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Abstract
The present systematic review aimed to examine periodontitis-specific biomarkers 
in the gingival crevicular fluid (GCF) that could have a diagnostic relevance, and to 
provide a qualitative assessment of the current literature. Metabolites are reliable 
indicators of pathophysiological statuses, and their quantification in the GCF can 
provide an outlook of the changes associated with periodontitis and have diagnos-
tic value. Relevant studies identified from PubMed, Embase, Cochrane Library, and 
Scopus databases were examined to answer the following PECO question: “In sys-
temically healthy individuals, can concentration of specific metabolites in the GCF be 
used to discriminate subjects with healthy periodontium (H) or gingivitis from patients 
with periodontitis (P) and which is the diagnostic accuracy?” Quality of included stud-
ies was rated using a modified version of the QUADOMICS tool. Meta-analysis was 
conducted whenever possible. After the screening of 1,554 titles, 15 studies were 
selected, with sample size ranging from 30 to 93 subjects. Eleven studies performed 
targeted metabolomics analysis and provided data for 10 metabolites. Among the 
most consistent markers, malondialdehyde levels were found higher in the P group 
compared with H group (SMD = 2.86; 95% CI: 1.64, 4.08). Also, a significant increase 
of 8-hydroxy-deoxyguanosine, 4-hydroxynonenal, and neopterin was detected in 
periodontally diseased sites, while glutathione showed an inverse trend. When con-
sidering data from untargeted metabolomic analysis in four studies, more than 40 
metabolites were found significantly discriminant, mainly related to amino acids and 
lipids degradation pathways. Notably, only one study reported measures of diagnostic 
accuracy. Several metabolites were differentially expressed in GCF of subjects across 
different periodontal conditions, having a major potential for investigating periodontal 
pathophysiology and for site-specific diagnosis. Oxidative stress-related molecules, 
such as malondialdehyde and 8-hydroxy-deoxyguanosine, were the most consistently 
associated to periodontitis (PROSPERO CRD42020188482).
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1  |  INTRODUC TION

Periodontitis is a chronic inflammatory disease that causes the ir-
reversible destruction of periodontal tissues and may lead to tooth 
loss and even negative systemic outcomes if not promptly treated.1-3 
The disease is underpinned by a multifactorial etiology, encompass-
ing systemic risk indicators, bacterial dysbiosis and host immune 
dysregulations.4,5 Regarding its clinical course, periodontitis is char-
acterized by a nonlinear pattern of progression, with multiple burst 
of activity alternated to periods of remission.6 Key to intercept early 
stages of activity and to prevent further tissue destruction is to val-
idate an accurate periodontal diagnostic tool. Current clinical and 
radiographic diagnostic methods do not fulfill these requirements 
and are more reliable to assess past tissue destruction.7 Therefore, 
molecular biomarkers for disease activity are needed.

In this context, omics sciences have been regarded as powerful 
tools for biomarker discovery and validation in medicine.8,9 Among 
these, metabolomics deals with the collective characterization and 
quantification of pools of metabolites in biofluids or tissues em-
ploying spectroscopic assay techniques.10,11 The metabolome com-
prises a broad range of endogenous and exogenous compounds 
and can be affected by both genetic and environmental factors.12,13 
Since metabolites stand as endpoints of complex pathways driving 
the initiation and progression of periodontitis, metabolomics can be 
used in a variety of applications, including early disease detection, 
assessment of the current disease status/activity, and monitoring 
of the response to treatment.14-17 Furthermore, a detailed exam-
ination of the triggered or altered metabolic pathways may deepen 
scientific knowledge on the complex pathogenic mechanisms of 
periodontitis, both at microbiological and immunological scale.9

To this regard, gingival crevicular fluid (GCF) has attracted the 
interest of periodontal research because of its non-invasiveness and 
its potential to mirror periodontal conditions.18,19 GCF is a complex 
biofluid formed as a blood ultrafiltrate through the periodontal sul-
cus/pocket cells and thus contains many bacteria- or host-derived 
metabolites that can be used as a site-specific biomarker of disease 
activity.20,21

In recent years, interest on metabolites as indicators of periodon-
tal status has increasingly grown. At the same time, diagnostic and 
prognostic accuracy of GCF contents has been assessed by a vast 
amount of literature, mainly focusing on proteomic or oxidative stress 
biomarkers.21,22 To the best of our knowledge, no systematic review 
exists on the diagnostic ability for periodontitis of GCF-derived me-
tabolites. Integrating evidence on this topic would help refining the 
knowledge on pathophysiological mechanisms and identifying new 
non-invasive biomarkers of disease activity. Therefore, the aims of 
the present systematic review were to examine periodontitis-specific 
biomarkers in the GCF that could have a diagnostic relevance, and to 
provide a qualitative assessment of the current literature.

