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Abstract

Aim To explore the existing salivary, gingival crevicular fluid (GCF), blood, and serum biomarkers associated with grade
C molar-incisor pattern (C/MIP) periodontitis in systemically healthy children and young adults.

Materials and methods Cross-sectional, case—control, and cohort studies on stage III grade C periodontitis or former equiva-
lent diagnosis with analysis of molecular biomarkers in saliva, GCF, blood, or serum were retrieved from six databases and
screened based on the eligibility criteria. The risk of bias in included studies was evaluated. Meta-analysis was planned for
biomarkers assessed using the same detection methods and sample type in at least two papers.

Results Out of 5621 studies identified at initial screening, 28 papers were included in the qualitative analysis of which 2
were eligible for meta-analysis for IgG in serum samples. Eighty-seven biomarkers were assessed with the majority being
higher in cases than in controls. Only the meta-analysis of total serum IgG with low heterogeneity value revealed a significant
increase in its levels in C/MIPs compared to controls (standardised mean difference: 1.08; 95% CI: 0.76, 1.40).

Conclusion There is a paucity of data on biomarkers associated with molar-incisor pattern periodontitis. Although serum
IgG levels are raised, other more specific biomarkers in saliva, GCF, and blood/serum may be promising but require further
investigation.

Keywords Stage III grade C - Juvenile - Aggressive - Periodontitis - Molecular biomarkers - Saliva - GCF - Peripheral
blood - Serum - Interleukins - MMP

Introduction

Stage III grade C molar-incisor pattern (C/MIP) was for-
merly known as localised juvenile periodontitis (LJP), and
then later as localised aggressive periodontitis (LAgP) [1, 2].
C/MIP is a chronic progressive inflammatory disease of the
periodontium characterised by rapid destruction of the soft
and hard tissue at an early age resulting in clinical attach-
ment loss and bone resorption leading to tooth loss and func-
tional impairments [3—6]. It affects the incisors and molars at
first; thus, it was identified as a molar-incisor pattern (MIP)
in the 2017 classification of periodontal diseases [3-7].
Unlike other periodontal diseases linked to plaque accu-
mulation and poor oral hygiene over time, C/MIP is believed
to have a strong genetic predisposition [8]. However, a better
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understanding of causative factors and specific pathogenic
mechanisms still needs to be achieved. Systemically healthy
and medically compromised children and young adults with
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familial aggregation can develop C/MIP at an early age [9,
10]. This condition increases the risk of premature tooth loss
that negatively impacts individuals physically, psychologi-
cally, and aesthetically [11]. Therefore, early detection and
treatment are of great importance [12].

Periodontal diagnosis is a crucial step in the oral exam-
ination as it affects the treatment plan and prognosis and
influences the quality of life if not detected earlier [13]. Bio-
markers in saliva, gingival crevicular fluid (GCF), peripheral
blood, and serum might be used as indicators to diagnose
periodontal diseases [13—15]. A previous systematic review/
analysis study has confirmed the diagnostic accuracy of bio-
markers in the detection of periodontitis, which may reflect
their usefulness in the early detection or assessment of the
risk of developing this pathology [16].

Saliva and GCF samples can be collected non-invasively
and easily while GCF flow is collected and measured using
sterile strips and a Periotron micro-moisture meter [15].
Saliva and GCF have different compositions and harbour
host-derived markers [17]. In the presence of inflamma-
tion, saliva tends to have a higher concentration of defence
factors such as immunoglobulin A (IgA), immunoglobulin
G (IgG), and immunoglobulin M (IgM) [18], and the GCF
flow increases as a host defence to eliminate the pathogens
[19]. Moreover, some promising biomarkers of periodontitis
were suggested, such as matrix metalloproteinase-8 (MMP-
8), matrix metalloproteinase-9 (MMP-9), interleukin 1 beta
(IL1pB), and interleukin 6 (IL6) [2, 16, 20].

Peripheral blood and serum samples could also poten-
tially be used as a source of biomarkers [21, 22]. Studies
have shown a higher neutrophil-lymphocyte ratio (NLR),
a lower lymphocyte-monocyte ratio (LMR) [14], increased
levels of proinflammatory cytokines such as interleukin 17
(IL-17) [21, 23], C-reactive protein (CRP), and fibrinogen
in patients with periodontitis compared to healthy controls
[24, 25]. Thus, these were considered potential biomarkers
that need further affirmation [23].

