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ABSTRACT
Aim: Salivary content is regarded as a powerful diagnostic window for oral and systemic diseases and the proteomic profile 
could be useful to distinguish between different periodontal conditions. The aim of the present systematic review was to as-
sess distinctive salivary proteins identified through untargeted proteomics in periodontitis patients compared to periodontally 
healthy and gingivitis subjects, as well as to provide a qualitative methodological assessment of the current literature.
Methods: Relevant studies identified from Medline via PubMed, Scopus, Embase, and Cochrane Library databases were re-
trieved to answer the following PECO question: “In systemically healthy individuals, are there any differences in salivary protein 
expression profiles assessed in proteomics studies between patients with periodontitis and periodontally healthy or gingivitis 
subjects?” Moreover, diagnostic utility of the identified markers was sought via a targeted literature search and further quanti-
tative assessment. A modified version of the QUADAOMICS tool was used for the quality assessment of the included studies.
Results: After screening 461 relevant articles, a total of 13 studies were selected. The number of identified discriminant salivary 
proteins ranged from 2 to 4161. However, it was possible to identify proteins that were consistently over- or under-expressed in 
periodontitis patients in at least 3 studies. Among these, complement C3, profilin-1, SA100A8, and fibrinogen were consistently 
reported as increased in periodontitis, while cystatin-SN and leukocyte elastase inhibitor were more elevated in periodontally 
healthy controls. Only 4 studies reported diagnostic accuracy measures, with SA100A8 showing an area under the curve of 0.71 
(95% CI: 0.66–0.75) in meta-analysis.
Conclusions: Untargeted proteomics techniques identified some key biological molecules which were consistently reported to 
be over- or under-expressed in periodontitis. These findings could be useful to support novel candidate biomarkers for periodon-
titis. The high level of heterogeneity in methods and reporting urge to develop standardized protocols to be implemented in this 
research field (PROSPERO CRD42022299826).

1   |   Introduction

Periodontitis is a highly prevalent chronic inflamma-
tory disease that causes the irreversible destruction of 

tooth-supporting tissues [1, 2]. Although the development of 
a dysbiotic pathogenic biofilm is the primary etiological fac-
tor, the onset and the progression of the disease are modu-
lated by genetic, environmental, and behavioral factors [3, 4]. 
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The diagnosis largely relies on clinical and radiographic as-
sessments, although these diagnostic tools are more useful 
to assess past tissue destruction rather than disease activity 
and risk of progression [5]. Early identification of periodonti-
tis would be key to preventing disease complications such as 
tooth loss and chewing impairment and to avoid more com-
plex, costly, and less predictable treatments. Therefore, great 
efforts have been made in the search for sensitive molecular 
biomarkers to identify disease activity, to support early diag-
nosis, and to predict future progression at both patient and 
site level [6–9].

Among oral fluids, gingival crevicular fluid (GCF) has been 
used as a potential diagnostic biological fluid because it con-
tains site-specific biomarkers of disease activity [10, 11]. It is 
regarded as an appropriate medium for local assessment of 
gingival inflammation and disease activity, but a full mouth 
collection is time consuming and technically demanding. 
Moreover, the small collection volume limits the opportu-
nities of analysis using methods requiring larger quantities. 
Conversely, saliva is regarded as a convenient bio-fluid to eval-
uate the entire-mouth health state and a potential diagnostic 
tool for both systemic and periodontal diseases [12–14]. Saliva 
can be easily obtained with a minimal patient discomfort and 
contains a vast variety of biomarkers [15], including more than 
5000 proteins from both human and microbial origin [16, 17]. 
Indeed, among human salivary proteins, approximately 73% 
appear to be unique of saliva, with the remaining 27% overlap-
ping with serum proteins [15].

During the last decades, research interest has been directed 
toward the analysis of specific salivary molecules across dif-
ferent periodontal conditions, a pursuit largely enabled by the 
advancement of omics approaches [18, 19]. Indeed, by pro-
teomic analysis, it is possible to systematically screen protein 
expression by both quantitative and qualitative means [20]. 
2D Gel Electrophoresis is able to analyze complex protein 
mixtures by separating proteins first by their isoelectric point 
and then by their molecular weight. In several studies, 2D gel 

electrophoresis was used alone or coupled with mass spec-
trometry [21, 22]. However, approaches based on 2D gel are 
demanding, time-consuming, and do not allow to test a large 
number of proteins [5]. High-throughput proteomics method, 
such as protein microarrays, allowed to track a large number 
of proteins in parallel and to detect low abundant proteins, but 
the use of this technology is also restricted by the relatively 
high costs. To date, liquid chromatography coupled with mass 
spectrometry (LC–MS/MS) has been extensively applied to 
the study of periodontal diseases, focusing on microbial pro-
teome, host proteome, or both [23]. This powerful analytical 
technique offers very high accuracy and selectivity by com-
bining two different separative approaches based on analytes 
features (physico-chemical properties with LC and mass-to-
charge ratios with MS; [24]).

The present systematic review aimed at summarizing the avail-
able evidence regarding the salivary profile of patients with 
different periodontal conditions identified through untargeted 
proteomics studies, together with a methodological quality as-
sessment of the included studies in order to evaluate risk of bias 
and propose quality improvements in methods and reporting. 
Moreover, the diagnostic accuracy of the most consistently iden-
tified biomarkers was further evaluated by an additional tar-
geted literature search.

2   |   Methods

This research has been conducted in accordance with the 
Cochrane Handbook and reported according to the PRISMA 
guidelines [25, 26]. The protocol was registered on the 
International Prospective Register of Systematic Reviews 
(PROSPERO) under the number CRD42022299826.

2.1   |   Focused Questions

The present systematic review was designed to answer the fol-
lowing PECO question [27]:

In systemically healthy individuals, are there any 
differences in salivary protein expression profiles 
assessed in proteomics studies between patients with 
periodontitis and periodontally healthy or gingivitis 
subjects?

(P) Population. Adult patients in good systemic health.

(E) Exposure. Patients with a clinical diagnosis of periodonti-
tis (P).

(C) Comparison. Subjects with healthy periodontal conditions 
(H) or gingivitis (G).

(O) Type of outcome measures. Differences in salivary protein ex-
pression profile or in single/combination protein markers between 
P and H/G. Additionally, the diagnostic accuracy of identified sal-
ivary protein biomarkers compared to gold standard clinical pa-
rameters was sought in both untargeted and targeted studies.

Summary

•	 Background
○	 Salivary proteins profile can be regarded as resilient 

fingerprint to identify biomarkers useful for diagno-
sis and monitoring of periodontal diseases.

•	 Added value of this study
○	 Despite heterogeneity in methods and reporting, the 

present systematic review identified relevant sali-
vary molecules consistently over- (complement C3, 
profilin-1, S100A8, and fibrinogen) and under- (cys-
tatin-SN and leukocyte elastase inhibitor) expressed 
in periodontitis patients compared to periodontally 
healthy subjects.

•	 Clinical implications
○	 Consistent biomarkers identified through an untar-

geted proteomics approach could serve as potential 
candidates for future validation studies and may 
contribute to the development of diagnostic or prog-
nostic tools in the future.
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(S) Type of studies. Original studies in humans with obser-
vational design (cross-sectional, case–control, and cohort) 
comparing periodontitis patients with periodontally healthy 
or gingivitis subjects in terms of salivary protein expression 
profile and/or concentration obtained through proteomics 
methods.

2.2   |   Eligibility Criteria

The target conditions were chronic (CP) and/or aggressive (AgP) 
forms of periodontitis according to the 1999 classification [28], 
or periodontitis of any stage, grade, and extent according to the 
current classification [29]. The diagnosis of periodontitis was 
based on clinical parameters (clinical attachment level and prob-
ing pocket depth) or a combination of clinical and radiographic 
parameters. Studies specifically involving less than 10 subjects 
per group, patients suffering from systemic diseases, as well as 
studies involving pregnant females were excluded. Furthermore, 
literature reviews, editorials, clinical case reports, animal stud-
ies, and in vitro experimental models were excluded, as well as 
articles not written in English.

2.3   |   Search Methods for the Identification 
of Studies

The literature search was performed in duplicate by two re-
viewers (MC and GI) who were calibrated for study screening, 
data extraction, and risk of bias assessment against another 
experienced reviewer (GB). The search was performed on four 
electronic databases [National Library of Medicine (Medline 
via PubMed), Scopus, Embase, and Cochrane Library] until 
October 2023 without any restriction on date of publication. 
Combinations of controlled terms (MeSH and EMTREE) and 
keywords were used as follows:

(“periodontitis” OR “periodontal disease” OR “periodont*”) AND 
(“MS” OR “MS/MS” OR “MS–MS” OR “LC/MS” OR “LC–MS/
MS” OR “MALDI-TOF” OR “MALDI-TOF-MS” OR “SELDI-TOF” 
OR “SELDI-TOF-MS” OR “MALDI” OR “SELDI” OR “mass spec-
trometry” OR “liquid chromatography” OR “matrix-assisted laser 
desorption/ionization” OR “surface-enhanced laser desorption/
ionization” OR “time-of-flight” OR “proteomics” OR “proteomic” 
OR “proteomic analysis”) AND (“saliva” OR “salivary”).

In addition, the references of all included studies and previous 
systematic reviews were cross-checked by the same two review-
ers (MC and GI).

