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Abstract—Salivary, serum matrix metalloproteinase-8 (MMP-8), tissue inhibitor of matrix metallopro-
teinases-1 (TIMP-1), neutrophil elastase (NE), and myeloperoxidase (MPO) levels were investigated in
generalized chronic periodontitis (GCP), generalized aggressive periodontitis (GAgP), and healthy gr-
oups. Whole-mouth clinical periodontal measurements were recorded. Salivary, serum concentrations of
MMP-8, MPO, TIMP-1, and NE were determined by immunofluorometric assay or ELISA in 18 pati-
ents with GCP, 23 patients with GAgP, 18 individuals with healthy periodontium. Patients in the GAgP
group were younger than the other groups (p<0.05). The study groups were similar in gender, smoking
status. Plaque index was higher in GCP than GAgP group (p<0.05). Biochemical data were similar in
periodontitis groups. Salivary, serum MPO, and salivary NE concentrations were higher; TIMP-1 con-
centrations were lower in the periodontitis groups than the controls (p<0.05). The present data support a
close relationship between salivary, serum protease content and clinical periodontal parameters in pati-
ents with generalized periodontitis.
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INTRODUCTION

Periodontitis is a multifactorial disease where interplay
of microbiologic, genetic, immunologic, and environmental/
behavioural risk factors decides the onset, course, and sever-
ity. Proteolytic activities related with inflammation participate
in collagen degradation observed in periodontitis. Chronic
periodontitis (CP) is related to polybacterial infection, and
the tissue destruction appears to result from a complex inter-
action between pathogenic bacteria and the host immune
system. Generalized aggressive periodontitis (GAgP) is a

rapidly progressive disease that affects otherwise healthy
individuals and results in rapid loss of attachment and bone
destruction, which may lead to edentulism early in life [1].
Therefore, despite its relatively low prevalence, GAgP has
important social implications [2, 3].

Periodontal tissues are infiltrated mainly by neutrophilic
granulocytes and polymorphonuclear neutrophils (PMN),
which play an important role in the development of inflam-
matory injury. Matrix metalloproteinases (MMPs) represent a
structurally related but genetically distinct superfamily of
proteases acting not only in physiological development and
tissue remodelling but also in pathological tissue destruction
[4]. MMPs can also process bioactive non-matrix substrates
such as cytokines, chemokines, growth factors, and immune
modulators thereby mediating anti-inflammatory and pro-in-
flammatory processes [5, 6]. Upon bacterial insult, triggered
leukocytes migrate to the site of inflammation and release
MMP-8 and MMP-9, which are activated locally [5]. Tissue
inhibitors of MMPs (TIMPs) regulate the activities of these
enzymes, and TIMP-1 is more effective on interstitial
collagenases [7]. An imbalance between MMPs and
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TIMPs results in the pathological tissue destruction
observed in periodontitis [8, 9].

Neutrophil elastase (NE) is one of the most destructive
enzymes with the capability of degrading almost all extra-
cellular matrix components as well as plasma proteins and
activating proMMPs and inactivating TIMP-1 [5, 10]. A
high concentration of NE is stored in azurophilic granules
of PMNs, providing an important step in host defence.
When activated, NE can be released rapidly into the extra-
cellular space and cause local tissue damage [11].
Endogenous proteinase inhibitors are important to protect
tissues from unregulated proteolysis. Conjugating with prote-
ase inhibitors rapidly inactivates NE in circulation.
Azurophilic granules of PMNs also contain the enzyme
myeloperoxidase (MPO) that can generate reactive oxygen
species including hypochlorous acid. MPO is released into
the extracellular environment following neutrophil stimula-
tion and/or degranulation [12]. MPO can oxidatively activate
MMP-8 and MMP-9 and inactivate TIMP-1 [5]. Thus, MPO
and NE can potentiate the destructive MMP cascades.

CP andAgP differ in age of onset and prognosis. Despite
these differences, the two principal forms of periodontitis
cannot be distinguished on the basis of histopathological
features [13] or microbiological colonization profiles [14].
AgP has been suggested to be related with a hyper-responsive
systemic profile also associated with genetic susceptibility
[15]. It is hypothesized that MMPs and neutrophil degranula-
tion products in serum and saliva may differentiate GAgP and
GCP from each other and also from clinically healthy peri-
odontium. With this background, the present study is under-
taken to comparatively evaluate the serum and saliva concen-
trations of MMP-8, TIMP-1, NE, and MPO in patient groups
of GAgP or GCP as well as healthy controls.