2  |  MATERIAL AND METHODS

This research has been conducted in accordance with the Cochrane 
Handbook23 and reported according to the PRISMA guidelines.24 
The protocol was registered at the International Prospective 
Register of Systematic Reviews (PROSPERO) under the number 
CRD42020197691.

2.1  |  Focused questions

This systematic review was designed to answer the following fo-
cused question:

In systemically healthy individuals, can concentration of 
specific metabolites in the GCF be used to discriminate 
subjects with periodontal healthy conditions (H) or gin-
givitis (G) from patients with periodontitis (P) and which 
is their diagnostic accuracy?

(P) Population. Adult patients in good systemic health.
(E) Exposure. Patients or sites with a clinical diagnosis of P.
(C) Comparison. Subjects or sites with H or G conditions.
(O) Type of outcome measures. The main outcome of the present 

systematic review was change in GCF metabolite concentration 
in P compared to H or G groups. The secondary outcome was any 
measure of diagnostic accuracy (sensitivity, specificity, receiver-
operating characteristic (ROC) curve).

2.2  |  Eligibility criteria

2.2.1  |  Types of Studies

Human studies on metabolomic biomarkers in GCF that provided re-
sults on diagnostic accuracy in patients with a diagnosis of P. Not ex-
pecting a great number of studies reporting diagnostic accuracy, all 
original comparative studies comprising the analysis of GCF-derived 
metabolites were included. Both prospective and retrospective de-
signs were accepted.

2.2.2  |  Control and target condition

The target conditions were chronic (CP) and aggressive (AgP) forms 
of P, regardless of the severity and extent. As controls, G and H con-
ditions were considered. The diagnosis was considered both at pa-
tient and site level. Only studies comparing P patients versus H or G 
subjects were selected.
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2.2.3  |  Reference standard

The diagnosis of periodontitis was based on clinical parameters (CAL 
or PD) or a combination of clinical and radiographic parameters. Any 
definition provided by the authors was accepted.

2.2.4  |  Other exclusion criteria

Studies involving pregnant females or subjects suffering from sys-
temic diseases were excluded. Furthermore, clinical case reports, lit-
erature reviews, editorials, animal studies, and in vitro experiments 
were also excluded.

2.3  |  Search methods for the 
identification of studies

The search was performed in duplicate by two calibrated review-
ers (MC and GI) on four electronic databases [National Library of 
Medicine (Medline via PubMed), Embase, Cochrane Library and 
Scopus] until October 2020 without any restriction on date of pub-
lication or publication status. Combinations of controlled terms 
(MeSH and EMTREE) and keywords were used as follows:

(“metabolomics” OR “metabonomics” OR “metabolites” OR “mass 
spectrometry" OR "nuclear magnetic resonance spectroscopy”) AND 
(“periodontitis” OR “periodontal disease” OR “gingivitis” OR "oral 
health”) AND (“fluid, gingival crevicular” OR “gingival crevicular”).

In addition, the references of all included studies and previ-
ous systematic reviews were cross-checked by two reviewers (MC 
and GI) and an additional search on relevant periodontal journals 
(Journal of Dental Research, Journal of Clinical Periodontology, 
Journal of Periodontal Research and Journal of Periodontology) was 
performed from 2010 to 2020 to ensure complete data collection.

2.4  |  Study selection

The titles and abstracts of potentially eligible studies were screened 
independently by two reviewers (MC and GI). Studies that met the in-
clusion criteria, or for which there was insufficient data were selected 
for full review and assessed independently by two reviewers (GB and 
GI). Any disagreement was resolved by discussion or by consultation 
with a third reviewer (FC) when necessary. The reasons for exclusion 
of studies after full-text analysis were recorded. The inter-reviewer 
reliability (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 data extraction forms. Any disagreement 
was resolved by discussion with a third reviewer (GB). In the case 

of prospective intervention studies on P, only data recorded before 
the periodontal treatment (baseline) were extracted and analyzed. 
Similarly, in the case of studies comparing periodontal status in 
patients with and without specific medical conditions (ie, diabetes, 
obesity), only parameters of systemically healthy individuals were 
entered in this systematic review.

For each study, the following data were recorded: general 
characteristics of the study (first author, year of publication, and 
country/region of origin); study design; characteristics of the 
population (number of patients, inclusion/exclusion criteria, age, 
smoking habits, definition of P and G or H conditions, periodontal 
parameters); outcome assessment [GCF collection protocol (pre-
sampling procedures, hour of collection, sites, collection method, 
time, measurement of volume), pre-analytical procedures (sam-
pling storage method, sample preparation), detection methods]; 
and main findings (type and concentration of metabolites iden-
tified in P and control groups, unit of measure, measures of diag-
nostic accuracy).

