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Abstract

Background Periostin, a secreted adhesion molecule, is a matricellular protein secreted most in periodontal ligament
and periosteum. Periostin is also needed for integrity and maturation of periodontal tissue. This meta-analysis was
conducted to compare the gingival crevicular fluid (GCF) periostin levels in subjects having periodontal disease and
healthy periodontium.

Methods In this meta-analysis, three international database including PubMed, Scopus and Web of Science were
searched and 207 studies retrieved. Also, the Google Scholar was searched to find more related studies (two studies
were found). To assess the risk of bias of included studies, the Newcastle-Ottawa assessment scale adapted for case—
control was used. Finally, required data was extracted and included into analysis. All statistical analysis were done
using Stata software.

Results Eight studies were included in this meta-analysis. Results showed that GCF periostin level is significant
lower in chronic periodontitis group compare to healthy people (the standardized mean difference (SMD)=-3.15,
95% Cl=-4.45,-1.85,p<0.001). The syntheses of studies shown a significant decrease in the periostin level of chronic
periodontitis patients compared to the gingivitis patients (SMD =-1.50, 95%Cl=-2.52,-0.49, P=0.003), while the
mean level of periostin between the gingivitis patients and healthy group has no significant difference (SMD=-0.88,
95%Cl=-2.14,0.38,P=0.173).

Conclusion The mean concentration of GCF periostin in people with chronic periodontitis significantly decreased
compared to people with gingivitis and also compared to healthy people, while no significant difference was
observed between the two groups with gingivitis and healthy people. Therefore, this marker may be used as a diag-
nostic criterion for the disease, which requires further studies.
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Introduction

Periodontium is the supporting structure of teeth,
which includes periodontal ligament, cementum, gum
and alveolar bone [1]. The main task of this tissue
is to connect the tooth to the bone and create a bar-
rier against the microflora of the mouth to protect the
underlying structures [2]. If this tissue is exposed to
pathological conditions, periodontal disease occurs.
This disease is a set of biological processes that include
interactions between microorganisms and the immune-
inflammatory responses [3]. It is also thought that the
imbalance in the immune-inflammatory responses cre-
ates the background of the pathogenesis of inflamma-
tory diseases of the periodontium, such as periodontitis
[4]. Periodontal destruction in periodontal diseases is
caused by local pro-inflammatory cytokines produced
in response to bacterial infection [5].

Gingival crevicular fluid (GCF) is a liquid containing
a complex combination of substances that is released in
the gingival crevice, a space between the tooth and the
non-adherent gum. GCE, which originates from the gin-
gival vascular network, flows through the outer base-
ment membrane and junctional epithelium to reach the
gingival groove. This liquid is derived from serum, host
inflammatory cells, periodontal structural cells and oral
bacteria [6, 7]. Also, GCF contains substances such as
substances resulting from tissue destruction, inflam-
matory mediators and antibodies against dental plaque
bacteria [8]. Sampling of GCF can be used as one of the
least invasive (nontraumatic) and most valuable diag-
nostic methods that provide information about the
health of periodontal tissue, including the condition of
connective tissue and the degree of destruction of hard
tissue [9].

Periostin (POSTN for short) is an 811-amino-acid pro-
tein that acts as a matricellular protein (a non-structural
protein in the intercellular matrix) in cell activation by
binding to cell surface receptors and plays various roles
such as cell migration, wound healing, tooth growth, etc.
[10-12]. Periostin is known to be important in regulating
bone formation [13]. Also, biologically, periostin provides
stable conditions for maintaining the integrity of connec-
tive tissue [14]. This protein is called periostin due to its
expression in periosteum and periodontal ligaments [15].

Considering the high prevalence of periodontal dis-
eases worldwide and the destructive and irreversible
effects of this disease on oral health and quality of life and
the importance of early diagnosis, therefore, periostin
can be used as a possible biomarker for the early diag-
nosis of this disease. Considering the number of studies
conducted in this field and the lack of a comprehensive
conclusion, we aimed to conduct a comprehensive sys-
tematic review and meta-analysis regarding the possible

Page 2 of 11

role of GCF periostin as a new potential biomarker in the
diagnosis of periodontal diseases.