MATERIALS AND METHODS

Study Population

A total of 59 Caucasian individuals from those pa-
tients seeking dental treatment at the School of Dentistry,
Ege University were included in the present study.
Systemically healthy 18 patients with GCP (10 males and
8 females; age range 42 to 61 years), 23 patients with
GAgP (10 males and 13 females; age range between 30
and 45 years), and 18 individuals with clinically healthy
periodontium (11 males and 7 females; age range 26 to
63 years) were recruited for the study between September
2011 and August 2012. The study was approved by the
Ethics Committee of Ege University, School of Medicine

and conducted in full accordance with ethical principles,
including the World Medical Association’s Declaration of
Helsinki, as revised in 2000. The aims and methods of the
study were explained, and written informed consent was
received from each individual before enrolment in the
study. Detailed medical and dental histories were obtained.
A standardized questionnaire was used to clarify the
smoking status of the individuals, but smokers were not
excluded. Patients who smoke ≥10 cigarettes/day for
>5 years were classified as current smokers and those
who had quit smoking at least 6 months prior to enrolment
in the study were regarded as the former smokers [16].
Non-smokers did not have history of smoking at all.
Individuals with knownmedical disorders, such as diabetes
mellitus or immunological disorders and those who had
received antibiotic or periodontal treatment in the last
6 months were excluded from the study. GCP patients were
diagnosed in accordance with the clinical criteria stated in
the consensus report of the World Workshop in
Periodontitis [17]. The diagnosis of GCP was assigned if
the individual had ≥4 teeth in each jaw with a probing
depth (PD) of ≥5 mm, clinical attachment level (CAL) of
≥4 mm, and ≥50 % alveolar bone loss at least in two
quadrants. The extent and severity of alveolar bone loss
was assessed by radiographs. These individuals also had
bleeding on probing (BOP) at >80 % of the proximal sites.
Individuals were assigned to the GAgP group, if they were
otherwise healthy, had at least six permanent teeth, includ-
ing incisors and/or the first molars, with at least one site
with PD and CAL ≥5 mm and six teeth other than the first
molars and incisors with similar PD and CAL measure-
ments, familial aggregation (all individuals were asked if
they had any family member with current or history of
severe periodontal disease) and exhibit rapid destruction of
periodontal attachment and bone. Periodontally healthy
individuals in the control group had no BOP, no clinical/
radiographic sign of alveolar bone loss (i.e., a distance of
<3 mm between the cemento-enamel junction (CEJ) and
bone crest at >95 % of the proximal tooth sites).

Saliva and Serum Sampling

The method described by Navazesh [18] was used for
saliva sampling. Whole saliva samples were obtained sim-
ply by expectorating into polypropylene tubes before clin-
ical periodontal measurements or any periodontal interven-
tion and in the morning following an overnight fast during
which subjects were requested not to drink (except water)
or chew gum. The saliva samples were clarified by centri-
fugation (800g) for 10 min at room temperature, and
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500 μL amounts were placed in clean polypropylene tubes.
Five millilitres of venous blood were taken from the
antecubital vein by a standard venipuncture method and
serum was separated from blood by centrifugation at 1,500
g for 10min. All saliva and serum samples were frozen and
stored at −40 °C until the sample collection period was
completed and thawed immediately before assays.

Determination of Periodontal Status

After collection of biofluid samples, the clinical peri-
odontal parameters including PD, CAL, BOP (+/−), and
plaque index (PI) [19] were assessed at six sites/tooth
(mesiobuccal, mid-buccal, distobuccal, mesiolingual,
mid-lingual, and distolingual locations) excluding the third
molars using a periodontal probe (Williams, Hu-Friedy,
Chicago, IL, USA). CAL was assessed from the CEJ to
the base of the probable pocket. (BOP (deemed positive if
it occurred within 15 s after periodontal probing). All
measurements were performed by two precalibrated exam-
iners (PG and NN) using aWilliams periodontal probe, and
serum samples were obtained before initiation of any peri-
odontal intervention. Inter-examiner and intra-examiner
calibration was analysed using the Kappa-Cohen test.
The initial intra-examiner kappa values were 0.96 (PD)
and 0.86 (CAL) for PG and 0.93 (PD) and 0.79 (CAL)
for NN. The inter-examiner values were 0.92 (PD) and
0.75 (CAL).