2.6  |  Risk of bias in the included studies and 
quality assessment

The risk of bias and quality assessment of the included studies was 
completed independently by two reviewers (MC and GI) as part of 
the data extraction process using a modified version of the NIH 
Quality Assessment Tool for Observational Cohort and Cross-
Sectional Studies and the QUADOMICS tool. This later, developed 
to evaluate quality issues specific to omics research, comprises of 
15 items analyzing research question, study population, exposure, 
GCF sampling procedures (including use of paper strips, duration 
of sampling, volume determination), confounding factors (smoking 
habits and systemic diseases affecting GCF metabolic profile, ie, 
diabetes mellitus), outcomes, and statistical analysis. Every item was 
given either 0 or 1 point, apart from item 8, 12, and 14 on sampling 
procedures and confounders in which each aspect accounted for 
0.25 points. The final scores are interpreted as follows: 0–4, very 
low quality; 5–8, low quality; 9–12, moderate quality; and 13–16, 
high quality.

2.7  |  Strategy for data synthesis

For targeted analysis, the level of the metabolites was reported as 
mean ± standard deviation (SD), median (interquartile range, IQR), 
or median (min–max). When at least two studies reported mean 
concentration of the same biomarker, standardized weighted mean 
differences (SMD) and 95% confidence intervals (95% CI) were cal-
culated using a random effect model.25 The statistical heterogeneity 
among studies was assessed using the Q test as well as the I2 index. 
A, percentage of I2 from 25% to 50% was considered as low het-
erogeneity, 50% to 75% as medium heterogeneity, and >75% as high 
heterogeneity. Forest plots were created to illustrate the effects of 
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the different studies and the global estimation of the meta-analysis. 
Statistical significance was defined by a p value ≤ .05.

For untargeted studies, only significantly discriminant metabo-
lites between cases and controls were tabulated.

3  |  RESULTS

3.1  |  Study selection

In total, 2,102 articles were identified by the electronic search and 
6 additional articles by manual search. After the removal of dupli-
cates, 1,554 titles and abstracts were screened for eligibility and 24 
papers were analyzed in full text. Of these, 9 articles were excluded 
for different reasons (Supplementary Table S1), and 15 papers were 
selected for the qualitative analysis. The measure of inter-reviewer 
agreement was k = 0.91 for abstract screening and k = 0.97 for full-
text analysis. The study flowchart is depicted in Supplementary 
Figure S1.

3.2  |  Study characteristics

Supplementary Table S2 summarizes the general information 
about the included studies. All the identified entries were pub-
lished between 2007 and 2020. Six studies were conducted in 
Turkey, 3 in China, 2 in Japan, and the others were from USA, 
Egypt, India, and Sudan. The total sample size ranged from 30 to 
93, with cases ranging from 15 to 41 and controls ranging from 
14 to 46. Most of the studies presented a cross-sectional design. 
Four studies performed untargeted metabolomics,26-29 while the 
remaining 11 studies aimed at identifying targeted metabolites 
within the GCF.30-40

Periodontitis case definitions and periodontal parameters were 
quite heterogeneous across the studies. Twelve articles enrolled 
patients with CP, while 4 articles patients with AgP. Only 3 studies 
included G as control group instead of H.

Details for GCF collection and analytical protocols are sum-
marized in Table 1. Only 8 studies described the pre-sampling 
procedures,31,34-36,38-40 while five studies detailed the hour of sam-
ple collection.31,33,34,38,40 The majority of studies used paper strips 
(Periopaper) to collect GCF; while few studies used endodontic 
paper points37 and microcapillary pipettes.39 Eleven studies reported 
a sampling duration of 30  s;26,27,29,31-36,38,40 2 studies of 10 sec-
onds;28,30 while 2 other studies did not mention it.37,39 Nine studies 
used Periotron 8000 for volume measurement.26,29-32,35,36,38,40 Mass 
spectrometry (MS), either coupled with liquid or gas chromatography 
(LC or GC), was the preferred method for untargeted analysis; while 
for targeted analysis the detection methods were strictly dependent 
on the metabolite tested as summarized in the last column of Table 1.