Methods

Study design

This systematic review and meta-analysis was conducted
based on PRISMA guideline (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [16]. This
study has been approved by the ethics committee of
Arak University of Medical Sciences with the ethics code
IR.ARAKMU.REC.1400.013.

Eligibility criteria

The inclusion criteria included the following: stud-
ies that examined GCF periostin levels in samples from
healthy subjects (control group) and subjects with peri-
odontal disease, studies that included clinical periodon-
tal assessment including periodontal pocket depth (PPD)
and measurement of clinical attachment loss (CAL),
cross-sectional, case control and cohort studies, as well
as studies that had English full-text and were published
in journals and congresses. There was no publication
date limit. The exclusion criteria included the following.
Studies that were in vitro and animal studies, studies that
did not have relevant data, and studies that did not have
access to the English full text. Periodontitis, gingivitis and
periodontal health classified based on 1999 Periodontal
Disease Classification.

Information sources

Three international databases were searched. Medline
(via PubMed), Web of science and Scopus databases were
searched according to the search query and keywords to
identify relevant studies until March 15 2023. In addition,
Google Scholar was used to find the gray literature and
also, the references list of included studies were searched
manually.

Search strategy

Various keywords were used for searching in the men-
tioned three international databases. As an example, the
keywords used in the PubMed are “Periodontal Diseases’,
“Periodontitis’, “Gingivitis’, “Periodontal Index”, “Peri-
ostin’, “POSTN’, “Osteoblast-specific factor’, “OSE-2 pro-
tein’, “Gingival Crevicular Fluid” and “GCF”. The searches
were done by AAH. The search strategy in Medline is
reported in Table 1. The tags of medical subject heading
(MeSH) and text word (T'W) was used to precise search.
The searches were done by AAH.

Selection process
After searching and finding the related studies in
the databases, the studies were entered into the
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Table 1 The details of search strategy in Medline

Search Query Results
#3 Search: ("POSTN protein, human" [Supplementary Concept] OR "Periostin” [tw] OR "Osteoblast-specific factor 2"[tw] OR "OSF-2 65

protein"[tw]) AND ("Periodontal Diseases"[Mesh] OR "Periodontal Diseas*"[tw] OR "Periodontitis"[Mesh] OR "Periodontitis"[tw] OR
"Chronic Periodontitis"[Mesh] OR "Chronic Periodontitis"[tw] OR "gingivitis"[Mesh] OR Gingivitis[tw] OR "periodontal index"[Mesh] OR
Periodontal Index[tw] OR "aggressive periodontitis'[Mesh] OR "Aggressive Periodontitis"[tw] OR "periodontal inflammation"[tw]) Sort

by: Most Recent

#2 Search: "POSTN protein, human" [Supplementary Concept] OR "Periostin” [tw] OR "Osteoblast-specific factor 2"[tw] OR "OSF-2 25

protein"[tw] Sort by: Most Recent

#1 Search: "Periodontal Diseases"[Mesh] OR "Periodontal Diseas*"[tw] OR "Periodontitis"[Mesh] OR "Periodontitis"[tw] OR "Chronic

\O

113,948

Periodontitis"[Mesh] OR "Chronic Periodontitis"[tw] OR "gingivitis'[Mesh] OR Gingivitis[tw] OR "periodontal index"[Mesh] OR Peri-
odontal Index[tw] OR "aggressive periodontitis"[Mesh] OR "Aggressive Periodontitis"[tw] OR "periodontal inflammation"[tw] Sort

by: Most Recent

Endnote software, and at first the duplicate articles were
removed, then the remaining articles were screened
in terms of title and abstract, and related, duplicate
and suspicious studies were kept, and unrelated arti-
cles were removed. In the next step, the full-text of the
remaining articles was screened and irrelevant studies
were removed. Finally, related studies were reviewed
to check the inclusion and exclusion criteria, and unre-
lated articles were discarded, and suitable studies that
had the desired data of this study were included in the
meta-analysis. The studies were screened by SA under
the supervising of MB and AAH.