2.4   |   Study Selection

Titles and abstracts of eligible studies were screened inde-
pendently by two reviewers (MC and GI). Full text of studies 
that met the inclusion criteria were obtained for independent as-
sessment by the same reviewers. Any disagreement was resolved 
by discussion or by consultation with a third reviewer (GB). The 
reasons for exclusion of studies after full text analysis were re-
corded. The inter-reviewer reliability (percentage of agreement 
and kappa coefficient) of the screening method was calculated.

2.5   |   Data Extraction and Management

Data were independently extracted by two authors (MC and GI) 
using specifically designed templates. In case of a prospective clin-
ical study, only baseline data (before any periodontal treatment) 
were extracted. In studies comparing periodontal status in patients 
with and without systemic diseases (such as diabetes), only data 
on systemically healthy individuals were extracted and analyzed.

2.6   |   Risk of Bias in the Included Studies 
and Quality Assessment

The included studies were analyzed in terms of risk of bias and 
quality assessment in duplicate by two reviewers (MC and GI) 
using a modified version of the NIH Quality Assessment Tool 
for Observational Cohort and Cross-Sectional Studies and the 
QUADOMICS tool, specifically developed to evaluate omics 
research [30]. The tool comprises of 15 items about research 
question, study population, exposure, sampling procedures, 
confounding factors, outcomes, and statistical method. Every 
item was given a maximum of 1 point, and the total scores are 
interpreted as follows: 0–3, very low quality; 4–7, low quality; 
8–11, moderate quality; and 12–15, high quality.

2.7   |   Pathway Enrichment Analysis and Strategy 
for Data Synthesis

We performed an enrichment analysis on proteins showing differ-
ential expression levels related to periodontitis using Flame tool 
(v2.0) (23). Outputs with a p-value < 0.05 in the categories of gene 
ontology biological process (GO-BP) and gene ontology cellular 
component (GO-CC) were considered. Due to a high heterogeneity 
in methodology and outcomes among the included studies, meta-
analysis of data was not feasible. However, a consistency analysis 
was reported identifying protein markers significantly discrimi-
nant between P and G/H groups. Moreover, an additional litera-
ture search (Appendix 1) was performed evaluating the diagnostic 
ability of the identified markers. Data on area under the curve 
(AUC) receiver operating characteristic (ROC) curve, sensitivity, 
and specificity of the selected biomarker were extracted from the 
studies reporting them and meta-analyses were sought. When 
quantitative synthesis was possible, statistical heterogeneity was 
tested with Cochran's Q test, and inconsistency evaluated as the I2. 
Fixed effect model (inverse variance method) was used and forest 
plot was generated.

3   |   Results

3.1   |   Study Selection

Figure 1 depicts the study flow chart. In total, 461 titles were ob-
tained from the electronic search. One additional document was 
identified from the manual search. After the screening of titles 
and abstracts, 37 articles were analyzed in full text. Among them, 
24 papers were excluded for various reasons (summarized in 
Table S1). Finally, 13 articles were selected for the present system-
atic review [31–43]. The measure of inter-reviewer agreement was 
k = 0.86 for abstract screening and k = 0.91 for full-text analysis.
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3.2   |   Characteristics of the Included Studies

The characteristics of the included studies are summarized in 
Table 1. Six studies were conducted in Europe, 4 in Asia, and 3 
in South America. The number of participants ranged from 20 to 
141 (cases ranging from 10 to 67 and controls ranging from 10 to 
74), with a mean age of participants ranging from 25 to 64 years. 
Eleven studies had a cross-sectional design. The two remaining 
studies had a prospective design (also evaluating periodontitis 
groups before and after periodontal therapy). Periodontitis was 
defined according to different case definitions. Only one paper 
was focused on aggressive periodontitis. Two studies classified 
periodontitis patients in two groups (mild to moderate periodon-
titis/advanced periodontitis and chronic/aggressive periodonti-
tis) and only three studies included patients with gingivitis. In 
most of the included studies, smoking was an exclusion criterion 
(8 out of 13).

Details about saliva collection and analytical protocols are 
summarized in Table 2. Information about pre-sampling pro-
cedures (such as refraining from eating before saliva collec-
tion) were given in all the selected studies, except one. Nine 
studies collected unstimulated whole saliva; the remaining 
collected whole saliva after stimulation. Mass spectrome-
try was used coupled with liquid chromatography (LC–MS/
MS) in eight articles. In the remaining five papers, salivary 
samples were analyzed by means of matrix-assisted laser 

desorption ionization-time of flight mass spectrometry 
(MALDI-TOF MS).

3.3   |   Salivary Proteomic Profiles in Periodontitis 
and Healthy Subjects

The results of the included studies are summarized in Table 3 
and Table S2. The number of identified proteins ranged between 
2 and 4161, and their quantities were presented as absolute val-
ues (expressed as Dalton and/or peaks), concentrations (μg/μL 
or pg/mL), or ratio (fold changes) between cases and controls. 
p-values adjusted for false discovery rates (FDR) were reported 
in [32, 33, 38, 40, 42].

Most of the included studies reported proteins differently ex-
pressed in cases and controls. Figure 2 illustrated the results of 
the consistency analysis. Conflicting results were reported for 17 
out of the 52 proteins differently expressed in at least 2 studies. 
Complement C3, keratin (type I and type II), profilin-1, S100A8, 
cystatin-SN, alpha-2-macroglobulin, leukocyte elastase inhibi-
tor, and fibrinogen were the proteins consistently over-expressed 
or under-expressed in periodontitis patients in at least three pa-
pers. Among them, complement C3, profilin-1, S100A8, and fi-
brinogen were consistently increased in periodontitis cases. On 
the contrary, cystatin-SN and leukocyte elastase inhibitor were 
consistently increased in periodontally healthy controls.

FIGURE 1    |    PRISMA flow-chart of the study design.
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3.4   |   Diagnostic Accuracy

Analysis of diagnostic accuracy was reported in four of the in-
cluded studies (Table  S3). Antezack et  al. [31] selected six un-
identified protein peaks to build a diagnostic decision tree that 
identified periodontitis with sensitivity of 70.3% and specificity 
of 77.8%. In Bostanci et al. [33], machine-learning modeling al-
lowed to identify a group of five proteins (MMP-9, Ras-related 
protein-1, Actin-related protein 2/3 complex subunit 5, Clusterin, 
Deleted in Malignant Brain Tumors 1) with high predictive 
value for periodontitis [maximum area under the curve] (AUC) 
> 0.97. Grant et al. [37] selected a panel of 15 candidate proteins 
based upon differences observed with the untargeted analysis. 
The best performing group to distinguish between health (or 
gingivitis) and periodontitis resulted in an AUC of 0.970 and 
included alpha-1-acid glycoprotein, matrix metalloproteinase-9, 
pyruvate kinase, S100A8, and age. They also tested the possi-
bility to distinguish between mild-to-moderate and advanced 
periodontitis and obtained an AUC of 0.789. Tang et al. [42] ana-
lyzed the AUC of differentially expressed peptide peaks between 
chronic periodontitis and healthy groups, obtaining values rang-
ing from 0.688 to 0.860.

When performing an additional literature search to assess 
whether other targeted works have reported on diagnostic utility 
measures for the identified biomarkers, only S100A8 was found 
in at least two different studies [19, 44]. Additional data on the 
diagnostic accuracy of S100A8 were retrieved from Grant et al. 
[37]. After meta-analysis, the resulting AUC for this protein 
was 0.71 (95% CI: 0.66–0.75) with low heterogeneity (I2 = 2.4%, 
p = 0.359; Figure S1).

3.5   |   Pathway Enrichment Analysis

Figure  3A depicts the top ten enriched networks of GO 
Biological Process associated with the most consistent proteins 
differentially expressed between cases and controls. Among 
the key biological processes shared by the selected molecules, 
the most common were: GO:0010951-negative regulation of en-
dopeptidase activity, GO:0032101-regulation of response to ex-
ternal stimulus, GO:0006959-humoral immune response, and 
GO:0030449-regulation of complement activation. Similarly, the 
cellular components where the selected proteins are predomi-
nantly located are shown in Figure 3B, the main locations being 
the extracellular space or cell periphery, together with the secre-
tory granules and vesicles.

3.6   |   Methodological Quality Assessment

Results of the methodological quality assessment are reported 
in Table  4. According to the total scores, two papers were 
classified as high quality, one as low quality and another one 
as very low quality. The remaining nine studies were classi-
fied as moderate quality. Most of the studies defined properly 
inclusion and exclusion criteria as well as case definitions 
of periodontitis and periodontal health. Only two studies 
reported the time period between the collection of salivary 
samples and the reference standard test (clinical and/or radio-
graphic assessment of periodontal condition). The assessment A
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of potential confounding factors (such as systemic diseases 
and smoking) was reported in most of the included studies. 
Importantly, results were validated in an independent cohort 
in only four papers. In particular, Bostanci et al. [33] carried 
out a selected-reaction monitoring (SRM)-targeted analysis in 
an independent cohort for validation of the results of the ini-
tial label-free quantitative (LFQ) approach. In Casarin et al. 
[34], internal and external validations were performed for an-
nexin A1 (ANXA1) using an enzyme-linked immunosorbent 
assay (ELISA) test. Interestingly, the external validation was 
carried out in  vitro using cell culture of gingival fibroblast. 
Grant et al. [37] selected a shortlisted potential biomarker to 
be verified by ELISA in a cohort consisting of the sample in-
cluded in the initial analysis by quantitative mass spectrome-
try proteomics and another group of individuals recruited in a 
different center. In Shin et al. [41], MS analysis was followed 
by ELISA to verify the candidate protein markers (S100A8 and 
S100A9) among another cohort.