Table 2  illustrates in details the results from included studies. A 
total of 10 metabolites were analyzed across the 11 studies adopt-
ing a targeted metabolomic analysis; while more than 300 different 

GCF analytes were recognized in studies performing untargeted 
metabolomics analysis. Malondialdehyde (MDA) was the most in-
vestigated molecule, recurring in four studies31,32,38,40 followed by 
8-hydroxy-deoxyguanosine (8-OHdG) in three studies,33,35,36 and 
lysophosphatidic acid (LPA) in two studies.30,37 LPA precursors, 
lysophosphatidylcholine (LPC), and lysophosphatidylethanolamine 
(LPE), together with choline, 4-hydroxynonenal (4-HNE), neopterin, 
and reduced and oxidized glutathione were only evaluated in one 
article. Analysis of diagnostic accuracy was performed in only one 
study.29 ROC analysis displayed that the panel of citramalic acid and 
N-carbamylglutamate provided satisfactory accuracy for the diag-
nosis of generalized CP (area under the curve = 0.876).

3.3  |  Synthesis of results

3.3.1  |  Findings from specific metabolites

Meta-analysis was conducted only for MDA, for which data were 
available in 4 studies involving 255 participants (Figure 1). Patients 
with P showed higher levels of MDA compared with H subjects 
(SMD = 2.86; 95% CI: 1.64, 4.08) with high heterogeneity (p < .001, 
I2 = 89.6%).

8-OHdG was also investigated across three different stud-
ies33,35,36 and revealed a consistent tendency to gradually increase 
from H to G subjects, and among P patients from healthy to diseased 
sites. Unfortunately, heterogeneity in reporting the outcome mea-
sures did not allow a meta-analysis of the results, and authors were 
not available for providing them.

For LPA, conflicting results were obtained. In particular, one 
study37 reported a marked increase in CP and AgP groups compared 
with H controls for all the four tested LPA species; whereas another 
study30 obtained significantly higher LPA concentrations in H sub-
jects, although numerical values were not given.

For the remaining markers, only isolated reports were available.30 
Among LPA precursors, LPC increased in the P group compared with 
H controls, together with choline; whereas LPE followed the opposite 
trend. 4-HNE level in GCF of P patients was found higher than H par-
ticipants in one study35 although statistical significance was reached 
solely among smokers. Neopterin levels were measured across four 
different clinical periodontal conditions, with significant higher con-
centrations encountered within the AgP group compared with the 
others. Finally, reduced and oxidized glutathione was quantified by 
one study,33 which attested a marked decrease of both molecules 
within CP group.

3.3.2  |  Untargeted analysis

In a recent study,29 147 different analytes were obtained after untar-
geted profiling of 174 GCF samples. The most significantly enriched 
metabolites in CP group, uracil, N-carbamylglutamate 2, N- acetyl-
β-D-mannosamine 1, fructose 1, citramalic acid, 5- dihydrocortisol 
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3, and 4-hydroxyphenylacetic acid were also positively correlated 
to more severe clinical parameters, while the opposite trends were 
observed for thymidine 3 and O-phosphoserine 1.

In one study,26 a total of 349 different metabolites were quali-
tatively assesses in the GCF. Noradrenaline, uridine, α-tocopherol, 
dehydroascorbic acid, xanthine, galactose, glucose-1-phosphate, 
and ribulose-5-phosphate levels were among the most significantly 
increased metabolites in patients with GAgP, while thymidine, gluta-
thione, and ribose-5-phosphate levels were decreased.

Another study identified 19 metabolites using GC-MS.27 
Putrescine, lysine, phenylalanine, ribose, taurine, 5-aminovaleric 
acid, and galactose displayed a trend toward increasing in deep 
pocket sites; whereas lactic acid, benzoic acid, glycine, malic acid, 
and phosphate showed a gradual decrease from severe periodontitis 
sites to healthy sites.

A precedent article characterized a number of 51 pro-resolving 
and pro-inflammatory lipid mediators in the GCF.28 Ratios of ω3- to 
ω 6-polyunsatured fatty acids (PUFAs) and of the direct precursors 
of the pro-resolution lipid mediators were significantly lower in the 
GCF of AgP patients than in the healthy controls.

3.4  |  Quality assessment

Supplementary Table S3 reports the results of the quality assess-
ment using the QUADOMICS tool. While the almost totality of the 
studies adopted rational and replicable criteria for P, G, and H sub-
jects selection (Items 2–7), operative protocol and reporting were 
less rigorous for GCF sampling and statistical analysis. According to 
the present criteria, only one study was considered as high quality,39 
nine studies as moderate quality,26,29,31-36,38,40 while the others were 
rated as low quality.27,28,30,37

4  |  DISCUSSION

GCF is considered the most proximal biofluid to investigate peri-
odontal disease pathophysiology, while metabolites are the most 
proximal reporters of pathophysiological states.9,18 The present 
study was the first systematic review to assess the relationship 
between GCF derived metabolites and periodontal disease status. 
Several molecules were investigated across the 15 included reports, 
with consistent data available for some of them. Only one untar-
geted study reported measures of diagnostic accuracy; thus, the 
qualitative and quantitative syntheses of the results have been re-
stricted to mean concentrations of target metabolites in GCF of both 
P patients and H controls.

