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Abstract

Context: Conflicting results have been reported in the literature concerning the relationship between salivary nitrous oxide con-
centration and dental caries in children. Metaanalysis studies aim to combine different studies and reduce the difference between
the parameters by increasing the number of studies involved in the analysis process.
Objectives: Accordingly, this meta-analysis study aimed at determining the relationship between salivary nitrous oxide concentra-
tion and dental caries in children.
Methods: Databases were searched using the keywords “nitric oxide”, “salivary”, “Caries”, “DMFT Index”, “children”, “early child-
hood caries” and OR, AND and NOT operators. Quality assessment was then performed based on the Newcastle-Ottawa scale (NOS)
checklist. The standardized mean difference (SMD) of DMFT, dmft, and salivary nitric oxide (NO) concentration was estimated.
Results: Seven studies made a comparison between the mean salivary NO concentration in children with dental caries and that in
the control group. In four studies, the mean salivary NO concentration in children with dental caries was lower, as compared to that
in the control group. This difference was significant in all four studies. Also, the mean standardized difference of the salivary NO
index was also estimated to be -0.11 (CI 95%: -1.77, 1.55).
Conclusions: This meta-analysis study demonstrated that salivary NO concentration was not significantly related to dental caries.
Moreover, since salivary NO concentration is affected by various factors, it is not sufficient to determine the likelihood of the inci-
dence of caries.
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1. Context

Deciduous teeth, commonly known as baby teeth or
milk teeth, play a peculiar role in beauty, nutrition, speech,
normal function, projected growth and space retention for
permanent teeth (1). According to the American Academy
of Pediatric Dentistry, early childhood caries (ECC) is con-
sidered as one or more decayed, missing, or filled tooth sur-
faces in any primary tooth in children less than 6 years of
age (2). Severe early childhood caries (S-ECC) is defined as
smooth-surface caries in a child younger than 36 months
of age (3). Not only does this disorder present a dental
problem but it also stunts Children’s growth due to insuf-
ficient food intake to meet developmental and metabolic
needs. Therefore, children are arguably among the most

vulnerable groups in the early years of life (2). The preva-
lence of ECC has been reported as 1% - 12% and 70% in de-
veloped and less developed countries, respectively (4). The
consequences of ECC affect the quality of life of children
and their families and can have adverse socio-economic
consequences (5). In addition to microbial etiology, vari-
ous factors, such as a diet containing fermentable carbo-
hydrates, genetical, immunological, behavioral, and envi-
ronmental factors (e.g., social, economic, and cultural) and
baby bottle syndrome, which is one of the most common
types of rampant caries in children younger than 6 years of
age, can also influence the prevalence of caries (6, 7).

ECC salivary biomarkers are classified into three cat-
egories: biological compounds, physical properties, and
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chemical compounds of saliva (8). Saliva is a colorless,
odorless hypotensive solution with a relative density of
1.004 - 1.009 and a pH of 6.6 - 7.1, which is secreted from
the acinar cells of the salivary glands, gingival fluid, and
oral mucosa. Approximately 90% of saliva is secreted by
the salivary glands which are surrounded by numerous
capillaries. Therefore, the biomarkers in the bloodstream
are easily infiltrated into acinar cells and secreted into
the saliva. There are more than 700 types of microorgan-
isms in saliva that are associated with systemic and oral
diseases (9). According to a study conducted by Sama-
ranayake, there are more than 1× 106 mL-1Streptococcusmu-
tans and/or 1× 105 mL-1 Lactobacillus in the saliva of people
with high caries activity. On the other hand, less than 1 ×
105 mL-1Streptococcusmutans and/or 1× 104 mL-1 Lactobacil-
lus were detected in the saliva of people with low caries
activity (10). One of the salivary biomarkers is nitric oxide
(NO) which is synthesized either chemically (by dietary ni-
trate metabolism) (11) or enzymatic (by L-arginine decom-
position with NO synthase enzyme secreted from salivary
glands and other tissues) (12).

