pH values obtained using a) equation 1 (yellow) b) equation 2 (green) c) equation 3 (gray), and d) equation 4 (pink).
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the serum protein status. However, more studies are needed on a
larger population, in different age groups, and various health con-
ditions. These findings shed light on many questions raised, such
as, what is the mechanism by which serum protein affects saliva
pH?

The blood urea nitrogen test (urea2) measures the amount of
urea in circulation. The body detoxifies blood from ammonia
through the hepatic urea cycle that uses it to synthesize urea
which contributes to the acid-base balance (Seifter & Chang,
2016). It is logical to expect a correlation between blood urea
and pH, since urea is one of the major plasma solutes, and its con-
centration contributes to the calculation of serum osmolarity
(Elgart, 2004). The correlation between saliva pH and serum urea2
concentrations presents another potential for saliva pH to be used
as a screening tool in kidney disease.

The weak significant correlation between TP and urea2 and pH
indicates the contribution of other factors to this correlation. To
elucidate this effect, we applied a stepwise linear regression to find
the best model that represents the relationship between parame-
ters and pH. This model sought to determine how serum compo-
nents affect the saliva pH, so saliva pH was set to be the
response variable, and all other measured serum parameters were
predictors. The model starts by screening the predictors for the
strength of their relationship with saliva pH and then inputting
them into the model from strongest to weakest with proper coef-
ficients. The final model is achieved when no more parameters
can be justifiably added or removed from the model.

The achieved stepwise regression model is:
SalivapH ¼ �5:6321þ 0:5838Trig � 0:1674Gluc þ 1:7678CaC

þ 0:0879ClC þ 0:2298KC � 0:1035Cholþ 0:0005CK

� 0:0231Crea2þ 0:0705BUN � 0:3775Phos

þ 0:0084CRP32þ 0:0010AlKP � 0:1097UHDL

According to the model, the following serum-measured param-
eters have an effect on the value of saliva pH: TG, Gluc, CaC, ClC, KC,
Chol, CK, Crea2, BUN, Phos, CRP, ALKP, UHDL. Except for Gluc, CRP,
and HDL, all other parameters were significant predictors of the
saliva pH. The non-significant parameters were left in the original
model to avoid the biased effect of significant variables. In observa-
tional studies, setting regression adjustments may be used to com-
pensate for inherent differences between the covariate
distributions of different groups (Chin, 2019). Non-significant vari-
ables may serve as a regression adjustment function. This adjust-
ment works for causal identification of the population, not
sample level (Pearl, 2010). So, a variable could be non-significant
in the sample estimate but not in the population. Non-significant
variables may have a weak influence on other independent vari-
ables in the model.

Further evidence that shows the importance of keeping the
non-significant variable in the proposed stepwise multiple linear
regression model appears when examining the calculated versus
the measured pH values. To further investigate the significant cor-
relation between saliva pH and serum urea2 and TP only, 3 models
were developed. A stepwise multiple linear regression model that
takes in consideration TP and urea only (equation 4), and two uni-
variate linear regression models were created. One of the univari-
ate regression equations presents the relationship between pH and
Urea2 (equation 2), and one univariate model shows the relation-
ship between pH and TP (equation 3). Since it is important to
determine which factor is to be dependent, pH was the response
variable in both models as it changes in response to changing fluid
solutes. We validated the models by using them to calculate pH
(Table S3). Using the models of a significant variable only (equa-
tions 2, 3, and 4) gave data that was less accurate than the data
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obtained from equation 1 (Table S3). As seen in the scatter plot,
the pH values of equation 1 followed the same pattern and were
the closest to the actual values in comparison to equations 2, 3,
and 4. We can see in Fig. 2 that almost all the pH values have
the same mean, but the kurtosis is different except for pH calcu-
lated using equation 1 (Fig. 2a). As evident from the pH assessment
using univariate regression models, the equation could not accu-
rately predict one variant using the other in isolation from other
factors. Similarly, a model to predict the significantly correlated
serum biochemicals urea (equation 5) and TP (equation 6) with sal-
iva pH could not accurately predict the actual values of urea
(Table 4) and TP (Table S5). Overlaying the scatter plot to visualize
the variation between measured versus calculated urea (See Sup-
plementary Figures S1 and S2) and TP values (Supplementary Fig-
ures S3 and S4) shows a clear variation between measured and
calculated variables.