4.1  |  Results for specific metabolites

Targeted metabolomic analyses are indicated when specific 
hypothesis-driven metabolites are sought. Oxidative stress-related 

metabolites were the most investigated in targeted GCF analyses. 
This tendency is based on the rationale that oxidative stress is one 
of the key pathophysiological mechanisms underpinning periodon-
titis at the molecular scale.41 A systematic review previously pub-
lished22 specifically focused on oxidative stress-related markers and 
some of the current results coincide. Among these, MDA derives 
from the peroxidation of PUFA, and it is considered a reliable indi-
cator of reactive oxygen species (ROS) induced cellular damage.22,42 
From the present meta-analysis, a markedly higher GCF level of 
MDA was found in P patients compared with H controls, indicat-
ing an increased inflammatory mediated oxidative stress within the 
periodontal microenvironment. In fact, ROS released from neutro-
phils after interactions with pathogenic antigens directly destroy 
cell membrane and initiate the pathway of lipid peroxidation, which 
in turn elicits more inflammation and tissue degradation.43

Also, 8-HOdG is a stable marker of oxidative DNA damage, and 
it is another steady indicator for the harmful effects of ROS. Its in-
crease in biofluids has been demonstrated across different medical 
conditions44,45 among which periodontitis.46 Three included studies 
reported consistent upregulated concentrations of 8-HOdG within 
P individuals, although meta-analysis of results was not achievable. 
The evidence that 8-HOdG can serve as a marker of active disease 
is supported by its tendency to gradually increase across different 
periodontal conditions, including H, G, and moderate to severe P. 
In addition, some trials demonstrated a significant reduction of this 
molecule after periodontal therapy.35,36

Among other oxidative stress-related metabolites, 4-HNE is a 
major aldehydic end product also derived from lipid peroxidation 
processes, which possesses strong cytotoxic and signaling activi-
ties.47 As for above, its concentrations have been reported signifi-
cantly overexpressed in GCF of P group, with a marked tendency to 
increase among smoking patients.35

LPAs are a group of phospholipid mediators that plays a key role 
in inflammation and their contribution in periodontitis pathogenesis 
is supported by several lines of evidence.37,48 Because of the differ-
ences in the responses produced by various LPAs, it is important to 
detect individual LPA species rather than total LPAs. Unexpectedly, 
values of LPA species in this review conflicted among two studies. 
Bathena et al37 were the first to develop a method for LPA quantifi-
cation in saliva and GCF, encountering significantly higher levels for 
4 LPA species (18:0, 16:0, 18:1, and 20:4) in P compared with H sites. 
On the other hand, Hashimura et al30 detected a lower concentra-
tion of LPA in GCF of P patients, that plausibly attributed to higher 
lysophospholipase activity. In the same report, concentrations of 
LPA precursors LPE and LPC were also quantified, although their dif-
ferences between P and H were rather moderate. Unfortunately, the 
two studies were quite deficient in reporting populations and meth-
ods, and further evidence is needed to thoroughly address the issue.

Conversely, reduced glutathione (GSH) is a crucial intracellular 
antioxidant for ROS detoxification and may serve as an indicator of 
the antioxidant defense status.49 GSH levels in the GCF have been 
found significantly decreased within the P group.33 Interestingly, the 
same study revealed that obesity in patients with CP is associated 
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with even decreased GSH levels and that nonsurgical periodontal 
treatment is able to reconstitute higher values.

4.2  |  Untargeted GCF metabolomics

By using an untargeted omic approach, there is the advantage of 
scaling up from a single- to a multi-parameter model, getting an 
extensive and non-hypothesis driven view of the shifts within the 

metabolic profiling of P and H controls.9,50 Comprehensively, the 
results of the present review support the conclusion of a distinc-
tive metabolomic signature of periodontitis in GCF. Metabolites are 
considered the most proximal reporters of physiopathological states 
at the histological level, more than proteomic or transcriptomic vari-
ations.51 The metabolic changes encountered implicate pathways 
involved in periodontal disease progression and in macromolecular 
degradation, such as D-glutamine and D-glutamate metabolism, his-
tidine metabolism, and tyrosine metabolism.26,29 The overexpression 

