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Abstract

Objective: The aim of the study was to determine the influence of initial periodontal
treatment in patients with severe chronic periodontitis on inflammatory markers
related to risk for cardiovascular diseases.

Materials and Methods: A total of 80 non-smokers with systemically healthy,
including 40 patients (29 female, 11 male) with severe chronic periodontitis
(test group) and 40 periodontally healthy participants (21 female, 19 male)
(control group) were included into the present study. The probing depth, clinical
attachment level, plaque index, gingival index and blood samples were collected at
baseline and at the 3 months after treatment and the serum levels of asymmetric
dimethylarginine (ADMA), endothelial nitric oxide synthase (eNOS), homocysteine
(Hey), monocyte chemoattractant protein-1 (MCP-1) were determined with
enzyme-linked immunosorbent assay.

Results: At baseline, all clinical periodontal parameters were significantly higher in
the chronic periodontitis group than in the periodontally healthy group (p<0.05).
After the initial periodontal treatment, in the test group, all of the clinical
periodontal parameters showed a significant decrease compared to the baseline
values (p<0.05). At baseline, ADMA, Hcy and MCP-1 levels were significantly
higher in the test group than in the control group (p<0.05), and after treatment
ADMA and MCP-1 levels showed a significant decrease whereas eNOS level showed
significant increase (p<0.05).

Conclusion: It was observed that initial periodontal treatment in patients with
severe chronic periodontitis has positive effects on cardiovascular risk markers.

0z

Amac:Bu calismanin amaci, siddetli kronik periodontitisli hastalarda kardiyovaskiiler
hastalik ile iliskili enflamatuvar belirtecler lizerinde baslangi¢ periodontal tedavinin
etkisini belirlemektir.

Gere¢ ve Yontemler: Bu calismaya, sistemik olarak saglikli, siddetli kronik
periodontitisli 40 hasta (29'u kadin, 11'i erkek) (test grubu) ve periodontal olarak
saghkli 40 birey (21 kadin, 19 erkek) (kontrol grubu) olmak tizere toplam da 80
sigara icmeyen birey dahil edildi. Sondalama derinligi, klinik atasman seviyesi, plak
indeksi, gingival indeks ve kan ornekleri tedavi 6ncesinde ve tedaviden sonraki 3.
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ayda toplandi ve asimetrik dimetilarginin (ADMA), endotelyal nitrik oksit sentaz (eNOS), homosistein (Hcy) ve monosit kemoatraktan
protein-1 (MCP-1) serum seviyeleri enzim-bagli immiinosorbent analiziyle belirlendi.

Bulgular: Baslangicta, tiim klinik periodontal parametreler kronik periodontitisli grupta periodontal olarak saglikli gruba gére anlamh
derecede yiiksek bulundu (p<0.05). Baslangi¢ periodontal tedaviden sonra, test grubunda, tiim klinik periodontal parametreler,
baslangi¢ degerleri ile karsilastirildiginda anlamli bir disiis gosterdi (p<0.05). Baslangigta test grubunda ADMA, Hey ve MCP-1
dizeyleri kontrol grubuna gére anlamli olarak yiiksekti (p<0.05), tedavi sonrast ADMA ve MCP-1 diizeylerinde anlamli azalma, eNOS

seviyesinde anlamli artis saptandi (p<0.05).

Sonug: Siddetli kronik periodontitisli hastalarda baslangi¢ periodontal tedavinin kardiyovaskiiler risk belirtegleri tizerinde olumlu

etkileri oldugu gozlendi.

Introduction

Periodontitis is a chronic infectious disease caused
by the microbial dental plaque. The microorganisms
in the subgingival environment and their products can
enter the periodontal tissues and circulation through
the epithelium, whichis mostly ulcerated and impaired
inintegrity. While periodontal tissues give an immuno-
inflammatory response to these bacteria and their
products, the systemic effects of these agents also
result in a major vascular response (1). Recently, there
hasbeenanincreasedrelevance between periodontitis
and  cardiovascular  conditions.  Bacteraemia
caused by chronic infections and host-induced
inflammatory products may cause to susceptibility
to coronary heart disease by damaging of vascular
endothelium. The damaged vessel endothelium
is unable to function normally and endothelial
dysfunction occurs (2). The clinical significance of
endothelial dysfunction has been emphasized in
study with increased risk of cardiovascular disease
(CVD) in patients with endothelial dysfunction in
coronary and peripheral arteries (3). Abundant
evidence supports that periodontal disease-induced
infections are potential risk factors for CVD (2,4).
It has been shown that low-level chronic systemic
inflammation has associated with undesirable
cardiovascular outcomes (5). It has been shown that
periodontal pathogens induce platelet aggregation,
foam cell formation and atheroma development (6).
Inflammation induces atheroma formation in major
elastic arteries by damaging endothelial function.
It leads to susceptibility to thrombotic and embolic
conditions by disrupting the integrity of the arterial
plaque and creating unstable plaque vascular spaces
(7). Therefore, periodontitis, like many infectious
diseases, is considered a risk factor for CVDs (8-10).
Interventional trials suggest that periodontal therapy,
in general, results in significant reduction of systemic

marker levels (11,12), especially in patients with
systemic diseases such as CVD (12).