Our results verify that the model in Equation 1 was the best in
describing the relationship between pH and serum parameters.
The variables that were not significant in the model are serum vari-
ables that have been reported to be correlated with saliva pH
directly, like glucose (Puttaswamy, Puttabudhi, & Raju, 2017;
Uthayasankar & Jayaraj, 2020; Tremblay, Brisson, & Gaudet,
2012) and HDL (Suzuki, et al., 2020) or indirectly, like CRP through
being linked to obesity and metabolic syndromes (Choromańska,
et al., 2015; Ouellet-Morin, Danese, Williams, & Arseneault,
2011). The fact that these blood factors were shown to be corre-
lated with saliva pH in abnormal conditions gives justifiable sup-
portive evidence for including them in the model. However, we
cannot provide an explanation for the model in equation 1 exclud-
ing TP, when it showed a weak but significant correlation with pH.

The proposed regression model suggests multidimensional
effects of variables on saliva pH in healthy children. An increase
in TG, CaC, ClC, KC, CK, BUN, CRP, or ALKP concentration may
increase the saliva pH to be more alkaline. On the other hand, an
increase in Gluc, Chol, Crea, Phos, or UHDL concentration may shift
the pH to be more acidic. In healthy children with average weight,
pH can be predicted using the concentration of the included blood
parameters.

Serum calcium concentration, CaC, has the highest coefficient
(1.7678) in the equation, which suggests that its concentration
plays the strongest role in saliva pH prediction. One mmol/L
increase in the calcium concentration will increase the pH by
1.7678, keeping every other variable constant. The weak positive
correlation between saliva pH and serum CaC is in contrast with
the negative correlation between serum pH and serum calcium
concentration (Agenes, Sartorelli, Bisso & Dominoni, 1993). We
have no justifiable explanation for this weak positive effect of cal-
cium concentration on saliva pH, considering the reported positive
correlation between the serum and the saliva calcium concentra-
tion (Bravo, et al., 2022). The level of pH is the most important fac-
tor that affects calcium binding to proteins. The higher the pH, the
more bound Ca which causes a decrease in the free calcium con-
centration (Goldstein, 1990; Peterson, Feigen, & Crismon, 1961).
Some studies reported no relationship between calcium serum
concentration and serum pH (Hodgman, Marraffa, Wojcik, &
Grant, 2017) Researchers recommended using the regression equa-
tion to express the concentration of ionized calcium due to varia-
tions between calculation and raw data (Lam, Dhaliwal, & Mamo,
2013). However, a difference between serum and saliva calcium
was observed in diabetic children (Moreira, Passos, Sampaio,
Soares, & Oliveira, 2009) which suggests a mechanism by which
pH is related to calcium levels in different body fluids. It is impor-
tant to note that our findings propose an effect of calcium in the
network of other serum parameters in mild conditions. We believe
more studies are needed to elucidate the correlation between CaC
and saliva pH.
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The majority of the variable coefficients were small, indicating a
minimal effect of a single serum variable on saliva pH estimation.
However, the collective effects of serum variables concentrations
were able to predict the pH value. To test the model in equation
1, it was applied on a population of healthy children with known
serum variables concentrations and successfully produced very
close pH values. Our study proposes taking this model into consid-
eration to investigate serum markers that affect pH levels.

This research has multiple advantages. First, the participants
were strictly chosen to be healthy and free from any chronic or sys-
temic diseases. Secondly, the study selected random samples from
single gender, a precisely defined age group, and with an average
weight and BMI, which eliminates the presence of a common con-
founding effect. Third, it uses linear regression analysis which can
isolate correlations from confounding effect (Pourhoseingholi,
Baghestani, & Vahedi, 2012). This allows for a clear path to inves-
tigate the potential of using saliva pH as a non-invasive cost-
effective screening tool to estimate serum parameters.