TA B L E  1  Methods of GCF collection and sample analysis across the included studies

Authors

Pre-sampling phase GCF collection Pre-analytical procedures

Detection methodProcedures
Site 
isolation Hour Site Method Duration Volume Sample storage

Sample 
preparation

Pei et al (2020) NR Yes NR GCP: deepest PPD sites of every quadrant
H: buccal site of the 4 first molars

Periopapers 30 s Periotron 8000 −80°C Yes GC-TOF-MS

Hashimura 
et al (2020)

NR Yes NR P: periodontal pockets Periopapers 10 s Periotron 8000 NR Yes LC–MS/MS for LPAs; ELISA for choline

Chen et al (2018) NR Yes NR GAgP: sites with PD ≥5 mm
H: mesial and distal buccal sites of the 4 first molars

Periopapers 30 s Periotron 8000 −80°C Yes GC-MS

Atabay 
et al (2016)

Samples collected the day after clinical 
measurements.

Yes 8–10 am GCP: deepest sites of 2 molars, 2 premolars, and 2 incisors
H: teeth without BoP

Periopapers 30 s Periotron 8000 −80°C Yes ELISA

Ozeki et al (2016) NR NR NR CP: PD ≥4
Controls: healthy sites (PD ≤3 mm)

Periopapers 30 s NR −80°C Yes GC-MS

Ghallab 
et al (2016)

NR Yes NR Cases: periodontal pockets (not further specified) Periopapers 30 s Periotron 8000 −20°C Yes HPLC

Öngöz Dede 
et al (2016a)

Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes 8–10 am CP: sites with CAL ≥5 mm, PD ≥6 mm, bone loss ≥30%
H: sites from teeth with PD <3 mm, without CAL and BoP
6 samples per subject

Periopapers 30 s NR −40°C Yes Enzyme recycling method

Öngöz Dede 
et al (2016b)

Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes 8–10 am CP: sites with CAL ≥5 mm, PD ≥6 mm, bone loss ≥30%
H: sites from teeth with PD <3 mm, without CAL and BoP
6 samples per subject

Periopapers 30 s NR −40°C Yes DNA/RNA Oxidation Damage Enzyme 
Immunoassay

Hendek 
et al (2015)

Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes Morning CP: single-rooted teeth 4 ≤ PD <7 mm and ≥30% bone loss
H: first incisors and cuspids
8 samples per subject

Periopapers 30 s Periotron 8000 −80°C Yes ELISA

Zein Elabdeen 
et al (2013)

NR Yes NR Mesio-buccal sites of posterior teeth Periopapers 10 s NR Frozen Yes LC–MS/MS with electrospray ionization 
for FFA and eicosanoids

Öngöz Dede 
et al (2013)

Samples collected in the morning 
following overnight fasting.

Yes Morning CP: maxillary molar teeth; deepest area from diseased 
sites and same area from healthy sites

H: mesial sites of maxillary right molar teeth

Periopapers 30 s Periotron 8000 −80°C Yes Enzyme Immunoassay

Bathena 
et al (2011)

NR NR NR NR Endodontic paper 
points

NR Digital meter −80°C Yes LC–MS/MS

Wei et al (2010) Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes 8–10 am CP: PD ≥5 mm, CAL ≥4 mm, and ≥30% bone loss
10 samples per subject

Periopapers 30 s Periotron 8000 Frozen Yes HPLC

Pradeep 
et al (2007)

Samples collected one day after clinical 
measurements.

Yes NR MP-MSP: sites showing the greatest CAL and bone loss
H: mesio-buccal region of the maxillary first molar

Microcapillary pipettes NR 3 µl −70°C Yes Enzyme immunoassay

Akalιn 
et al (2007)

Samples collected in the morning 2 days 
after clinical measurements.

Yes 8–10 am CP: PD ≥5 mm, CAL ≥4 mm, and ≥30% bone loss
10 samples per subject

Periopapers 30 s Periotron 8000 PBS (pH 6.5) Yes HPLC

Abbreviations: BoP, bleeding on probing; CAL, clinical attachment level; CP, chronic periodontitis; ELISA, enzyme-linked immunosorbent assay; 
FFA, free fatty acids; GAgP, generalized aggressive periodontitis; GC-MS, gas chromatography-mass spectrometry; GCP, generalized chronic 
periodontitis; GC-TOF-MS, gas chromatography time-of-flight mass spectrometry; H, periodontally healthy individuals; HPLC, high performance 
liquid chromatography; LC–MS/MS, liquid chromatography-tandem mass spectrometry; LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine; 
LPE, lysophosphatidylethanoamine; MP, mild periodontitis; MSP, moderate to severe periodontitis; NBT, nitroblue tetrazolium; NR, not reported; P, 
periodontitis patients; PD, pocket depth.
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of glycosidase, lipase, and protease activities is associated with peri-
odontal inflammation and provides a more favorable energetic envi-
ronment for pathogenic bacteria, exacerbating the disease state.52

