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Abstract
Aim: Periodontal disease is associated with endothelial dysfunction and increased
circulating progenitor cell (CPC) count. This study sought to investigate the effect of
periodontal treatment on CPC count and vascular endothelial function.

Materials and Methods: A single-blind, randomized controlled trial was conducted
in 50 otherwise healthy subjects with moderate-to-severe chronic periodontitis. They
were randomly assigned into Treatment group (n 5 25), in whom periodontal treatment
was conducted immediately, and Control group (n 5 25), in whom periodontal
treatment was postponed until the completion of this 3-month study. CPCs and
peripheral endothelial function were evaluated at baseline and 3-month follow-up
using flow cytometry and peripheral arterial tonometry, respectively.

Results: Based on the intention-to-treat analysis, periodontal treatment exhibited
neutral effects on endothelial function [treatment effect: 0.03, 95% confidence interval
(CI): � 0.29 to 0.35, p 5 0.85]. However, circulating CD341 cells count significantly
decreased in the Treatment group compared with the controls (treatment effect:
� 29.85 cells/ml, 95% CI: � 52.62 to � 7.08, p 5 0.011). The reduction of circulating
CD341 count was positively correlated with the decrease in sites% with bleeding on
probing or periodontal pockets X4 mm.

Conclusions: This study suggests that treatment of periodontitis has neutral effects on
peripheral endothelial function but significantly decreases circulating CD341 cell
count.
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Periodontal disease is initiated by patho-
genic plaque biofilms and characterized
by bacteria-induced inflammatory destr-
uction of tooth-supporting structures
and alveolar bone. Emerging evidence
shows that periodontal disease is asso-
ciated with an increased level of sys-
temic inflammation and subclinical
atherosclerosis (Cairo et al. 2008, Pers-
son & Persson 2008, Behle et al. 2009,
Buhlin et al. 2009a, b). Of interest,
periodontal treatment could signifi-
cantly improve vascular endothelial

function (Blum et al. 2007, Tonetti et
al. 2007, Piconi et al. 2009, Tonetti
2009), which plays a crucial role in
almost every stage of atherosclerosis
and has been used as an endpoint in
clinical research of cardiovascular
disease (CVD) (Deanfield et al. 2007,
Fadini et al. 2008). Nevertheless,
the underlying mechanisms of such ben-
eficial effects remain largely unknown.
A recent study reports that periodon-
tal conditions are related in a dose-
dependent manner with asymmetric
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dimethylarginine, a potent serological
marker of endothelial function (Tsioufis
et al. 2010). This finding suggests that
the cross-talk between periodontal
infection and endothelium may be
beyond systemic inflammation.

A surrogate marker for endothelial
function and cumulative cardiovascular
risk is the count of circulating endothe-
lial progenitor cells (EPCs) (Hill et al.
2003, Fadini et al. 2008, Fadini et al.
2010). Circulating EPCs are character-
ized by their expression of surface
markers including CD34, CD133 and
kinase insert domain-containing recep-
tor (KDR). Currently, both CD341 cells
and CD1331 cells are considered as
circulating progenitor cells (CPCs)
(Fadini et al. 2006). Interestingly, clin-
ical studies suggest that CD341 cells are
more closely related to the risk of CVD
than other factors including high-sensi-
tivity C-reactive protein (hs-CRP)
(Fadini et al. 2006). On the other hand,
circulating CD341 cells serve not only
as a pool of EPCs but also as haemato-
poietic stem cells, which can differenti-
ate into monocytes and macrophages,
and contribute to inflammatory response
(Komor et al. 2005). Our recent study
indeed shows that an increased level of
circulating EPCs is significantly asso-
ciated with moderate-to-severe perio-
dontitis (Li et al. 2009). However, it is
unknown whether the increased level of
EPCs is related to uncontrolled perio-
dontal inflammation or other relevant
factors that remain unclear. It is
hypothesized that periodontal treatment
decreases the number of circulating
EPCs. This study sought to investigate
the effect of periodontal treatment on
CPC count measured by flow cytometry
and peripheral vascular endothelial
function by means of pulse amplitude
tonometry (PAT).

