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Abstract
Background: A new classification for periodontitis has been adopted in clinical practice. However, there are still 
discussions regarding this new classification and difficulties in its adoption, both by professionals and researchers. 
Thus, this study aimed to evaluate which salivary biomarkers are present in periodontitis, following the new clas-
sification of periodontal diseases through meta-analysis.
Material and Methods: A literature search was carried out in the scientific databases: PubMed, Scielo and Google 
scholar to select studies. The selection of studies was followed by two authors upon reading of the title, abstract 
and full text. The necessary data were collected and statistical analyses were performed using the Review Man-
ager statistical software version 5.4, with calculation of Mean Difference, heterogeneity (I²) and funnel plot with 
P < 0.05.
Results: After following the selection criteria, 9 articles were selected for comparison. The studies address the 
presence of biomarkers in the saliva of patients with periodontitis and their possible use in the monitoring and 
diagnosis of the disease. For the meta-analytic comparison, a sample size of 1,983 individuals was used. Statistical 
analyses showed that nitric oxide, IL-6, IL-1B and osteoprotegerin are substances that are significantly present in 
patients with periodontitis (P < 0.05).
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Introduction
Periodontitis is a multifactorial disease caused by the 
formation of a bacterial biofilm that primarily affects 
the tissue supporting the teeth, the periodontium. The 
epidemiology of the disease remains increased world-
wide. In the Norwegian population, the prevalence of 
the disease in advanced stages was found to be 17.6% 
from 4,863 participants (1). In another study (2), the data 
showed an increased global prevalence of periodontitis 
in which the Western Sub-Saharan Africa carried the 
heaviest burden of periodontitis, whereas the nation 
with the highest periodontitis burden was Gambia.
Regarding periodontal disease, a new classification has 
been adopted for periodontitis in order to minimize mis-
takes in clinical practice. What was named as "chronic 
periodontitis" and "aggressive periodontitis" has been 
categorized, since 2017, only as "periodontitis" (3). In 
this disease, specific anaerobic gram-negative bacte-
ria are present, such as: Porphyromonas gingivalis, 
Treponema denticola, Rothia dentocariosa, Fusobacte-
rium animalis, Streptococcus oralis, Veillonella dispar, 
Atopobium parvulum, Tannerella forsythia and Aggre-
gatibacter actinomycetemcomitans. These microorgan-
isms accumulate in the periodontium region and cause 
an inflammatory response resulting in the release of 
various cytokines, enzymes and inflammatory cells (4).
In the course of periodontitis, chemokines such as che-
mokine (C-X-C motif) ligand 1 (CXCL-1), C-X-C motif 
chemokine ligand 8 (CXCL-8), C-C motif chemokine 
ligand 5 CCL-5 and cytokines such as tumor necrosis 
factor alpha (TNF-α), interleukin (IL)-1β, IL-6 are pres-
ent in the inflammatory process of periodontitis and are 
responsible for recruiting T cells, neutrophil chemotax-
is and increased permeability of small blood vessels (5)
Saliva is produced by the salivary glands, being one 
of the main constituents of the digestion process as it 
is rich in enzymes that act in the breakdown of lipids 
and starches (6). The components of saliva are derived 
from the blood and are divided into inorganics, such as 
sodium, potassium, calcium, chloride and bicarbonate, 
while the organic ones are glucose, enzymes, proteins 
and urea (7). Research suggests the potential of this se-
cretion within clinical practice, and it may be useful for 
the diagnosis and monitoring of comorbidities such as 
diabetes (8), tumor and intestinal diseases (9). This real-
ity has not been different in periodontitis and the litera-
ture points to several biomarkers present in the salivary 

fluid that can be used for the early diagnosis and follow-
up of periodontal disease (10).
However, the data on biomarkers in the saliva that help 
the periodontitis diagnosis are contradictory and require 
a better evaluation. Therefore, the aim of this study was 
to carry out a meta-analysis to investigate salivary bio-
markers present in periodontitis.