However, to our knowledge, there are no studies that sys-
tematically evaluate biomarkers specifically associated with
C/MIP. Discovering specific biomarkers for this condition
might help in screening and identifying affected individuals
at an early age, and it might help clarify pathogenic mecha-
nisms. Therefore, the present systematic review aimed to
explore the existing salivary, GCF, blood, and serum bio-
markers used to diagnose C/MIP periodontitis in systemi-
cally healthy children and young adults.

Materials and methods
The protocol was registered in the International Prospec-

tive Register of Systematic Reviews (PROSPERO) with
ID no. CRD42022312530. This systematic review and
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meta-analysis were designed based on the Cochrane Hand-
book for Systematic Reviews of Diagnostic Test Accuracy
and Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA). The checklist can be found in the
appendix (Appendix 1).

PECOS question

The research question is “In subjects with stage III grade c
with molar incisor pattern periodontitis, do the biomarker
levels in body fluids differ compared to subjects with healthy
periodontium?”.

The population (P), exposure (E), comparison (C), out-
come (0O), and study design (S) were as follows:

P: systemically healthy children and young adults
(£25 years of age)

E: stage III grade C with molar incisor pattern periodon-
titis or previous equivalent definitions

C: healthy periodontium

O: levels of salivary, GCF, peripheral blood, and serum
biomarkers

S: case—control studies, cross-sectional studies, cohort
studies

Eligibility criteria

Studies were included or excluded based on the following
criteria.

Inclusion criteria

e Types of studies: cross-sectional, case—control, and
cohort studies with analysis of molecular biomarkers

e Participants: a minimum of 10 systemically healthy chil-
dren and young adults aged 25 years and younger in the
case group

e Target condition: according to the 2017 classification
of periodontal diseases, the target condition is stage III
grade C periodontitis with molar incisor pattern or pre-
vious equivalent definitions, including early-onset peri-
odontitis (EOP), aggressive periodontitis (AgP), juvenile
periodontitis (JP), and rapidly progressive periodontitis
(RPP) in both extents generalised and localised

e Case reference standard: stage III grade C is clinically
defined as clinical attachment loss (CAL) > 5, radio-
graphic bone loss (RBL) extending to the middle third
of root and beyond, <4 tooth loss due to periodontitis,
in addition to probing depth (PD)> 6 mm, vertical bone
loss >3 mm, furcation involvement class II or III, and/
or moderate ridge defects, progression of CAL or RBL
of >2 mm over 5 years, percentage of bone loss by age
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is> 1 and tissue destruction exceeding the expectations
given biofilm deposits [7]

e Control condition: healthy periodontium

e Control reference standard: no clinical evidence of peri-
odontal disease

e Samples: saliva, GCF, blood, and/or serum

e Index test: molecular biomarkers identified in the sam-
ples of interest

Exclusion criteria

e Types of studies: cross-sectional, case—control, or cohort
studies with genetic or microbiology profiles, randomised
clinical trials (RCTs), case reports, reviews, non-clinical,
in vitro, animal, and retracted/withdrawn studies were
excluded

e Participants: subjects with systemic conditions, older
than 25 years of age or with an unclear age range,
recruited less than ten subjects in the case group, preg-
nant and lactating females, and smokers

e Definitions: non-C/MIP periodontitis

e Samples: swabs, gingival tissues, mouthwash, and plaque

Search methods for identification of studies
Search strategy

The following databases were electronically searched from
their oldest records until 08 February 2023: Embase (via
Ovid), PubMed (MEDLINE), Web of Sciences (WoS),
Scopus, and Virtual Health Library. Additionally, peer-
reviewed digital dissertations (searched via UMI Proquest)
were searched. The search was not restricted to papers in
English, and no filters were applied.

The search strings were formulated to include the tar-
get condition, index test, type of samples, and population
(Appendix 2).

Data collection and analysis
Selection of studies

The papers retrieved from the six databases were de-dupli-
cated following the Bramer et al. method [26]. Two review-
ers (authors MA and GNA) independently screened the titles
and abstracts of studies to identify articles that potentially
meet the inclusion criteria. A pilot screening of 50 studies
was done, and the results were compared to ensure consist-
ency between reviewers. The full text of the potentially eligi-
ble studies and those abstracts that do not provide sufficient
information to allow decision-making regarding inclusion
or exclusion were retrieved, and the full texts were screened
independently by GNA and MA. Any differences between

the two reviewers were settled by consensus after consulting
a third review author (LN).