4   |   Discussion

This systematic review, which includes 13 original articles, 
demonstrates that distinctive molecular signatures identified 
through proteomic methods have the potential to differentiate 
between patients with periodontitis and controls with periodon-
tal health or gingivitis. The data provide aggregated evidence of 
novel candidate biomarkers that could be exploited for future 
diagnostic tools to screen and assess periodontitis. Below, a bi-
ological background and an interpretation of the most signifi-
cantly, differentially expressed molecules among the clinical 
groups are provided, along with a discussion of the methodol-
ogies used.

4.1   |   Outcomes for Specific Proteins

4.1.1   |   Complement C3

Complement C3 is a protein of the innate immune system 
which plays a central role in the activation of the comple-
ment system by the classical, lectin and alternative pathways. 
Complement dysregulation can be caused by genetic or micro-
bial factors and it is regarded as a contributing factor in the 
pathogenesis of several disorders, including periodontitis. In 
a pre-clinical study, C3-deficient mice did not develop gingi-
val inflammation and periodontal bone loss [45]. In humans, 
it was reported the presence of complement metabolites in 
the GCF during periodontal tissues inflammation [46, 47], 
whereas periodontitis treatment was associated with reduced 
complement C3 activation [48]. Recently, Cp40 (an analog 
to C3-inhibiting compstatin) was investigated for the treat-
ment of gingival inflammation and periodontitis in both an-
imal models and humans [49–51]. Cp40 is able to interrupt 
the complement cascade by blocking the binding of C3 to its 
convertase, making this molecule a potential adjunctive treat-
ment option for periodontitis [52]. In the present systematic 
review, complement C3 was constantly over-expressed in peri-
odontitis patients, supporting the central role of this protein in 
the alterations of the immune system related to the onset and 
progression of periodontitis.A
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4.1.2   |   Profilin-1

Four out of the 13 studies included in our systematic review re-
ported higher profilin-1 levels in periodontitis patients as com-
pared to periodontally healthy controls [33, 34, 37, 40]. Profilin-1 
is an actin monomer-binding protein encoded by the PFN1, 
which is involved in human mesenchymal stem cells migration 
and proliferation by increasing the level and organization of 
cytoskeletal filamentous-actin as a response to increased levels 
of pro-inflammatory mediators such as prostaglandin E2 [53]. 
Even if the role of profilin-1 within the periodontal tissues in-
flammatory processes has not been fully clarified, its higher 
expression increases endothelial cell permeability and ICAM-1 
expression [54]. In virtue of these characteristics, profilin-1 has 
been also hypothesized as biomarker for atherogenesis, diabe-
tes, and myocardial infarction [55].

4.1.3   |   S100A8

S100A8 belongs to the family of S100 proteins, low molecular-
weight proteins characterized by two calcium-binding sites. S100 
proteins take part in a number of intracellular and extracellular 
processes, such as nervous system development, cell growth and 
differentiation, cell–cell communication, protein phosphoryla-
tion, calcium homeostasis, and the inflammatory response [56]. 
S100A8 (also known as calgranulin A) is mainly expressed on 
neutrophils, monocytes, and macrophages, it is involved in reg-
ulating inflammatory responses and has potent anti-oxidant 

activity  [57]. S100A8 forms a heterocomplex with S100A9 (cal-
granulin B) called calprotectin, but these calcium-binding pro-
teins have actions that are both dependent on or independent of 
heterocomplex formation. The S100A8/A9 complex inhibits the 
activity of matrix metalloproteinases [58] and has been used as a 
marker for rheumatoid arthritis [59], colorectal cancer, inflamma-
tory bowel disease [60], and periodontitis [61]. Recently, three tar-
geted studies demonstrated significantly higher salivary levels of 
S100A8 in periodontitis patients as compared to healthy controls 
[19, 44, 62]. In this systematic review, three out of the 13 included 
studies reported higher S100A8 levels in periodontitis patients as 
compared to periodontally healthy controls [33, 37, 41].

4.1.4   |   Fibrinogen

Fibrinogen (coagulation factor I) is a 340 kDa glycoprotein com-
plex that is converted enzymatically by thrombin to fibrin, the 
main component of blood clot. Fibrinogen is long known to act 
as an acute-phase protein and participates in systemic and lo-
calized reactions in response to infections and inflammatory 
process [63, 64]. Indeed, its levels can be elevated up to 10-fold 
during inflammatory conditions as compared to basal levels 
[65], and it was also demonstrated that over-production of fi-
brinogen can increase the level of inflammatory cytokines and 
promote bacterial colonization [66, 67]. Periodontitis patients 
exhibit higher blood levels of C-reactive protein and fibrinogen 
[68, 69], and these systemic alterations were linked with the 
risk of myocardial infarction and other cardiovascular diseases 

FIGURE 2    |    Consistency analysis for the differentially expressed proteins in saliva of patients with periodontitis compared to periodontally 
healthy controls. Only proteins consistently over-expressed or under-expressed in periodontitis patients in at least three studies were included.
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[70, 71]. It was also demonstrated that patients with genetically 
determined higher levels of plasmatic fibrinogen were at higher 
risk of having periodontitis [72]. The present data demonstrated 
that higher levels of fibrinogen (alpha, beta, and gamma chains) 
were consistently found in salivary samples of periodontitis pa-
tients than in controls [34, 39–41]. This is not surprising consid-
ering that inflamed periodontal tissues are sites of continuous 
local activation of the coagulation cascade. However, despite the 
interaction between pro-inflammatory cytokines and fibrino-
gen levels, a potential role of fibrinogen in the pathogenesis of 
periodontitis has not been clarified. It is interesting to note that, 
looking at the consistency analysis, fibrinogen resulted to be the 

most frequently over-expressed protein in salivary samples of 
periodontitis patients, making this molecule an interesting po-
tential biomarker of periodontal disease. However, it should be 
considered that fibrinogen over-expression could also be the re-
sult of gingival inflammation without involvement of deep peri-
odontal tissues and subsequent loss of attachment.

4.1.5   |   Cystatin-SN

The cystatin isoforms A, B, C, D, SN, and SA were detected in sa-
liva by high-resolution mass spectrometry [73]. The main function 

FIGURE 3    |    Functional enrichment analysis, using Flame database, of the common proteins identified in this systematic review with an integrated 
network of the top 10 enriched biological processes terms (A) and gene ontology cellular component (B) (P-value < 0.05). Red squares = proteins up-
regulated in periodontitis; green squares = proteins up-regulated in periodontally healthy controls.
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of salivary cystatins is to inhibit cysteine proteases, such as bac-
terial proteases and lysosomal cathepsins and matrix metallo-
proteases, that are regarded as major contributors to periodontal 
tissue degradation [74, 75]. Since this proteolytic activity is mainly 
regulated by inhibitory proteins produced by the host, salivary 
cystatins have been investigated as potential biomarkers of ac-
tive periodontitis. Beside the role as major inhibition of cysteine 
proteases, cystatin SN participates in important signal transduc-
tion pathways, such as WNT, GSK-3, and interleukin-6 signaling 
pathways, involved in inflammatory processes, immunity, and 
cell cycle regulation [76]. In a cross-sectional study, the concen-
tration of cystatin SN (encoded by the CST1 gene on chromosome 
20p11.2) was found to be depleted in periodontitis patients as com-
pared to healthy controls, but still present in sufficient quantities 
to inhibit cathepsins H and L [77]. According to the consistency 
analysis, cystatin SN was reported to be significantly elevated in 
healthy controls as compared to periodontitis patients in 3 out of 
the 13 studies included in our systematic review. In particular, this 
difference was reported between healthy controls and both aggres-
sive [33] and chronic periodontitis patients [36]. The reduction of 
salivary cystatin SN in periodontitis patients could be associated 
with greater proteolytic damage to the periodontal tissues, with a 
subsequent progression of periodontal disease. In agreement with 
this hypothesis, Romano et al. [43] reported that cystatin SN ex-
pression in a group of treated periodontitis patients (reduced but 
stable periodontium) was re-established to levels comparable to 
that of periodontally healthy subjects, suggesting that this protein 
could be used not only as a biomarker to support the diagnosis of 
periodontitis but also to monitor treatment response and risk for 
disease progression [78].

4.1.6   |   Leukocyte Elastase Inhibitor

Leukocyte elastase inhibitor (LEI) is a member of the serine prote-
ase inhibitors superfamily, typically expressed in granulocytes and 
macrophages. This intracellular protein protects cells from prote-
ases released into the cytoplasm during stress or infection. LEI is 
able to control cell survival showing both pro- and anti-apoptotic 
properties [79]. It is also involved in the regulation of the innate im-
mune response, in the resolution of chronic inflammation, in cell 
migration, and in wound healing. Three out of the included stud-
ies in the present systematic review reported that salivary levels of 
LEI was increased in healthy subjects as compared to periodontitis 
patients. Even if we have no information about the potential role 
of this protein in the etiopathogenesis of periodontitis, it is possible 
to speculate that its depletion in periodontitis patients is associated 
with an impairment in immune response against the periodontal 
pathogens as well as in wound healing, as confirmed by the path-
way enrichment analysis.