Typically, saliva contains 1,500 micromoles nitrate
(NO3

-) and 100 micromoles nitrite (NO2
-) (13, 14). Conse-

quently, salivary nitrate levels are 10 - 20 times higher than
those levels found in plasma. In the human body, nitrate is
a neutral substance and no enzyme exists to convert it. In
the oral cavity, saliva nitrate is reduced to nitrite in contact
with anaerobic bacteria present in the posterior regions of
the tongue by the action of nitrate reductase enzyme dur-
ing anaerobic respiration. The acidic secretion of dental
plaque bacteria (e.g., Streptococcus mutans, lactobacilli, and
actinomycosis) in a decaying environment leads to the acid-
ification of nitrite and the formation of nitrous acid. Ni-
trous acid is an unstable acid that spontaneously decom-
poses and produces a combination of nitrogen oxides, es-
pecially nitric oxide (NO) (15, 16), which has bactericidal
properties and inhibits and/or destroys a wide range of mi-
croorganisms (17).

Studies have demonstrated that the concentration of
NO in caries free children is more than 50 µm, while this
value was reported as less than 50µm in children with ECC
and less than 35 µm in children with severe ECC (18). In
addition, it was pointed out that increasing NO concentra-
tion can play a defensive role against caries (19).

2. Objectives

Therefore, the current study aimed to systematically
review and meta-analyze the relationship between dental
caries in children and the concentration of salivary nitric

oxide. In this regard, the effect of confounders, if any, can
be explained by the performance of a meta-analysis.

3. Methods

3.1. The Inclusion and Exclusion Criteria

These criteria were determined based on patient, in-
tervention, comparison, outcome (PICO). In the present
study, P signifies children with dental caries which did not
have any notable medical conditions, I which represents
“Intervention” does not apply since the study was observa-
tional, C included caries-free children who were regarded
as the control group in the initial studies, and O includes
DMFT (decayed-missing-filled teeth for permanent teeth)
and dmft (decayed-missing-filled teeth for primary teeth)
indices in the group of children with caries and the con-
trol group. The current research included case-control and
cross-sectional studies. Moreover, all the published stud-
ies from any time until the end of January 2020 have been
among the included series. The search was carried out on
March 27, 2020, and the documents are published in En-
glish and Persian.

3.2. Search Strategy

PubMed, Web of Science, Scopus, Science Direct, and
Iranian Magiran and SID databases were searched using
the keywords “nitric oxide”, “salivary”, “caries”, “DMFT In-
dex”, “children”, “Early childhood caries” and OR, AND and
NOT operators.

The search strategy in the PubMed database was as fol-
lows: The list of published documentary sources was re-
viewed to select more studies and increase the sensitivity
of the search, and EndNote software was used to manage
the resources.

3.3. Study Selection

Initially, duplicate documents were excluded due to
overlapping content, and screening was performed based
on the title and abstract of the primary studies. The un-
related articles were then removed from the study, and to
match with inclusion and exclusion criteria, full-text ar-
ticles were extracted by two reviewers and the contradic-
tions were discussed.

3.4. Data Extraction

Data extraction was performed by two independent re-
viewers. The extracted variables included the first author’s
last name, article title, journal name, year of publication,
place of study, the sample size in the group of children with
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dental caries, sample size in the control group, method
of selection of cases and controls, case-control matching
based on age and gender, the mean and standard devia-
tion of DMFT, dmft, and salivary nitric oxide (NO) concen-
tration, as well as the evaluation method of these indices
in the case and control groups. Moreover, in studies that
reported only nitrite and nitrate concentrations, nitric ox-
ide concentration was calculated by the sum of nitrate and
nitrite concentrations (Griess Reaction method) and ex-
tracted from articles (20).

3.5. Quality Assessment

Preliminary studies were assessed by two independent
reviewers using the Newcastle-Ottawa scale (NOS) check-
list which gives a score between 0 and 9 and were eligible
for the study (21). Thereafter, the articles with a score of less
than 5 were excluded from the study.

