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Abstract

Objective The aim of this study was to evaluate whether peri-
odontal treatment in patients with periodontitis and hyperlip-
idemia may have any influence on plasma lipids and pro-
inflammatory cytokine levels.

Material and methods We randomly assigned 109 patients with
hyperlipidemia and chronic periodontitis into group 1 (n=55)
and group 2 (n=54). Patients in group 1 underwent a standard
cycle of supragingival mechanical scaling and polishing. Patients
in group 2 underwent the adjunctive full-mouth intensive remov-
al of subgingival dental plaque biofilms with the use of scaling
and root planning. Periodontal parameters, total cholesterol (TC),
triglyceride (TRG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), tumor necrosis
factor-alpha (TNF-«), interleukin(IL)-13(IL-1f3), and IL-6 were
evaluated before treatment and 2 and 6 months after treatment.
Results Two and 6 months after treatment, TRG levels were
significantly lower in group 2 than in group 1 (P<0.05), and
the levels of HDL-C were significantly higher (P<0.05). Two
and 6 months after therapy, the levels of TNF-« were signif-
icantly lower in group 2 than in group 1 (P<0.05), as were the
levels of IL-13 (P<0.001) and IL-6 (P<0.001).

Conclusions Intensive periodontal treatment of participants
with hyperlipidemia and chronic periodontitis improved se-
rum lipid levels and decreased circulating pro-inflammatory
cytokine levels.

Clinical relevance This study showed that intensive treatment
of periodontitis results in an improvement in serum lipid levels
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and a decrease in serum proinflammatory cytokine levels in
patients with periodontitis and hyperlipidemia. These findings
may contribute to present knowledge that periodontal therapy
may be beneficial for individuals with hyperlipidemia.
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Introduction

Cardiovascular disease is set to become the major cause of
death worldwide [1]. The serum lipid profile is a major risk
factor for developing a risk of cardiovascular disease.
Hyperlipidemia is considered as one of the major cardiovas-
cular disease risk factors [2].

Periodontitis is induced by bacterial plaque, which accu-
mulates on the tooth surface and stimulates a host response in
the adjacent gingiva that can lead to the destruction of con-
nective tissue and bone surrounding the tooth [3]. Clinical
signs of the disease are often seen in middle age, and it is a
very common disease in adults.

Recent epidemiological reports suggest that periodontitis is
one of the key risk factors for the onset of cardiovascular
diseases [4—6]. On the other hand, a causal relation has been
demonstrated between high serum lipid levels and periodon-
titis. Recent studies illustrate the existence of a relation be-
tween periodontal disorders and hyperlipidemia, which power
the probable effect of periodontal disease as an underlying
factor for hyperlipidemia [7-9]. Periodontitis-induced bacter-
emia and endotoxemia have been shown to cause an elevation
of serum proinflammatory cytokines, such as TNF-«, IL-1f3,
and IL-6, which were demonstrated to produce alterations in
lipid metabolism, leading to hyperlipidemia [10].
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We hypothesized that the removal of the infectious and
inflammatory burden of periodontal disease through peri-
odontal therapy could be associated with an improvement in
serum lipid profile. The aim of the present study was to eval-
uate whether periodontal treatment with scaling and root plan-
ning supplemented with chlorhexidine in patients with peri-
odontitis and hyperlipidemia may have any influence on plas-
ma lipids and systemic proinflammatory cytokine levels.

Material and methods

This was a parallel-group, single-blind, randomized, and con-
trolled trial of 6-month duration. The study design is summa-
rized in Fig. 1. The protocol was approved by the Ethical
Committee of the First People’s Hospital of Lianyungang
City. After being informed on the purpose of the study, the
patients signed informed consent forms. Research was con-
ducted according to the principles outlined in the Declaration
of Helsinki on experimentation involving human subjects.