Material and Methods 
We have followed the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) for 
the delineation of this study (11).
- Study design
This study is a systematic evaluation with meta-anal-
ysis that focused on the association between salivary 
biomarker levels and periodontitis. As a meta-analysis, 
this study does not require approval by the Ethics com-
mittee.
- Inclusion criteria
Studies that addressed salivary biomarkers in humans 
as a periodontitis-related result were included. For sta-
tistical analysis, only studies that provided the sufficient 
data for the calculations were included.
- Exclusion criteria
 We excluded studies that addressed the relationship of 
periodontitis with smokers, alcohol users and that eval-
uated salivary biomarkers associated with periodontitis 
in patients with genetic diseases or other disorders. We 
did not consider research that addressed drug users and 
who were undergoing treatment for periodontitis. Let-
ters, bibliographic reviews, book chapters and personal 
opinions were not considered to compose this study. 
Research with insufficient data to compose the meta-
analysis were excluded.
- Search Strategy
Two authors have performed a comprehensive search 
in literature for studies that addressed the relationship 
between salivary biomarkers from the host and peri-
odontitis. The databases used were: PubMed, Scielo 
and Google Scholar with combined descriptors (sali-
vary biomarkers, inflammation or infection, periodon-
tal diseases or periodontitis). After the search, the ar-
ticles were analyzed and selected following reading in 
two phases: (1) title and abstract; (2) full text. When the 
studies were not related to the purpose of this research 
in its title and abstract, the full text was not read and the 
article was excluded.

Conclusions: IL-6, nitric oxide, IL-1B, TNF-α and osteoprotegerin are among the most present biomarkers in pa-
tients with periodontitis, and may be used in the future as a monitoring of periodontal disease. The present study 
also revealed that there was no statistically significant difference in the concentration of these biomarkers for clinical 
distinction from periodontitis.

Key words: Periodontal disease, diagnosis, spittle.
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a previous analysis, as already detailed in the method-
ology. After the application of phase 1,453 remained, 
which were directed to phase 2; of these, 9 were used 
for the present study. The flowchart in Fig. 1 details the 
entire process of choosing the studies.
- Study characteristics
The selected studies have been published in the past 16 
years and were carried out in 4 different countries: Bra-
zil (13), India (14-16), United States of America (17-20) 
and Sweden (21).
The research related the main biomarkers present in sa-
liva and the potential to use them as a diagnosis. Most of 
the biomarkers cited are proteins and glycoproteins that 
act in the inflammatory process which the data were ob-
tained from 1,983 individuals (Table 1). The data brings 
results on levels of immunoglobulin A (IgA) in 134 
participants (15,16,21), IL-1B in 390 patients (15,17-20), 
matrix metalproteinase 8 (MMP-8) in 272 participants 
(16-19), TNF in 165 participants (17,19), matrix metal-
proteinase 9 (MMP-9) in 85 participants (17,19), IL-6 in 
165 subjects (17,19), IL-10 in 85 participants (19), IL-13 
in 85 patients (19), IL-4 in 85 patients (19) and IL-2 in 85 
participants (19). Some studies have reported nitric ox-
ide levels in 120 participants (13,14), calprotectin in 85 
subjects (19), type I collagen pyridinoline-crosslinked 
carboxyterminal telopeptide (ICTP) in 85 patients (19), 
and osteoprogerin in 142 participants (8,19). Some stud-
ies have reported the levels of nitric oxide in 120 par-
ticipants (13,14), calprotectin in 85 participants (19), 
pyridinoline cross-linked carboxyterminal telopeptide 
of type I collagen in 85 participants (ICTP) (19) and os-
teoprogerin, also in 85 participants (8, 19). A summary 
of the descriptive characteristics of the studies is pre-
sented in Table 1.

- Data collection process
Two investigators reviewed all studies and collected 
data that composed the table with the main informa-
tion of the studies (First author, country, study model, 
the salivary biomarker analyzed, total of participants 
and data for the statistical analysis (mean and standard 
deviation values)). Some studies did not provide mean 
and SD data. Instead, they brought data on median and 
quartile. Therefore, we performed the conversion of 
these data as described by Hozo and collaborators (12).
- Statistical Analysis
The statistical analysis was processed with the Review 
Manager 5.4 statistical software (Cochrane Software 
Review Manager). For comparison, we used continuous 
data and mean differences in the program. When the 
value of heterogeneity (I2) was not significant (<50%), 
the Fixed-effect model was used to estimate the mean 
difference (MD) with 95% of Confidence Intervals (CI). 
On the contrary, when the value of I2 was significant 
(>50%), the random effect was used for statistical calcu-
lation. We consider in both cases the value of P < 0.05 as 
statically significant. In order to assess publication bias, 
Begg's statistical tests and Egger's linear regression test 
(with P <0.05) were used. The asymmetry in the funnel 
plot for publication bias was also observed to confirm 
the results in Begg ś and Egger ś tests. Data from the in-
cluded studies were dichotomous and expressed as OR 
with 95% confidence interval (CI) to verify the relation-
ship between salivary biomarkers and periodontitis.