3.6. Statistical Methods

The obtained data were analyzed in Stata software (ver-
sion 11). The heterogeneity index of the studies was deter-
mined by I2 test and the random effect model was used
to estimate the standardized difference of the mean sali-
vary NO concentration in the group of children with caries,
as compared to the control group. The inverse variance
method and Cohen’s kappa statistic were also used for
the estimation. Subsequently, the point estimate of the
standardized difference of mean salivary NO concentra-
tion was calculated in the forest plots at 95% confidence
interval. In this diagram, the size of the square indicates
the weight of each study and the lines on either side show
a 95% confidence interval. In cases where the confidence
interval is not zero, the observed difference is statistically
significant. In addition, the impact of each initial study on
the overall estimate was assessed by sensitivity analysis.

4. Results

A total number of 1709 articles were identified after
searching various databases and based on the strategy
mentioned in the method section. Thereafter, due to over-
lapping content, duplicate documents were excluded and
55 related studies were identified based on the title and ab-
stract. Subsequently, the full-text of 11 articles were eval-
uated out of which 2 articles (1 article due to poor study
quality (22) and 1 article due to incorrect NO concentration
measurement unit (20)) were ruled out from the study. Fi-
nally, the quality assessment was performed on nine arti-
cles, all of which had the minimum score required to en-
ter the study. Out of these studies, two articles (23, 24) were

only evaluated in the systematic review due to the lack of
standard deviation and in total, the evidence from seven
studies entered the meta-analysis (Figure 1).

Seven pieces of evidence were extracted from seven
studies (14, 18, 19, 25-28) in which the mean salivary NO con-
centration in children with caries was compared with the
control group (Table 1).

In these seven studies, the mean salivary NO concen-
tration in children with dental caries was compared with
that in the control group. In three studies (14, 25, 26) the
mean of this index in children with caries was higher, as
compared to the control group and the observed differ-
ences were statistically significant in two of these studies
(14, 25). In other words, in four studies, the mean sali-
vary NO concentration in children with dental caries was
lower than that in the control group and the observed dif-
ferences were statistically significant in all four studies (18,
19, 27, 28). The results of heterogeneous indicators showed
that the discrepancy between the initial studies was statis-
tically significant (I2 = 98.6%, Q = 442.03, P = 0.000). Com-
bining the results of preliminary studies based on the ran-
dom effect model demonstrated that the mean standard-
ized difference is -0.11 (CI 95%: -1.77, 1.55) (Figure 2). Further-
more, as illustrated by the results of sensitivity analysis,
the effect of each of the initial studies on the overall esti-
mate was not significant (Figure 3).

5. Discussion

In the present study, the results of preliminary stud-
ies were combined by meta-analysis to investigate the re-
lationship between mean salivary NO concentration and
dental caries. The obtained results revealed that salivary
NO index in children with dental caries was 0.11 lower than
that in the control group, and this relationship is not sta-
tistically significant.

In the same vein, Rezvi and Mathew (24) indicated that
salivary NO concentration was not associated with chil-
dren’s oral and dental health. On the contrary, a study
conducted by Carossa et al. (29) showed that the increase
in dental plaque is associated with increased NO concen-
tration indicating the host immune response to bacterial
growth. Han et al. (14) found an inverse correlation be-
tween salivary NO levels and the number of salivary lacto-
bacilli, and concluded that high salivary NO concentrations
could be a protective factor against lactobacilli species. In
addition, some other studies pointed to the positive corre-
lation of plaque NO levels, DMFT, and Streptococcus mutans
indicating that NO concentrations can be used as a screen-
ing tool to predict the rate of dental caries (30). Bayindir
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Figure 1. Searching and selection of the primary studies
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Figure 3. Sensitivity analysis results to evaluate the impact of each study on stan-
dardized mean difference estimate

et al. (31) also believed that plaque NO concentration was
higher in adults with higher DMFT.