Metabolites and pathways detected in the GCF present some 
similarities and some differences from the ones encountered in sa-
liva.53 Some factors may be responsible for this separation, primarily 
the fact that saliva collects components from many other sources 
than GCF and it is reflective of both the individual systemic sta-
tus54 and the whole mouth infectious-inflammatory status.19 Also, 
GCF characteristics are more strongly influenced by quality of the 

subgingival ecological niche.29 Molecules derived from sugar me-
tabolism, such as fructose, ribose, and galactose, are employed as a 
source of energy and carbon by oral bacteria and were found consis-
tently elevated within the GCF of P groups.55

Finally, the type of analytical platform employed could signifi-
cantly affect the results, with MS and, especially, nuclear magnetic 
resonance being the most prevalent for untargeted metabolom-
ics.56,57 All the 4 studies included in this review employed LC- or GC-
MS, providing some discriminant metabolites consistent with those 
found altered in salivary samples of P patients, such as putrescine, 

TA B L E  1  Methods of GCF collection and sample analysis across the included studies

Authors

Pre-sampling phase GCF collection Pre-analytical procedures

Detection methodProcedures
Site 
isolation Hour Site Method Duration Volume Sample storage

Sample 
preparation

Pei et al (2020) NR Yes NR GCP: deepest PPD sites of every quadrant
H: buccal site of the 4 first molars

Periopapers 30 s Periotron 8000 −80°C Yes GC-TOF-MS

Hashimura 
et al (2020)

NR Yes NR P: periodontal pockets Periopapers 10 s Periotron 8000 NR Yes LC–MS/MS for LPAs; ELISA for choline

Chen et al (2018) NR Yes NR GAgP: sites with PD ≥5 mm
H: mesial and distal buccal sites of the 4 first molars

Periopapers 30 s Periotron 8000 −80°C Yes GC-MS

Atabay 
et al (2016)

Samples collected the day after clinical 
measurements.

Yes 8–10 am GCP: deepest sites of 2 molars, 2 premolars, and 2 incisors
H: teeth without BoP

Periopapers 30 s Periotron 8000 −80°C Yes ELISA

Ozeki et al (2016) NR NR NR CP: PD ≥4
Controls: healthy sites (PD ≤3 mm)

Periopapers 30 s NR −80°C Yes GC-MS

Ghallab 
et al (2016)

NR Yes NR Cases: periodontal pockets (not further specified) Periopapers 30 s Periotron 8000 −20°C Yes HPLC

Öngöz Dede 
et al (2016a)

Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes 8–10 am CP: sites with CAL ≥5 mm, PD ≥6 mm, bone loss ≥30%
H: sites from teeth with PD <3 mm, without CAL and BoP
6 samples per subject

Periopapers 30 s NR −40°C Yes Enzyme recycling method

Öngöz Dede 
et al (2016b)

Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes 8–10 am CP: sites with CAL ≥5 mm, PD ≥6 mm, bone loss ≥30%
H: sites from teeth with PD <3 mm, without CAL and BoP
6 samples per subject

Periopapers 30 s NR −40°C Yes DNA/RNA Oxidation Damage Enzyme 
Immunoassay

Hendek 
et al (2015)

Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes Morning CP: single-rooted teeth 4 ≤ PD <7 mm and ≥30% bone loss
H: first incisors and cuspids
8 samples per subject

Periopapers 30 s Periotron 8000 −80°C Yes ELISA

Zein Elabdeen 
et al (2013)

NR Yes NR Mesio-buccal sites of posterior teeth Periopapers 10 s NR Frozen Yes LC–MS/MS with electrospray ionization 
for FFA and eicosanoids

Öngöz Dede 
et al (2013)

Samples collected in the morning 
following overnight fasting.

Yes Morning CP: maxillary molar teeth; deepest area from diseased 
sites and same area from healthy sites

H: mesial sites of maxillary right molar teeth

Periopapers 30 s Periotron 8000 −80°C Yes Enzyme Immunoassay

Bathena 
et al (2011)

NR NR NR NR Endodontic paper 
points

NR Digital meter −80°C Yes LC–MS/MS

Wei et al (2010) Samples collected in the morning 
(following overnight fasting) two 
days after clinical measurements.