Materials and Methods

Eligibility criteria for participants

A single-blind, randomized controlled
trial based on intention-to-treat strategy
was conducted in healthy subjects with-
out any established CVD (Fig. 1). Elig-
ibility criteria for inclusion in the trial
consisted of two steps for assessment.
For Step 1, a health screening pro-
gramme involving 647 subjects was
conducted at the Department of Medi-
cine, Queen Mary Hospital between
2006 and 2007 to investigate the pre-
dictive role of coronary calcium score

on CVD. Subjects with any of the
following conditions were excluded
from the study: (i) documented CVD
including stroke, coronary artery dis-
eases, valvular heart diseases, cardio-
myopathy, heart failure, cardiac
arrhythmias and neoplastic disorders;
(ii) a coronary calcium score of X10
as detected by multi-slice cardiac com-
puted tomography within the last 12
months; (iii) systemic illnesses and
recent infection, febrile illness or
inflammatory disease; (iv) use of anti-
biotics, anti-inflammatory or immuno-
suppressant agents in the last 3 months;
(v) former or current smokers; (vi)
symptoms of angina; (vii) diabetes mel-
litus; and (viii) major depression. As a
result, a total of 187 healthy subjects
were identified. Among them, 100
subjects (53.5%) were randomly
selected and then contacted by phone;

and subsequently 86 subjects (36 males
and 50 females, aged 35–80 years)
agreed to participate in the study. For
Step 2, 86 subjects were invited to the
Prince Philip Dental Hospital to receive
periodontal examination between
November 2007 and April 2008; and
of them, 61 subjects with moderate-to-
severe chronic periodontitis as described
in our recent report (Li et al. 2009) were
invited to participate in the clinical trial,
whereas the edentulous subjects and
those with no or mild chronic perio-
dontitis were excluded. Of these 61
subjects, 11 declined to participate and
two were edentulous (Fig. 1). As a
result, 50 subjects were enrolled in this
study. This clinical trial was approved
by the Institutional Review Board of
The University of Hong Kong/Hospital
Authority Hong Kong West Cluster,
and registered at http://www.hkclinical

Fig. 1. Flow chart of the participants throughout the study.
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trials.com (No. HKCTR-458). Oral and
written informed consent were obtained
from all participants before the study.

Study design

A total of 50 subjects fulfilling with the
eligibility criteria were randomly
assigned in a 1:1 ratio into two groups:
Treatment group (n 5 25) in whom
periodontal treatment was conducted
immediately; and Control group
(n 5 25) in whom periodontal treatment
was postponed until the completion of
this 3-month study. This trial started in
February 2009 and ended in November
2009. Among those 50 subjects who
underwent randomization, 47 subjects
(24 in the Treatment group and 23 in
the Control group) completed the trial
(Fig. 1). Two subjects (one in each
group) refused the second blood test
and one subject in the Control group
was lost to follow-up during the trial.
All subjects underwent blood sampling,
test of peripheral vascular endothelial
function and periodontal examination at
baseline and 3-month follow-up. To
prevent an imbalance of age, gender
and severity of periodontitis between
the two groups, a restricted randomiza-
tion approach (minimization) was used
(Altman & Bland 2005, Hewitt & Tor-
gerson 2006). Hong Kong Identity Card
number of the participants was used to
implement the random allocation. The
primary investigator generated the allo-
cation sequence and kept the detail of
group assignment. Two reception staff
and one research assistant were respon-
sible to enroll participants and inform
the patients back to respective hospitals.
All examiners responsible for perio-
dontal examination and medical test
were blinded to the group assignments.
Because of the description of the study
for informed consent, participants were
not blinded to group assignment.

Periodontal examination and therapy

Periodontal parameters were assessed
blindly by a single investigator at baseline
and 3-month follow-up. All subjects
received two times of full-mouth, com-
prehensive periodontal examination at six
sites per tooth excluding the third molars.
The data included number of missing
teeth, presence or absence of plaque,
bleeding on probing (BOP), probing depth
(PD) and gingival recession. Inter-prox-
imal clinical attachment loss was calcu-
lated as the sum of the PD and gingival

recession values (Li et al. 2009). After
baseline examination, each subject was
given oral hygiene instructions.