Results
- Study selection
After the electronic search, we selected 9 studies from 
997. The selection of the studies followed two steps of 

Fig. 1: Flow diagram for identification, screening, selection and inclusion of the studies in this meta-analysis.
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Author Year Country Study model Biomarkers
Mean and standard deviation values Total par-

ticipantsHealthy Group Periodontitis Group

Sundar 
et al. (I) 2013 India Cross-sectional Nitric Oxide 5.69 ± 0.93 16,39 ± 2,38 40

Sundar 
et al . (II) 2013 India Cross-sectional Nitric Oxide 5.69 ± 0.93 16,53 ± 1,51 40

Glimvall 
et al . 2010 Sweden Case-control IgA 518.07 ± 665.65 283,90 ± 217,68 34

Reher 
et al. 2005 Brazil Case-control

Nitric Oxide 5.86 ± 1.58 7,78 ± 3,02 20
Nitric Oxide 5.86 ± 1.58 15,79 ± 5,59 20

Rangbulla 
et al. 2017 India Case-control

IgA 81.23 ± 24.61 196,48 ± 54,61
50IL-1B 89.83 ± 25.48 530,76 ± 343,85

MMP-8 57.95 ± 31.64 4627,18 ± 411,00

Erbersole 
et al. 2013 USA Prospective

cohort study

IL-1B 7.24±7.69 90.94±58.22 80
IL-6 3.30±2.32 35.57±48.17 80

MMP-8 52.63±40.62 283.47±203.47 80
TNF-α 1.85±2.11 5.44±10.88 80

Nikita 
et al. 2018 India IgA 11.19±8.79 30.11±15.41 50

Christoph 
et al. 2009 USA

MMP-8 93.05 ± 102400 311,8 ± 941676.6 46
MMP-8 93.05 ± 102400 774,7±7134241 39

OPG 3.15 ± 24.04 3.525 ± 98.01 46
OPG 3.15 ± 24.04 3.875 ± 127,69 39

MMP-9 352.125 ± 13882270 988,975 ± 11178992 46
MMP-9 352.125 ± 13882270 2837.55 ± 95409917 39

Calprotectin 4.325±75.69 6.6±316.84 46
Calprotectin 4.325±75.69 27.525±9196.81 39

IL-1B 1579.3± 7.30. 909.775±9584597 46
IL-1B 1579.3± 36000000 1735.025 ± 35811846 39
ICTP 1.45 ± 16 1.65 ± 29.16 46
ICTP 1.45 ± 16 3.925 ± 193.21 39

IL-6 478.75 ± 3667225 13322.325 ± 
27664444.09 46

IL-6 478.75 ± 3667225 2749.325±117070236 39
IL-10 3212.9 ± 122961485.4 6721.9 ± 604245226 46
IL-10 3212.9 ± 122961485.4 8380.825 ± 938386815.6 39

TNF-α 451.975 ± 3198016.89 8212.7 ± 19098648,04 46
TNF-α 451.975 ± 3198016.89 2053.175 ± 67448441.29 39
IL-13 20794.925 ± 6914105431 8213.2 ± 5782994116 46
IL-13 20794.925 ± 6914105431 18946.25 ± 5691978203 39
IL-4 1328.775 ± 28250288.01 3674.2 ± 212809744 46
IL-4 1328.775 ± 28250288.01 2963.325 ± 137224824.5 39
IL-2 929.525 ± 13824267.61 1555.375 ± 38508230.25 46
IL-2 929.525 ± 13824267.61 3600.025 ± 207362880 39

Miller 
et al. 2006 USA Cross-sectional

IL-1 B 212.8 ± 167.4 753.7 ± 1022.4 57
MMP-8 95.1 ± 80.1 408.6 ± 423.3 57

OPG 2.6 ± 1.37 3.6 ± 2.58 57
Teles 
et al. 2009 USA Cross-sectional IL-1B 633 ± 91 673 ± 69 118