4.2   |   Methodologic Considerations

From a methodological standpoint, the present review shows 
that salivary proteomics is a suitable method for identifying 
biomarkers that are correlated with the health status of peri-
odontal tissues. Specifically, the untargeted proteomic approach 
is shown to offer several advantages over targeted techniques. 
First, it enables the identification of novel biomarkers previ-
ously unassociated with periodontal diseases. Additionally, this 

technique is able to capture a wide spectrum of proteins even 
those present at low abundance or post-translationally modified, 
providing a deeper understanding of diseases. Advanced mass 
spectrometry techniques used in untargeted proteomics offer 
deep proteome coverage, enabling the detection of thousands of 
proteins in a single analysis. This high throughput capability is 
crucial for discovering biomarkers in complex biological samples 
such as oral tissues and fluids [80]. In addition, contemporary 
untargeted proteomics offers quantitative data, allowing for the 
comparison of protein expression between healthy and diseased 
states, which is crucial for identifying differentially expressed 
biomarkers [81]. Notably, to obtain reliable quantitative out-
comes it is still necessary to design an analytical method which 
incorporates calibration analytes and multiple quality control 
steps in the study. A calibration curve is established by the anal-
ysis of the calibration analytes at known concentration, and this 
curve can be used to determine the concentrations of target com-
pounds. Moreover, quality control steps are conducted at regular 
intervals to identify potential instrument biases and ensure that 
the quantitative data remain accurate [82].

This review showed that LC–MS/MS was the method of choice 
for the proteomic analysis of oral biofluids. LC–MS/MS is char-
acterized by an elevated sensitivity and specificity together with 
the capability to handle complex protein digests. Furthermore, 
this technique can provide essential information such as pro-
teins' post-translational modifications and structural char-
acteristics which can enhance a deeper understanding of the 
molecular pathways underlying periodontal diseases. An alter-
native mass spectrometry approach that proved its feasibility for 
the discovery of periodontal diseases biomarkers is MALDI-TOF, 
which is well known for its speed and high-throughput analysis 
of biomolecules. However, in order to get sufficient resolution 
and protein identification, it is typically necessary to preced-
ing protein separation by two-dimensional gel electrophoresis. 
This extra step introduces laborious pre-analytical procedures 
and time consumption. Overall, LC–MS/MS represents the op-
timal technique for analyzing oral biofluids, offering compre-
hensive and high-resolution proteomic data without requiring 
labor-intensive pre-analytical steps [83, 84]. LC–MS/MS rev-
olutionized both research and clinical laboratories; however, 
some limitations are present, especially the lack of standardized 
instrument configuration since most of the LC–MS/MS meth-
ods used have been designed “intra-laboratory.” From a strictly 
analytical standpoint, the main challenges to overcome relies 
on the possible compound misidentification due to Isobaric 
Interference. Furthermore, low-abundance molecules might 
sometimes be hardly detectable without pre-concentration or 
enrichment steps [24].

Some hurdles need to be solved to bring LC–MS/MS into the 
daily clinical practice. The purchase and maintenance of an LC–
MS/MS is still expensive. Furthermore, the operation of the in-
strument and the complex data analysis can be performed only 
by highly skilled personnel. Another critical aspect is the trans-
latability of LC–MS/MS into a “point of care” technique. Despite 
its potential, several challenges must be addressed for this tran-
sition to be possible. Specifically, advances in miniaturization, 
cost reduction, and the development of user-friendly interfaces 
are essential to make LC–MS/MS a viable option for rapid, on-
site applications.
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4.3   |   Limitations and Future Research 
Perspectives

The data resulting from this systematic review should be inter-
preted with some caveats. Indeed, most of the included studies 
were classified as moderate quality, only two as high quality, and 
the remaining as low or very low quality. Moreover, several defi-
nitions of cases and controls were adopted among the selected 
studies, resulting in a broad range of disease severity, inflam-
mation degree, and number of involved teeth/sites. Another 
critical issue was the heterogeneity of the reported results (ab-
solute values expressed as Dalton and/or peaks, concentrations, 
or ratio), preventing the possibility of summarizing data in a 
quantitative meta-analysis. It is also important to underline that 
only four studies [33, 34, 37, 41] carried out external validation 
of untargeted findings on a separate cohort and that in one case 
validation was the result on an in  vitro assay [34]. Validation, 
particularly external validation, is a critical aspect of research 
focused on developing diagnostic and screening tests. Without 
rigorous external validation, there is a risk that findings may not 
generalize beyond the original study population, potentially lim-
iting the clinical utility and reliability of the biomarkers identi-
fied. Also, in light of the high-dimensional nature of proteomic 
data, particularly with methods such as LC–MS, adjusting p-
values for FDR is crucial to minimize the risk of identifying false 
positives. Many of the included studies did not explicitly report 
FDR-adjusted values, which could affect the reliability of the 
identified biomarkers. As such, the absence of FDR corrections 
in some studies must be considered a limitation, underscoring 
the importance of adopting FDR adjustments in future proteomic 
research to enhance the robustness of biomarker identification.

Another aspect to consider was the method for saliva collection. 
Nine out of the 13 included studies reported that salivary col-
lection was unstimulated just because no mechanical devices or 
chemicals were given to the participants to stimulate salivary 
production. This unstimulated protocol allows to standardize 
the salivary flow rate minimalizing its impact on salivary pro-
tein concentration. However, none of the described procedure 
mentioned the required absence of several other sensory stim-
uli (such as room light, smell, noise, and temperature) that may 
alter the quantity and quantity of salivary production. Even 
the contraction of facial muscles may be considered a relevant 
factor and donors must be instructed to “drool” saliva into the 
sterile tube avoiding any movement during the procedure [85]. 
For these reasons, none of the selected study carried out salivary 
collection in a truly unstimulated modality.

A relevant point also relates to the confounding effect introduced 
by gingivitis in the proteomic profile. For instance, despite the dis-
criminant molecules were also significant for periodontitis alone, 
Grant et al. [37] reported that profilin-1 and S100A8 were elevated 
in gingivitis compared to periodontally healthy subjects. This is 
not surprising, as gingivitis and periodontitis are considered as 
a continuum [86]. However, an ideal biomarker for periodontitis 
should specifically indicate active periodontal tissue destruction, 
as opposed to marginal gingival inflammation. To mitigate this 
potential overlap, we grouped gingivitis with controls, as outlined 
in the PECO. While this approach may have clustered some in-
flammatory markers into the healthy group, it enhances the clas-
sifier's utility in clinical practice, where it is rare to encounter 

patients with less than 10% FMBS. Since only three out of the 
studies included in this review specifically separated gingivitis 
from health, and none offered a direct comparison between peri-
odontitis and gingivitis, it remains unclear which proteins can be 
specific for gingival inflammation without attachment loss.

Finally, the majority of the reviewed articles focused on basic 
discovery research and rarely address the translation into clin-
ical practice. To bridge the gap between research and clinical 
application, the proposed techniques should provide evidence 
of analytical sensitivity, analytical specificity, precision (repeat-
ability and reproducibility), accuracy, limits of detection, quan-
titation, and measuring range. Future studies need to address 
all these criteria to meet the standards set by regulatory agen-
cies for in  vitro diagnostic (https://​health.​ec.​europa.​eu/​medic​
al-​devic​es-​sector/​new-​regul​ations_​en).

5   |   Conclusions

5.1   |   Implications for Clinical Practice

According to the results of the present systematic review includ-
ing untargeted proteomics studies, an array of salivary proteins 
over- or under-expressed in periodontitis patients as compared 
to healthy controls was identified. These proteins, involved in 
the regulation of the inflammatory response and tuning of the 
immune system, were consistently reported in at least 3 studies 
out of the 13 selected. The possibility of using one of these pro-
teins or a combination to provide a salivary screening test for 
periodontitis and to support early diagnosis may support future 
clinically translatable approaches.

5.2   |   Implications for Research

Among the included studies, methods and reporting were hetero-
geneous, highlighting the need to develop and implement stan-
dardized protocols in future research. Notably, very few of the 
identified potential biomarkers were evaluated for basic diagnos-
tic accuracy measures, underscoring the need for future targeted 
approaches. These findings should be validated and confirmed 
in larger comparative and longitudinal studies to provide more 
consistent data on the diagnostic utility of the identified markers, 
as well as to assess the impact of periodontal therapy on protein 
expression. Finally, potential biomarkers should be tested for 
their ability to discriminate between periodontitis and gingivitis.

Author Contributions

M.C., G.B., F.R., and M.A. made substantial contributions to concep-
tion of the study. M.C., G.B., and G.N.B. contributed to the study de-
sign. M.C., G.B., and G.I. searched and collected the data. M.C., G.B., 
F.F., G.N.B., and F.R. performed data analysis and interpretation. 
M.C., G.B., F.F., J.Z., and F.R. prepared the first draft of the manu-
script. All authors have read, revised critically, and approved the final 
manuscript.

Ethics Statement

The authors have nothing to report.