Subjects in the Treatment group imme-
diately received one course of non-surgi-
cal periodontal therapy performed by
senior dental hygienists, including supra-
and sub-gingival scaling and root debride-
ment using both hand instruments and a
piezoelectric ultrasonic scaler. The perio-
dontal therapy was completed within 1
week through two to three sessions
depending on the severity of periodontitis.
At the end of each session, chlorhexidine
gel was applied into periodontal pockets
with PDX4mm and Corsodyl 0.2% w/v
Mint Mouthwash (chlorhexidine digluco-
nate 0.2% w/v, 300 ml, GlaxoSmithKline,
Maidenhead, Berkshire, UK) was pre-
scribed to each subject for home use. In
addition to periodontal therapy, perio-
dontally involved hopeless teeth were
extracted and teeth with caries or endo-
dontic infections received restoration or
root canal therapy. The subjects in the
Control group received similar periodontal
and other necessary dental treatments only
after completion of this 3-month study.

Blood sampling

After overnight fasting, 25 ml of periph-
eral blood sample was obtained from
each subject at baseline and 3-month
follow-up assessment. Full blood counts,
serum creatinine, glucose and lipid levels
were measured by standard biochemical
testing. hs-CRP level was measured by
using a particle-enhanced immunoturbi-
dimetric assay (Roche Diagnostics, Man-
nheim, Germany) with a chemistry
analyzer (Hitachi 747 Analyzer, Boehrin-
ger Mannheim, Mannheim, Germany).

Analysis of circulating EPCs by
fluorescence-activated cell sorting

(FACS)

The circulating EPCs were defined by the
expression of surface markers: CD341,
CD1331, CD341/KDR1 and CD1331/
KDR1; and their numbers were mea-
sured by fluorescence-activated cell ana-
lysis of peripheral blood sample as
described (Lau et al. 2007, Li et al.
2009). In brief, 100ml of peripheral blood
was incubated with a phycoerythrin-con-
jugated monoclonal antibody against
human KDR (Sigma, St. Louis, MO,
USA), followed by a fluorescein isothio-
cyanate (FITC)-conjugated CD34 and
CD133 antibodies (Beckman Coulter,
Fullerton, CA, USA). FITC-labelled

anti-human CD45 antibody was used
for differential gating during flow analy-
sis. FITC-labelled IgG1a (Beckman
Coulter) and phycoerythrin-labelled
IgG2b (Becton Dickinson, Franklin
Lakes, NJ, USA) served as the isotypic
control for colour compensation. Analy-
sis was performed with an automated
counter for FACS (Elite; Beckman Coul-
ter) in which 1,000,000 events were
counted (Fig. 2). The intra-observer
variability testing found an intra-class
correlation coefficient of 0.9 (po0.001).

Measurement of peripheral vascular
endothelial function by Endo-PAT

Peripheral vascular endothelial function
was evaluated using PAT index as
described previously (Bonetti et al.
2004). In brief, after overnight fasting,
PAT signals were measured by the
Endo-PAT 2000 device (Itamar Medi-
cal, Caesarea, Israel) on the tip of mid-
dle fingers of each subject’s hand. A
cuff was then placed on the proximal
study forearm for 5 min to interrupt
arterial flow while the other arm served
as a control. PAT index were then
recorded for 5 min. A computerized,
operator-independent algorithm auto-
matically obtained and analysed average
pulse amplitude in both fingers. The
average pulse amplitude of the PAT
signal was divided by the baseline value
to calculate PAT index (Bonetti et al.
2004). The control arm’s average pulse
amplitude was used subsequently to
normalize the measured PAT in the
study arm. Intra-observer variability
testing revealed an intra-class correla-
tion coefficient of 0.87 [95% confidence
interval (CI): 0.80–0.91, po0.001].