Data collection process and data items

Data were extracted by SA. An email was sent to the
authors of studies whose full-text was not available or
required numerical data was not reported in the paper.
From the all included studies, the last name of first
author, the publication date, country, the sample size
of cases with periodontal disease and control group,
the mean age of the participants, the method of meas-
uring the GCF periostin level, study design, the mean
and standard deviation of the GCF periostin level in
both groups, and the quality score on each paper were
extracted in recorded in Excel software.

Study risk of bias assessment

The risk of bias of the included articles in the meta-
analysis was checked by the standard Newcastle—
Ottawa assessment checklist [17], which is designed
for observational studies including cross-sectional,
case—control, and cohort studies. This checklist gives
the articles a score of 0 to 9, and finally the articles
are placed in three categories with low quality (score
0 to 3), medium quality (score 3 to 6) and high quality
(score 6 to 9).

Effect measures

In this study, our aim was to compare the mean level
of periostin between two groups including periodon-
titis patients and healthy people. Therefore, the mean
difference was used as effect measures and finally the
standardized mean difference (SMD) and its 95% confi-
dence interval (VI) is used as a summary statistic in this
meta-analysis.

Statistical analysis

Chi-square test and I-square statistic were used to eval-
uate the heterogeneity between included studies, and
I-square above 50% was measured as significant hetero-
geneity and random-effects model was used to pool the
data when there was significant heterogeneity, and also in
cases where there was no significant heterogeneity, fixed-
effects model was used to calculate SMD and its 95%
confidence limits. To check the existence of publication
bias, the graphical method of funnel plot and also Begg
test were used. All statistical analysis were conducted
using Stata software version 16 (Stata Corp, College Sta-
tion, TX, USA).

Results

Study selection

According to the search strategy, 209 articles were iden-
tified. Out of 209 articles, 65 articles were the result of
searching in PubMed databases, 78 studies were identi-
fied in Scopus, and 64 articles were found from Web of
Science database. Also, in the review of gray literatures,
200 articles (20 pages) from google scholar were reviewed
by manual search, and the title and abstract of the arti-
cles and their full-text were checked if needed, and two
papers retrieved. After removing duplicates, 99 articles
remained for title and abstract screening. After screening
the title and abstract of the remaining articles, 81 irrel-
evant articles were removed. The full-text of eighteen
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remaining studies were screened and ten unrelated stud-
ies which not meet the inclusion criteria were excluded.
Finally, eight eligible studies [11, 18—-24] were included
in the meta-analysis. The more details on study process
were presented in Fig. 1.

Study characteristics

All the included studies were case—control study and
totally, 486 cases (197 healthy people, 197 chronic peri-
odontitis and 92 Gingivitis) were included in the meta-
analysis. The oldest study was conducted in 2014 [19]
and the newest in 2022 [24]. In all studies. ELISA method
was used to assess the GCF periostin level and the unit of
measurement was converted to ng/ml in all studies. More
details about the articles included in the meta-analysis
are reported in Table 2. In addition, details of the studies
regarding GCF sampling, method of storing the samples,
ELISA kits, laboratory analysis are reported in Table 3.

Risk of bias in studies

Checking the quality of studies using the Newcastle—
Ottawa Scale checklist is shown in Table 2. The quality of
one study (12.5%) was medium and seven studies (87.5%)
were high.

= PRISMA 2009 Flow Diagram
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Results of syntheses, heterogeneity and additional analysis
Comparison of periostin level in GCF of chronic periodontitis
patients and healthy individuals

Seven studies [11, 19-24] were included in this compari-
son. The results of assessing heterogeneity among stud-
ies suggested a significant heterogeneity (Heterogeneity
chi-squared =106.8, d.f=6, p <0.001, I-squared (variation
in SMD attributable to heterogeneity) =94.4%, estimate
of between-study variance Tau-squared =2.88)) and the
random-effects model was used to poll the results. The
syntheses of studies revealed a significant decrease in the
periostin level of chronic periodontitis patients compared
to the healthy individuals (SMD=-3.15, 95% CIl=-4.45,
-1.85, p<0.001) (Fig. 2). The symmetrical distribution of
funnel plot, and also the results of Begg test (p=0.230)
suggested no evidences in favor of publication bias.