Data extraction and management

Relevant data from the included studies were independently
extracted by MA and GNA using a specifically designed
extraction Excel form.

The following data were recorded for each study: study
characteristics (author(s), year of publication, title, country,
study design, setting, funding), demographics in cases and
controls (number of periodontal disease cases and non-peri-
odontal disease controls in the beginning and at the end, age,
gender, ethnicity, and smoking status), definitions (periodon-
titis classification in the study, stage III grade C, and health
periodontium), types of samples (saliva, GCF, peripheral
blood, serum), biomarker detection methods, assessed bio-
markers (name, class, biomarker levels—mean and standard
deviation—and concentration units).

In longitudinal studies, only baseline data which is the
first determination of the levels of biomarkers before treat-
ment were collected and analysed. The mean and standard
deviation were calculated if it was not reported. The mean
was calculated by dividing the sum of values by the number
of values and the standard deviation by multiplying the SE/
SEM by the square root of N. In case 2SEM was given, SD
was calculated by dividing 2SEM by 2 and then multiplying
it by the square root of N.

Assessment of methodological quality

Two tools were used independently by MA and GNA to
assess the risk of bias in the included studies: the Newcastle
Ottawa Quality Assessment tool (NOS) for case—control and
cohort studies and the modified version for cross-sectional
studies. Results were compared for consistency, and varia-
tions were discussed and agreed on.

Statistical analysis and data synthesis

Meta-analysis was planned for biomarkers assessed using
the same detection methods and sample types in at least two
papers. The free software environment R (version 4.2.2) was
used to analyse and create the meta-analysis (MA) mod-
els. Two types of models were run: models with a single
standardised mean difference for each paper and models that
included 2 or more standardised mean differences from the
same paper [27, 28]. In the latter, the raw data from the same
paper can be pooled, but to mitigate the risk of a unit-of-
analysis error and to avoid “double counting” in the MA, it
was necessary to pool the raw data with the dmetar package
[29]. The meta package [30] was then used to obtain the
random effects models and their p-value, the forest plots,
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and all statistics related to the between-study heterogeneity
(Q-test, 12, H2, Tau2, Tau) of the 34 models obtained (18
non-pooled models and 16 pooled models). The restricted
maximum likelihood (“REML”) [31] method was used in
all models to calculate TAU2. The Hedges method was used
in the MA models to estimate the standardised mean dif-
ference, thus avoiding overestimation bias due to the small
number of studies included here.

Results

The total number of references retrieved after the removal of
duplicates was 5621. Based on the title and abstract screen-
ing, 437 articles were eligible for full-text screening. Four
hundred and nine articles were excluded for the reasons
mentioned in the appendix 3, and 28 studies were included
in the current review (Fig. 1). The kappa score and percent-
age of agreement for the abstract screening were respec-
tively 0.766 and 98.7% and 0.813 and 97.2% for the full-text
screening.
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n=2814

28 included in the qualitative
synthesis

of which 2 included in the
quantitative synthesis

Characteristics of included studies

The majority of studies had a case—control design (71.4%),
while 14.3% were cohort and 14.3% were cross-sectional
studies. Publication years ranged from 1974 to 2022, and
most studies were conducted in the USA (n=15), while
others were conducted in Turkey (n=4), Argentina (n=2),
and one study in each of the following countries: Brazil,
Czech Republic, Finland, Germany, Norway, Sweden,
UK, and India. The age of included patients ranged from
5 to 25 years old. The study sample size ranged from 10
to 79 in the cases and 5 to 103 in the controls. The defini-
tion of periodontal disease was based on clinical examina-
tion and/or radiographs to determine the presence/absence
of CAL, PD, and RBL. Most of the definitions were based
on the presence of bone loss (n=16), CAL>2 and PD>5
(n=5), CAL>3 (n=3), PD>6 (n=1), PD>4 (n=1),
PD >3 (n=1), while one did not report a definition but it
was included because they referred to C/MIP as “localized
juvenile periodontitis” and used clinical indices: plaque
index (PI), gingival index (GI), and probing depth (PD) to
determine that condition of the periodontium. Definitions