Nonetheless, this study has the limitation of sample size and
tight intervals of some of the measured analytes in the normal dis-
tribution, as it was intended as the first step to pilot the correla-
tions. Further, larger randomized studies are required to confirm
the relevant findings. Furthermore, due to technical challenges,
this study did not estimate the salivary flow rate, which should
be investigated in further studies. Moreover, the salivary pH is
influenced by very many variables, therefore more experimental
data on saliva samples, such as proteomic, metabolomic, and bio-
chemical profiling of saliva analysis are needed to guide further
investigations. For more extensive characterization of saliva, future
studies should include saliva physico-chemical analysis, the
assessment of a group of chemokines, or molecules related to cer-
tain signaling pathways. Despite these limitations, this study
brings attention to the necessity of dedicating more research
efforts and resources to understanding the relationship between
saliva pH and body fluids.
5. Conclusion

Our data shows a correlation between saliva pH predicted by
serum variables and measured saliva pH. With the addition of
more variables and adjustment to the model there may be a way
to reliably predict saliva pH. It also provides means by which urea
and TP concentrations can be correlated to the saliva pH value.

This study could not determine an unambiguous way to calcu-
late serum TP or urea concentration using saliva pH. Thus, the
study does not recommend using saliva pH to estimate serum vari-
ables. Nonetheless, the study’s findings provide a great opportunity
to dedicate more efforts to using saliva as a true stress-free, cost-
effective diagnostic tool. Such a tool is of particular importance
in areas where medical care is expensive and laboratory tools are
inaccessible. Once the relationship between saliva pH and health
is clearly understood, it may even be possible to adjust body sys-
tems by prolonged saliva pH adjustment.
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J., & Zalewsk, A. (2015). Saliva of obese patients-is it different? Postepy Hig Med
Dosw(69), 1190–1195.

Clarke, M., Black, L., Hart, P., Jones, A., Palmer, D., Siafarikas, A., . . . Gorman, S. (2019,
11). The challenges of developing and optimising an assay to measure 25-
hydroxyvitamin D in saliva (Vol. 194). Pergamon.

Collins, M., & Morris, S. (2008, 3). Testing for Adverse Impact When Sample Size Is
Small (Vol. 93). Retrieved from /record/2008-02855-016.

Costalonga, M., & Herzberg, M. (2014, 12). The oral microbiome and the
immunobiology of periodontal disease and caries (Vol. 162). Immunol Lett.
Retrieved from https://pubmed.ncbi.nlm.nih.gov/25447398/.

Desrosiers, N., & Huestis, M. (2019). Oral Fluid Drug Testing: Analytical Approaches,
Issues and Interpretation of Results (Vol. 43). Retrieved from https://academic.
oup.com/jat/article-abstract/43/6/415/5524345

Diesch, T., Filippi, C., Fritschi, N., Filippi, A., & Ritz, N. (2021, 7). Cytokines in saliva as
biomarkers of oral and systemic oncological or infectious diseases: A systematic
review (Vol. 143). Academic Press.

Elgart, H., 2004. Assessment of fluids and electrolytes. AACN Clin. Issues 15 (4),
607–621.

Emmel, N. (2013). Sampling and Choosing Cases in Qualitative Research: A Realist
Approach - Nick Emmel - Google Books. London: Sage. Retrieved from
https://books.google.com.sa/books?hl=en&lr=&id=HfnAAQAAQBAJ&oi=fnd&pg=
PP1&dq=Emmel,+N.+(2013).+Sampling+and+choosing+cases+in+qualitative
+research:+A+realist+approach.+London:+Sage.&ots=dZCWzgAuxu&sig=xDVZR
54c2oR-iruC79PR-R1GOaY&redir_esc=y#v=onepage&q=Emmel%2C%20N.%20
(2013).%20Sampling%20and%20choosing%20cases%20in%20qualitative%20
research%3A%20A%20realist%20approach.%20London%3A%20Sage.&f=false.

Enroth, S. (2021, 3). Plasma Proteins and Cancer. Cancers, 13(5), 1-2. Retrieved from
/pmc/articles/PMC7959146/.

Estrada-Y-Martin, R., & Orlander, P. (2011). Salivary Cortisol Can Replace Free Serum
Cortisol Measurements in Patients With Septic Shock (Vol. 140). American College
of Chest Physicians. Retrieved from /pmc/articles/PMC3205850/.

Eventov-Friedman, S., Manor, H., Bar-Oz, B., Averbuch, D., Caplan, O., Lifshitz, A., . . .
Wolf, D. (2019, 10). Saliva Real-Time Polymerase Chain Reaction for Targeted
Screening of Congenital Cytomegalovirus Infection (Vol. 220). J Infect Dis.
Retrieved from https://pubmed.ncbi.nlm.nih.gov/31310307/.