Saliva can affect the prevalence of dental caries in four
general ways: (1) the flushing effect which reduces plaque
accumulation; (2) reduction of enamel solubility by means
of calcium, phosphate, and fluoride; (3) buffering and neu-
tralizing the acids produced by cariogenic organisms; and
(4) antibacterial activity (18). Saliva plays a peculiar role
among all internal defense factors (including dental mor-
phology, general health, and nutritional status) and exter-
nal factors (e.g., microbial flora, oral-dental health condi-
tions, and fluoride use). Due to the high sensitivity and
progress in measurement methods, there is a promising
future for salivary biomarkers (32). Most of the compounds
in the blood are also found in saliva; accordingly, saliva is
functionally equivalent to serum reflecting the physiolog-
ical state of the body, including hormonal, emotional, nu-
tritional, and metabolic changes. Therefore, saliva is often
used in cases where it is predicted that body fluids will be
frequently sampled, blood sampling will not be morally
confirmed, or both (33). It is difficult to evaluate each type
of anti-caries factor as a single unit, since saliva can change
all compounds in different ways (34). Furthermore, an-
timicrobial proteins can influence each other and weaken
or reinforce each other’s effects (25) and no antibacterial
compound alone is sufficient to determine the likelihood
of dental caries (35).

In general, saliva contains several microorganisms
that produce nitrate, including Veillonella Species, Nocar-
dia Species, Staphylococcus epidermidis, Staphylococcus au-
reus, and Corynebacterium pseudodiptheriticum (18). In hy-
poxic conditions, these facultative anaerobes use nitrate as
an electron receptor instead of oxygen to produce adeno-
sine triphosphate (ATP) and energy for the oxidation of
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carbon component and they produce nitrate reductase en-
zyme. Therefore, nitrate is converted to nitrite during this
process and its concentration is reduced in saliva. Nitrite
is a waste product for bacteria, while it has antimicrobial
properties for humans (36). The exposure of the produced
nitrite to the acidic environment adjacent to the tooth
leads to formation of a complex of nitrous oxide (N2O) and
nitrous acid (HNO2) which is unstable and decomposes
into nitric oxide (NO) and Nitrogen dioxide (NO2) (22).

Nitric oxide is a signaling molecule that can affect
many physiological and pathological processes. It serves
as an active radical in the non-specific defense mechanism
in the oral cavity (37). NO enters the saliva through capil-
lary endothelium, nerve fibers, and macrophages, and ni-
tric oxide can also be synthesized in acinar cells of sali-
vary glands (38). It can easily penetrate the cell membrane
and destroy microorganisms by the inhibition of iron-
containing DNA synthases, reaction with the iron-sulfur
center of mitochondrial enzymes in the respiratory chain,
or combination with superoxide and changing to highly
reactive hydroxyl radical (39). Therefore, it is believed that
NO can exert its antibacterial properties in two ways: (1)
preventing bacterial growth and (2) Increased cytotoxic-
ity by salivary macrophages (37). Leukocytes of the oral
cavity consist of 90% of monoclonal leukocytes (PMNs and
neutrophils) and 10% of mononuclear cells; 80% of neu-
trophils in the oral cavity are viable and functional. Neu-
trophils also play a key role in the protection of the host
against microbes and inflammatory pathogens (40). They
migrate into the mucous membranes of the gastrointesti-
nal and respiratory tracts. In the absence of stimuli, they
spontaneously synthesize radical superoxide, hypochlo-
rite, and NO in the oral environment by the NO synthases
enzyme. Oral neutrophils are activated by different lig-
ands, one of which is the cell walls of Gram-negative bacte-
ria (such as LPS) which can lead to the production of Tumor
necrosis factor-alpha (TNF-α) (41).