Table 1: Characteristics of included studies in this meta-analysis.
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- Meta-analysis
The statistical analysis shows that IL-6 and nitric oxide 
were the biomarkers that showed the greatest value of 
significant association with periodontitis (P < 0.00001), 
accompanied by IL-1B (P < 0.0001), TNF-α (P = 0.004) 
and osteoprotegerin (P = 0.01). When comparing the 
data, one could observe that high values of these bio-
markers are associated with patients with periodontitis, 
because the mean differences were: IL-6: 37.27 (CI: 
21.70, 42.84); Nitric oxide: 8.36 (CI: 5.10, 11.62); IL-1B: 
190.62 (CI: 105.28, 275.95), TNF-α: 3.59 (CI: 1.16, 6.02) 
and osteoprotegerin (CI: 0.24, 1.76). These dates are 
presented in Fig. 2.
The other biomarkers were not statistically signifi-
cant when related to periodontitis: calprotectin (MD = 
2.30, CI: -91.79, 96.38, P = 0.96), ICTP (MD = 0.26, 
CI: -9.24, 9.75, P = 0.96), IgA (MD = 33.90, CI: -55.86, 
123.66, P = 0.46), IL-4 (MD = 187.25, CI: -35871711.76, 
35875456.27, P = 1.00), IL-10 (MD = 3948.05, CI: 

-152801135.56, 152809031.66, P = 1.00), IL-13 (MD = 
-7622.65, CI: -1910525421.50, 1910510176.19, P = 1.00), 
MMP-8 (MD = 1704.03, CI: -728.80, 4136.86, P = 0.17), 
MMP-9 (MD = 688.90, CI: -5077007.25, 5078385.06, P 
= 1.00). All data are shown in the Fig. 3.
- Risk of Bias
The sensitive analysis showed that most studies did 
not change the pooled OR value. When observing the 
values of Begg ś test and Egger's linear regression test 
(Table 2), no evidence of publication bias was found 
for the biomarkers IL1β, IL-6, IgA, osteoprotegerin 
and TNF-α, validating the results presented. However, 
when analyzing Egger's values for MMP-8 and nitric 
oxide, a possible publication bias is noticeable, given the 
variables that may have interfered in the results of the 
included studies. These data are reinforced by the Fun-
nel plots in Fig. 4. The publication bias analyses for cal-
protectin, IL-4, IL-10, IL-13, ICTP and MMP-9, could 
not be performed due to insufficient data in the studies.

Fig. 2: Forest plot of the comparison of the concentration of salivary biomarkers between the healthy control group and the periodon-
titis group. In A, IL-6; B, nitric oxide; C, IL-1B; D, TNF and E, osteoprotegerin.
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Salivary Biomarker Begg’s test Egger’s linear regression tes
IgA 0.2927 0.051106

IL-1β 1.00000 0.66927
IL-6 1.00000 0.17812

MMP-8 0.46243 0.02681
Nitric oxide 0.089443 0.01746

Osteoprotegerin 1.00000 0.31454
TNF-α 1.00000 0.14247

Table 2: P-Values for Begg’s Test and Egger’s Linear Regression Test in this Current Meta-Analysis.

Fig. 3: Forest plot of the comparison of the concentration of salivary biomarkers between the healthy control group and the peri-
odontitis group. We can observe the non-significance in the comparison. In A, calprotectin; B, ICTP; C, IgA; D, IL-4; E, IL-10; 
F, IL-13; G, MMP-8; H, MMP-9.
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Fig. 4: Funnel plot for the publication bias in this meta-analysis. A, IgA; B, IL-1β; C, IL-6; D, MMP-8; E, nitric oxide; F, 
oesteoprotegerin; G, TNF-α.

Discussion
Salivary biomarkers have been a relevant tool in clinical 
practice, as they have helped in the diagnosis, monitor-
ing and medical evaluation of diseases. This scenario 
is not distant in periodontal disease, since the literature 
describes several salivary biomarkers, derived or not 
from the host, that are present in periodontitis and that 
may serve as a diagnostic resource for this disease (10). 
Although some meta-analyses have focused on deter-
mining the presence of salivary biomarkers in the dif-
ferent clinical classifications of the disease (15), our 
study aimed to evaluate the biomarkers present in the 
saliva of the host in periodontitis, without any clinical 
distinction of the disease, following the new clinical 
classification of periodontitis.
Aggressive periodontitis stands out for the formation of 
deep periodontal pockets caused by aggressive attach-
ment loss and intense bone resorption. It is considered 