Subjects

Subjects were recruited from patients seeking treatment at the
First People’s Hospital of Lianyungang City. One hundred
nine subjects diagnosed with hyperlipidemia and moderate-
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Fig. 1 Flow chart of the study design
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to-advanced chronic periodontitis were recruited for the study.
The criteria for inclusion in the study were the following: (1)
Subjects had to meet at least one of the following criteria for
the diagnosis of hyperlipidemia: triglyceride (TRG) levels
>2.26 mmol/L; high density lipoprotein cholesterol (HDL-
C) levels <1.04 mmol/L; or low density lipoprotein cholester-
ol (LDL-C) levels >4.14 mmol/L and (2) the presence of >20
scorable teeth and the diagnosis of adult chronic periodontitis
with the presence of at least four teeth with a probing depth
(PD) >4 mm, clinical attachment loss (AL) >2 mm, and radio-
graphic evidence of bone loss.

Exclusion criteria included systemic illnesses (i.e., diabetes
mellitus, cancer, human immunodeficiency syndrome, bone
metabolic diseases, or disorders that compromise wound
healing, radiation, or immunosuppressive therapy), pregnancy
or lactation, systemic antibiotics taken within the previous
6 months, use of cholesterol reduction medication during the
past 6 months, and subgingival scaling and root planing or
surgical periodontal therapy in the last year.

A baseline periodontal examination was performed, and
complete medical and dental histories were collected by a
blind examiner. Current smokers were defined as participants
who smoked at least one cigarette per day, former smokers as
those who had stopped smoking more than 1 year before the
study began, and never smokers as those who had never
smoked in their life. Patients were randomly assigned with
the use of a computer-generated table into group 1 (n=55)
and group 2 (n=54). Allocation was concealed by the use of
opaque envelopes, which were opened by the therapist on the
day the treatment was administered. All individuals were eval-
uated at the baseline and at 2 and 6 months after periodontal
treatment.

Periodontal examination and therapy

Periodontal data were recorded by a single examiner, who was
unaware of the treatment assignments, at base line and 2 and
6 months after administration of the therapy. The following
data will be recorded: (1) Number of present teeth. (2)
Bleeding on probing (BOP), the presence of BOP will be
expressed as yes/no at each site. The extent of BOP will be
reported as a percentage of all sites. (3) Probing pocket depth
(PD), distance in millimeters from the gingival margin to the
periodontal pocket as measured with a calibrated periodontal
probe. (4) Gingival margin level (GML), distance in millime-
ters from the cemento-enamel junction (CEJ) to the gingival
margin. (5) Clinical attachment level (CAL), distance in mil-
limeters from the CEJ to the deepest aspect of the periodontal
sulcus or pocket.

PD, GML, and CAL will be recorded at six sites per tooth.
PD and CAL will be reported in each patient as follows: (1)
mean PD and (2) mean CAL. The number of sites per patient
with PD>4 mm and BOP was determined for each
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examination. Persisting pockets >4 mm with BOP are com-
monly perceived as needing additional treatment in clinical
practice.

All patients were given instructions in basic oral hygiene.
Patients in group 1 received a conventional adult prophylaxis,
consisting in one session of supragingival removal of plaque
biofilm with the use of mechanical scaling and coronal
polishing. Patients in group 2 will be treated using the one-
stage full-mouth disinfection protocol consisting in the fol-
lowing procedures: (1) Administration of local anesthesia (li-
docaine (1 %) with epinephrine). (2) Scaling and root planing
with ultrasonic devices and curettes, four quadrants in one
session. (3) Tongue brushing with a 1 % chlorhexidine gel
(1 min). (4) Mouth rinsing with a 0.2 % chlorhexidine solution
(2 min). (5) Subgingival chlorhexidine (1 %) irrigation in all
pockets. (6) Twice daily rinsing with chlorhexidine (1 min)
during 14 days after the periodontal intervention.