Statistical analysis

The primary outcome was the change in
vascular endothelial function and CPCs
counts. The secondary outcome mea-
sures were the change of lipid and
inflammatory biomarkers as well as
periodontal conditions. Based on the
screening results of the 86 subjects (Li
et al. 2009) and Altman’s nomogram
(Petrie et al. 2002), it was decided to
recruit at least 20 subjects in each group
to detect a difference in circulating EPC
count of 90.2 cells/ml, with its standard
deviation of 83.2 at the 5% level of
significance and 90% detection power.
Analysis and report of this trial conformed
to the intention-to-treat principle and the
CONSORT guidelines (Moher et al.
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2001). Missing values were imputed by
use of the respective baseline values.
Baseline demographic and clinical char-
acteristics of patients were compared
between the two groups using independent
t-test or chi-square analysis as appropriate.
The difference of the changes in primary
or secondary outcomes between the
groups was compared using the analysis
of covariance for adjusting the baseline
values concerned. The correlation between
continuous variables was analysed by
computing Spearman’s correlation coeffi-
cient. Analysis of covariance was used to
identify the independent variables asso-
ciated with the change of circulating
CD341 cells. A two-sided p-valueo0.05
was considered statistically significant
using a software program (SPSS 14.0,
SPSS Inc., Chicago, IL, USA).

Results

Study population

The clinical characteristics of the study
subjects are shown in Table 1. The mean
age of the subjects was 59 � 11 years and
46% of them were men. There was no
significant difference in demographic data
and clinical characteristics of patients
between the two groups (p40.05).
Furthermore, at baseline endothelial func-
tion, CPC count, lipid and inflammatory
biomarkers as well as periodontal condi-
tions were all similar between the two
groups (Tables 2 and 3, p40.05).

Effects of periodontal treatment

Periodontal treatment significantly
improved the overall periodontal condi-

tions (po0.05) in the Treatment group
(Table 3). Nevertheless, the treatment
exhibited a neutral effect on peripheral
vascular endothelial function (treatment
effect: 0.03, 95% CI: � 0.29 to 0.35,
p 5 0.85] (Table 2). On the other hand,
circulating CD341 cell count was signifi-
cantly decreased after periodontal treat-
ment (treatment effect: � 29.85 cells/ml,
95% CI: � 52.62 to � 7.08, p 5 0.011).
However, there were no significant differ-
ences in other subsets of CPCs counts or
levels of lipids and inflammatory biomar-
kers between the two groups (p40.05;
Tables 2 and 3).

The reduction of CD341 cell count
was positively correlated with the de-
crease in sites% with BOP (r 5 0.389,
p 5 0.005, Fig. 3a), sites% with PDX

4 mm (r 5 0.513, po0.001, Fig. 3b),
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Fig. 2. A set of representative pictures of the fluorescence-activated cell sorting analyses.
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apolipoprotein A1 (r 5 0.344, p 5
0.015, Fig. 3c) and lymphocytes
(r 5 0.373, p 5 0.008, Fig. 3d). Analysis
of covariance showed that Dapolipopro-
tein A1 (g/l), Dlymphocyte (103 cells/
ml), baseline CD341 cell count and
Dsites% with PDX4 mm were all the
independent variables associated with
the change of circulating CD341 cell

count (Table 4). There were no adverse
events during the trial.

Discussion

Emerging evidence shows that perio-
dontal treatment could significantly
improve endothelial function (Blum

et al. 2007, Tonetti et al. 2007, Piconi
et al. 2009), but the level of improve-
ment does not correlate with the change
of inflammatory biomarkers like hs-
CRP and interleukin (IL)-6 (Tonetti et
al. 2007, Higashi et al. 2008). This
implies that assessment and monitoring
of inflammatory biomarkers could not
fully explain the effect of periodontal
therapy on endothelial function. The
present clinical trial confirms the sig-
nificant effect of periodontal treatment
on the count of circulating CD341 pro-
genitor cells, a surrogate marker for
cumulative cardiovascular risk and
endothelial function (Fadini et al.
2006, Fadini et al. 2010). The effect
observed is independent of systemic
inflammation measured by lymphocyte
count and hs-CRP level. In this respect,
our finding provides novel insight into
current knowledge on the association of
periodontal infections with endothelial
function beyond inflammatory load.