Comparison of periostin level in GCF of chronic periodontitis
and gingivitis patients

In three studies [11, 19, 24], the mean of periostin level
in GCF of chronic periodontitis and gingivitis patients
were compared and included in this analysis. The results
showed that there is a significant heterogeneity among
studies and random-effects model was used to poll

H Records identified through
= database searching (n=207)
§ (PubMed: 65, Scopus: 78, Web of Additional records identified
=
b= science: 64) through Google Scholar (n=2)
-
A 4
. Records after duplicates removed
o (n=99)
=
<
()
e
a v
— Records screened Records excluded
(n=99) (n=81)
)
3
oy Full-text articles assessed Full-text articles excluded, with
« for eligibility > reasons (n=10)
— (n=18) Not met the inclusion criteria=7
l Missing quantitative data=3
°
g Studies included in
% quantitative synthesis
£ (meta-analysis)
—_— (n=8)

Fig. 1 Flow diagram of the literature search for studies included in meta-analysis
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I
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Fig. 2 Forest plot comparing the GCF periostin level of chronic periodontitis patients and healthy individuals

the results (Heterogeneity chi-squared=16.1, d.f.=2,
p=0.001, I-squared =87.6%, estimate of between-study
variance Tau-squared=0.69). The syntheses of stud-
ies shown a significant decrease in the periostin level of
chronic periodontitis patients compared to the gingivitis
patients (SMD=-1.50, 95%CI=-2.52, -0.49, P=0.003)
(Fig. 3). Regarding publication bias, the funnel plot and
Begg test (p=0.296) suggested no evidences in support of
publication bias.

Comparison of periostin level in GCF of gingivitis patients
and healthy individuals

To compare the mean concentration of periostin
between two groups of gingivitis and healthy individu-
als, four studies [11, 18, 19, 24] were included in the
meta-analysis. Examining the results of the existence of
heterogeneity showed that there is a significant heteroge-
neity between the studies, therefore, the Random-effects
model was used to combine the findings of the stud-
ies (heterogeneity chi-squared=41.1, d.f.=3, p=0.001,
I-squared =92.7%, estimate of between-study variance
Tau-squared =1.52). The results of this meta-analysis

showed that the mean level of periostin between the
two mentioned groups has no significant difference
(SMD=-0.88, 95%CI=-2.14, 0.38, P=0.173) (Fig. 4).
Regarding publication bias, the funnel plot and Begg test
(p=0.999) suggested that there are no evidences in favor
of publication bias.

Discussion
This review study examined the findings of studies
related to the examination of periostin levels in people
with chronic periodontitis and comparing it with healthy
people and people with gingivitis. The most important
findings of this study showed that the mean concentra-
tion of GCF periostin in people with chronic periodon-
titis significantly decreased compared to people with
gingivitis and also compared to healthy people, while
no significant difference was observed between the two
groups with gingivitis and healthy people.

Periostin secreted from fibroblasts is found in various
tissues such as serum, saliva and also GCEF, and since the
activity of periodontal disease can be diagnosed through
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Fig. 3 Forest plot comparing the GCF periostin level of chronic periodontitis patients and gingivitis patients

GCF compounds, therefore, using the markers help to
diagnose and prevent this disease [25, 26].

In the comparison between chronic periodontitis group
and healthy people, the results indicated that in people
with chronic periodontitis, GCF periostin concentration
is significantly lower than healthy people.

In the study of Aral C et al. [26], they examined the
level of periostin in GCF and saliva in non-smoker
patients with chronic and aggressive periodontitis. Their
results showed that the level of periostin was significantly
lower in chronic and invasive periodontitis patients than
in healthy individuals, which was consistent with the
results of our meta-analysis. Also, the periostin level of
aggressive periodontitis was significantly lower than that
of chronic periodontitis.

In the study conducted by Arslan R et al. [27], the
authors reported that the level of periostin in the GCF
is significantly higher in people with periodontitis. Also,
the level of periostin in the GCF of people with gingivi-
tis was lower than the periodontitis group, but signifi-
cantly higher than that of healthy people. The results of
this study are inconsistent with the data obtained from
our meta-analysis. The authors concluded that periostin

increases due to the effort in tissue repair and regenera-
tion during periodontal disease.