 16000765, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.13357 by U

niversity Studi M
odena E

 R
 E

m
ilia C

entro Sistem
a B

ibl. D
'A

teneo, W
iley O

nline L
ibrary on [04/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://health.ec.europa.eu/medical-devices-sector/new-regulations_en
https://health.ec.europa.eu/medical-devices-sector/new-regulations_en


652 Journal of Periodontal Research, 2025

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are listed in the main 
manuscript and Supporting Information.

References

1. G. G. Nascimento, S. Alves-Costa, and M. Romandini, “Burden of Se-
vere Periodontitis and Edentulism in 2021, With Projections up to 2050: 
The Global Burden of Disease 2021 Study,” Journal of Periodontal Re-
search 59 (2024): 823–867, https://​doi.​org/​10.​1111/​jre.​13337​.

2. M. S. Tonetti, H. Greenwell, and K. S. Kornman, “Staging and Grad-
ing of Periodontitis: Framework and Proposal of a New Classification 
and Case Definition,” Journal of Periodontology 89, no. Suppl 1 (2018): 
S159–S172, https://​doi.​org/​10.​1002/​JPER.​18-​0006.

3. J. Meyle and I. Chapple, “Molecular Aspects of the Pathogenesis of 
Periodontitis,” Periodontology 2000 69, no. 1 (2015): 7–17, https://​doi.​org/​
10.​1111/​prd.​12104​.

4. S. S. Socransky and A. D. Haffajee, “Periodontal microbial ecology,” 
Periodontology 2000, no. 38 (2005): 135–187, https://​doi.​org/​10.​1111/j.​
1600-​0757.​2005.​00107.​x.

5. N. Bostanci, K. Bao, D. Greenwood, A. Silbereisen, and G. N. Beli-
basakis, “Periodontal Disease: From the Lenses of Light Microscopy to 
the Specs of Proteomics and Next-Generation Sequencing,” Advances in 
Clinical Chemistry 93 (2019): 263–290, https://​doi.​org/​10.​1016/​bs.​acc.​
2019.​07.​006.

6. M. M. Alamri, B. Williams, A. Le Guennec, et al., “Metabolomics Anal-
ysis in Saliva From Periodontally Healthy, Gingivitis and Periodontitis 
Patients,” Journal of Periodontal Research 58, no. 6 (2023): 1272–1280, 
https://​doi.​org/​10.​1111/​jre.​13183​.

7. H. W. Chen, W. Zhou, Y. Liao, S. C. Hu, T. L. Chen, and Z. C. Song, 
“Analysis of Metabolic Profiles of Generalized Aggressive Periodontitis,” 
Journal of Periodontal Research 53, no. 5 (2018): 894–901, https://​doi.​org/​
10.​1111/​jre.​12579​.

8. K. M. Jaedicke, P. M. Preshaw, and J. J. Taylor, “Salivary Cytokines 
as Biomarkers of Periodontal Diseases,” Periodontology 2000 70, no. 1 
(2016): 164–183, https://​doi.​org/​10.​1111/​prd.​12117​.

9. F. Romano, A. Castiblanco, F. Spadotto, et al., “ICP-Mass-Spectrometry 
Ionic Profile of Whole Saliva in Patients With Untreated and Treated 
Periodontitis,” Biomedicine 8 (2020): 90354, https://​doi.​org/​10.​3390/​
BIOME​DICIN​ES809​0354.

10. N. Arias-Bujanda, A. Regueira-Iglesias, C. Balsa-Castro, L. Nibali, N. 
Donos, and I. Tomás, “Accuracy of Single Molecular Biomarkers in Gin-
gival Crevicular Fluid for the Diagnosis of Periodontitis: A Systematic 
Review and Meta-Analysis,” Journal of Clinical Periodontology 46, no. 12 
(2019): 1166–1182, https://​doi.​org/​10.​1111/​jcpe.​13188​.

11. S. P. Barros, R. Williams, S. Offenbacher, and T. Morelli, “Gingival 
Crevicular Fluid as a Source of Biomarkers for Periodontitis,” Periodon-
tology 2000 70, no. 1 (2016): 53–64, https://​doi.​org/​10.​1111/​prd.​12107​.

12. G. Baima, I. Ferrocino, V. Del Lupo, et  al., “Effect of Periodontitis 
and Periodontal Therapy on Oral and Gut Microbiota,” Journal of Dental 
Research 103, no. 4 (2024): 359–368, https://​doi.​org/​10.​1177/​00220​34523​
1222800.

13. W. V. Giannobile, T. Beikler, J. S. Kinney, C. A. Ramseier, T. Mo-
relli, and D. T. Wong, “Saliva as a Diagnostic Tool for Periodontal 

Disease: Current State and Future Directions,” Periodontology 2000 
2000, no. 50 (2009): 52–64, https://​doi.​org/​10.​1111/j.​1600-​0757.​2008.​
00288.​x.

14. C. S. Miller, X. Ding, R. Nagarajan, D. R. Dawson, and J. L. Ebersole, 
“Biomarker Panel Discriminates Diabetics With and Without Periodon-
titis Pre- and Post-Therapy,” Journal of Periodontal Research 58, no. 3 
(2023): 493–502, https://​doi.​org/​10.​1111/​jre.​13127​.

15. N. Buduneli, “Environmental Factors and Periodontal Microbiome,” 
Periodontology 2000 85, no. 1 (2021): 112–125, https://​doi.​org/​10.​1111/​
prd.​12355​.

16. N. Grassl, N. A. Kulak, G. Pichler, et al., “Ultra-Deep and Quan-
titative Saliva Proteome Reveals Dynamics of the Oral Microbiome,” 
Genome Medicine 8, no. 1 (2016): 44, https://​doi.​org/​10.​1186/​s1307​
3-​016-​0293-​0.

17. N. M. Kazem, A. A. Abdulkareem, and M. R. Milward, “Salivary E-
Cadherin as a Biomarker for Diagnosis and Predicting Grade of Peri-
odontitis,” Journal of Periodontal Research 58, no. 4 (2023): 715–722, 
https://​doi.​org/​10.​1111/​jre.​13125​.

18. F. Ö. Dede, F. O. Ozden, and B. Avcı, “8-Hydroxy-Deoxyguanosine 
Levels in Gingival Crevicular Fluid and Saliva in Patients With Chronic 
Periodontitis After Initial Periodontal Treatment,” Journal of Periodon-
tology 84, no. 6 (2013): 821–828, https://​doi.​org/​10.​1902/​jop.​2012.​120195.

19. H. D. Kim, S. Kim, S. Jeon, S. J. Kim, H. J. Cho, and Y. N. Choi, 
“Diagnostic and Prognostic Ability of Salivary MMP-9 and S100A8 for 
Periodontitis,” Journal of Clinical Periodontology 47, no. 10 (2020): 1191–
1200, https://​doi.​org/​10.​1111/​jcpe.​13349​.

20. S. Hu, J. A. Loo, and D. T. Wong, “Human Saliva Proteome Analysis 
and Disease Biomarker Discovery,” Expert Review of Proteomics 4, no. 4 
(2007): 531–538, https://​doi.​org/​10.​1586/​14789​450.4.​4.​531.

21. L. R. Gonçalves, M. R. Soares, F. C. Nogueira, et  al., “Analysis of 
the Salivary Proteome in Gingivitis Patients,” Journal of Periodontal 
Research 46, no. 5 (2011): 599–606, https://​doi.​org/​10.​1111/j.​1600-​0765.​
2011.​01378.​x.

22. T. Yokoyama, T. Kobayashi, S. Ito, et al., “Comparative Analysis of 
Serum Proteins in Relation to Rheumatoid Arthritis and Chronic Peri-
odontitis,” Journal of Periodontology 85, no. 1 (2014): 103–112, https://​
doi.​org/​10.​1902/​jop.​2013.​120741.

23. J. Ding, J. Li, C. Zhang, L. Tan, C. Zhao, and L. Gao, “High-Throughput 
Combined Analysis of Saliva Microbiota and Metabolomic Profile in Chi-
nese Periodontitis Patients: A Pilot Study,” Inflammation 47, no. 3 (2024): 
874–890, https://​doi.​org/​10.​1007/​s1075​3-​023-​01948​-​6.

24. S. N. Thomas, D. French, P. J. Jannetto, B. A. Rappold, and W. A. 
Clarke, “Liquid Chromatography-Tandem Mass Spectrometry for Clin-
ical Diagnostics,” Nature Reviews Methods Primers 2, no. 1 (2022): 96, 
https://​doi.​org/​10.​1038/​s4358​6-​022-​00175​-​x.

25. J. P. T. Higgins, D. G. Altman, P. C. Gøtzsche, et al., “The Cochrane 
Collaboration's Tool for Assessing Risk of Bias in Randomised Trials,” 
BMJ (Clinical Research ed.) 343 (2011): d5928, https://​doi.​org/​10.​1136/​
bmj.​d5928​.

26. A. Liberati, D. G. Altman, J. Tetzlaff, et al., “The PRISMA Statement 
for Reporting Systematic Reviews and Meta-Analyses of Studies That 
Evaluate Healthcare Interventions: Explanation and Elaboration,” BMJ 
339 (2009): b2700, https://​doi.​org/​10.​1136/​bmj.​b2700​.