Fabre, B., Maccallini, G., Oneto, A., Gonzalez, D., Hirschler, V., Aranda, C., & Berg, G.
(2012, 11). Measurement of fasting salivary insulin and its relationship with serum
insulin in children (Vol. 1). Bioscientifica Ltd. Retrieved from /pmc/articles/
PMC3681320/.

Fares, S., Said, M., Ibrahim, W., Amin, T., & Saad, N. (2019, 3). Accuracy of salivary
glucose assessment in diagnosis of diabetes and prediabestes (Vol. 13). Elsevier.

Figge, J., Rossing, T., & Fencl, V. (1991, 6). The role of serum proteins in acid-base
equilibria. The Journal of Laboratory and Clinical Medicine, 117(6), 453-467.
Retrieved from https://europepmc.org/article/med/2045713.

Gao, L., Xu, T., Huang, G., Jiang, S., Gu, Y., & Chen, F. (2018, 5). Oral microbiomes: more
and more importance in oral cavity and whole body (Vol. 9). Springer. Retrieved
from /pmc/articles/PMC5960472/.

Gao, W., Stalder, T., Kirschbaum, C., 2015. 6). Quantitative analysis of estradiol and
six other steroid hormones in human saliva using a high throughput liquid
chromatography-tandem mass spectrometry assay Retrieved from Talanta 143,
353–358 https://pubmed.ncbi.nlm.nih.gov/26078170/.

Goldstein, D. (1990). Serum Calcium (Vol. 130). Butterworths. Retrieved from
https://www.ncbi.nlm.nih.gov/books/NBK250/

Gupta, S., Sandhu, S., Bansal, H., & Sharma, D. (2015, 1). Comparison of salivary and
serum glucose levels in diabetic patients (Vol. 9). SAGE Publications Inc.

Hartman, M., Goodson, J., Barake, R., Alsmadi, O., Al-Mutawa, S., Ariga, J., . . . Welty,
F. (2014, 12). Salivary glucose concentration exhibits threshold kinetics in normal-
weight, overweight, and obese children (Vol. 8). Diabetes Metab Syndr Obes.
Retrieved from https://pubmed.ncbi.nlm.nih.gov/25565874/.

Henson, B. S., & Wong, D. T. (2010). Collection, storage, and processing of saliva
samples for downstream molecular applications. Methods in Molecular Biology
(666), 21–30.

Hodgman, M., Marraffa, J., Wojcik, S., & Grant, W. (2017, 6). Serum Calcium
Concentration in Ethylene Glycol Poisoning (Vol. 13). Springer. Retrieved from /
pmc/articles/PMC5440316/.

Hyvärinen, E., Kashyap, B., Kullaa, A., 2023. Oral Sources of Salivary Metabolites
Retrieved from Metabolites 13, 498 https://yunus.hacettepe.edu.tr/�cem/
SFMat/SF-Defs.pdf.

Jamieson, L., Antonsson, A., Garvey, G., Ju, X., Smith, M., Logan, R., . . . Canfell, K.
(2020, 6). Prevalence of Oral Human Papillomavirus Infection Among Australian
Indigenous Adults (Vol. 3). American Medical Association. Retrieved from /pmc/
articles/PMC7280951/.

Jenkins, D., Quintana-Ascencio, P., 2020. A solution to minimum sample size for
regressions. PLoS One 15 (2).

Kalyani, R., & Raghunath, V. (2020). Assessment of serum and salivary adiponectin
levels in newly diagnosed Type II diabetes mellitus patients (Vol. 24). Wolters
Kluwer – Medknow Publications. Retrieved from /pmc/articles/PMC7802862/
9

Khalilzadeh, J., & Tasci, A. (2017, 10). Large sample size, significance level, and the
effect size: Solutions to perils of using big data for academic research (Vol. 62).
Pergamon.

Khurshid, Z., Zafar, M., Khan, E., Mali, M., & Latif, M. (2019, 9). Human saliva can be a
diagnostic tool for Zika virus detection (Vol. 12). J Infect Public Health. Retrieved
from https://pubmed.ncbi.nlm.nih.gov/31129010/.