Based on a study conducted by Doel et al. (34), people
with higher salivary nitrate and nitrites experience fewer
caries, compared to the control group. Studies have also
shown that the conversion of nitrite takes place in the
acidic environment of the plaque (pH less than 7), and
plaque deposition results in the production of NO syn-
thases, which in turn, leads to the breakdown of L-arginine
and the production of NO. Accordingly, poor oral hygiene
produces large amounts of NO; however, high values of NO
cannot prevent carious properties of dental plaque. There-
fore, it is believed that increased plaque thickness and
caries activity may cause this discrepancy (25). By swallow-
ing saliva, stomach acid decomposes nitrite into NO and

other nitrogen oxides and acts as a defense system against
gastrointestinal pathogens, a regulator of platelet activity,
gastrointestinal tract motility, and microcirculation (42).
The items mentioned above are summarized in Figure 4.

It has been hypothesized that increased nitrate uptake
in children with dental caries can protect the tooth against
decay by preventing bacterial growth (22). The studies have
demonstrated that plasma nitrate concentration does not
change before and after the consumption of foods con-
taining nitrate (43). Recently, there have been concerns
over the presence of nitrate in food and its harmful ef-
fects on human health. However, epidemiological stud-
ies have not yet been able to prove this hypothesis (22).
Apart from the nitrate present in food, it can also be syn-
thesized in the human body through some interactions.
The synthesis of endogenous nitrate varies regardless of
the amount of nitrate received from food (44). Akgul et al.
(45), showed that increasing NO concentration in multiple
assessments after composite resin restorations could be as-
sociated with the release of residual monomers and bioac-
tive substances into the saliva. In the mentioned study,
the maximum monomer released was observed seven days
after the restoration insertion. Therefore, monomers re-
leased from resin-based filling materials lead to the pro-
duction of reactive oxygen species and affect intracellu-
lar redox balance (46); moreover, it can increase bacterial
growth (45). Another study showed that NO levels were sig-
nificantly reduced by mobile and wireless internet (Wi-Fi)
electromagnetic waves; however, no study has confirmed
the effect of these waves on salivary NO levels (37).

In a study performed by Subramaniam et al. (47) on
NO concentration in children with Down syndrome, an
inverse relationship was detected between the concentra-
tion of NO and dental caries in permanent teeth in nor-
mal children. NO concentration was reported more fre-
quently in children with Down syndrome. Salivary NO
showed no relationship with dental caries and oral health
in children with Down syndrome (47). However, several
factors increase the incidence of dental caries in children
with Down syndrome, such as delayed tooth growth, con-
genitally missing teeth, high pH values and salivary bicar-
bonate, microdontia, the presence of interdental spaces,
and shallow dental fissures (48). Another study conducted
by Subramaniam et al. (49) on children with cerebral palsy
reported an inverse relationship between salivary NO lev-
els and dental caries parameters in both groups of normal
children and children with cerebral palsy.

Also, Garg et al. (50) conducted a study on the salivary
NO concentration in children with congenital heart dis-
ease (CHDs) and demonstrated that the mean salivary NO
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Elyassi Gorji N et al.

Figure 4. The relationship between nitric oxide cycle and oral microorganisms

concentration in children in the experimental group was
much lower, as compared to the control group, and this dif-
ference was statistically significant. Low concentrations of
NO in children with CHDs may be directly related to their
high rate of caries. Also the mean salivary NO concentra-
tion in children with CHDs decreases with age. This can be
attributed to an increase in the severity of heart disease,
frequency of hospitalizations, and medicines that reduce
saliva flow and contain fermented sugar. All of these fac-
tors may lead to poor dietary nitrate intake (50, 51). In Ad-
dition, dental care in children with CHDs requires special
attention since these patients are more prone to infective
endocarditis due to invasive dental procedures. Therefore,
oral hygiene receives less attention in these patients and
they are likely to have a high risk of caries due to the devel-
opmental defects of enamel (52, 53), but the role of NO in
saliva and factors affecting its concentration is still open to
debate (23).

5.1. Limitations

One of the limitations of this study was that the data of
those studies which only reported the mean concentration

of salivary nitric oxide and standard deviation were not ex-
tractable. In addition, a wrong unit was mentioned for this
purpose and despite the performed correspondence, these
studies lacked the requirements for meta-analysis.