27. J. P. T. Higgins, J. Thomas, J. Chandler, et al., Cochrane Handbook for 
Systematic Reviews of Interventions, 2nd ed. (New York, NY: John Wiley 
& Sons, 2019).

28. G. C. Armitage, “Development of a Classification System for Peri-
odontal Diseases and Conditions,” Annals of Periodontology 4, no. 1 
(1999): 1–6, https://​doi.​org/​10.​1902/​annals.​1999.4.​1.​1.

29. P. N. Papapanou, M. Sanz, N. Buduneli, et al., “Periodontitis: Con-
sensus Report of Workgroup 2 of the 2017 World Workshop on the Clas-
sification of Periodontal and Peri-Implant Diseases and Conditions,” 

 16000765, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.13357 by U

niversity Studi M
odena E

 R
 E

m
ilia C

entro Sistem
a B

ibl. D
'A

teneo, W
iley O

nline L
ibrary on [04/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/jre.13337
https://doi.org/10.1002/JPER.18-0006
https://doi.org/10.1111/prd.12104
https://doi.org/10.1111/prd.12104
https://doi.org/10.1111/j.1600-0757.2005.00107.x
https://doi.org/10.1111/j.1600-0757.2005.00107.x
https://doi.org/10.1016/bs.acc.2019.07.006
https://doi.org/10.1016/bs.acc.2019.07.006
https://doi.org/10.1111/jre.13183
https://doi.org/10.1111/jre.12579
https://doi.org/10.1111/jre.12579
https://doi.org/10.1111/prd.12117
https://doi.org/10.3390/BIOMEDICINES8090354
https://doi.org/10.3390/BIOMEDICINES8090354
https://doi.org/10.1111/jcpe.13188
https://doi.org/10.1111/prd.12107
https://doi.org/10.1177/00220345231222800
https://doi.org/10.1177/00220345231222800
https://doi.org/10.1111/j.1600-0757.2008.00288.x
https://doi.org/10.1111/j.1600-0757.2008.00288.x
https://doi.org/10.1111/jre.13127
https://doi.org/10.1111/prd.12355
https://doi.org/10.1111/prd.12355
https://doi.org/10.1186/s13073-016-0293-0
https://doi.org/10.1186/s13073-016-0293-0
https://doi.org/10.1111/jre.13125
https://doi.org/10.1902/jop.2012.120195
https://doi.org/10.1111/jcpe.13349
https://doi.org/10.1586/14789450.4.4.531
https://doi.org/10.1111/j.1600-0765.2011.01378.x
https://doi.org/10.1111/j.1600-0765.2011.01378.x
https://doi.org/10.1902/jop.2013.120741
https://doi.org/10.1902/jop.2013.120741
https://doi.org/10.1007/s10753-023-01948-6
https://doi.org/10.1038/s43586-022-00175-x
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1902/annals.1999.4.1.1


653

Journal of Periodontology 89, no. S1 (2018): S173–S182, https://​doi.​org/​
10.​1002/​JPER.​17-​0721.

30. G. Baima, G. Iaderosa, M. Corana, et al., “Macro and Trace Elements 
Signature of Periodontitis in Saliva: A Systematic Review With Quality 
Assessment of Ionomics Studies,” Journal of Periodontal Research 57, no. 
1 (2022): 30–40, https://​doi.​org/​10.​1111/​jre.​12956​.

31. A. Antezack, H. Chaudet, H. Tissot-Dupont, P. Brouqui, and V. 
Monnet-Corti, “Rapid Diagnosis of Periodontitis, a Feasibility Study 
Using MALDI-TOF Mass Spectrometry,” PLoS One 15, no. 3 (2020): 
e0230334, https://​doi.​org/​10.​1371/​journ​al.​pone.​0230334.

32. D. Belstrøm, R. R. Jersie-Christensen, D. Lyon, et al., “Metaproteom-
ics of Saliva Identifies Human Protein Markers Specific for Individuals 
With Periodontitis and Dental Caries Compared to Orally Healthy Con-
trols,” PeerJ 4 (2016): e2433, https://​doi.​org/​10.​7717/​peerj.​2433.

33. N. Bostanci, N. Selevsek, W. Wolski, et  al., “Targeted Proteomics 
Guided by Label-Free Quantitative Proteome Analysis in Saliva Reveal 
Transition Signatures From Health to Periodontal Disease,” Molecular 
and Cellular Proteomics 17, no. 7 (2018): 1392–1409, https://​doi.​org/​10.​
1074/​mcp.​RA118.​000718.

34. R. C. V. Casarin, C. R. Salmon, C. S. Stolf, et al., “Salivary Annexin 
A1: A Candidate Biomarker for Periodontitis,” Journal of Clinical Peri-
odontology 50, no. 7 (2023): 942–951, https://​doi.​org/​10.​1111/​jcpe.​13803​.

35. P. Chaiyarit, S. Taweechaisupapong, J. Jaresitthikunchai, N. Phaon-
akrop, and S. Roytrakul, “Comparative Evaluation of 5-15-kDa Salivary 
Proteins From Patients With Different Oral Diseases by MALDI-TOF/
TOF Mass Spectrometry,” Clinical Oral Investigations 19, no. 3 (2015): 
729–737, https://​doi.​org/​10.​1007/​s0078​4-​014-​1293-​3.

36. L. d. R. Gonçalves, M. R. Soares, F. C. Nogueira, et  al., “Compara-
tive Proteomic Analysis of Whole Saliva From Chronic Periodontitis Pa-
tients,” Journal of Proteomics 73, no. 7 (2010): 1334–1341.

37. M. M. Grant, J. J. Taylor, K. Jaedicke, et al., “Discovery, Validation, 
and Diagnostic Ability of Multiple Protein-Based Biomarkers in Saliva 
and Gingival Crevicular Fluid to Distinguish Between Health and Peri-
odontal Diseases,” Journal of Clinical Periodontology 49, no. 7 (2022): 
622–632, https://​doi.​org/​10.​1111/​jcpe.​13630​.

38. F. A. R. R. Hartenbach, É. Velasquez, F. C. S. Nogueira, G. B. Domont, 
E. Ferreira, and A. P. V. Colombo, “Proteomic Analysis of Whole Saliva 
in Chronic Periodontitis,” Journal of Proteomics 213 (2020): 103602, 
https://​doi.​org/​10.​1016/j.​jprot.​2019.​103602.

39. B. Mertens, V. Orti, J. Vialaret, et al., “Assessing a Multiplex-Targeted 
Proteomics Approach for the Clinical Diagnosis of Periodontitis Using 
Saliva Samples,” Bioanalysis 10, no. 1 (2018): 35–45, https://​doi.​org/​10.​
4155/​bio-​2017-​0218.

40. M. G. Salazar, N. Jehmlich, A. Murr, et  al., “Identification of Peri-
odontitis Associated Changes in the Proteome of Whole Human Saliva 
by Mass Spectrometric Analysis,” Journal of Clinical Periodontology 40, 
no. 9 (2013): 825–832, https://​doi.​org/​10.​1111/​jcpe.​12130​.

41. M. S. Shin, Y. G. Kim, Y. J. Shin, B. J. Ko, S. Kim, and H. D. Kim, 
“Deep Sequencing Salivary Proteins for Periodontitis Using Proteomics,” 
Clinical Oral Investigations 23, no. 9 (2019): 3571–3580, https://​doi.​org/​
10.​1007/​s0078​4-​018-​2779-​1.

42. H. Tang, C. Yuan, Z. Ma, et al., “The Potentiality of Salivary Peptide 
Biomarkers for Screening Patients With Periodontal Diseases by Mass 
Spectrometry,” Clinica Chimica Acta 495 (2019): 278–286, https://​doi.​
org/​10.​1016/j.​cca.​2019.​04.​076.

43. F. Romano, F. Franco, M. Corana, et al., “Cystatin SN (CST1) as a 
Novel Salivary Biomarker of Periodontitis,” International Journal of Mo-
lecular Sciences 24, no. 18 (2023): 13834, https://​doi.​org/​10.​3390/​ijms2​
41813834.

44. S. Karna, Y. J. Shin, S. Kim, and H. D. Kim, “Salivary S100 Proteins 
Screen Periodontitis Among Korean Adults,” Journal of Clinical Peri-
odontology 46, no. 2 (2019): 181–188, https://​doi.​org/​10.​1111/​jcpe.​13059​.

45. T. Maekawa, T. Abe, E. Hajishengallis, et  al., “Genetic and Inter-
vention Studies Implicating Complement C3 as a Major Target for the 
Treatment of Periodontitis,” Journal of Immunology 192, no. 12 (2014): 
6020–6027, https://​doi.​org/​10.​4049/​jimmu​nol.​1400569.

46. R.-Y. Huang, F.-Y. Tseng, C.-D. Cheng, et  al., “Complement Com-
ponents C3b and C4b as Potential Reliable Site-Specific Diagnostic 
Biomarkers for Periodontitis,” Journal of Periodontal Research 58, no. 5 
(2023): 1020–1030, https://​doi.​org/​10.​1111/​jre.​13164​.

47. T. Kajikawa, D. C. Mastellos, H. Hasturk, et al., “C3-Targeted Host-
Modulation Approaches to Oral Inflammatory Conditions,” Seminars 
in Immunology 59 (2022): 101608, https://​doi.​org/​10.​1016/j.​smim.​2022.​
101608.