A recent study may shed light to our
investigation. It shows that a subpopula-
tion of CD41 T lymphocytes, which are
involved in the rolling and adhesion of
lymphocytes to the endothelia and
participate in the early inflammation of
atherosclerosis, decreases significantly 1
or 6 months after periodontal treatment
(Piconi et al. 2009). It may be biologi-

Table 1. Baseline demographic data and clinical characteristics of patients

Variables (mean � SD) Control group (n 5 25) Treatment group (n 5 25) p-Value

Age (years) 59.7 � 10.3 58.6 � 11.6 0.744
Male, number (%) 13 (52.0) 10 (40.0) 0.395
Education level, number (%) 0.914

Low 6 (26) 7 (29)
Middle 7 (30) 6 (25)
High 10 (41) 11 (46)

Body mass index (kg/m2)n 23.2 � 3.6 24.9 � 3.7 0.133
Waist–hip ratio 0.87 � 0.06 0.86 � 0.09 0.403
Mean DBP (mmHg) 84.0 � 12.0 84.9 � 12.4 0.824
Mean SBP (mmHg) 142.6 � 24.3 135.7 � 19.1 0.304
Serum total protein (mmol/l) 79.1 � 3.7 80.0 � 4.1 0.437
Albumin (mmol/l) 43.8 � 2.3 43.8 � 2.7 0.965
Fasting glucose (mmol/l) 5.4 � 0.6 5.3 � 0.8 0.476
Serum urea (mmol/l) 5.2 � 0.9 5.2 � 1.9 0.874
Serum creatinine (mmol/l) 71.0 � 16.3 70.7 � 18.8 0.956
Total cholesterol (mmol/l) 5.2 � 0.6 4.9 � 0.6 0.118
Triglycerides (mmol/l) 1.4 � 0.8 1.4 � 0.9 0.857
Low-density lipoprotein (mmol/l) 3.2 � 0.7 2.9 � 0.6 0.083
High-density lipoprotein (mmol/l) 1.3 � 0.3 1.4 � 0.4 0.363

nBody mass index is calculated by the weight in kilograms divided by the square of the height in metres.

DBP, diastolic blood pressure; SBP, systolic blood pressure.

Table 2. Circulating progenitor cells and endothelial function at baseline and 3-month follow-up

Control group Treatment group Treatment effect (95% CI) p-Value

CD341 (cells/ml)
Baseline 84.00 � 30.62 80.47 � 34.95 0.705
3-month follow-up 103.05 � 47.54 71.95 � 33.68 0.010
Changen 19.04 � 52.07 � 8.52 � 36.36 0.035
Changew 20.19 � 40.00 � 9.66 � 40.00 � 29.85 (� 52.62 to � 7.08) 0.011

CD1331 (cells/ml)
Baseline 11.37 � 6.60 11.58 � 6.54 0.908
3-month follow-up 12.10 � 6.29 12.25 � 11.07 0.955
Changen 0.60 � 8.49 1.16 � 13.07 0.856
Changew 0.49 � 9.05 1.27 � 9.05 0.78 (� 4.38 to 5.94) 0.763

CD341/KDR1 (cells/ml)
Baseline 14.40 � 6.47 12.18 � 4.92 0.178
3-month follow-up 14.54 � 5.40 12.56 � 6.29 0.254
Changen � 0.09 � 8.73 � 0.10 � 6.55 0.995
Changew 0.87 � 6.03 � 1.06 � 6.03 � 1.93 (� 5.39 to 1.53) 0.267

CD1331/KDR1 (cells/ml)
Baseline 7.59 � 4.83 7.24 � 4.04 0.779
3-month follow-up 8.59 � 4.78 6.83 � 4.26 0.177
Changen 1.00 � 6.43 � 0.40 � 5.58 0.415
Changew 1.16 � 4.55 � 0.56 � 4.55 � 1.72 (� 4.31 to 0.87) 0.189

PAT (ratio)
Baseline 2.22 � 0.50 2.41 � 0.71 0.280
3-month follow-up 2.18 � 0.46 2.22 � 0.62 0.769
Changen � 0.04 � 0.69 � 0.19 � 0.87 0.515
Changew � 0.13 � 0.55 � 0.10 � 0.55 0.03 (� 0.29 to 0.35) 0.852

nWithout adjustment for baseline value.
wWith adjustment for baseline value.

The bold data indicate the statistically significant difference between the Control group and Treatment group.