In Balli U et al. study [19], in addition to the concentra-
tion of periostin in the GCEF, they investigated the total
amount of periostin in the GCF. The results indicated
that the total amount of periostin in the GCF of chronic
periodontitis and gingivitis patients is significantly lower
than that of healthy individuals. Also, the total amount of
periostin in the GCF of people with chronic periodontitis
is lower than that of people with gingivitis.

In another study that was not included in our quantita-
tive analysis, Morsey SM et al. [28] examined the effect of
non-surgical periodontal treatment on periosteum levels
in patients with type 2 diabetes. In that study, there were
36 participants in three groups, including 12 people who
were periodontally healthy, 12 periodontitis patients, and
12 participants with periodontitis and type 2 diabetes.
The results of their study indicated that the amount of
periostin in the GCF decreases in the condition of peri-
odontitis, which was consistent with our meta-analysis.

The comparison between the gingivitis group and
healthy individuals, there was no significant differ-
ence in the level of periostin in the GCF. Among the
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Fig. 4 Forest plot comparing the GCF periostin level in gingivitis patients and healthy individuals

three included studies in this analysis, only the study of
Akman C [18] has the similar results in compared to our
meta-analysis. In the studies of Balli U [19] and Sophia
K [11], the amount of periostin in the GCF of the gingi-
vitis group is significantly lower than that of the healthy
group. Therefore, more studies with a larger sample size
are needed to draw accurate conclusions in this case.

The results of this meta-analysis revealed that the mean
concentration of GCF periostin in people with chronic
periodontitis is lower than people with gingivitis and
healthy people. In addition to periodontitis, other risk
factors and diseases are also effective in changing the
level of periostin in saliva, GCF, serum and urine, which
could not be controlled in this study. Considering that
this study was a meta-analysis and the reported results
in the primary studies has summarized, and in those pri-
mary studies, these risk factors and diseases were not
addressed separately, the results of these cases were not
adjusted in the analyses, therefore, it is recommended to
interpret and generalize the results with more caution.
For example, it has been shown in previous studies that
asthma is associated with an increase in serum periostin
levels in children [29] and in a meta-analysis study, it

has been reported that periostin has moderate accuracy
in diagnosing asthma [30]. In addition to these cases, in
previous studies, the relationship between periostin level
and diabetic retinopathy [31], renal injury [32], coronary
heart disease [23], smoking [33], etc. has been shown
while it was not possible to adjust these variables in the
current study and the presence of people with this dis-
eases and risk factors among the study groups can have
an impact on the estimation.

Considering that the results of our study indicate that
the amount of periostin in the GCF decreases in inflam-
matory conditions, it can be concluded that periostin
plays an important role in the protection of periodontal
ligament cells. Reducing the amount of periostin directly
reduces the repair and formation of periodontal tissue.
Also, taking into account that sampling from the GCF is
a minimally invasive method, by sampling and measur-
ing the concentration of periostin, we will obtain useful
information for the early detection of periodontal disease
in order to carry out timely and effective treatment.

This study had strengths and weaknesses. One of the
strengths of this study is that this study, for the first time,
compared the mean concentration of periostin in people
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with chronic periodontitis with healthy people and peo-
ple with gingivitis. The limitations of this study include
the following: first, in some studies, the desired numeri-
cal values are not reported and the results are reported as
graphs, which means that there was no ability to extract
the mean and standard deviation, and despite the corre-
spondence with the author of the article, some of them
were not included in the meta-analysis. Second, the small
number of included articles in some analyzes was another
limitation of this study, and for better conclusions, it is
recommended to conduct more related studies.

Conclusions

The mean concentration of GCF periostin in people with
chronic periodontitis significantly decreased compared
to people with gingivitis and also compared to healthy
people, while no significant difference was observed
between the two groups with gingivitis and healthy peo-
ple. Therefore, this marker may be used as a diagnostic
criterion for the disease, which requires further studies.
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