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| i .
ntroduction Study Design

This study investigates the effect withessed on endothelial function and inflammation from teeth cleaning, treatment.

There are 120 participants broken up between two groups:

1. Treatment Group (61 participants): Receive full teeth cleanings that also included

. areas under the gum.

Co ncl usion 2. Control Group (59 participants): Received limited teeth cleaning that removed plaque
from the tooth, but not under the gum where periodontitis is located.

Intensive periodontal treatment leads to improved dilation of the blood vessels. Participants had to have periodontis as determined by a biinded (i didit know

. X . . . conditions of the study) dental pr The dental pr
Intensive periodontal treatment also increases acute (1 day to 1 week) inflammation, but reduces overall ggmcnpin\) periodontitis at the start, then again at 2 months, and then at the end
months).

inflammation months later.
Participants had their endothelial function tested and blood taken (to look at markers
of inflammation) at the study start, 7 days after treatment, 1 month, 2 months, and

6 months after treatment.
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ABSTRACT
BACKGROUND
Systemic inflammation may impair vascular function, and epidemiologic data sug-  From the Department of Oral Health and
gest a possible link between periodontitis and cardiovascular disease, Diagnostic Sciences, University of Connec-

ticut Health Center, Farmington (M.5.T);
and the Periadontology Unit, Eastman
METHODS Dental Instituse and Hospital, University

We randomly assigned 120 patients with severe penodonnns t0 community-based College London (FD. LN. M, JS):
Center for Clinical Pharmacology, Univer.

periodontal care (59 patients) or intensive peri 1 (61). Endothelial Jo colioee London (4.0, ADH. PY);
function, as assessed b} measurement of the diameter of the brachial artery during  and the Vascular Physiciogy Unit, Univer-
flow (Fk ediated di i and infl y b kets and markers of coagu- £ Callege Londan and Creat Ormond

Torheli it AR Street Hospital for Sick Children (AD.,
lation and 1 were before and 1,7,30, 60, ¢y p)" allin Landon. Address re.

and 180 days after trearment. requests to Dr, Tonetti at maeizio,

tonetti@ergoperio.eu.

ByoueYs < This artice was updated on june 13, 2018,
Twenty-four hours after £l diated dilatation was signi ly lower a: NEjM.org
in the intensive-treatment group than in the control-treatment group (absolute dif- y
ference, 1.4%; 95% confidence interval [CI), 0.5 to 2.3; P=0.002), and levels of :;":LJ:::,,Z&‘:“!,?:m?;ﬂ.s_“_,’
Cereactive protein, interleukin-6, and the endothelial-activation markers soluble
E- eelecnn and von lelehr.md hcmr were significantly higher (P<0.05 for all com-
However, fl, ion was greater and the plasma levels of
soluble E-selectin were lower in the intensive-treatment group than in the control-
treatment group 60 days after therapy (absolute di in fl diated dila-
tation, 0.9%; 95% CI, 0.1 to 1.7; P=0.02) and 180 days after therapy (difference,
2.0%; 95% CI, 1.2 to 2.8; P<0.001). lhe degree of improvement was associated
with imp in of periodontal disease (r=0.29 by Spearman rank
correlation, P=0.003). There were no serious adverse effects in either of the two
groups, and no cardiovascular events occurred.

CONCLUSIONS
Intensive periodontal treatment resulted in acute, short-term systemic inflammation
and endothelial dys'unman However, 6 months after therapy, the benefits in oral
health were d dotheli

with imp in | function.
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in the pathogenesis of atherosclerosis, and
low-grade chronic systemic inflammation has
been shown to be linked to adverse cardiovascu-
lar outcomes." The nature and source of the in-
flammation, however, remain unclear. Periodon-
titis, a very common chronic infection of the tissue

I NFLAMMATION PLAYS AN IMPORTANT ROLE

or lung disease), a history or the presence of any
other acute or chronic infections, as assessed on
clinical examination and routine laboratory test-
ing, and systemic antibiotic treatment within the
previous 3 months or any other, regular medica-
tion. All patients gave written informed consent,
Thl: study was approved by the joint Pasmun and

ding the teeth, is iated with elevar-

¢ ity College itals ethics

ed levels of C-reactive protein (CRP) and other
inflammatory biomarkers.** Cohort and case-