ProQuest

n=678

Articles retrieved, n=12,057

Duplicates removed, n=6,436
v

Title and abstract screening of 5621

¥

5182 studies were excluded based on
the eligibility criteria

v

437 eligible for full-text screening

409 were excluded for the following
reasons (appendix 3):

Irrelevant study design
Not systemically healthy
Smokers

<10 subjects

Age > 25

Unclear age

Not Stage Il Grade C

Irrelevant samples
Microbiology profile
Genetic Profile
Wrong outcome
Duplication of data
Missing full text
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of periodontal health were based on not having evidence
of bone loss, no bleeding on probing except one study
stated that < 10% was accepted, and PD thresholds varied:
PD<4 (n=2),PD<3 (n=3), PD<L2 (n=3), and some did
not specify a measurement (n=20). Most studies focused
on biomarkers in serum (n=13) and GCF (n=9), some in
saliva (n=35), and a few in blood (n=3) and plasma (n=3).
Assays used included ELISA (n=38), radial immunodiffusion
(RID) (n=5), Luminex multiplex immunoassay (n=4), fluo-
rometric immunoassay (n=3), chromogenic immunoassay
(n=2), and the remaining studies used one of the following:
checkerboard immunoblotting, electroimmunoassay, electro-
immunodiffusion, indirect and direct immunofluorescence,
luminol-dependent chemiluminescence immunoassay, lysis
inhibition, and gamma spectroscopy, and radioimmunoassay,
Table 1.

Data extraction

In the screening phase, some abstracts had missing full text,
so the authors were contacted to request the articles and
review them against eligibility criteria. Similarly, when
extracting the means and standard deviations for each bio-
marker, some papers presented their results in graphs/plots/
charts without giving numerical values, so the dataset was
requested from the authors. Not all authors were able to pro-
vide the requested datasets. None of the papers reported the
sensitivity and specificity of the assessed biomarkers, and
only one study gave the contingency tables.

Biomarkers analysed

When grouping the studies by analysed biomarkers, some
focused on cytokines such as interleukins IL-1f, IL-2, IL-4,
IL-6, IL-8, IL-10, IL-12p40, IL-12p70, and IL-17, inter-
ferons: interferon-gamma (IFN-y) and interferon y-induced
protein 10 kDa (IP-10), chemokines: monocyte chemoat-
tractant protein-1 (MCP-1), eotaxin, macrophage inflam-
matory protein-1 alfa (MIP-1a), tumour necrosis factor-alfa
(TNF-a), granulocyte colony-stimulating factor (G-CSF),
and granulocyte-macrophage colony-stimulating factor
(GM-CSF), others on tissue degradation markers such as
matrix metalloproteinase MMP-1, MMP-2, MMP-3, MMP-
8, MMP-9, MMP-12, and MMP-13, while others on serum
immunoglobulins such as IgG, IgA, and IgM and immuno-
globulins to specific pathogens. Additionally, blood cells,
tumour markers, enzymes, proteins, antibodies, and some
other molecules were assessed as listed in Table 1.

Characteristics of studies in saliva

The following 10 salivary biomarkers were assessed in
5 case—control studies [32-36] from Turkey, the USA,

Argentina, and the UK: f2-microglobulin, lactoferrin,
iron, reactive oxygen species (ROS), total radical-trapping
antioxidant potential (TRAP), thiobarbituric acid-reactive
substances (TBARs), mucin, amylase, protein, and IgA.
They were all higher in cases than in controls including the
biomarkers without numerical data presented except for
lactoferrin and iron. They were assessed in two groups of
patients, one with Aggregatibacter actinomycetemcomitans
and one without, and were followed over time to observe the
development of the disease. Both lactoferrin and iron were
lower in Aa-positive LAP subjects than in Aa-negative and
positive healthy subjects. A meta-analysis was not possible
due to the different salivary biomarkers used in the different
studies.