Nitric oxide (NO) has some functions in
cardiovascular system, such as regulation of vasomotor
tonus, modulation of myocardial contraction, platelet
activation with control of cell proliferation, inhibition of
adhesion and aggregation. NO is synthesized by nitric
oxide synthases (NOS), which have three isoforms.
Endothelial nitric oxide synthase (eNOS) enzyme,
which is constituvely formulated from endothelial
cells, has important roles in the cardiovascular
system (13). Asymmetric dimethylarginine (ADMA)
inhibits NO synthesis and causes vasospasm and
endothelial dysfunction and is considered a risk factor
for the development of coronary artery disease (14).
Homocysteine (Hcy) is a sulfur-containing amino acid
generated as an intermediate product in methionine
metabolism. Increased levels of Hcy have been
associated with a number of vascular complications,
and due to this fact hyperhomocysteinemia has
been classified as an independent risk factor
for atherosclerosis and CVDs (15-17). Monocyte
chemoattractant protein (MCP)-1 is one of the
chemokines that contributes to the inflammatory
process in atherosclerosis. It provides monocyte
migration to the region of atherosclerotic lesions (18).

There is limited data on the possible effect of initial
periodontal treatment on the systemic biomarkers of
CVDs in systemically healthy individuals with severe
chronic periodontitis (CP). Therefore, the objectives
of the study were (1) to determine the levels of
serum ADMA, eNOS, Hcy and MCP-1 in periodontal
health and disease; (2) to assess the effect of initial
periodontal treatment on these markers in patients
with severe chronic periodontitis.

The hypothesis of this study was that severe
chronic periodontitis adversely affects the levels of
cardiovascular risk markers in serum in systemically
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healthy individuals and initial periodontal treatment
modifies these levels, favorably.

Materials and Methods

Study Population

40 patients (29 female, 11 male) with severe
chronic periodontitis as a test group and 40
patients (21 female, 19 male) with periodontally
healthy as a control group were enrolled in the
study from Kirikkale University Faculty of Dentistry,
Department of Periodontology, Kirikkale. Patients
were excluded who: 1) had any systemic disease;
2) received any periodontal treatment within the
previous year; 3) received any drugs such as non-
steroidal anti-inflammatory drugs, systemic steroids,
immunosuppressants, contraceptives, hormone
drugs, anticoagulants, cholesterol regulating drugs,
systemic antibiotics, antioxidants within the previous
3 months; 4) were pregnant or lactating; 5) consumed
alcohol; or 6) were smoker. For consecutive patients
fulfilling the inclusion criteria, the purpose and
procedures were fully explained and they were asked
to participate in the study. Patients were entered into
the study only after verbal consent was obtained from
each subject. The study was approved by the Ethics
Committee of Kirikkale University Kirikkale, Turkey.
(date: 06.07.2015, no: 19/07)

Study Groups

At the screening visit, a full-mouth periodontal
evaluation was performed in order to assess the
inclusion/exclusion criteria. Patients with severe
chronic periodontitis had teeth with alveolar bone
loss, 22 non-adjacent sites per quadrant with clinical
attachment level (CAL) 26 mm and bleeding on
probing. The individuals with CAL <2, no history of
gingival inflammation and radiographic alveolar bone
loss were included as the periodontally healthy group.
The total number of teeth for each participant was
>20.

Clinical Periodontal Parameters

One masked examiner (E.O.) assessed the
periodontal status of each patient at baseline and
three months post-treatment. Clinical periodontal
measurements including plaque index (19), gingival
index (20), probing depth (PD) (measured from
gingival margin to pocket bottom) and CAL (measured
from cemento-enamel junction to pocket bottom)
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were taken from six sites of the teeth. Intra-examiner
calibration was performed twice, before and during
the study, by assessing PD and CAL in duplicate, with
a degree of agreement within 1 mm higher than 85%
at both tests. Under local anesthesia, within 14 days,
initial periodontal treatment (scaling + root planing
+ polishing) was performed in patients with CP with
manual and ultrasonic devices and standardized oral
hygiene instructions including methods of tooth-
brushing and interdental cleaning were also given
to each one. During the study period, professional
plague control was performed monthly. Scaling
and oral hygiene were carried out in periodontally
healthy groups. All periodontal clinical measurements
were repeated at baseline and the 3™ month after
the treatment in the test group and at baseline in
periodontally healthy group.