MMP-8 Analysis by Immunofluorometric Assay

MMP-8 levels in the saliva and serum samples were
determined by a time-resolved immunofluorometric assay
(IFMA) as described previously [20, 21]. The monoclonal
MMP-8 specific antibodies 8708 and 8706 (Medix
Biochemica Oy Ab, Kauniainen, Finland) were used as a
catching and tracer antibody, respectively. The tracer anti-
body was labelled using europium chelate. The assay buff-
er contained 20mMTris–HCl (pH 7.5), 0.5MNaCl, 5mM
CaCl2, 50μMZnCl2, 0.5 % bovine serum albumin, 0.05%
sodium azide, and 20mg/L diethyhlenetriaminepentaacetic
acid (DTPA). Samples were diluted in assay buffer and
incubated for 1 h, followed by incubation for 1 h with the
tracer antibody. Enhancement solution was added, and
after 5 min, fluorescence wasmeasured using a fluoremeter
(1234 Delfia Research Fluoremeter, Wallac, Turku,
Finland). The specificity of the monoclonal antibodies
[20] against MMP-8 was the same as that of polyclonal
MMP-8 antibodies [20–22]. MMP-8 concentrations in
biofluid samples were expressed as nanograms per

millitres. MMP-8/TIMP-1 ratios were calculated as de-
scribed previously [21, 22].

TIMP-1, MPO, and NE Analysis by Enzyme-Linked
Immunosorbent Assay

TIMP-1 analyses were carried out by enzyme-linked
immunosorbent assay (ELISA) as described earlier [23].
TIMP-1 (Duoset ELISA Development Systems, R&D
Systems, Minneapolis, USA), MPO (Immunodiagnostic
AG, Bensheim, Germany), and NE (Bender MedSystems
mbH, Vienna, Austria) concentrations were determined
using commercially available ELISA kits. All samples
were analysed in duplicate. As stated by the manufacturer,
the present TIMP-1 ELISAs detect the active form, pro-
form, complexed form, and fragmented form of the studied
TIMP-1. The secondary antibody in each kit was conju-
gated with horseradish peroxidase, and tetramethyl benzi-
dine was used as a substrate [23]. The saliva and serum
concentrations of the proteins were expressed as nano-
grams per millitres.

Statistical Analysis

With a power of 80 % and α=0.05, a minimum
number of 17 participants was required for the compari-
sons. Numerical variables were tested by Shapiro-Wilk test
to validate whether they are normally distributed. BOPwas
evaluated dichotomously as present or absent and then the
full-mouth percentage was calculated for each person. PI
was recorded in terms of scores at six sites of each tooth
present and means and medians were calculated for each
person. BOP, PI, PD, and CAL values and biochemical
data were compared between the study groups by Kruskal-
Wallis test with Dunn’s multiple comparisons test. The
distribution of gender and smoking between groups were
tested using chi-square test. Possible correlations between
the biochemical variables and clinical periodontal mea-
surements were computed by the Spearmen rho rank test.
All tests were performed at α=0.05 significance level. All
the statistical calculations were performed using a statisti-
cal software package (GraphPad Prism version 6.00c for
Mac OS X, GraphPad Software, La Jolla, CA, USA).

RESULTS

Clinical Periodontal Analyses

Demographic characteristics and clinical periodontal
measurements are presented in Table 1. The GAgP group
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was significantly younger than the GCP and control groups
(p<0.0001 and p=0.0014, respectively). There were no
significant differences between the study groups in terms
of sex distribution or smoking status. Clinical periodontal
measurements were similar in the periodontitis groups,
apart from the significantly higher plaque score in the
GCP group than the GAgP group (p=0.015). The control
group revealed significantly lower values in all clinical
periodontal parameters than the periodontitis groups
(p<0.05).

Biochemical Analyses

The results of biochemical analyses in saliva samples
are outlined in Table 2. Salivary concentrations of MPO
and NE and the ratio of MMP-8/TIMP-1 were higher, and
salivary TIMP-1 concentration was lower in the periodon-
titis groups than the control group (p=0.002, p=0.001,
p<0.001, and p<0.001, respectively). NE levels were
higher in the GAgP and all the other data were higher in
the CGP, but none of the differences reached the level of
significance (p>0.05).

The results of biochemical analyses in serum samples
are outlined in Table 3. There were no significant differ-
ences between the study groups in serum concentrations of
MMP-8, TIMP-1, or NE (p>0.05). The periodontitis
groups exhibited higher serum concentrations ofMPO than
the control group (p<0.013).