48. C. E. Niekrash and M. R. Patters, “Simultaneous Assessment of 
Complement Components C3, C4, and B and Their Cleavage Products 
in Human Gingival Fluid. II. Longitudinal Changes During Periodon-
tal Therapy,” Journal of Periodontal Research 20, no. 3 (1985): 268–275, 
https://​doi.​org/​10.​1111/j.​1600-​0765.​1985.​tb004​34.​x.

49. T. Kajikawa, R. A. Briones, R. R. G. Resuello, et al., “Safety and Ef-
ficacy of the Complement Inhibitor AMY-101 in a Natural Model of 
Periodontitis in Non-human Primates,” Molecular Therapy - Methods & 
Clinical Development 6 (2017): 207–215, https://​doi.​org/​10.​1016/j.​omtm.​
2017.​08.​001.

50. T. Maekawa, R. A. Briones, R. R. Resuello, et al., “Inhibition of Pre-
Existing Natural Periodontitis in Non-human Primates by a Locally 
Administered Peptide Inhibitor of Complement C3,” Journal of Clinical 
Periodontology 43, no. 3 (2016): 238–249, https://​doi.​org/​10.​1111/​jcpe.​
12507​.

51. D. C. Mastellos, D. Ricklin, and J. D. Lambris, “Clinical Promise 
of Next-Generation Complement Therapeutics,” Nature Reviews Drug 
Discovery 18, no. 9 (2019): 707–729, https://​doi.​org/​10.​1038/​s4157​
3-​019-​0031-​6.

52. G. Hajishengallis, T. Kajikawa, E. Hajishengallis, et al., “Complement-
Dependent Mechanisms and Interventions in Periodontal Disease,” 
Frontiers in Immunology 10 (2019): 406, https://​doi.​org/​10.​3389/​fimmu.​
2019.​00406​.

53. S. P. Yun, J. M. Ryu, M. W. Jang, and H. J. Han, “Interaction of Pro-
filin-1 and F-Actin via a β-Arrestin-1/JNK Signaling Pathway Involved 
in Prostaglandin E(2)-induced Human Mesenchymal Stem Cells Migra-
tion and Proliferation,” Journal of Cellular Physiology 226, no. 2 (2011): 
559–571, https://​doi.​org/​10.​1002/​jcp.​22366​.

54. N. Rosa, M. J. Correia, J. P. Arrais, N. Costa, J. L. Oliveira, and M. 
Barros, “The Landscape of Protein Biomarkers Proposed for Periodontal 
Disease: Markers With Functional Meaning,” BioMed Research Interna-
tional 2014 (2014): 569632, https://​doi.​org/​10.​1155/​2014/​569632.

55. E. Paszek, K. Żmudka, K. Plens, J. Legutko, T. Rajs, and W. Zajdel, 
“Evaluation of Profilin 1 as a Biomarker in Myocardial Infarction,” Euro-
pean Review for Medical and Pharmacological Sciences 24, no. 15 (2020): 
8112–8116, https://​doi.​org/​10.​26355/​​eurrev_​202008_​22497​.

56. D. B. Zimmer, E. H. Cornwall, A. Landar, and W. Song, “The S100 
Protein Family: History, Function, and Expression,” Brain Research Bul-
letin 37, no. 4 (1995): 417–429, https://​doi.​org/​10.​1016/​0361-​9230(95)​
00040​-​2.

57. C. Perera, H. P. McNeil, and C. L. Geczy, “S100 Calgranulins in In-
flammatory Arthritis,” Immunology and Cell Biology 88, no. 1 (2010): 
41–49, https://​doi.​org/​10.​1038/​icb.​2009.​88.

58. B. Isaksen and M. K. Fagerhol, “Calprotectin Inhibits Matrix Metal-
loproteinases by Sequestration of Zinc,” Molecular Pathology 54, no. 5 
(2001): 289–292, https://​doi.​org/​10.​1136/​mp.​54.5.​289.

59. H. B. Hammer, S. Odegard, M. K. Fagerhol, et al., “Calprotectin (a 
Major Leucocyte Protein) is Strongly and Independently Correlated With 
Joint Inflammation and Damage in Rheumatoid Arthritis,” Annals of the 
Rheumatic Diseases 66, no. 8 (2007): 1093–1097.

 16000765, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.13357 by U

niversity Studi M
odena E

 R
 E

m
ilia C

entro Sistem
a B

ibl. D
'A

teneo, W
iley O

nline L
ibrary on [04/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1111/jre.12956
https://doi.org/10.1371/journal.pone.0230334
https://doi.org/10.7717/peerj.2433
https://doi.org/10.1074/mcp.RA118.000718
https://doi.org/10.1074/mcp.RA118.000718
https://doi.org/10.1111/jcpe.13803
https://doi.org/10.1007/s00784-014-1293-3
https://doi.org/10.1111/jcpe.13630
https://doi.org/10.1016/j.jprot.2019.103602
https://doi.org/10.4155/bio-2017-0218
https://doi.org/10.4155/bio-2017-0218
https://doi.org/10.1111/jcpe.12130
https://doi.org/10.1007/s00784-018-2779-1
https://doi.org/10.1007/s00784-018-2779-1
https://doi.org/10.1016/j.cca.2019.04.076
https://doi.org/10.1016/j.cca.2019.04.076
https://doi.org/10.3390/ijms241813834
https://doi.org/10.3390/ijms241813834
https://doi.org/10.1111/jcpe.13059
https://doi.org/10.4049/jimmunol.1400569
https://doi.org/10.1111/jre.13164
https://doi.org/10.1016/j.smim.2022.101608
https://doi.org/10.1016/j.smim.2022.101608
https://doi.org/10.1111/j.1600-0765.1985.tb00434.x
https://doi.org/10.1016/j.omtm.2017.08.001
https://doi.org/10.1016/j.omtm.2017.08.001
https://doi.org/10.1111/jcpe.12507
https://doi.org/10.1111/jcpe.12507
https://doi.org/10.1038/s41573-019-0031-6
https://doi.org/10.1038/s41573-019-0031-6
https://doi.org/10.3389/fimmu.2019.00406
https://doi.org/10.3389/fimmu.2019.00406
https://doi.org/10.1002/jcp.22366
https://doi.org/10.1155/2014/569632
https://doi.org/10.26355/eurrev_202008_22497
https://doi.org/10.1016/0361-9230(95)00040-2
https://doi.org/10.1016/0361-9230(95)00040-2
https://doi.org/10.1038/icb.2009.88
https://doi.org/10.1136/mp.54.5.289


654 Journal of Periodontal Research, 2025

60. A. Poullis, R. Foster, M. A. Mendall, and M. K. Fagerhol, “Emerging 
Role of Calprotectin in Gastroenterology,” Journal of Gastroenterology 
and Hepatology 18, no. 7 (2003): 756–762, https://​doi.​org/​10.​1046/j.​1440-​
1746.​2003.​03014.​x.

61. H. Haririan, O. Andrukhov, E. Pablik, M. Neuhofer, A. Moritz, and 
X. Rausch-Fan, “Comparative Analysis of Calcium-Binding Myeloid-
Related Protein-8/14 in Saliva and Serum of Patients With Periodonti-
tis and Healthy Individuals,” Journal of Periodontology 87, no. 2 (2016): 
184–192, https://​doi.​org/​10.​1902/​jop.​2015.​150254.

62. H. D. Kim, S. Karna, Y. Shin, H. Vu, H. J. Cho, and S. Kim, “S100A8 
and S100A9 in Saliva, Blood and Gingival Crevicular Fluid for Screening 
Established Periodontitis: A Cross-Sectional Study,” BMC Oral Health 21, 
no. 1 (2021): 388, https://​doi.​org/​10.​1186/​s1290​3-​021-​01749​-​z.

63. P. J. Haidaris, “Induction of Fibrinogen Biosynthesis and Secretion 
From Cultured Pulmonary Epithelial Cells,” Blood 89, no. 3 (1997): 
873–882.

64. E. P. Molmenti, T. Ziambaras, and D. H. Perlmutter, “Evidence for an 
Acute Phase Response in Human Intestinal Epithelial Cells,” Journal of 
Biological Chemistry 268, no. 19 (1993): 14116–14124.

65. S. B. Dowton and H. R. Colten, “Acute Phase Reactants in Inflam-
mation and Infection,” Seminars in Hematology 25, no. 2 (1988): 84–90.

66. M. S. Lantz, R. D. Allen, P. Bounelis, L. M. Switalski, and M. Hook, 
“Bacteroides Gingivalis and Bacteroides intermedius Recognize Different 
Sites on Human Fibrinogen,” Journal of Bacteriology 172, no. 2 (1990): 
716–726, https://​doi.​org/​10.​1128/​jb.​172.2.​716-​726.​1990.

67. R. L. Perez and J. Roman, “Fibrin Enhances the Expression of IL-1 
Beta by Human Peripheral Blood Mononuclear Cells. Implications in 
Pulmonary Inflammation,” Journal of Immunology 154, no. 4 (1995): 
1879–1887.

68. B. A. Dye, K. Choudhary, S. Shea, and P. N. Papapanou, “Serum An-
tibodies to Periodontal Pathogens and Markers of Systemic Inflamma-
tion,” Journal of Clinical Periodontology 32, no. 12 (2005): 1189–1199, 
https://​doi.​org/​10.​1111/j.​1600-​051X.​2005.​00856.​x.