A baseline periodontal examination was per-
formed, and full medical and dental histories were

control studies have shown that peri is
tated with endothelial dysfi * athero-

llected by a single i Blood pressure
was d in triplicate (HEM-705CP, Omron),

sclerosis,” and an increased risk of myocardial in-
farction and stroke.* In experimental models, peri
odontal paxhogens have been shown to pmmote

and the average of the readings was recorded.
Patients were randomly assigned with the use of
a mmputmgenerated table to receive intensive

platelet agg: 1l ion,* and
the development ofa(hmmas.“-" Clinical and
epidemiologic studies suggesting a link berween
periodontitis and vascular disease, however, may
be confounded by factors such as social status,
smoking status, and other classic risk factors for
atherosclerosis.™

I treatment (the intensive-treatment
gmup) or community-based periodontal care (the
control-treatment group). A balanced, permuted-
block approach (in blocks of four patients) was
used to prepare the randomization tables, To pre-
vent an imbalance between the two groups with
respect to smoking status, sex, age, and severity

Having shown in previous studies that inten- of periodontitis, restricted rands ion (mini-
sive periodontal therapy results in local (period izati wis. by the study registrar,
tal) and systemic jons in infl ion, 41 i d in opaque

we now report the results of a randomized, con-
trolled study conducted to determine the effect
of treatment of severe periodontitis on endothe-
lial function. Endothelial dysfunction is thought
1o represent a common pathway through which
a range of risk factors, including inflimmation,

envelopes and umlcd to t.he therapist only on
the day the treatment was administered. Patients
underwent dental examinations and vascular stud-
ies at 1, 7, 30, 60, and 180 days after the admin-
istration of the therapy.

may influence the long-term process of ath
esis and acute inflammation may trigger acute
cardiovascular events.”

METHODS

STUDY DESIGN
We conducted a parallel-group, single-blind, ran-

domized, controlled trial to evaluate the effect of

periodontal therapy on endothelial function over
a 6-month period (Fig. 1). The primary outcome

di

was the between-group difference in f]

AND THERAPY
Periodontal data were recorded by a single trained
dental examiner, who was unaware of the treat-
ment assignments, at baseline and 2 months and
6 months after administration of the therapy.
The data included the periodontal pocket depth
and the recession of the gingival margin relative
to the cementoenamel junction at six sites per
tooth. The presence or absence of supragingival
dental plaque and gingival blccdmg on probmg
was also ded. The

ated dilatation during the study, Consecutive pa-
tients referred to the Eastman Dental Hospital in
London for periodontal therapy were WN
participate if they had s ml

‘  (pi
marginal aholubon&louabw’b) wnrh 50%

or more of their teeth affected.™ Exclusion crite-
ria were the presence of systemic disease (e.g.,
diabetes mellitus or cardiovascular, kidney, liver,

number of 1 l:imns (probing depth,
>4 mm), the score for full-mouth gingival bleed-
ing on probing (the number of sites with gingival
bleeding on probing divided by the total number
of sites per mouth, multiplied by 100), and the
score for full-mouth plaque (the number of sites
with detectable supragingival dental plaque divid-
ed by the total number of sites per mouth, multi-
plied by 100) were calculated for each patient and
were compared between the two groups.'
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Participants accepted had severe periodontitis, but no other major health issues like diabetes, infection,
lung disease, cardiovascular disease, or anything else major.
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TREATMENT OF PERIODONTITIS AND ENDOTHELIAL FUNCTION

Figure 1. Study Design from Screening to Completion
af the Trial.

After a baseline visit, eligible patients were randamly
assigned to either community-based [contral) or inten-
sive peri theragy. Patierts ined 1 and
7 days and 1, 2, and & months after the administration
af the therapy. Endothelial function was assessed, bload
samples ware obtained, and periadontal clinical mea-

surements were performed at the points indicated.

All patients were given instructions in basic
oral hygiene, Patients in the control-trearment

group underwent a standard cycle of supraging
val mechanical scaling and polishing. &

; teeth that could not be saved were ex-
tracted, and microspheres of minocycline (Arestin,
OraPharma) were delivered locally into the peri-
odontal pockets.” Patients in whom periodontal
disease progressed received immediate care from
a specialist and were withdrawn from the study,

VASCULAR FUNCTION
A range of measures of endothelial function, in-
cluding vasomotion and ulating markers of
coagulation and adhesion status, were studied by
members of the study staff who were unaware of
the treatment assignments, Endothelium-depen-
dent vasodilatation of the brachial artery (the pri-
mary outcome) was assessed by means of ultra-
sound imaging (Acuson XP 128710, Siemens) with
the use of a 7-MHz linear probe and automared
vessel-diameter measurements (Brachial Tools,
version 3.2.6, Medical Imaging Applications). The
studies were performed by a single examiner who
acquired the images of the brachial artery in the
morning, while patients were fasting, in a tempera-

lled room after 10 mi [rest.” The
beachial arery was imaged above the antecubital
frssa continuously for 1 minute at baseline and
again after inflation (pressure, 250 mm Hg for
5 minutes) and deflation of a spk

1079 Cansecutive patients underwent
seraeming
159 Patients invited to participate.

128 Patiests dligitle
f———=| 3 Declined participas;

126 Underwent baseline measure:
ments of endathelal function and
parcduntal disawse s Blood testing

{

!