Koppolu, P., Sirisha, S., Penala, S., Reddy, P., Alotaibi, D., Abusalim, G., . . .
Almokhatieb, A. (2022, 1). Correlation of Blood and Salivary pH Levels in
Healthy, Gingivitis, and Periodontitis Patients before and after Non-Surgical
Periodontal Therapy. Diagnostics (Basel, Switzerland), 12(1). Retrieved from
https://pubmed.ncbi.nlm.nih.gov/35054264/.

Lam, V., Dhaliwal, S., & Mamo, J. (2013, 5). Adjustment of ionized calcium
concentration for serum pH is not a valid marker of calcium homeostasis:
Implications for identifying individuals at risk of calcium metabolic disorders
(Vol. 50). SAGE Publications Ltd. Retrieved from https://journals.
sagepub.com/doi/full/10.1177/0004563212473747.

Libretti, S., & Puckett, Y. (2022). Physiology, Homeostasis. StatPearls.
Moreira, A., Passos, I., Sampaio, F., Soares, M., & Oliveira, R. (2009). Flow rate, pH and

calcium concentration of saliva of children and adolescents with type 1 diabetes
mellitus (Vol. 42). Associação Brasileira de Divulgação Científica. Retrieved from
http://www.scielo.br/j/bjmbr/a/4nzCDmwHtRj3FJYWtr5PJXq/abstract/?lang=en

Novak, T., Hamedi, M., Bergmeier, L., Fortune, F., & Hagi-Pavli, E. (2021, 12). Saliva
and Serum Cytokine Profiles During Oral Ulceration in Behçet’s Disease (Vol. 12).
Frontiers Media S.A. Retrieved from /pmc/articles/PMC8727526/.

Ouellet-Morin, I., Danese, A., Williams, B., & Arseneault, L. (2011, 5). Validation of a
high-sensitivity assay for C-reactive protein in human saliva (Vol. 25). Academic
Press.

Pay, J., & Shaw, A. (2019, 6). Towards salivary C-reactive protein as a viable biomarker
of systemic inflammation (Vol. 68). Elsevier.

Pearl, J. (2010, 1). An Introduction to Causal Inference (Vol. 6). Berkeley Electronic
Press. Retrieved from /pmc/articles/PMC2836213/.

Perogamvros, I., Keevil, B., Ray, D., & Trainer, P. (2010, 11). Salivary Cortisone Is a
Potential Biomarker for Serum Free Cortisol (Vol. 95). Oxford Academic. Retrieved
from https://academic.oup.com/jcem/article/95/11/4951/2835227.

Peterson, N., Feigen, G., & Crismon, J. (1961, 8). Effect of pH on interaction of calcium
ions with serum proteins (Vol. 201). American Physiological Society. Retrieved
from https://journals.physiology.org/doi/10.1152/ajplegacy.1961.201.2.386.

Pourhoseingholi, M., Baghestani, A., Vahedi, M., 2012. How to control confounding
effects by statistical analysis. Gastroenterol. Hepatol. Bed. Bench. 5 (2), 79–83.

Punj, A., Shenoy, S., Kumari, N., & Pampani, P. (2017). Estimation of Antioxidant Levels
in Saliva and Serum of Chronic Periodontitis Patients with and without Ischemic
Heart Disease (Vol. 2017). Hindawi Limited. Retrieved from /pmc/articles/
PMC5525081/.

Punyadeera, C., Dimeski, G., Kostner, K., Beyerlein, P., & Cooper-White, J. (2011, 10).
One-step homogeneous C-reactive protein assay for saliva (Vol. 373). J Immunol
Methods. Retrieved from https://pubmed.ncbi.nlm.nih.gov/21821037/.

Puttaswamy, K., Puttabudhi, J., & Raju, S. (2017, 1). Correlation between Salivary
Glucose and Blood Glucose and the Implications of Salivary Factors on the Oral
Health Status in Type 2 Diabetes Mellitus Patients (Vol. 7). Wolters Kluwer –
Medknow Publications. Retrieved from /pmc/articles/PMC5343680/.

Raosoft, I. (2020). ‘‘Sample size calculator by Raosoft.” Inc,. Retrieved from Available
from: http://www.raosoft.com/samplesize.html

Riis, J., Bryce, C., Ha, T., Hand, T., Stebbins, J., Matin, M., . . . Granger, D. (2017, 5).
Adiponectin: Serum-saliva associations and relations with oral and systemic
markers of inflammation (Vol. 91). Elsevier.