Characteristics of studies in GCF

Nine studies (three cohorts, four case-controls, and two
cross-sectional) [27, 37-43] from the USA, Brazil, and
Czech Republic investigated 31 biomarkers: eotaxin, IL-1p,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-12P40, IL-12p70, IL-17,
IP-10, IFN-y, MCP1, MIP-a, TNF-a, G-CSF, GM-CSF,
receptor activator of NF-kappaB ligand (RANKL), osteopro-
tegerin (OPG), f-glucuronidase, MMP-1, MMP-2, MMP-3,
MMP-8, MMP-9, MMP-12, MMP-13, lysozyme, lactofer-
rin, IgG, IgA, Ig to Aa. The majority of biomarkers were
higher in cases than in controls except for MCP-1, which was
higher in controls in 2 studies. Additionally, a few biomark-
ers such as IFN-y, IL-4, IL-6, IL-8, IL10, IL-17, and TNF-a
were higher in controls in some studies and lower in others
(Table 2). Twelve meta-analyses were performed involving
the following molecules: GM-CSF, IFN-y, IL1-f, IL-2, IL-4,
IL-6, IL-8, IL-10, IL-12p40, MCP-1, MIP-1a, and TNF-
. However, because of high heterogeneity (I>>75%), the
meta-analyses are considered inconclusive (Appendix 4).

Characteristics of studies in whole blood

Three studies (two case—control and one cross-sectional)
[44-46] from Turkey, Sweden, and Finland found that
B-cells, CD3 + cells, CD4 + cells, CD8 + cells, and haemo-
globin were all lower in cases than in controls. Lympho-
cyte counts were higher in cases in one study and lower in
another, whereas mean corpuscular volume (MCV), leuko-
cytes (LPK), absolute neutrophil count (ANC), and tyrosine-
protein kinase (TPK) were higher in cases than controls. A
meta-analysis was not possible due to the different biomark-
ers in whole blood used in the different studies.

Characteristics of studies in plasma

Three studies (two case—control and one cohort) [27, 47,
48] from the USA and Germany analysed plasma samples
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Cases Controls
Study Mean SD Total Mean
Johnson 1431.50 252.0000 10 1132.70 263.2000
Anil 48.46 20.9100 15 26.12 20.1300
Total (95% CI) 25

Heterogeneity: Tau® = 0: Chi® = 0.01, df = 1 (P =0.93); = 0%
No Pooled Data

Fig.2 The meta-analysis of serum IgG in two studies

for lipopolysaccharides (LPS), ELP-a-PI complex, and ELP
content. As reported in Shaddox et al. study, LPS was sig-
nificantly higher in cases than controls [27], and patients
showed a significant reduction in LPS following treatment in
Kalash et al. study [47]. ELP-a-PI complex was also statisti-
cally significant while ELP content was not [48]. A meta-
analysis was not possible due to the different biomarkers in
whole blood used in the different studies.

Characteristics of studies in serum

Several biomarkers were assessed in 13 studies (11
case—control and 2 cross-sectional) [28, 34, 36, 44-46,
49-55] from the USA, UK, Sweden, India, Turkey, Nor-
way, and Finland. They are as follows: beta 2-microglobulin,
IgG to Aa, 1gG to P. gingivalis, 1gG to B. fragilis, IgG to
P. intermedia, 1gG to C. rectus, 1gG to E. corrodens, 1gG
to F. nucleatum, 1gG to C. ochracea, 1gA to Aa, IgA to P.
gingivalis, IgA to B. fragilis, IgA to P. intermedia, IgA to
C. rectus, IgA to E. corrodens, IgA to F. nucleatum, IgM
to Aa, IgM to P. gingivalis, IgM to B. fragilis, IgM to P.
intermedia, 1gM to C. rectus, IgM to E. corrodens, IgM to
F. nucleatum, IL-1p, C3, C4, 1gG, IgA, IgM, IgGl, IgG2,
1gG3, 1gG4, a2M, protein, IgG/albumin ratio, and alka-
line phosphatase ALP. Most investigated biomarkers were
higher in cases than controls except for a few biomarkers
that were lower in cases than controls as specified in Table 2.
Six meta-analyses were performed involving the following
molecules: IgG, IgM, IgG to Aa, 1gG to P. gingivalis, IgM
to Aa, and IgM to P. gingivalis. However, because of high
heterogeneity (I>>75%), except for IgG, most meta-analyses
should be considered inconclusive (Appendix 5). Only the
meta-analysis of total serum IgG with low heterogeneity
value revealed a significant increase in its levels in C/MIPs
compared to controls (standardised mean difference: 1.08;
95% CI: 0.76, 1.40) (Fig. 2).