Collection and Analysis of Blood Samples

Five mL venous blood samples were drawn in
biochemical tubes including gel to prevent the
potentiality of mixture of serum and plasma. The
samples were centrifuged at 5.000 rpm for 10 minutes
and stored at -80 °C until analysis. Serum samples were
taken in the test group at baseline and at the 3™ month
after treatment and in the control group at baseline.
ADMA, eNQOS, Hcy and MCP-1 in serum samples were
measured by enzyme-linked immunosorbent assay
using commercial kits according to the manufacturers’
instructions.

Statistical Analysis

To achieve 99% power and detect differences
between groups, 40 participants in each group were
required. At the end of the study, a post hoc analysis
was also performed and 98% power was detected with
a sample size of 28 for test group. The Shapiro-Wilk test
was used to examine the normality of data distribution.
The median (interquartile range) values were used for
the non-normally distributed data. Differences between
groups were analyzed by Mann-Whitney U test and
intra group differences were analyzed by Wilcoxon test.
Software was used for statistical analysis. A p value
<0.05 was considered significant.

Results

Demographic and Clinical Findings
Initial periodontal treatment was performed
on 40 individuals with CP. At the 3 month, twelve
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participants were lost during follow-up and 28
patients with CP completed all visits of the study.
The demographical and periodontal parameters
of the study participants are presented in Table 1.
Age and gender distributions were not significant
between the groups (p>0.05). All clinical periodontal
parameters were significantly higher in the chronic
periodontitis group than in the periodontally healthy
group (p<0.05). In the test group, all of the clinical
periodontal parameters after the initial periodontal
treatment showed a statistically significant decrease
compared to the baseline values (p<0.05) (Table 1).

Laboratory Findings

The ADMA, eNOS, Hcy and MCP-1 levels of the
groups are shown in Table 2. ADMA, Hcy and MCP-1
levels in the test group were significantly higher than
the control group, and ADMA and MCP-1 levels after
treatment showed a significant decrease whereas
eNOS level increased significantly (p<0.05).

Discussion

In this study, the effect of initial periodontal
treatment on cardiovascular risk markers was

evaluated in patients with severe chronic periodontitis.
According to this study, serum ADMA and MCP-1
levels significantly decreased with initial periodontal
treatment and eNOS level significantly increased.
ADMA is an amino acid derivative synthesized
endogenously by the methylation of arginine residues
in proteins (21). ADMA has increasingly become a
prevalent molecule, which is being intensively studied
for use in clinical diagnosis. ADMA reduces ventricular
contraction and heart rate, and its levels increase in
cardiac failure (22). The mechanism of endothelial
dysfunction caused by ADMA is due to the increase
in vascular superoxide levels and decrease in the
availability of vascular NO (23). Oxidative stress
reduces the activity of the enzyme responsible for
ADMA catabolism and thus increases the blood level
while ADMA degradation is reduced (24). Therefore,
in many degenerative diseases that increase oxidative
stress, ADMA level is found to be increased. There are
studies showing that ADMA plays a role not only in
CVDs but also in the pathogenesis of renal diseases,
type 2 diabetes mellitus and preeclampsia (25,26).
It has shown that an increase in reactive oxygen

Table 1. Demographic and clinical periodontal parameters in the study groups [median (interquartile range)]

Control group Test group Test group
(GELL)] [GEL D)} (post-treatment; n=28)
Age (year) 36 [6] 38.5 [7] -
Gender (F/M) 21/19 29/11 -
PD (mm) 2.25[0.84] 5.70 [1.10]>* 3.68 [0.76]
CAL (mm) 0.00 [1.08] 6.26 [1.17]>° 4.24 [0.36]
PI 0.33 [0.18] 2.19 [0.46]>° 0.51 [1.01]
Gl 0.33 [0.26] 2.07 [0.33]** 0.66 [0.10]

2, p<0.05, difference between test and control groups
®, p<0.05, difference before and after treatment

PD: Probing depth, CAL: Clinical attachment level, PI: Plaque index, Gl: Gingival index, F: Female, M: Male

ntrol group

Table 2. Serum asymmetric dimethylarginine, endothelial nitric oxide synthase, homocysteine, monocyte
chemoattractant protein-1 concentrations in the study groups [median (interquartile range)]