In the GCP group, Spearman correlation analysis
revealed significant positive correlations between salivary
MMP-8 concentration and PD, PI, and BOP values (p=
0.007, p=0.005, p=0.049, respectively) (Table 4). Salivary
MPO concentration correlated with PI and BOP values in
the GCP group (p=0.001, p=0.02, respectively). Serum
TIMP-1 concentration correlated with PD in the GCP

group (p=0.046) (Table 4). There were no other significant
correlations between biochemical data in serum samples
and clinical periodontal measurements.

Salivary MMP-8 concentration correlated with age in
the GAgP group (p=0.01) (Table 5). BOP correlated with
salivary MPO concentration (p=0.042). There were no
other significant correlations between salivary biochemical
data and clinical periodontal parameters in the GAgP group
(p>0.05). Serum analyses in the GAgP group revealed
significant positive correlations between PI and MMP-8
and MPO (p=0.022 and p=0.012, respectively)
(Table 5). There were no other significant correlations
between serum biochemical data and clinical periodontal
parameters.

In the healthy control group, there were significant
positive correlations between age and salivary MPO con-
centration (p=0.033), between PI and salivary NE concen-
tration (p<0.042) (Table 6). Finally, PI correlated with
serum TIMP-1 concentration (p<0.008) (Table 6).

DISCUSSION

In the present cross-sectional study, serum and saliva
concentrations of MMP-8, MPO, NE, and TIMP-1 were
analysed in patients with GCP or GAgP and healthy indi-
viduals. The two periodontitis groups were very similar in
terms of demographic and clinical periodontal parameters
apart from the older age and higher plaque scores in the
GCP group. None of the biochemical parameters analysed
in serum or saliva revealed statistically significant differ-
ences between the two periodontitis groups. Several corre-
lations were found between biochemical data and clinical
periodontal parameters in the study groups.

Table 1. Patient Characteristics and Clinical Periodontal Measurements in the Study Groups

GCP (N=18) GAgP (N=23) Control (N=18)

Demographic variables
Age (years) 50.0* (45.0–54.0) 36.0 (33.0–39.0) 44.50* (39.50–52.50)
Gender (male/female) 10/8 10/13 11/7
Smoking (non-smoker/smoker/former smoker) 8/8/2 10/10/3 8/6/4

Periodontal parameters
PD (mm) 5.3† (4.8–6.0) 5.0† (4.1–6.0) 1.8 (1.7–2.1)
CAL (mm) 6.1† (5.5–6.8) 5.3† (4.3–6.5) 2.0 (1.8–2.2)
BOP (%) 85.0† (70.0–100.0) 80.0† (65.0–100.0) 3.1 (1.1–5.2)
PI 3.0*,† (2.0–3.0) 2.0† (1.0–2.0) 0.8 (0.5–1.0)

All data is given in terms of median (Q1–Q3)
*p<0.05, significantly higher than the GAgP group; †p<0.01, significantly higher than the control group
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MMP-8 is considered to be a key mediator of the
irreversible tissue destruction associated with periodontitis
[4, 5]. Neutrophils are major cellular sources of MMP-8,
and a large and persistent neutrophil influx is a hallmark of
inflammatory periodontal diseases [4]. Additionally,
MMP-8 expression by several non-PMN-lineage cells
found in the periodontium can be induced by pro-inflam-
matory cytokines such as interleukin-1beta (IL-1β) and
tumour necrosis factor-alpha (TNF-α) [20, 24].
Furthermore, specific bacterial proteinases present in mi-
crobial dental plaque can activate the PMN-type MMP-8
[4]. Pathogens in microbial dental plaque are capable of
stimulating host cells to increase their MMP release, which
is considered as one of the indirect mechanisms of tissue
destruction seen in periodontitis [25]. Putative pathogens
differ in aggressive and chronic periodontitis, which is
likely to affect the dominant MMPs acting in each disease
entity. Cairo et al. [26] comparatively evaluated serum
levels of pro-inflammatory and regulatory cytokines such
as ILs and C-reactive protein (CRP) in patients with either
AgP or CP and failed to find any significant differences.
Wohlfeil et al. [27] also compared serum levels of inflam-
matory mediators, elastase, and CRP between patients with
AgP or CP and reported significantly higher elastase and
CRP levels in AgP group. In a pilot study, Duarte et al. [28]
compared serum levels of various pro-inflammatory cyto-
kines among GCP, GAgP, and healthy controls. The

authors reported significantly higher serum concentration
of TNF-α in GAgP than GCP, whereas all other biochem-
ical data were similar. The present findings indicate similar
salivary and serum levels ofMMP-8 in patients with GAgP
and GCP. This finding may be explained by the similarity
in clinical parameters of periodontitis in the two periodon-
titis groups. On the other hand, the literature indicates no
consistency in the reported data so far.