Risk of bias analysis

All 28 studies were assessed for risk of bias. All cohort stud-
ies (4/4) and the majority of the case—control studies (19/20)
revealed good quality whereas one case—control study had

SD Total Weight IV, Random, 95% CI
10 39.4%
15 60.6%

25 100.0%

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference

1.11[0.15; 2.07) — &
1.06 [0.29; 1.83] L
1.08 [0.76; 1.40] ‘
T T T 1
2 -1 0 1 2
Cases

fair quality, and four cross-sectional studies had a high risk
of bias (Appendix 6).

Discussion

This review represents the first attempt to systematically
assess biomarkers associated with the very unique pheno-
type of C/MIP periodontitis. The main findings are that there
is a paucity of studies investigating this aspect and not many
robust conclusions can be drawn. Although several reports
suggest increased or decreased levels of specific inflamma-
tory and tissue degradation markers in GCF, saliva, whole
blood, serum, and plasma, meta-analysis was only possible
for total IgG levels in serum. This analysis, based on only 2
papers, suggested increased total IgG levels in C/MIP cases
compared with controls [50, 52]. Immunoglobulins (Ig) play
a major role as part of humoral immunity by stimulating
phagocytosis and eliminating microorganisms [56]. IgG is
the most prevalent in human serum with periodontitis among
the four other classes, IgA, IgM, IgE, and IgD [56], and that
was consistent with the results of our meta-analysis and the
literature.

Previous literature highlighted the host-microbial inter-
actions and how the imbalance between them is essential
for the occurrence of the disease and for determining the
extent of the destruction [9, 40, 57]. Following colonisation
by gram-negative bacteria including A. actinomycetemcomi-
tans, P. gingivalis, and Tannerella forsythia, and the produc-
tion of leukotoxins, endotoxins, collagenases, and proteases
to cause bone resorption, the host responds by recruiting
a significant amount of polymorphonuclear neutrophils
(PMNs) including neutrophils, basophils, eosinophils in
addition to monocytes, macrophages, and dendritic cells
[58]. Particularly in the presence of neutrophils defects, peri-
odontal destruction evolves aggressively resulting in rapid
attachment and bone loss [59, 60]. The constant recruitment
of host cells causes the oversecretion of several inflamma-
tory mediators, including cytokines, tissue degradation
markers, immunoglobulins, tumour markers, enzymes, and
proteins [61]. Which can be found in larger quantities in C/
MIP patients than in healthy controls, as listed in Table 2.
In this context, biomarkers measuring the response to the
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microbial challenge could be valuable tools to corroborate
the clinical findings and potentially have a diagnostic and
prognostic added value.

The uniqueness of C/MIP lies in its rapidly-progressive
nature and the irreversible periodontal damage caused
at an early age and initially localised to the incisors and
molars despite the minimal amounts of plaque, calculus,
and marginal gingival inflammation [62], which suggests
that microbes do not contribute solely to the severity of the
disease [63]. The complexity of C/MIP makes it difficult to
manage these cases especially since the plaque deposit is
not the main etiological factor compared to other forms of
periodontitis (formerly known as chronic periodontitis CP)
[9]. In other types of periodontitis, maintaining good oral
hygiene effectively reduces all the clinical parameters since
the absence of bacteria is sufficient to arrest the disease [64].
Undoubtedly, clinical parameters help measure the current
condition of the periodontium. However, they do not give a
clear picture of the host-microbial interactions and stability
or not of disease, especially for the very unique and poorly
investigated C/MIP. Therefore molecular biomarkers could
be beneficial, providing a diagnostic tool, which is relatively
easy and painless to collect if present in saliva or GCF [65].

Treatment and long-term tooth retention may be challeng-
ing in C/MIP cases affecting young individuals [9, 40]. A treat-
ment approach consisting of supra- and sub-gingival debride-
ment with adjunctive systemic antibiotics was shown to assist
in balancing the host immune responses and disease progres-
sion and significantly decrease disease biomarkers [40]. Sur-
prisingly, in some studies, some biomarkers remained higher
in cases than in controls even after receiving treatment [66].