Rossing, T., Maffeo, N., & Fencl, V. (1986). Acid-base effects of altering plasma
protein concentration in human blood in vitro. Journal of applied physiology
(Bethesda, Md. : 1985), 61(6), 2260-2265. Retrieved from https://pubmed.ncbi.
nlm.nih.gov/3100499/.

Royall, R. (1986). The effect of sample size on the meaning of significance tests (Vol. 40).
Seethalakshmi, C., Koteeswaran, D., & Chiranjeevi, V. (2014, 12). Correlation of Serum

and Salivary Biochemical Parameters in end Stage Renal Disease Patients
Undergoing Hemodialysis in Pre and Post-Dialysis State (Vol. 8). JCDR Research
& Publications Private Limited. Retrieved from /pmc/articles/PMC4316247/.

Seifter, J., & Chang, H.-Y. (2016). Disorders of Acid-Base Balance: New Perspectives.
Kidney Diseases(2), 170.

Sim, J., Saunders, B., Waterfield, J., & Kingstone, T. (2018, 9). Can sample size in
qualitative research be determined a priori? (Vol. 21). Routledge. Retrieved from
https://www.tandfonline.com/doi/abs/10.1080/13645579.2018.1454643.

Soper, D. (2023). A-priori Sample Size Calculator for Multiple Regression [Software].
Retrieved from Available from https://www.danielsoper.com/statcalc

Sundberg, I., Rasmusson, A., Ramklint, M., Just, D., Ekselius, L., & Cunningham, J.
(2020, 2). Daytime melatonin levels in saliva are associated with inflammatory
markers and anxiety disorders. Psychoneuroendocrinology, 112. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/31776047/.

Suzuki, D., Yamada, S.-I., Sakurai, A., Karasawa, I., Kondo, E., Sakai, H., Kurita, H.,
2020. Correlations between the properties of saliva and metabolic syndrome: A
prospective observational study. Medicine (Baltimore) 99 (51).

Teo, A., Choudhury, Y., Tan, I., Cher, C., Chew, S., Wan, Z., . . . Hsu, L. (2021, 12). Saliva
is more sensitive than nasopharyngeal or nasal swabs for diagnosis of
asymptomatic and mild COVID-19 infection. Scientific reports, 11(1). Retrieved
from https://pubmed.ncbi.nlm.nih.gov/33542443/.

Thanakun, S., Watanabe, H., Thaweboon, S., & Izumi, Y. (2014, 2). Comparison of
salivary and plasma adiponectin and leptin in patients with metabolic syndrome
(Vol. 6). BioMed Central. Retrieved from https://dmsjournal.
biomedcentral.com/articles/10.1186/1758-5996-6-19.