Increased MMP-8 expression is associated with re-
modelling of extracellular matrix components and the
basement membrane components, including collagen de-
struction in the periodontal tissues and other tissues [9, 29–
31]. Furthermore, physiological MMP-8 levels have been
shown to exert protective and anti-inflammatory properties
in alveolar bone loss during periodontal infection by
Porphyromonas gingivalis, and MMP-8 deficiency in
knockout mice alters the response to serum cholesterol
and triglycerides participating to the early development of
atherosclerosis [6].

MPO is an antimicrobial enzyme of PMNs released to
the extracellular environment following neutrophil stimu-
lation [12]. Recently, data from our group indicated signif-
icant increases in serum concentrations of MPO in smoker
patients with chronic periodontitis, although the clinical
periodontal measurements did not differ from those of the
non-smoker counterparts [25]. This increase in serum
MPO concentration may be regarded as an indicator of

Table 2. Biochemical Data in Saliva Samples of the Study Groups

Saliva GCP (N=18) GAgP (N=23) Control (N=18)

MMP-8 (ng/mL) 1,149.3 (798.8–1,556.8) 787.7 (443.9–1,619.3) 674.8 (188.4–1,144)
MPO (ng/mL) 16,134.6† (9,309.4–19,902.7) 12,153.2* (6,572.2–23,279.8) 4,866.8 (1,891.7–7,708.6)
NE (ng/mL) 9.79 * (1.72 –29.39) 12.62† (4.94–17.64) 1.35 (0.00–4.91)
TIMP-1 (ng/mL) 81.5† (43.4–120.1) 61.8‡ (35.1–160.6) 263.5 (181.8–440.9)
MMP-8/TIMP-1 6.5‡ (2.8–12.9) 5.1† (2.1–18.9) 0.86 (0.36–1.69)

All data is given in terms of median (Q1–Q3)
*p<0.05, significant difference compared to control group; †p<0.01, significant difference compared to control group; ‡p<0.001, significant difference

compared to control group

Table 3. Biochemical Data in Serum Samples of the Study Groups

Serum GCP (N=18) GAgP (N=23) Control (N=18)

MMP-8 (ng/mL) 36.6 (28.1–70.8) 38.8 (20.0–58.1) 34.04 (17.72–50.55)
MPO (ng/mL) 110.7* (82.86–140) 111.7* (83.68–166.5) 71.65 (64.12–101.5)
NE (ng/mL) 44.3 (26.6–58.8) 34.2 (26.7–62.1) 36.99 (25.45–69.02)
TIMP-1 (ng/mL) 139.9 (118.3–155.1) 127.7 (121.5–155.8) 137.8 (116.0–155.0)
MMP-8/TIMP-1 0.14 (0.07–0.25) 0.11 (0.06–0.20) 0.12 (0.05–0.18)

All data is given in terms of median (Q1–Q3)
*p<0.05, significant difference compared to control group
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increased risk for local and systemic inflammation such as
periodontal tissue destruction or an early sign of athero-
sclerosis. The salivary MPO and MMP-8 levels were

similar in the present study groups; however, Meschiari
et al. [32] demonstrated higher salivary MPO activity and
MMP-8 levels in patients with periodontitis before the start
of non-surgical periodontal treatment. Moreover,
Meschiari et al. [32] reported similar serum MPO activity
in periodontitis patients and healthy controls. In contrast,
the present study revealed higher levels in the periodontitis
groups. This discrepancy between the two studies could be
attributed to the differences between demographic vari-
ables and site characteristics. The present findings do not
provide a differentiating serum or saliva concentration for
GAgP or GCP.