50 Assigrd ta cantrel

penodontal

1 Assigrod s ntansive |

treatment | ‘ perindontal treatment

©n dap 1 afier theragy:
Endathelial function messured and biood
samples chtained

On day 7 after theragy:
Endathedisl function massurd and Hood
samples chtained

!

1 Manth sfer therapr:
Endothelia function measured and biood
samplis abained

2 Manths afies thesagy:
Endothelial function and pericdontal disease
measured and blood samples obtained

& Manths afies thesagy:
Endothelial function and pericdontal disease
measured and blood samples obtained

!

}

cuff placed on the forearm. R-wave—trigg

end-diastolic images of the vessel diameter were
digitized and recorded at 3-second intervals
throughout the p and were q

analyzed offline with the use of dedicared edge-
detection software (Brachial Tools, Medical 1m-
aging Applications). Dilatation was quantified as
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1 Lost to follow-up at 2 ma
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the change, expressed as a percentage, from base-
line to the peak diameter, berween 45 and 75
seconds after release of the blood-pressure cuff
(averaged over three frames). After 10 minutes of
rest, endothelium-dependent dilatation was mea-

sured after sublmgual administration of 25 HE

level of 5% and 90% power. Data are reported as
means and 95% confidence intervals (CIs), unless
otherwise specified. All analyses were based on
the intention-to-treat principle and were performed
by investigators who were unaware of the treat-
ment assi Wep d

of nitrogh ding to the same sures analysis nfv:\mnnc t0 dm:nmm: differences
protocol. in flow-mediated dilatation (the primary outcome)
Doppler-derived fk and all dary and other

with the use of a pulse-wave l)appl:r signal at
a 707 angle) were also obtained continuously. The
increase in blood flow after release of the blood-
pressure cuff was expressed as the reactive-hyper-
emia ratio (the value for reactive hyperemia divided
by the baseline value for blood flow in the fore-

between
the two groups and over time, using a conserva-
tive F-test for the interaction berween time and
treatment group (SPSS software, version 13). The
Greenhouse-Geisser correction for the F test was
used to adjust the degrees of freedom for devia-

arm). Duplicate analyses were |
observers who were unaware of the as-

tion from sphericity (one of the ions of
d by two d- analysis of variance [ANOVA]).
L ithmis fi of the data was per-

signments, the clinical details, and the stage of

experiment. The correlation between the ob-
servers was greater than 0.90, with a between-
observer coefficient of variation of less than 5%
for both vessel diameter and flow-mediated dila-
tation.

LABORATORY ASSESSMENTS

formed when appropriate, and post hoc Fisher's
paired and unpaired tests of least-significant dif-
ference were performed and interpreted with the
use of the Bonferroni-Holm adjustment for mul-
tiple comp:risnns.

were the b group
m the levels of infl y mark-
ers. and markers of coagulation and endothelial

Serum and plasma samples were obrained from Other included di

the patients and were i dand in subli I nitroglycerin-mediated dilatation,
stored at —70°C until analysis by Iaboramry staff  routine laboratory measurements, clinical peri-
who were unaware of the odontal and arterial blood pressure.

and vascular findings. Full blood counts and mea-
surements of lipid and glucose levels were per-
formed by standard biochemical n:stmg Serum

Age, sex, smoking status, race or ethnic group,
body-mass index, vessel diameter for flow-medi-
ated dilatation and muoglycennvmcdlalcd dila-
tation, and period is were included in

lew.-]s of CRP were with an
idimetic, highrsensitivity assay (Tina-quant CRP
imetric assay p d on a Cobas
Integra analyzer, Roche Dugnosucs) Serum levels
of interleukin-6 and soluble E-selectin were mea-
sured by enzyme-linked immunosorbent assay
(ELISA) (Quantikine HS, R&D Systems), and com-
mercial, high sensitivity ELISAs were used to mea-
sure plasma levels of tissue plasminogen activator
(t-PA) and plasminogen-activator inhibitor type 1
(PAI-1) (TintElize and Biopool, respectively, Trinity
Biotech) and von Willebrand factor (CBA ELISA,
Technoclone).