Biomarkers have diagnostic and prognostic values as
they are beneficial in understanding disease mechanisms
and monitoring the host immune response before, during,
and after the treatment [67]. Besides the biomarkers of C/
MIP mentioned earlier, another set of biomarkers was sig-
nificantly higher in patients with CP than in controls such
as MCP-1, IL-6, MMP-8, macrophage inflammatory pro-
tein-1 alpha (MIP-1a), IL-1pB, and Hb, and assessment of
both salivary IL-6 and MMP-8 was used for early diagno-
sis [68]. In GCF, prostaglandin E2 (PGE2), aspartate ami-
notransferase (AST), IL-1p, IL-8, IL-10, neutrophil elastase
(NE), osteocalcin and calprotectin, alkaline phosphatase
(ALP), macroglobulins (alpha 2, beta 2), MMP-3, MMP-8,
MMP-9 [69], MCP-1 [70], and deoxypyridinoline (DPD)
have shown promise as biomarkers [71]. To the best of
our knowledge, no systematic reviews/meta-analyses were
conducted to comprehensively assess different periodontal
biomarkers in the blood and serum of systemically healthy
individuals. One review evaluated the blood cell count [72],
while most existing reviews focused on specific biomarkers.
Nonetheless, some potential biomarkers were noticed in the
serum of patients with periodontitis, such as resistin [73],

@ Springer

C-reactive protein [74], visfatin [75], oncostatin M [76],
chemokine CXCL10 [77], and proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) [78]. In the blood, decreased
total antioxidant status (TAS) [79] was observed in addition
to the increased WBC and neutrophils and reduced erythro-
cytes and platelets [80]. While previous systematic reviews
performed a meta-analysis of the diagnostic “accuracy” of
biomarkers, meta-analysis for diagnostic accuracy could not
be performed here, as none of the included papers reported
the specificity and sensitivity, and only one study gave the
diagnostic classification contingency table. Additionally,
the paucity of data and high heterogeneity made it impos-
sible to meta-analyse other biomarkers.

The four cohorts [37, 40, 42, 47] and nineteen case—con-
trol studies [27, 28, 32-34, 36, 38, 41, 43, 44, 46, 48-53, 55,
81] had a good quality for meeting NOS criteria in terms of
selection, comparability, and exposure/outcome. However,
one case control had a fair quality for not providing adequate
definitions of stage III grade C and healthy controls [35].
The remaining cross-sectional studies did not have control
groups to compare findings [39, 45, 54], failed to calculate
and justify the sample size [39, 45, 54, 82], and did not con-
trol for confounding factors [39, 45, 54].

This review had several strengths including merging the
biomarkers’ data of all the former classifications with the data
of the 2017 new classification. The search was not limited
to a specific language, as all relevant papers were included
and translated if they were in a language other than English.
Multiple main databases were searched to ensure that none of
the relevant papers was missed unintentionally. Various types
of samples were assessed to gain a comprehensive overview
of existing biomarkers in the literature. The pre-specified age
range was met as the included studies recruited subjects of
5-25 years of age. Although this might be considered a wide
age range, it reflects the age range in most published studies.
The authors of the papers with graphical representations of
their data were contacted multiple times for the raw data. The
main limitation of this review was the heterogeneity of the
data among six studies that initially had the potential for meta-
analysis of 18 biomarkers. Heterogeneity was very high in the
34 meta-analysis models performed, with the exception of the
meta-analysis for IgG, so they were considered inconclusive.
Another limitation was the lack of recent studies, as most stud-
ies (74%) were conducted more than 10 years ago, of which
55% were conducted before 1999. Also, when attempts were
made to request raw data/full-text research for some studies,
no contacts were found for some old publications and were
therefore excluded for missing full-text. The graphs/plots were
narratively described if the raw data was not received.

In conclusion, this review highlighted the existing gap in
the literature regarding biomarkers of C/MIP and summa-
rised what biomarkers had been investigated in saliva, GCF,
blood, plasma, and serum to date. The results emphasise the
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importance of conducting future observational studies to
identify reliable biomarkers that could be useful adjunctive
diagnostic tools and/or could accurately predict the likelihood
of developing C/MIP before it occurs. This will contribute
to prevention/early diagnosis, better treatment outcome, and
maintenance of the quality of life. More robust research stud-
ies should be conducted in this area, ideally investigating large
cohorts of young individuals affected by C/MIP and reporting
data on biomarkers that could have clinical utility and could
potentially be used for larger meta-analyses.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00784-023-05169-x.
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