Patients in group 1 were treated in exactly the same man-
ners as described for group 2 only after completion of this 6-
month study. Consequently, group 1 acted as a control group
for the duration of the study but was not denied further treat-
ment in the longer term. Patients in whom periodontal disease
progressed received immediate care from a periodontist and
were withdrawn from this study.

Biochemical assessments

Biochemical assessments were performed in baseline and at 2
and 6 months after periodontal treatment. Blood samples were
collected to measure TRG, total cholesterol (TC), LDL-C,
HDL-C, TNF-«, IL-1f3, and IL-6. The samples were obtained
after a 12-h fasting period from an antecubital vein.
Biochemical assessments were performed in the Clinical
Biochemistry Laboratory of the First People’s Hospital of
Lianyungang City. Serum lipid levels were determined by
using routine enzymatic methods. Serum levels of TNF-«,
IL-1p3, and IL-6 were measured by enzyme-linked immuno-
sorbent assay (ELISA) (Quantikine HS, R&D Systems).

Qutcomes

The primary outcomes were the differences in serum lipid
parameters at baseline and at 2 and 6 months after periodontal
treatment. Secondary outcomes were the between-group dif-
ferences in proinflammatory cytokine levels and periodontal
parameters (Time frame: Baseline, 2 and 6 months after peri-
odontal treatment).

Statistical analysis
Power analysis and sample size estimation were performed.

We calculated that a minimum of 108 patients would be need
to enrolled to detect a difference of 0.3 mmol/L in TC level

between the two treatment groups, with a standard deviation
of the mean difference of 0.7 mmol/L at a two-sided alpha
level of 5 and 90 % power [11]. The software Power
Analysis and Sample Size (NCSS/PASS, version 13.0.6;
NCSS, Kaysville, UT, USA) was used to perform the sample
size calculation. All statistical analyses were performed using
the intention-to-treat principle. Continuous, normally distrib-
uted variables were reported as meanzstandard deviation
(SD). Baseline characteristics of the patients were compared
between the two groups using independent ¢ test for normally
distributed variables and chi-square test for categorical vari-
ables. We performed a repeated-measures analysis of variance
(ANOVA) to determine differences in the primary outcome
and secondary outcomes between the two groups and over
time, using a conservative F test for the interaction between
time and treatment group. The Greenhouse-Geisser correction
for the F' test was used to adjust the degrees of freedom for
deviation from sphericity. Logarithmic transformation of the
data was performed when appropriate, and post hoc Fisher’s
paired and unpaired tests of least-significant difference were
performed and interpreted with the use of the Bonferroni-
Holm adjustment for multiple comparisons. A two-side P val-
ue <0.05 was considered statistical significant. The statistical
analysis was performed using statistical software (SPSS, ver-
sion 17.0; SPSS Inc., Chicago, IL, USA).

Results

After applying the inclusion and exclusion criteria, 121 pa-
tients with advanced chronic periodontitis and hyperlipidemia
met the recruitment criteria. Of these 121 patients, 12 declined
to participate. A total of 109 patients underwent randomiza-
tion, of whom 98 (50 assigned to group 1 and 48 to group 2)
completed the trial, attending all study visits. No patients re-
ported any adverse events or side-effects during the study.

Patient characheristics

The baseline characteristics are summarized in Table 1. At
baseline age, sex, education level, smoking status, alcohol
use, and body-mass index were all similar between the two
groups (P>0.05). During the study period, patients did not
report changes in lifestyle issues, including exercise, diet,
smoking, and medications.