PAT, pulse amplitude tonometry.
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cally plausible that the treatment of
periodontitis reduces the risk of vascular
injuries and thus decreases the counts of
both CD341 cells and CD41 cell types,
which are involved in vascular inflam-
mation and repair. Further investigations

are required to confirm this hypothesis.
In the present study, the change of
circulating CD341 cell count is posi-
tively correlated with that of apolipopro-
tein A1, the core protein of high-density
lipoprotein. This finding is consistent

with the evidence that decreased con-
centrations of apolipoprotein A1 is asso-
ciated with fewer numbers of EPCs
(Tobler et al. 2010) and apolipoprotein
A1 gene transfer increases circulating
EPCs in mice (Feng et al. 2008, 2009).

Table 3. Lipids, inflammatory biomarkers and periodontal conditions at baseline and 3-month follow-up

Control group Treatment group Treatment effect (95% CI) p-Value

Apolipoprotein A1 (g/l)
Baseline 1.34 � 0.22 1.43 � 0.24 0.172
3-month follow-up 1.42 � 0.21 1.42 � 0.22 0.984
Changen 0.08 � 0.16 � 0.01 � 0.12 0.033
Changew 0.07 � 0.13 0.002 � 0.13 � 0.07 (� 0.14 to � 0.01) 0.090

Apolipoprotein B (g/l)
Baseline 0.97 � 0.25 0.86 � 0.18 0.074
3-month follow-up 1.20 � 1.23 0.87 � 0.17 0.187
Changen 0.23 � 1.19 0.01 � 0.13 0.365
Changew 0.23 � 0.90 0.02 � 0.90 � 0.21 (� 0.73 to 0.30) 0.413

Lipoprotein (a)
Baseline 321.33 � 288.20 232.44 � 323.97 0.316
3-month follow-up 353.72 � 297.16 265.64 � 325.19 0.322
Changen 32.37 � 65.64 33.20 � 99.31 0.972
Changew 32.95 � 88.15 32.65 � 86.35 � 0.30 (� 50.25 to 49.65) 0.990

hs-CRP (mg/l)
Baseline 3.00 � 3.86 2.08 � 2.40 0.319
3-month follow-up 2.13 � 3.36 2.40 � 2.80 0.760
Changen � 0.87 � 2.33 0.32 � 2.30 0.078
Changew � 0.73 � 2.20 0.19 � 2.15 0.92 (� 0.32 to 2.16) 0.143

LY (103 cells/ml)
Baseline 1.51 � 0.54 1.61 � 0.32 0.410
3-month follow-up 1.71 � 0.49 1.53 � 0.46 0.197
Changen 0.20 � 0.65 � 0.08 � 0.41 0.076
Changew 0.17 � 0.46 � 0.05 � 0.46 � 0.21 (� 0.47 to 0.05) 0.117

WBC (103 cells/ml)
Baseline 5.02 � 1.16 5.20 � 1.25 0.592
3-month follow-up 5.12 � 0.99 4.89 � 1.05 0.423
Changen 0.10 � 1.10 � 0.31 � 1.00 0.166
Changew 0.06 � 0.85 � 0.27 � 0.85 � 0.32 (� 0.81 to 0.16) 0.189
Number of missing teeth

Baseline 3.60 � 3.08 4.28 � 4.35 0.527
3-month follow-up 3.60 � 3.08 4.68 � 4.79 0.348
Changen 0 � 0 0.40 � 0.76 0.012
Changew 0.02 � 0.50 0.38 � 0.50 0.36 (0.08 to 0.64) 0.014

Sites with detectable plaque (%)
Baseline 46.29 � 18.40 50.47 � 18.43 0.436
3-month follow-up 39.66 � 22.69 23.50 � 22.99 0.016
Changen � 4.98 � 15.78 � 29.08 � 18.50 0.000
Changew � 5.50 � 17.00 � 28.50 � 17.00 � 23.00 (� 32.70 to � 13.20) 0.000

Sites with bleeding on probing (%)
Baseline 45.61 � 20.57 44.94 � 18.63 0.904
3-month follow-up 33.32 � 18.21 21.74 � 14.03 0.015
Changen � 12.29 � 12.34 � 23.20 � 16.01 0.010
Changew � 12.10 � 12.00 � 23.30 � 12.00 � 11.20 (� 17.90 to � 4.50) 0.002