https://pubmed.ncbi.nlm.nih.gov/23577067/
https://academic.oup.com/jat/article-abstract/43/6/415/5524345
https://academic.oup.com/jat/article-abstract/43/6/415/5524345
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0110
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0110
https://books.google.com.sa/books?hl=en%26lr=%26id=HfnAAQAAQBAJ%26oi=fnd%26pg=PP1%26dq=Emmel%2c%2bN.%2b(2013).%2bSampling%2band%2bchoosing%2bcases%2bin%2bqualitative%2bresearch%3a%2bA%2brealist%2bapproach.%2bLondon%3a%2bSage.%26ots=dZCWzgAuxu%26sig=xDVZR54c2oR-iruC79PR-R1GOaY%26redir_esc=y%23v=onepage%26q=Emmel%252C%2520N.%2520(2013).%2520Sampling%2520and%2520choosing%2520cases%2520in%2520qualitative%2520research%253A%2520A%2520realist%2520approach.%2520London%253A%2520Sage.%26f=false
https://books.google.com.sa/books?hl=en%26lr=%26id=HfnAAQAAQBAJ%26oi=fnd%26pg=PP1%26dq=Emmel%2c%2bN.%2b(2013).%2bSampling%2band%2bchoosing%2bcases%2bin%2bqualitative%2bresearch%3a%2bA%2brealist%2bapproach.%2bLondon%3a%2bSage.%26ots=dZCWzgAuxu%26sig=xDVZR54c2oR-iruC79PR-R1GOaY%26redir_esc=y%23v=onepage%26q=Emmel%252C%2520N.%2520(2013).%2520Sampling%2520and%2520choosing%2520cases%2520in%2520qualitative%2520research%253A%2520A%2520realist%2520approach.%2520London%253A%2520Sage.%26f=false
https://books.google.com.sa/books?hl=en%26lr=%26id=HfnAAQAAQBAJ%26oi=fnd%26pg=PP1%26dq=Emmel%2c%2bN.%2b(2013).%2bSampling%2band%2bchoosing%2bcases%2bin%2bqualitative%2bresearch%3a%2bA%2brealist%2bapproach.%2bLondon%3a%2bSage.%26ots=dZCWzgAuxu%26sig=xDVZR54c2oR-iruC79PR-R1GOaY%26redir_esc=y%23v=onepage%26q=Emmel%252C%2520N.%2520(2013).%2520Sampling%2520and%2520choosing%2520cases%2520in%2520qualitative%2520research%253A%2520A%2520realist%2520approach.%2520London%253A%2520Sage.%26f=false
https://books.google.com.sa/books?hl=en%26lr=%26id=HfnAAQAAQBAJ%26oi=fnd%26pg=PP1%26dq=Emmel%2c%2bN.%2b(2013).%2bSampling%2band%2bchoosing%2bcases%2bin%2bqualitative%2bresearch%3a%2bA%2brealist%2bapproach.%2bLondon%3a%2bSage.%26ots=dZCWzgAuxu%26sig=xDVZR54c2oR-iruC79PR-R1GOaY%26redir_esc=y%23v=onepage%26q=Emmel%252C%2520N.%2520(2013).%2520Sampling%2520and%2520choosing%2520cases%2520in%2520qualitative%2520research%253A%2520A%2520realist%2520approach.%2520London%253A%2520Sage.%26f=false
https://books.google.com.sa/books?hl=en%26lr=%26id=HfnAAQAAQBAJ%26oi=fnd%26pg=PP1%26dq=Emmel%2c%2bN.%2b(2013).%2bSampling%2band%2bchoosing%2bcases%2bin%2bqualitative%2bresearch%3a%2bA%2brealist%2bapproach.%2bLondon%3a%2bSage.%26ots=dZCWzgAuxu%26sig=xDVZR54c2oR-iruC79PR-R1GOaY%26redir_esc=y%23v=onepage%26q=Emmel%252C%2520N.%2520(2013).%2520Sampling%2520and%2520choosing%2520cases%2520in%2520qualitative%2520research%253A%2520A%2520realist%2520approach.%2520London%253A%2520Sage.%26f=false
https://books.google.com.sa/books?hl=en%26lr=%26id=HfnAAQAAQBAJ%26oi=fnd%26pg=PP1%26dq=Emmel%2c%2bN.%2b(2013).%2bSampling%2band%2bchoosing%2bcases%2bin%2bqualitative%2bresearch%3a%2bA%2brealist%2bapproach.%2bLondon%3a%2bSage.%26ots=dZCWzgAuxu%26sig=xDVZR54c2oR-iruC79PR-R1GOaY%26redir_esc=y%23v=onepage%26q=Emmel%252C%2520N.%2520(2013).%2520Sampling%2520and%2520choosing%2520cases%2520in%2520qualitative%2520research%253A%2520A%2520realist%2520approach.%2520London%253A%2520Sage.%26f=false
https://pubmed.ncbi.nlm.nih.gov/31310307/
https://europepmc.org/article/med/2045713
https://pubmed.ncbi.nlm.nih.gov/26078170/
https://www.ncbi.nlm.nih.gov/books/NBK250/
https://pubmed.ncbi.nlm.nih.gov/25565874/
https://yunus.hacettepe.edu.tr/%7ecem/SFMat/SF-Defs.pdf
https://yunus.hacettepe.edu.tr/%7ecem/SFMat/SF-Defs.pdf
https://yunus.hacettepe.edu.tr/%7ecem/SFMat/SF-Defs.pdf
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0195
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0195
https://pubmed.ncbi.nlm.nih.gov/31129010/
https://pubmed.ncbi.nlm.nih.gov/35054264/
http://www.scielo.br/j/bjmbr/a/4nzCDmwHtRj3FJYWtr5PJXq/abstract/?lang=en
https://academic.oup.com/jcem/article/95/11/4951/2835227
https://journals.physiology.org/doi/10.1152/ajplegacy.1961.201.2.386
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0265
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0265
https://pubmed.ncbi.nlm.nih.gov/21821037/
http://www.raosoft.com/samplesize.html
https://pubmed.ncbi.nlm.nih.gov/3100499/
https://pubmed.ncbi.nlm.nih.gov/3100499/
https://www.danielsoper.com/statcalc
https://pubmed.ncbi.nlm.nih.gov/31776047/
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0330
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0330
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0330
https://pubmed.ncbi.nlm.nih.gov/33542443/