Periodontal outcomes

The periodontal parameters at baseline and 2 and 6 months
after periodontal therapy are indicated in Table 2. Repeated-
measures ANOVA of the periodontal outcomes showed a sig-
nificant interaction between treatment and time (P<0.001). As
compared with group 1, group 2 had lower PD and CAL
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Table 1  Baseline characteristics of the patients

Characteristic Group 1 (n=55) Group 2 (n=54) P value

Age (years; mean+SD)  47.25+8.94 46.61+10.07 0.733
Sex (n[%]) 0.626
Males 29 (55.77) 26 (50.98)
Females 23 (44.23) 25 (49.02)
Education level (n[%])
Primary school 8 (15.39) 5(9.80) 0.472
High school 17 (32.69) 22 (43.14)
College/university 27 (51.92) 24 (47.06)
Smoking status (1[%]) 0.747
Never 39 (75) 36 (70.59)
Former 6 (11.54) 5(9.80)
Current 7 (13.46) 10 (19.61)
Alcohol use (n[%])
Never 32 (61.54) 34 (66.67) 0.863
Former 6 (11.54) 5(9.80)
Current 14 (26.92) 12 (23.53)
BMI (kg/m?% mean+SD) 23.25+3.64 24.16+3.75 0.361

Results are given as n (%) or as mean+standard deviation
BMI indicates body mess index

Continuous data were analyzed by independent ¢ test, and categorical data
were analyzed by chi-square test

values, as well as lower percentages of sites with BOP
2 months after therapy (P<0.001) and 6 months after therapy
(P<0.001). Patients in group 2 had lower number of sites with
PD>4 mm and BOP than those in group 1, 2 months after
therapy (P<0.001) and 6 months after therapy (P<0.001).
Similarly, patients in group 2 had lower percentages of sites
with PD>4 mm than those in group 1, 2 months after therapy
(P<0.001) and 6 months after therapy (P<0.001).

Serum lipid levels

Table 3 shows the serum lipid parameters of the study groups.
Two and 6 months after treatment, TRG levels were signifi-
cantly lower in group 2 than in group 1 (P<0.05), and levels
of HDL-C were significantly higher (P<0.05). However,
levels of TC and LDL-C were slightly, but not significantly
lower in group 2 than in group 1, 2 months after therapy and
6 months after therapy.

Serum proinflammatory cytokine levels

The serum levels of TNF-c, IL-1[3, and IL-6 at baseline and 2
and 6 months after periodontal therapy are presented in
Table 4. Repeated-measures ANOVA of the serum cytokine
levels showed a significant interaction between treatment and
time (P<0.05). Two and 6 months after therapy, levels of
TNF-« were significantly lower in group 2 than in group 1
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Table 2 Periodontal parameters at baseline and 2 and 6 months after
periodontal therapy (mean+SD)
Parameters Group 1 (n=55) Group 2 (n=54) Pvalue™
BOP (%)
Baseline 67.21+11.25 68.75+10.96 0.653
2 months 58.29+10.73" 20.14+9.58™ <0.001
6 months 62.13+11.51" 21.86+11.25™ <0.001
PD (mm)
Baseline 437+0.85 431+0.82 0.838
2 months 3.93+0.73" 2.74+0.68" <0.001
6 months 4.08+0.83 2.52+0.57" <0.001
PD>4 mm+BOP (n)
Baseline 85.13+26.32 86.16427.08 0.781
2 months 83.56+27.05 19.80+15.46"" <0.001
6 months 82.38+30.63 1647+12.51" <0.001
PD>4 mm (%)
Baseline 56.34+18.12 57.79+17.68 0.622
2 months 52.62+17.95 13.46+10.02" <0.001
6 months 53.96+18.23 11.88+9.25™ <0.001
CAL (mm)
Baseline 477+0.71 4.76+0.69 0.921
2 months 4.72+0.68 4.11+0.60™ <0.001
6 months 479+0.73 3.89+0.58" <0.001

Results are given as mean+standard deviation
* P<0.05 for the comparison with baseline
** P<0.001 for the comparison with baseline

™ P value for the comparison between group 2 and group 1 in each
experimental period

P values were calculated by repeated-measures analysis of variance and
post hoc Fisher’s least-significant difference test

(P<0.05), as were the levels of IL-13 (P<0.001) and IL-6
(P<0.001).