We were also unable to access the EMBASE database. On
the other hand, this relationship may have been insignifi-
cant due to the low number of participants in the reviewed
articles. In this regard, to prove this hypothesis, it is nec-
essary to conduct further studies in this field with more
subjects. Furthermore, in these studies, the effect of con-
founders, such as electromagnetic waves, the number of
restored teeth with metal restoration or composite resin
has not been considered.

6. Conclusions

This meta-analysis study showed that salivary NO con-
centration was not significantly associated with dental
caries, and since salivary NO concentrations can be af-
fected by various factors, it could not be sufficient to deter-
mine the likelihood of dental caries.
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role of nitric oxide in saliva in reduction of caries. Acta Fac Med Nais-
sensis. 2008;25(2):93–5.

23. Hegde AM, Neekhra V, Shetty S. Evaluation of levels of nitric ox-
ide in saliva of children with rampant caries and early childhood
caries: a comparative study. J Clin Pediatr Dent. 2008;32(4):283–6. doi:
10.17796/jcpd.32.4.4010kl5262687528. [PubMed: 18767458].

24. Rezvi FB, Mathew MG. Evaluation of salivary nitric oxide levels in re-
lation to caries experience and oral hygiene in children with early
childhood caries - A pilot study. Drug Invent Today. 2019;11(Special Is-
sue 1):55–8.

25. Javadinejad SH, Talebi M, Aslani G. [Nitric oxide concentrations in
saliva in relation to caries; experience in 6-12 years old children]. J Is-
fahan Dent School. 2008;2:71–5. Persian.

26. Ghasempour M, Qujeq D, Rabiee M, Hamzeh M. Measurement of ni-
trite and nitrate in saliva of children with different caries activity. J
Contemp Dent Pract. 2014;15(5):623–5. doi: 10.5005/jp-journals-10024-
1590. [PubMed: 25707837].

27. Singh R, Singh MK. EARLY childhood caries (ECC) and nitric oxide
(NO). Int J Sci Res. 2019;8(10).

28. Shaki F, Arab-Nozari M, Maleki F, Yazdani Charati J, Nahvi A. Evaluation
of Some Caries-Related Factors in the Saliva of 3-5 Year Old Children in
Sari, Northern Iran. Int J Pediatr. 2020;8(4):11115–23.

29. Carossa S, Pera P, Doglio P, Lombardo S, Colagrande P, Brussino L,
et al. Oral nitric oxide during plaque deposition. Eur J Clin Invest.
2001;31(10):876–9. doi: 10.1046/j.1365-2362.2001.00902.x. [PubMed:
11737225].

30. Saini S, Noorani H, Shivaprakash PK. Correlation of plaque nitric
oxide levels with plaque Streptococcus mutans, plaque pH and de-
cayed, missing and filled teeth index of children of different age
groups. J IndianSocPedodPrevDent. 2016;34(1):17–22. doi: 10.4103/0970-
4388.175505. [PubMed: 26838143].

31. Bayindir YZ, Polat MF, Seven N. Nitric oxide concentrations in saliva
and dental plaque in relation to caries experience and oral hy-
giene. Caries Res. 2005;39(2):130–3. doi: 10.1159/000083158. [PubMed:
15741725].