Yes 8–10 am CP: PD ≥5 mm, CAL ≥4 mm, and ≥30% bone loss
10 samples per subject

Periopapers 30 s Periotron 8000 Frozen Yes HPLC

Pradeep 
et al (2007)

Samples collected one day after clinical 
measurements.

Yes NR MP-MSP: sites showing the greatest CAL and bone loss
H: mesio-buccal region of the maxillary first molar

Microcapillary pipettes NR 3 µl −70°C Yes Enzyme immunoassay

Akalιn 
et al (2007)

Samples collected in the morning 2 days 
after clinical measurements.

Yes 8–10 am CP: PD ≥5 mm, CAL ≥4 mm, and ≥30% bone loss
10 samples per subject

Periopapers 30 s Periotron 8000 PBS (pH 6.5) Yes HPLC

Abbreviations: BoP, bleeding on probing; CAL, clinical attachment level; CP, chronic periodontitis; ELISA, enzyme-linked immunosorbent assay; 
FFA, free fatty acids; GAgP, generalized aggressive periodontitis; GC-MS, gas chromatography-mass spectrometry; GCP, generalized chronic 
periodontitis; GC-TOF-MS, gas chromatography time-of-flight mass spectrometry; H, periodontally healthy individuals; HPLC, high performance 
liquid chromatography; LC–MS/MS, liquid chromatography-tandem mass spectrometry; LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine; 
LPE, lysophosphatidylethanoamine; MP, mild periodontitis; MSP, moderate to severe periodontitis; NBT, nitroblue tetrazolium; NR, not reported; P, 
periodontitis patients; PD, pocket depth.
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lysine, phenylalanine, fructose, galactose, and lactate, the later in-
creasing in H controls.15,58 Studies concomitantly evaluating metab-
olites from GCF and saliva are required to properly understand the 
reciprocal influence of oral biofluids in diagnostic applications.

4.3  |  Limitations and future research directions

The current work represents the first attempt to systematically 
summarize the available evidence regarding the utility of GCF me-
tabolites for the diagnosis of periodontitis. Several molecules are 
differentially expressed within the GCF of subjects with different 
periodontal conditions, suggesting their potential role as biomark-
ers. Nevertheless, the data should be interpreted with caution, es-
pecially concerning metabolites which failed to reach replication. 
Moreover, most studies scored moderately low values in the quality 
assessment evaluation. Limitations comprise the small sample size 
of the included trials, the heterogenous case definitions employed, 
together with the lack of standardization of protocols for GCF sam-
pling and processing. In order to allow reproducibility and to im-
prove quality in GCF studies, it is important that sites and methods 
of GCF collection are transparently described. The diverseness of 
methods—such as the duration and method of sampling, the storage, 
and the analytical platform analysis—may introduce confounding in 
the interpretation of the results and may affect their comparabil-
ity and generalizability, as already demonstrated for metabolomics 
studies involving serum and urine.59-61

When dealing with GCF analysis, bias may also be introduced 
by heterogenous criteria for patient and site selection. Severity and 
activity of periodontal disease are two paramount variables which 
can influence the GCF biochemistry.62,63 A general tendency to-
ward not properly reporting the clinical parameters associated to 
the sites of collection was observed. Furthermore, only few stud-
ies offered a comparative evaluation of H subjects, and of both dis-
eases and healthy sites in P patients. This information would be of 
great value in understanding the biochemical details underpinning 
activity and quiescence of the disease. Designing longitudinal stud-
ies to follow up which G or P sites encounter further progression 
would be valuable, as well as following healing sites after periodontal 

rigeneration.64,65 Proteome quantification and cytokine multiplex 
assays have already provided strong markers for P, although they 
are able to detect pathological changes only once they have become 
clinically evident.18 To this regard, the high-resolution information 
provided by GCF derived metabolites may represent a powerful tool 
to identify early signs of homeostasis disruption within the peri-
odontal microenvironment.

Overall, this review supports the existence of a metabolomic 
signature of P in GCF, together with a potential for metabolic bio-
markers in the diagnosis and in the monitoring of disease activity. 
Consistently with the conclusions of Arias-Bujanda et al21, the pres-
ent findings corroborated the evidence of an increased scientific at-
tention about the initial discovery of GCF biomarkers. At the same 
time, a lack of interest in confirming preliminary accuracy results by 
giving measures of diagnostic accuracy was remarked. These subse-
quent steps are necessary for a biomarker to be considered clinically 
reliable. Larger comparative studies and follow-up trials are required 
to add consistency to these results and pave the way for reliable 
non-invasive chairside diagnostic tools based on GCF derived me-
tabolites to complement the clinical examination.
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