as a low-prevalence and rapid-progression pathology. 
On the other hand, chronic periodontitis is a slowly pro-
gressing disease that, added to environmental factors, 
causes persistent damage to the soft tissues support-
ing teeth and is the most common form of periodon-
tal disease (22). A new structure was adopted for the 
classification of the disease. In this sense, "chronic" 
and "aggressive" periodontitis were gathered in a single 
classification: periodontitis (3). Thus, we evaluated in 
general terms the salivary biomarkers in periodontitis, 
contributing with new data for this classification.
Our meta-analysis demonstrated that IL-6 is a biomark-
er with a significant presence in the saliva of patients 
with periodontitis. IL-6 consists of a pro-inflammatory 
cytokine that acts in the differentiation of cells, such 
as B lymphocytes and in the manifestation of several 
proteins that act in the inflammatory process (23). Un-
der physiological conditions, this interleukin is found at 
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low levels in the body. However, in inflammatory pro-
cesses there is an increase in its concentration, a fact 
that is observed in individuals with periodontitis. This 
increase in IL-6 is strongly correlated with the presence 
of C-reactive protein and may be closely linked to oral 
parameters of patients with periodontitis, such as in-
creased probing pocket depth and number of teeth (24).
The presence of IL-1β is well described in patients with 
periodontitis when compared to healthy individuals (P 
<0.0001), but it does not show a significant difference 
when comparing patients with chronic and aggressive 
periodontitis (P =1.00). As the IL-6, IL-1B is a pro-in-
flammatory cytokine that acts on the expansion of the 
immune response, specifically on the differentiation of 
lymphocytes and the induction of adhesion molecules. 
In the inflammatory process of periodontitis, this cy-
tokine seems to be closely linked to the bone resorp-
tion process, as it has osteoclast-activating activity (25). 
TNF-α, a cytokine secreted by macrophages, has activ-
ity like IL-1B and is linked to the tissue destruction pro-
cess caused by periodontal disease and its presence in 
saliva is more associated with patients with periodonti-
tis than healthy patients (P =0.0004). However, there is 
no statistically significant difference when comparing 
chronic periodontitis and aggressive periodontitis (19).
Another biomarker present in our results is the nitric ox-
ide. This molecule plays important physiological roles, 
such as blood pressure regulation, platelet activation 
and immunoregulatory action (13). This free radical can 
be found in the saliva of patients with periodontitis (P < 
0.00001) by the action of anaerobic facultative bacteria 
present in the mouth, which convert salivary nitrate into 
nitrite, and the latter induces the gastric production of 
nitric oxide (26). Results from a previous meta-analysis 
showed that there is no statistically significant differ-
ence in the nitric oxide concentrations of chronic peri-
odontitis and aggressive periodontitis (14), corroborat-
ing with the new classification for the disease.
Osteoprotegerin is a protein synthesized by cells that 
participate in the formation of the organic portion of the 
bone matrix, the osteoblasts. It acts against bone resorp-
tion through a competitive process that binds by affinity 
to RANK ligand (RANKL), transmembrane proteins 
that activate osteoclasts when they bind to RANK. 
This interaction prevents the association of RANKL to 
RANK, which consequently blocks the production of 
osteoclasts (27). Our meta-analysis demonstrated that 
high levels of osteoprotegerin in saliva are more linked 
to the experimental group than to the healthy control 
group and that there is no significant difference con-
sidering the two clinical classifications of the disease. 
Here, we evaluated other biomarkers present in saliva, 
but which did not show statistically significant differ-
ences when comparing the periodontitis group to the 
healthy group.