8 Iran J Pediatr. 2021; 31(2):e107050.

http://dx.doi.org/10.29252/ijpd.14.2.53
http://dx.doi.org/10.4103/0976-9668.107257
http://www.ncbi.nlm.nih.gov/pubmed/23633832
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3633299
http://dx.doi.org/10.1177/0022034512444929
http://www.ncbi.nlm.nih.gov/pubmed/22529242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3348067
http://dx.doi.org/10.3389/fped.2017.00157
http://www.ncbi.nlm.nih.gov/pubmed/28770188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514393
http://dx.doi.org/10.5812/ijp.5016
http://www.ncbi.nlm.nih.gov/pubmed/20306860
http://dx.doi.org/10.22038/IJP.2019.43931.3651
http://dx.doi.org/10.1038/ijos.2016.38
http://www.ncbi.nlm.nih.gov/pubmed/27585820
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5113094
http://dx.doi.org/10.1111/j.1875-595x.2007.tb00135.x
http://www.ncbi.nlm.nih.gov/pubmed/17992912
http://dx.doi.org/10.1034/j.1399-3003.1999.13b18.x
http://www.ncbi.nlm.nih.gov/pubmed/10065676
http://dx.doi.org/10.1056/NEJM199312303292706
http://www.ncbi.nlm.nih.gov/pubmed/7504210
http://dx.doi.org/10.1016/j.niox.2008.08.003
http://www.ncbi.nlm.nih.gov/pubmed/18793740
http://dx.doi.org/10.3109/00016357.2012.757356
http://www.ncbi.nlm.nih.gov/pubmed/23351217
http://dx.doi.org/10.1177/0022034516673019
http://www.ncbi.nlm.nih.gov/pubmed/27872324
http://dx.doi.org/10.1016/s0278-6915(00)00150-2
http://www.ncbi.nlm.nih.gov/pubmed/11295486
http://dx.doi.org/10.1152/ajplung.00017.2002
http://www.ncbi.nlm.nih.gov/pubmed/11943657
http://dx.doi.org/10.4103/1735-3327.187882
http://www.ncbi.nlm.nih.gov/pubmed/27605992
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4993062
http://dx.doi.org/10.4103/2349-5006.191270
http://dx.doi.org/10.1007/s40368-016-0234-z
http://www.ncbi.nlm.nih.gov/pubmed/27357363
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://dx.doi.org/10.17796/jcpd.32.4.4010kl5262687528
http://www.ncbi.nlm.nih.gov/pubmed/18767458
http://dx.doi.org/10.5005/jp-journals-10024-1590
http://dx.doi.org/10.5005/jp-journals-10024-1590
http://www.ncbi.nlm.nih.gov/pubmed/25707837
http://dx.doi.org/10.1046/j.1365-2362.2001.00902.x
http://www.ncbi.nlm.nih.gov/pubmed/11737225
http://dx.doi.org/10.4103/0970-4388.175505
http://dx.doi.org/10.4103/0970-4388.175505
http://www.ncbi.nlm.nih.gov/pubmed/26838143
http://dx.doi.org/10.1159/000083158
http://www.ncbi.nlm.nih.gov/pubmed/15741725


Elyassi Gorji N et al.

32. Kathariya R, Pradeep AR. Salivary proteomic biomarkers for oral dis-
eases: a review of literature. Arch Oral Sci Res. 2010;1(1):43–9.

33. Lee YH, Wong DT. Saliva: an emerging biofluid for early detection of
diseases. Am J Dent. 2009;22(4):241–8. [PubMed: 19824562]. [PubMed
Central: PMC2860957].

34. Doel JJ, Hector MP, Amirtham CV, Al-Anzan LA, Benjamin N, Allaker RP.
Protective effect of salivary nitrate and microbial nitrate reductase ac-
tivity against caries. Eur J Oral Sci. 2004;112(5):424–8. doi: 10.1111/j.1600-
0722.2004.00153.x. [PubMed: 15458501].

35. Kirstila V, Hakkinen P, Jentsch H, Vilja P, Tenovuo J. Longitudinal anal-
ysis of the association of human salivary antimicrobial agents with
caries increment and cariogenic micro-organisms: a two-year cohort
study. J Dent Res. 1998;77(1):73–80. doi: 10.1177/00220345980770011101.
[PubMed: 9437402].

36. Benjamin N. Nitrates in the human diet - good or bad? Annales de
Zootechnie. 2000;49(3):207–16. doi: 10.1051/animres:2000118.

37. Rahbar M, Pourzare-Mehrbani S, Jamali Z, Taghavi-Zonuz A, Tamgaji R.
Effect of Mobile Phone Waves and Wi-Fi on Electrolytes and Oxidative
Stress Indices of Saliva. World J Dent. 2017;8(5):370–3. doi: 10.5005/jp-
journals-10015-1467.
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