A.A. AlSufyani Saudi Journal of Biological Sciences 30 (2023) 103793
Tremblay, M., Brisson, D., & Gaudet, D. (2012, 9). Association between salivary pH
and metabolic syndrome in women: a cross-sectional study. BMC Oral Health, 12
(1), 40. Retrieved from /pmc/articles/PMC3490750/.

Uthayasankar, D., Jayaraj, G., 2020. Saliva in diabetes-A review. Eur. J. Mol. Clin.
Med. 7 (1).

Vallejo, G., Mead, P., Gaynor, D., Devlin, J., & Robbins, D. (1984, 10). Characterization
of immunoreactive insulin in human saliva: evidence against production in situ
(Vol. 27). Springer-Verlag.

Vieira-Correa, M., Giorgi, R., Oliveira, K., Hayashi, L., Costa-Barbosa, F., & Kater, C.
(2019, 12). Saliva versus serum cortisol to identify subclinical hypercortisolism
in adrenal incidentalomas: simplicity versus accuracy. Journal of
endocrinological investigation, 42(12), 1435-1442. Retrieved from https://
pubmed.ncbi.nlm.nih.gov/31456173/.
10
Vining, R., McGinley, R., Maksvytis, J., & Ho, K. (1983). Salivary cortisol: a better
measure of adrenal cortical function than serum cortisol (Vol. 20 (Pt 6)). Ann Clin
Biochem. Retrieved from https://pubmed.ncbi.nlm.nih.gov/6316831/.

Zhou, P., Hua, H., & Liu, X. (2017, 1). Quantity of Candida Colonies in Saliva: A
Diagnostic Evaluation for Oral Candidiasis (Vol. 20). Chin J Dent Res. Retrieved
from https://pubmed.ncbi.nlm.nih.gov/28232964/.

Zhuji World.com. Jeddah, Saudi Arabia — statistics. (n.d.). Retrieved from https://
zhujiworld.com/sa/46937-jeddah/.

Zovari, F., Parsian, H., Bijani, A., Moslemnezhad, A., & Shirzad, A. (2020). Evaluation
of Salivary and Serum Total Antioxidant Capacity and Lipid Peroxidation in
Postmenopausal Women (Vol. 2020). Int J Dent. Retrieved from https://pubmed.
ncbi.nlm.nih.gov/33281901/.

http://refhub.elsevier.com/S1319-562X(23)00238-3/h0350
http://refhub.elsevier.com/S1319-562X(23)00238-3/h0350
https://pubmed.ncbi.nlm.nih.gov/31456173/
https://pubmed.ncbi.nlm.nih.gov/31456173/
https://pubmed.ncbi.nlm.nih.gov/6316831/
https://pubmed.ncbi.nlm.nih.gov/28232964/
https://zhujiworld.com/sa/46937-jeddah/
https://zhujiworld.com/sa/46937-jeddah/
https://pubmed.ncbi.nlm.nih.gov/33281901/
https://pubmed.ncbi.nlm.nih.gov/33281901/

	Correlation of serum biochemical parameters and saliva pH in healthy individuals
	1 Background
	2 Methods
	2.1 Participants selection
	2.2 Biological material collection and analysis
	2.3 Statistical analysis

	3 Results
	3.1 Descriptive and correlation analysis
	3.2 Regression analysis
	3.2.1 Multiple linear regression model
	3.2.2 Univariate and multiple linear regression models of Pearson’s significantly correlated variables

	3.3 Validation and verification

	4 Discussion
	5 Conclusion
	6 Institutional review board statement
	7 Informed consent statement
	Declaration of Competing Interest
	Acknowledgement
	Appendix A Supplementary material
	References