Discussion

This study showed that intensive treatment of periodontitis
results in an improvement in serum lipid levels and a decrease
in serum proinflammatory cytokine levels in patients with
periodontitis and hyperlipidemia. Two and 6 months after
treatment, TRG levels were significantly lower in group 2 than
in group 1, and levels of HDL-C were significantly higher.
Levels of TNF-«, IL-1f3, and IL-6 were significantly lower in
group 2 than in group 1, 2 months after therapy and 6 months
after therapy.

In the present study, group 2 showed very good periodontal
response to treatment; BOP, PD, and CAL showed a very
significant improvement as were published in previous papers
[12, 13]. Patients in group 2 had lower number of sites with
PD>4 mm and BOP than those in group 1, 2 months after
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Table 3  Serum lipid parameters at baseline and 2 and 6 months after
periodontal therapy (mean+SD)

Parameters Group 1 (n=55) Group 2 (n=54) Pvalue™
TC (mmol/L)
Baseline 5.26+0.80 5.27+0.78 0.559
2 months 5.34+0.85 5.16+0.79 0.080
6 months 5.30+0.79 5.17£0.76 0.103
TRG (mmol/L)
Baseline 2.09+0.77 2.12+0.79 0.317
2 months 2.04+0.75 1.61£0.52" 0.010
6 months 2.13+0.80 1.54+0.49" 0.003
HDL-C (mmol/L)
Baseline 0.88+0.22 0.88+0.20 0.476
2 months 0.87+0.18 0.98+0.18" 0.035
6 months 0.88+0.21 1.00+0.20" 0.028
LDL-C (mmol/L)
Baseline 3.44+0.81 3.53+£0.70 0.254
2 months 3.40+0.72 3.28+0.51 0.127
6 months 3.41£0.66 3.25+0.58 0.096

Results are given as mean+standard deviation
* P<0.05 for the comparison with baseline

** P value for the comparison between group 2 and group 1 in each
experimental period

P values were calculated by repeated-measures analysis of variance and
post hoc Fisher’s least-significant difference test

Table 4 Serum proinflammatory cytokine levels at baseline and
2 months and 6 months after periodontal therapy (mean+SD)

Parameters Group 1 (n=55) Group 2 (n=54) P value™
TNF-« (pg/mL)
Baseline 17.70+3.85 16.94+4.03 0.449
2 months 17.83+3.74 14.55+5.07 0.005
6 months 17.49+4.90 13.65+4.63 0.002
IL-13 (pg/mL)
Baseline 2.29+0.59 2.23+0.58 0.675
2 months 2.34+0.65 1.49+0.59" <0.001
6 months 2.19+0.72 1.47+0.42" <0.001
IL-6 (pg/mL)
Baseline 1.92+0.47 1.96+0.49 0.574
2 months 1.83+0.45 1.18+0.44" <0.001
6 months 1.87+0.51 1.24+039" <0.001

Results are given as mean+standard deviation
* P<0.05 for the comparison with baseline
" P<0.001 for the comparison with baseline

*** P value for the comparison between group 2 and group 1 in each
experimental period

P values were calculated by repeated-measures analysis of variance and
post hoc Fisher’s least-significant difference test

therapy and 6 months after therapy. This result could be asso-
ciated with a lower additional treatment requirement through-
out follow-up.