Test group
[GEL D))

Test group
(post-treatment; n=28)

ADMA (pg/mL) 89.34 [65.13] 158.24 [147.74]* 104.54 [49.19]
eNOS (pg/mL) 183.58 [90.19] 197.45 [129.97]° 286.29 [80.23]
Hey (nmol/mL) 15.28 [4.32] 17.09 [8.68]° 17.22 [5.91]
MCP-1 (ng/mL) 26.44 [18.97) 34.32 [23.22]** 28.06 [24.66]

2, p<0.05, difference between test and control groups
® p<0.05, difference before and after treatment

ADMA: Asymmetric dimethylarginine, eNOS: Endothelial nitric oxide synthase, Hcy: Homocysteine, MCP: Monocyte chemoattractant protein
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species (ROS) may cause endothelial dysfunction (27).
The activation of endothelial cells induced by pro-
inflammatory cytokines produces ROS that inactivate
NO.Therefore,increaseinNQOinactivationanddecrease
in antioxidant system caused by overproduction of
ROS may cause endothelial dysfunction in patients
with periodontitis. Antoniades et al. (28) have shown
that oxidative stress and pro-inflammatory cytokines
increase ADMA level and therefore cause endothelial
dysfunction. In our study, serum ADMA concentration
was higher in patients with chronic periodontitis than
in periodontally healthy subjects, and there was a
decrease in ADMA concentration from baseline with
initial periodontal treatment. These results may be
related to the fact that periodontitis, which is known
to cause oxidative stress, may have also increased
ADMA levels.

NO is secreted by the endothelium, and it
has protective effects on vascular structure and
function. Inhibition of smooth muscle proliferation,
prevention of leukocyte adhesion, and platelet
aggregation are among these effects. Damage to
the endothelium causes a decrease in NO levels,
thus leading to impairment in vascular function. In
the absence of NO, proliferation is observed in the
vascular smooth muscles and the elasticity of the
vessel wall is reduced; hence, loss of flow-dependent
vasodilatation occurs (29). In endothelial cells, NO is
produced by endothelial NOS. ADMA inhibits NOS in
humans and causes a decrease in NO levels, resulting
in endothelial dysfunction (30). The increased level of
eNOS with periodontal treatment in our study may
have occurred due to decreased ADMA concentration.

Hcy is a sulfur-containing amino acid and is
methylated to methionine as a metabolite. Elevated
plasma Hcy levels are associated with oxidative
damage to the vascular endothelium, vascular
smooth muscle proliferation, and lipid peroxidation,
and may result in peripheral arterial diseases and
atherothrombosis (31). Possible mechanisms include
the production of pro-inflammatory cytokines such
as interleukins and TNF-alpha from inflammatory
periodontal tissues. These mediators may initiate an
inflammatory cascade with the potential to disrupt
Hcy homeostasis and thereby increase plasma Hcy
concentrations (32). In a case-control study, plasma
Hcy levels were found to be significantly higher in
patients with periodontitis than in periodontally
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healthy subjects (33). In our study, high serum Hcy
concentration in the test group compared with the
control group can be explained by the presence of
periodontitis, which leads to a systemic inflammatory
process.

MCP-1 is a chemokine involved in cell migration
throughout the inflammation process (34) and
secreted from endothelial cells and vascular smooth
muscle cells to attract circulating monocytes to the
inflammation site (35). It is known that MCP-1 is
associated with oral infections, owing to its monocyte
chemotacticabilities (36). Previous studies have shown
that MCP-1 expression is high in gingival biopsies
from diseased periodontal areas (37) and that MCP-1
levels are high in gingival crevicular fluids of patients
with periodontitis (38). In our study, serum MCP-1
concentration was found to be significantly higher in
patients with chronic periodontitis than periodontally
healthy patients, and a significant decrease was
observed in the test group after treatment compared
with baseline values, indicating that MCP-1 can be
used as a marker for CVD in patients with periodontitis.

Unknown inflammatory conditions might have an
effect on the observed cardiovascular risk biomarker
levels. The lack of information on the individuals’
cardiac or comprehensive medical profile represents
a limitation of the study.

Conclusion

Increased of periodontal inflammation may
indicate raised levels of systemic cardiovascular risk
biomarkers in systemically healthy subjects and initial
periodontal treatment may but not totally reverse this
condition. Proper periodontal management should be
suggested to improve the systemic health conditions
of patients. Further studies can be performed with a
group consisted of CVDs to confirm the importance of
periodontal treatment.
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