NE, which is a serine protease, can also accelerate
MMP cascades by activating latent proMMPs and
inactivating TIMP-1 [5]. NE was suggested to be involved
in the degradation of non-collagenous protein-covered col-
lagen fibrils in the early destructive stages of periodontal
diseases [32]. Recently, Wohlfeil et al. [33] investigated
serum levels of NE in 40 systemically and periodontally
healthy individuals comparing males with females. They
reported that serum NE correlated positively with PD even
in subjects with clinically healthy periodontium and nega-
tively with BOP. The authors reported no significant

Table 4. Major Correlations in the GCP Group

MMP-
8

MPO TIMP-
1

MMP-
8/TIMP-1

NE

Salivary parameters
PD rho 0.610 0.351 −0.396 0.559

p 0.007 0.153 0.104 0.016
PI rho 0.634 0.729 −0.155 0.466

p 0.005 0.001 0.538 0.051
BOP rho 0.470 0.542 −0.591 0.732

p 0.049 0.020 0.010 0.001
MMP-8/TIMP-1 rho 0.608 0.501 −0.876

p 0.007 0.034 0.000
MPO rho 0.833

p 0.000
Serum parameters
PD rho −0.066 −0.128 0.541 −0.169 −0.257

p 0.823 0.664 0.046 0.563 0.374
MMP-8/TIMP-1 rho 0.877 0.798 −0.543 0.741

p 0.000 0.001 0.045 0.002
NE rho 0.895 0.956

p 0.000 0.000
MPO rho 0.925

p 0.000

Significant correlations are italicized

Table 5. Major Correlations in the GAgP Group

MMP-8 MPO NE MMP-8/TIMP-1

Saliva parameters
Age rho 0.527 0.395 0.123 0.421

p 0.010 0.062 0.576 0.045
BOP rho 0.386 0.426 0.090 0.358

p 0.069 0.042 0.681 0.094
MMP-8/TIMP-1 rho 0.806 0.720 −0.368

p 0.000 0.000 0.084
TIMP-1 rho −0.467 −0.369 0.515

p 0.025 0.083 0.012
MPO rho 0.863

p 0.000
Serum parameters
PI rho 0.434 0.540 0.504

p 0.049 0.012 0.020
MMP-8/TIMP-1 rho 0.965 0.921

p 0.000 0.000
NE rho 0.953 0.945

p 0.000 0.000
MPO rho 0.896

p 0.000

Significant correlations are italicized

Table 6. Major Correlations in the Control Group

MMP-8 MPO NE TIMP-1 MMP-8/
TIMP-1

Saliva parameters
Age rho 0.439 0.539 0.314 0.337

p 0.090 0.033 0.234 0.200
PI rho −0.289 0.068 0.519 −0.306

p 0.274 0.803 0.042 0.244
MMP-8 rho 0.735 0.412 0.797

p 0.002 0.114 0.000
MPO rho 0.735 0.511 0.618

p 0.002 0.046 0.013
NE rho 0.412 0.511 0.233

p 0.114 0.046 0.383
MMP-8/TIMP-1 rho 0.797 0.618 0.233

p 0.000 0.013 0.383
Serum parameters
PI rho 0.250 0.312 −0.029 0.629 0.038

p 0.330 0.237 0.908 0.008 0.885
MMP-8 rho 0.588 0.664 0.042 0.890

p 0.017 0.004 0.874 0.000
MPO rho 0.588 0.803 −0.176 0.650

p 0.017 0.000 0.513 0.006
NE rho 0.664 0.803 −0.083 0.679

p 0.004 0.000 0.751 0.003
MMP-8/TIMP-1 rho 0.890 0.650 0.679 −0.304

p 0.000 0.006 0.003 0.236

Significant correlations are italicized
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difference between the study groups (males versus fe-
males). In a recent study by our group [25], we compared
smoker patients with chronic periodontitis and clinically
healthy individuals with non-smoker counterparts, where
we found that serum NE concentrations of smoker patients
with CP were significantly higher than those of non-
smokers. The present GAgP and GCP groups were similar
in smoker/non-smoker ratios and also in clinical parame-
ters. These similarities may have resulted in similar serum
and saliva NE concentrations.

Significant differences in the investigated biomarker
levels between patients with periodontitis and periodontal-
ly healthy individuals have been documented in previous
studies [34–36]. The present study confirmed the previous
findings as the healthy control group revealed significantly
lower biochemical data than the two periodontitis groups,
but failed to detect a differentiating biomarker for GCP and
GAgP, which has become a major debate in recent years.

As a conclusion, the present findings of similar serum
and salivary levels of MMP-8, MPO, NE, and TIMP-1 in
patients with GCP and GAgP do not provide support for
the variation in proteolytic enzyme profile in the two
periodontitis types. Further studies are warranted to ad-
dress microbiological parameters. Other biomarker analy-
ses may also help to better understand the differences
between the occurrences of GAgP and GCP.
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