Sites with probing pockets X4 mm (%)
Baseline 10.35 � 10.34 13.31 � 14.02 0.401
3-month follow-up 6.65 � 5.56 3.44 � 3.89 0.022
Changen � 3.70 � 9.06 � 9.86 � 12.76 0.055
Changew � 4.90 � 4.50 � 8.60 � 4.50 � 3.70 (� 6.20 to � 1.20) 0.004

Sites with attachment loss X5 mm (%)
Baseline 43.75 � 20.66 49.06 � 29.05 0.460
3-month follow-up 45.33 � 27.87 43.13 � 32.33 0.798
Changen 1.58 � 29.02 � 5.93 � 16.71 0.267
Changew 1.00 � 23.50 � 5.30 � 23.50 � 6.30 (� 19.60 to 7.00) 0.344

nWithout adjustment for baseline value.
wWith adjustment for baseline value.

The bold data indicate the statistically significant difference between the Control group and Treatment group.

WBC, white blood cells; hs-CRP, high-sensitivity C-reactive protein; LY, lymphocyte.
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The present study shows that perio-
dontal treatment exhibits a neutral effect
on peripheral endothelial function.
Whereas previous studies show that
periodontal treatment could signifi-
cantly improve vascular endothelial
function as assessed by brachial FMD
(Blum et al. 2007, Tonetti et al. 2007,
Piconi et al. 2009). The duration of these
studies ranges from 3 to 12 months, and
the sample size in their treatment groups
ranges from 13 to 61 subjects. Although
in the present study the exact reasons for
the neutral effect of periodontal treat-
ment on endothelial function remain
unclear, they might be to some extent
due to the differences in patients’ selec-
tion criteria and methods of testing
endothelial function. In this study, the
inclusion criteria were very strict, and

CVD patients were actively screened
out by investigating their medical his-
tory as well as by cardiac computed
tomography scan, which may not be
necessarily performed in previous stu-
dies. Indeed, the mean of PAT ratio at
baseline was 2.32 � 0.62, which was far
above the level than the established
definition of endothelial dysfunction at
1.67 with PAT (Yinon et al. 2006).
Therefore, in these normal subjects
who do not have baseline vascular
endothelial dysfunction, it is unlikely
to achieve an obvious and immediate
benefit from control of periodontal
infections. A recent study suggests that
subjects with coronary calcium score
o10 as those enrolled in the present
study have a very low risk of cardiovas-
cular events up to 5 years of follow-up

(Detrano et al. 2008). Indeed, by use of
coronary calcium score to exclude the
subjects with underlying subclinical
atherosclerosis, thus, the low-risk sub-
group for CVD who were included in
the present study might to some extent
account for the negative results of
endothelial function observed in the
present study.

In the present study, instead of utiliz-
ing brachial FMD, automatic Endo-PAT
device was used to assess peripheral
endothelial function by measurement of
reactive hyperaemia in the fingertips
(Bonetti et al. 2004, Hamburg et al.
2008). This PAT index was based on a
computerized program to measure the
change in digital blood flow, such that
intra- and inter-observer variability can
be minimized and it might be more
sensitive to detect microvascular endo-
thelial function associated with perio-
dontitis. Furthermore, this method exhi-
bits an excellent reproducibility and is
less affected by recent nutritional intake
than other common methods like bra-
chial FMD (Selamet Tierney et al.
2009). PAT index has also been shown
to correlate significantly with brachial

Fig. 3. (a–d) Significant linear correlation of the changes in circulating CD341 cells with changes of sites% with bleeding on probing (a) and
probing depth X4 mm (b), Apolipoprotein A1 (g/l) (c) and lymphocytes (1000 cells/ml) (d) after the treatment.

Table 4. Risk variables associated with the change of circulating CD341 cells (cells/ml)n

Coefficient 95% CI p-Value

DApolipoprotein A1 (g/l) 83.66 11.54 to 155.77 0.024
DLymphocyte (103 cells/ml) 27.32 8.65 to 46.01 0.005
DSites% with pockets X4 mm 1.28 0.35 to 2.20 0.008
Baseline CD341 count � 0.47 � 0.79 to � 0.15 0.005

nAdjusted R2 5 45.6% in the final model.
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FMD and predict CVD events (Kuvin et
al. 2003, Hamburg & Benjamin 2009).
Meanwhile, it should be noted that
the PAT hyperaemic response largely
reflects vasodilator responses in digital
microvessels and may not yield equiva-
lent information to measures of conduit
artery vasodilation with brachial FMD.