There are several studies regarding the effect of periodontal
treatment on serum lipid levels in systemic healthy subjects with
periodontitis. The results of these studies, however, are some-
what inconsistent. Losche et al. in 2005 assayed plasma lipid
concentration before and 3 months after periodontal therapy in
32 patients suffering from periodontitis. Although periodontal
therapy resulted in dramatical decreases in local inflammation
and tissue destruction, the difference between plasma lipid levels
before and after treatment was not significant [ 14]. Pejcic et al. in
2011 measured concentration of lipids in patients with periodon-
titis before and 3, 6, and 12 months after local periodontal treat-
ment. Periodontal therapy resulted in a significant reduction of
local inflammation and tissue destruction. The levels of TC,
LDL-C, and TRG were significantly decreased after treatment
[15]. However, in another study conducted by D’Aiuto et al.,
lipid marker changes were insignificant between standard peri-
odontal treatment and control groups, and some reductions of TC
and LDL-C were present only in the intensive periodontal treat-
ment group [11]. Earlier studies have produced inconsistent re-
sults as to whether periodontal therapy has an effect on lipopro-
teins levels. We assume that the factors that explain the inconsis-
tencies are mainly related to study design, adjustment for con-
founder, and other methodological details. However, these stud-
ies have almost all been conducted in systemically healthy sub-
jects with periodontitis.

To date, there are only two studies assessing the effect of
periodontal treatment on serum lipid levels in patients with peri-
odontitis and hyperlipidemia [16, 17]. In this present study, the
periodontal treatment significantly changed the plasma levels of
TRG and HDL-C. This is in agreement with the uncontrolled
study in the literature that evaluated the effect of periodontal
initial therapy on the serum level of lipid in subjects with peri-
odontitis and hyperlipidemia [16]. In that study of 20 partici-
pants, the TC and TRG levels reduced significantly at 3 months
after periodontal therapy comparing with baseline. At the same
time, a significant increase of HDL-C was observed. However, in
another study conducted by Oz et al., in the third month, there
was a substantial decline in TC and LDL-C profiles in the treat-
ment group and between the two groups [17]. In the current
study, levels of TC and LDL-C were slightly, but not significant-
ly lower in group 2 than in group 1, 2 months after therapy and
6 months after therapy.

Serum proinflammatory cytokines may play an important
role in the association between periodontal disease and hyper-
lipidemia [18]. To our knowledge, there are currently no pub-
lished studies assessing the effect that periodontal treatment
has on the serum levels of TNF-«, IL-1(3, and IL-6 in partic-
ipants with periodontitis and hyperlipidemia. Periodontal ther-
apy has been shown in several studies to decrease the levels of
some proinflammatory cytokines. Most such studies
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employed conservative therapies such as scaling, root planing,
and antibiotic treatment to show decreases in mediators such
as TNF-«, IL-1f3, and IL-6 [19-24]. However, some other
investigations have reported controversial results [25-27].
Ide et al. [25] reported no statistically significant changes in
the level of TNF-c, IL-1f3, and IL-6 following a single course
of periodontal treatment. In this current study, the periodontal
treatment significantly decreased the levels of proinflammato-
ry cytokines. Two and 6 months after therapy, levels of TNF-«
were significantly lower in group 2 than in group 1, as were
the levels of IL-1(3 and IL-6.

The mechanism by which periodontitis might affect serum
lipid levels remains unclear. Periodontitis involves bacterial
infection with a range of gram-negative, anaerobic bacteria
that induce local and systemic elevations of pro-
inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-w), interleukin (IL)-13 (IL-1f3), and IL-6 [28, 29]. The
pro-inflammatory cytokines might produce alterations in lipid
metabolism, such as increased LDL-C and triglycerides, due
to increased hepatic lipogenesis, lipolysis from adipose tissue,
or reduced blood clearance [10].

In conclusion, the present short-term, randomized clinical
trial shows that intensive periodontal treatment improves se-
rum lipid levels and decreases serum proinflammatory cyto-
kine levels in patients with hyperlipidemia and chronic peri-
odontitis. Because of the small number of subjects examined,
caution is warranted in generalizing this date to all patients
affected by periodontitis. Moreover, environmental variables,
such as eating and physical activity habits, and socioeconomic
conditions can interfere with the study results, since they are
confounders that are difficult to control. It is apparent that
large-sized multicenter randomized controlled clinical trials
are needed to confirm or reject the above findings.
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