69. J. L. Ebersole, R. L. Machen, M. J. Steffen, and D. E. Willmann, “Sys-
temic Acute-Phase Reactants, C-Reactive Protein and Haptoglobin, in 
Adult Periodontitis,” Clinical and Experimental Immunology 107, no. 2 
(1997): 347–352, https://​doi.​org/​10.​1111/j.​1365-​2249.​1997.​270-​ce1162.​x.

70. M. Kweider, G. D. Lowe, G. D. Murray, D. F. Kinane, and D. A. Mc-
Gowan, “Dental Disease, Fibrinogen and White Cell Count; Links With 
Myocardial Infarction?,” Scottish Medical Journal 38, no. 3 (1993): 73–74, 
https://​doi.​org/​10.​1177/​00369​33093​03800304.

71. T. E. Van Dyke and A. J. van Winkelhoff, “Infection and Inflamma-
tory Mechanisms,” Journal of Clinical Periodontology 40, no. Suppl 14 
(2013): S1–S7, https://​doi.​org/​10.​1111/​jcpe.​12088​.

72. S. E. Sahingur, A. Sharma, R. J. Genco, and E. De Nardin, “Associa-
tion of Increased Levels of Fibrinogen and the -455G/A Fibrinogen Gene 
Polymorphism With Chronic Periodontitis,” Journal of Periodontology 
74, no. 3 (2003): 329–337, https://​doi.​org/​10.​1902/​jop.​2003.​74.3.​329.

73. B. Manconi, B. Liori, T. Cabras, et al., “Salivary Cystatins: Exploring 
New Post-Translational Modifications and Polymorphisms by Top-Down 
High-Resolution Mass Spectrometry,” Journal of Proteome Research 
16, no. 11 (2017): 4196–4207, https://​doi.​org/​10.​1021/​acs.​jprot​eome.​
7b00567.

74. K. Deng, S. Wei, M. Xu, J. Shi, H. Lai, and M. S. Tonetti, “Diagnos-
tic Accuracy of Active Matrix Metalloproteinase-8 Point-Of-Care Test 
for the Discrimination of Periodontal Health Status: Comparison of Sa-
liva and Oral Rinse Samples,” Journal of Periodontal Research 57, no. 4 
(2022): 768–779, https://​doi.​org/​10.​1111/​jre.​12999​.

75. D. P. Dickinson, “Cysteine Peptidases of Mammals: Their Biologi-
cal Roles and Potential Effects in the Oral Cavity and Other Tissues in 
Health and Disease,” Critical Reviews in Oral Biology and Medicine 13, no. 
3 (2002): 238–275, https://​doi.​org/​10.​1177/​15441​11302​01300304.

76. Y. Liu and J. Yao, “Research Progress of Cystatin SN in Cancer,” 
Oncotargets and Therapy 12 (2019): 3411–3419, https://​doi.​org/​10.​2147/​
OTT.​S194332.

77. A. C. Baron, A. A. DeCarlo, and J. D. B. Featherstone, “Functional 
Aspects of the Human Salivary Cystatins in the Oral Environment,” Oral 
Diseases 5, no. 3 (1999): 234–240, https://​doi.​org/​10.​1111/j.​1601-​0825.​
1999.​tb003​07.​x.

78. M. Yilmaz, E. Demir, M. Gürsoy, E. Firatli, V. Loimaranta, and U. K. 
Gürsoy, “Salivary Levels of BAFF, TWEAK, and Soluble CD163 and Sal-
ivary Arginase Activity Before and After Periodontal Treatment,” Jour-
nal of Periodontal Research 58, no. 3 (2023): 646–654, https://​doi.​org/​10.​
1111/​jre.​13124​.

79. A. Torriglia, E. Martin, and I. Jaadane, “The Hidden Side of SER-
PINB1/Leukocyte Elastase Inhibitor,” Seminars in Cell and Developmental 
Biology 62 (2017): 178–186, https://​doi.​org/​10.​1016/j.​semcdb.​2016.​07.​010.

80. A. Macklin, S. Khan, and T. Kislinger, “Recent Advances in Mass 
Spectrometry Based Clinical Proteomics: Applications to Cancer Re-
search,” Clinical Proteomics 17 (2020): 9283, https://​doi.​org/​10.​1186/​
s1201​4-​020-​09283​-​w.

81. J. Haneef, M. Shaharyar, A. Husain, et al., “Application of LC–MS/
MS for Quantitative Analysis of Glucocorticoids and Stimulants in Bio-
logical Fluids,” Journal of Pharmaceutical Analysis 3, no. 5 (2013): 341–
348, https://​doi.​org/​10.​1016/j.​jpha.​2013.​03.​005.

82. W. L. Cheng, C. Markus, C. Y. Lim, et al., “Calibration Practices in 
Clinical Mass Spectrometry: Review and Recommendations,” Annals of 
Laboratory Medicine 43, no. 1 (2023): 5–18, https://​doi.​org/​10.​3343/​alm.​
2023.​43.1.​5.

83. Z. Güney, S. Kurgan, C. Önder, C. Mammadov, M. A. Serdar, and 
M. Günhan, “Asymmetric and Symmetric Dimethylarginine Gingival 
Crevicular Fluid Levels in Periodontitis,” Journal of Periodontal Research 
58, no. 2 (2023): 256–261, https://​doi.​org/​10.​1111/​jre.​13087​.

84. M. Vignon, A. Bastide, A. Attina, et  al., “Multiplexed LC–MS/MS 
Quantification of Salivary RNA Modifications in Periodontitis,” Jour-
nal of Periodontal Research 58, no. 5 (2023): 959–967, https://​doi.​org/​10.​
1111/​jre.​13155​.

85. J. M. H. Fey, F. J. Bikker, and D. Hesse, “Saliva Collection Methods 
Among Children and Adolescents: A Scoping Review,” Molecular Diag-
nosis & Therapy 28, no. 1 (2024): 15–26, https://​doi.​org/​10.​1007/​s4029​
1-​023-​00684​-​9.

86. D. F. Kinane, R. Attström, and European Workshop in Periodontol-
ogy Group B, “Advances in the Pathogenesis of Periodontitis. Group B 
Consensus Report of the Fifth European Workshop in Periodontology,” 
Journal of Clinical Periodontology 32 (2005): 130–131, https://​doi.​org/​10.​
1111/j.​1600-​051X.​2005.​00823.​x.

87. I. L. Chapple, B. L. Mealey, T. E. Van Dyke, et al., “Periodontal Health 
and Gingival Diseases and Conditions on an Intact and a Reduced Peri-
odontium: Consensus Report of Workgroup 1 of the 2017 World Work-
shop on the Classification of Periodontal and Peri-Implant Diseases and 
Conditions,” Journal of Clinical Periodontology 45, no. Suppl 20 (2018): 
S74–S84, https://​doi.​org/​10.​1111/​jcpe.​12940​.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.

Appendix 1

An additional literature search to evaluate the diagnostic ability of the 
identified markers (complement C3, cystatin SN, fibrinogen, leukocyte 
elastase inhibitor, profilin-1, S100A8) was performed on Medline via 
PubMed, using the following combinations of controlled terms (MeSH 
and EMTREE) and keywords:
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1.	“periodont*” AND “complement C3” AND (“diagnostic accuracy” 
OR “sensitivity” OR “specificity” OR “area under the curve” OR 
“AUC” OR “receiver operating characteristic” OR “ROC”). This 
search resulted in three titles, with no one reporting data on the 
diagnostic accuracy of salivary complement C3.

2.	“periodont*” AND “cystatin SN” AND (“diagnostic accuracy” 
OR “sensitivity” OR “specificity” OR “area under the curve” OR 
“AUC” OR “receiver operating characteristic” OR “ROC”). No titles 
were obtained.

3.	“periodont*” AND “fibrinogen” AND (“diagnostic accuracy” 
OR “sensitivity” OR “specificity” OR “area under the curve” OR 
“AUC” OR “receiver operating characteristic” OR “ROC”). This 
search resulted in 51 titles, four were selected for full-text reading 
but no relevant data on diagnostic accuracy were reported.

4.	“periodont*” AND (“leukocyte elastase inhibitor” OR “LEI”) AND 
(“diagnostic accuracy” OR “sensitivity” OR “specificity” OR “area 
under the curve” OR “AUC” OR “receiver operating characteristic” 
OR “ROC”). Four titles were obtained, yet excluded after screening.

5.	“periodont*” AND “profilin-1” AND (“diagnostic accuracy” 
OR “sensitivity” OR “specificity” OR “area under the curve” OR 
“AUC” OR “receiver operating characteristic” OR “ROC”). This 
search resulted in 2 titles, with no one reporting data on the diag-
nostic accuracy of profilin-1 in saliva.

6.	“periodont*” AND (“S100A8” OR “calgranulin A” OR “myeloid-
related protein 8” OR “MRP8”) AND (“diagnostic accuracy” OR 
“sensitivity” OR “specificity” OR “area under the curve” OR “AUC” 
OR “receiver operating characteristic” OR “ROC”). Seven titles 
were screened and four studies were selected for full-text reading. 
Finally, two papers were included to evaluate the diagnostic ability 
of S100A8 [19, 44]. Another study [37] has been already included in 
the systematic review.
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