The present study shows that perio-
dontal treatment does not have signifi-
cant effects on systemic levels of CRP,
inconsistent with some published papers
(D’Aiuto et al. 2004, Seinost et al. 2005,
Paraskevas et al. 2008). The discrepancy
may be due to different sample size,
difference in the extent and type of
periodontal disease and other possible
oral diseases involved, as well as differ-
ent periodontal treatment protocols and
their efficacy (Jastrzebski et al. 2009). A
systematic review and meta-analysis
points out that it cannot be concluded
that non-surgical periodontal treatment
may definitely modulate the level of
CRP (Ioannidou et al. 2006). Further-
more, a recent study finds that there is
heterogeneity of systemic inflammatory
responses to periodontal treatment, and
that CRP and IL-6 may increase more
than 25% compared with baseline in 14–
44% of subjects (Behle et al. 2009). Our
recent study finds that human gingiva
per se can directly produce CRP and its
expression profile in gingiva may be
subject dependent (Lu & Jin 2010). It
has also been shown recently that circu-
lating CRP level is subject to regulation
by a common genetic variation at the
CRP locus (Brull et al. 2003, D’Aiuto et
al. 2005). Taken together, individual
CRP level may to some extent be sub-
ject to genetic modulation. In our pre-
sent study, the overall baseline level of
CRP in the Treatment group was rela-
tively low. It is therefore speculated that
there may be limited potential for sig-
nificant decrease after the treatment.
Therefore, further long-term clinical
trial with a large sample size adopting
strategies to accomplish a more defini-
tive endpoint of treatment is highly
needed to achieve convincing evidence.

The present study has several limita-
tions to be addressed. The patients
recruited presented with moderate-
to-severe periodontitis rather than only
severe periodontitis. This may partly
explain why periodontal treatment has
an insignificant effect on endothelial
function. In terms of outcome measures,
only the counts of CPCs were assessed
and monitored after the periodontal treat-
ment, while their functional activity was

not investigated. The observation period
was only 3 months and the treatment
effect after 12 months or a longer time
was unknown. Based on previous studies
(Tonetti et al. 2007, Buhlin et al. 2009a,
Piconi et al. 2009), the effect
of periodontal treatment after a longer
period may be more obvious or even
contrary. Furthermore, it should be stated
that in the present study, the treatment
effect on CD341 cells is largely due to an
inexplicable increase of CD341 cell
count in the control group at the 3-month
follow-up assessment, which may be
caused by other confounding factors like
physical exercise, dietary change and
some unknown environmental factors
(Zaldivar et al. 2007, Muller-Ehmsen et
al. 2008), rather than a highly meaningful
reduction in the actively treated group of
subjects. Further investigation is required
to clarify the exact reasons for the inex-
plicable increase of CD341 cells count in
the control subjects. It should be also
noted that in the present study the sub-
jects were relatively healthy without
major systemic diseases, and the finding
of the present study may be different or
even converse to the ones involving
systemically compromised patients. In
future studies, it would be appropriated
to focus on the compromised patients like
those with CVD, diabetes, chronic kidney
disease or subjects with subclinical
endothelial dysfunction for generating
more meaningful scientific data.

In conclusion, the present short-term,
randomized clinical trial shows that
treatment of periodontitis significantly
decreases circulating CD341 cell count,
while it has neutral effects on peripheral
vascular endothelial function measured
by PAT. This study may enhance the
understanding of the plausible mechan-
isms accounting for the association of
periodontal infections with endothelial
dysfunction and atherosclerosis.
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Clinical Relevance

Scientific rationale for the study: Our
recent study shows that circulating
EPCs are associated with perio-
dontitis in humans. This study
extended to investigate the effect of
periodontal treatment on CPCs count

and peripheral vascular endothelial
function.
Principal findings: Periodontal treat-
ment decreased significantly the
count of circulating CD341 cells in
concomitance with the improvement
of periodontal conditions.

Practical implications: This study
enhances current understanding of
the mechanisms accounting for the
association of periodontal infections
with endothelial dysfunction and
atherosclerosis.
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