IgA is a protein that is part of the antibody class and 
is present in the mucosa, playing an important role in 
immunological protection (28). Regarding the presence 
of IgA in saliva, no significant difference in concentra-
tion was observed in the comparison between groups. 
The same was observed in the concentrations of MMP-
8, a collagen matrix degradation enzyme present in the 
early stages of periodontitis, originating from polymor-
phonuclear leukocytes (29). In our study, we did not 
find a difference in the concentration of this enzyme 
in the salivary fluid between the groups. Comparing 
the chronic periodontitis and aggressive periodontitis 
data, we also observed that there was no difference in 
the MMP-8 concentration in the saliva of the groups (P 
= 1.00) (19).
In our comparison, we found six more biomarkers that 
also showed no statistically significant difference be-
tween the periodontitis group and the healthy group: 
IL-4, IL-10, IL-13, MMP-9, calprotectin and ICTP. 
However, these data need to be analyzed with caution, 
due to limitations in the number of studies that may re-
strict the statistical calculation, and that does not repre-
sent a clinical non-significance.
The IL’s 4, 10 and 13 are anti-inflammatory cytokines 
secreted by T helper 2 (Th2) CD4+ T lymphocytes 
that act in the immune response inducing B cell pro-
liferation and differentiation through biochemical sig-
nals and antibody production (30). Previous studies 
showed that IL-4 acts to improve periodontal disease 
through its regulatory potential against IL-1 and TNF-α 
and its ability to induce the death of activated macro-
phages. Furthermore, the highest concentrations of this 
interleukin are related to the periodontal healthy group, 
demonstrating a depletion of this anti-inflammatory in 
patients with periodontitis (31).
IL-10 is identified, together with IL-4, as an inhibitor of 
metalloproteinase and osteoprotegerin activity in peri-
odontitis, although our study shows that there is no sig-
nificant difference in the concentration of this cytokine 
in saliva between the periodontitis and healthy control 
groups, the literature indicates that the highest levels of 
IL-10 are associated with the healthy group (32). IL-13 
inhibits the destructive activity of fibroblasts in peri-
odontitis and activates the Transforming growth factor 
beta (TGF-β) (33), which has the function of stimulat-
ing cell growth, playing an important role in connective 
tissue remodeling. High levels of this biomarker are re-
lated to the periodontal healthy group (19).
MMP-9 is an enzyme that is present in several biologi-
cal processes, acting in the breakdown of the extracel-
lular matrix in processes such as bone formation and 
embryonic development (34,35). This metalloproteinase 
has already been investigated for its biomarker poten-
tial in the diagnosis and prognosis of periodontitis (36). 
High concentrations of MMP-9 have been correlated 
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with high gingival bleeding and intense dental motility 
and, together with MMP-2, it is responsible for a greater 
degradation of extracellular matrix constituents in peri-
odontitis.
Calprotectin, also known as S100A8 and S100A9 pro-
tein complex, is a heterodimer that can be found in leu-
kocytes, such as neutrophils and monocytes, and has 
antibacterial activity (37). This compound has a pro-in-
flammatory role and has been widely used as a marker 
of inflammation, because during this process, this pro-
tein is expelled by myeloid cells. Altered concentrations 
of this protein have been present in patients with peri-
odontitis accompanied by other mediators of inflam-
mation, such as prostaglandin E2 and interleukin-1β. 
Previous studies have reported that the presence of lipo-
polysaccharides (LPS) from the membrane of bacteria 
such as Porphyromonas gingivalis and Fusobacterium 
nucleatum are able to stimulate the release of calprotec-
tin by neutrophils. In addition to calprotectin exhibiting 
antimicrobial activity, its expression is believed to en-
hance the action of pro-inflammatory cytokines such as 
TNF-α and IL-6 (38).
ICTP is an important marker released after collagen 
degradation and osteoclastic bone resorption as a re-
sult of the modification of collagen molecules after the 
translation process. It is found to be elevated in several 
metabolic bone diseases (39). The literature reports the 
presence of this biomarker in the saliva of patients with 
periodontitis, arising from the alveolar bone resorp-
tion that the disease causes (40). In the comparison 
performed by our meta-analysis, we showed that there 
was no statistically significant difference between the 
healthy group and the periodontitis group. 
This is the first meta-analytic study to evaluate the lev-
els of salivary biomarkers under the new classification 
for periodontitis. We bring relevant information for this 
issue. However, some important limitations should be 
noted and discussed. First, the high level of method-
ological heterogeneity in this study may represent an 
important bias in the evaluation. Further studies should 
focus on following a methodological pattern to avoid 
this bias. Second, the absence of important data on the 
included studies did not allow a complete evaluation 
on the risk of bias in this meta-analysis. The authors 
should include all relevant data in their future studies 
to prevent the lack of possible information on the meta-
analysis.
In conclusion, our results demonstrated, through me-
ta-analytic methods with 1,983 participants from 9 
studies, that IL-6, nitric oxide, IL-1B, TNF-α and os-
teoprotegerin are among the most present biomarkers 
in patients with periodontitis. Furthermore, this study 
clarified that there is no statistically significant differ-
ence when comparing the concentration of biomarkers 
present in saliva in the previous clinical classification of 

the disease. Thus, the data presented here contribute to 
support the understanding of biomarkers levels in pa-
tients with periodontitis.
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