STATISTICAL ANALYSIS

We calculated that a minimum of 120 patients
would need to be enrolled to detect a 1% differ-
ence in flow-mediated dilatation between the two
treatment groups, with a standard deviation of the
mean difference of 1.67% ar a two-sided alpha

all models as covariates, Race or ethnic group was
self-reported. A post hoc correlation analysis (by
the Spearman rank-correlation method) was per-
formed to evaluate the relationship between the
change in flow-mediated dilatation from baseline
to 6 months after therapy and changes in the num-
ber of periodontal lesions and gingival bleeding
sites from baseline to 6 months. Differences be-
tween categorical variables were calculated with
the use of the chi-square test. A two-sided P value
of less than 0.05 was considered to indicate sta-
tistical significance.

RESULTS

During 1 year (September 2003 to September 2004),
159 of the 1079 patients examined met the inclu-
sion criteria for severe generalized periodontal dis-
ease. Of these 159 patients, 129 met all the eligibil-
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TREATMENT OF PERIODONTITIS AND ENDOTHELIAL FUNCTION

ity eriteria, bur 9 declined to participare, A total of  ed the trial, amending all study visits (to the end
120 patients underwent randomization, of whom  of the trial, in March 2005). Reasons for withdraw-
114 (56 assigned to the control-treatment group  alare shown in Figure 1. One patient in the control-

and 58 o the intensi group) complet- _treatment group had elinical signs of peri
Table 1. Basaline Characteristics of the Patiests,
© Group  Intensive-Treatment Group

Characteristic N=59) [M=61)
Age—yr 473463 47.7:7.9
Ml sex — no. [%) ET 3 (a5
Smoking status — no. (%)

Mever smoked 21 (386} 4 (39)

Farmer smaker 18 31} 19 (31

Current rmaker 20 (34} 15 (30)
Family histary of cardicvascular disease — no. 3] 40 (68} 18 (62)
Race or ethnic group — no. (%)

white 41 (69} 41 (68)

Black & 10} E13)

Asian 107 B(13)

Other 203 )
Bady-mass index] WIa54 72650
Blocd pressure — mm Hg.

Systalic 12454174 135.6:15.9

Diastalic 792101 #0.5:11.4
Beachigh-artery diameter — mm 16:06 1.7:0.8
Reactive hyperemiz ratic] 39541 B840
Flow-mediated didatation — % 6.5+2.6 7142
Nitraglycarin-mediated dilatatian — %9 179169 17.946.5
CRP — mg/liter 3853 25:2.7
Interleukin-g — pgiml 21439 24254
Soluble E-selectin — ng/ml 2032136 19.6=14.0
1-PA—ngiml 65445 68232
PAL1 — ngfml 21.39:18 21515
Van Willebrand Factor — IUml 037016 0.90:0.19
Leukocyte count — = 1077 liter 71420 B4l 6
Cholesterol — mmal fliter 5312 53210

High-density kpoprotein 15404

Low-density Bpoprotein 12410
Glucose — mmal fiter 51406
Triglycerides — mmelliter 15415

# Plus-minus values are means +50. Ta convert values for cholesteral to milligrams per deciliter, dovide by 0.02586. Ta
convert valises for glucose to milligrams per deciliter, divide by 005551, Ta convert values far trighcersdes te milli-
gramns per deciliter, diide by 0.01129. CRP denotes C-reactive protein, t-PA tissue plasminogen activator, and PAl-1
plasmincgen-activatar inhibitar type 1.

1 Race was self-reparted,

§ Body-mass index &5 defined as the weight in kilograms deided by the square of the height in meters.

§ The reactive hyperemia ratio is the vilue for reactive hyperemia divided by the bassline vale of Bood Baw in the fare-
arm after release of the blood-pressure cuff.

A The tetal nembers of patients for the analysis of sublingual nitroglycerin-mediated dilatation were 47 in the contral-
treatrnent graup and 51 in the intensive-treatment group.
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Table 1: This table describes the baseline (pre-study) characteristics between the treatment group and
the control group (more detail on these under "Study Design" of notes). Typically, you do not want to
have significant differences between the two comparison groups, because it could be a confounding
variable explaining the results.

Results:
There are no significant differences between the two groups in any of the criteria tested and listed here.

_. What results/effects we see from this study are likely to be due to the treatment.
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disease fon and was withd) early, There
were no major adverse events in either of the two
groups (Table 81 in the Supplementary Appendix,
available with the full texr of this article ar www,
nejm.org).

PATIENT CHARACTERISTICS AND CARDIOVASCULAR
RISK FACTORS

The baseline characteristics of the patients in the
control-treatment group and the intensive-treat-
ment group were similar (Table 1), There were no
significant differences between the two groups in
diet, medicarion regimen, smoking status, lipid
levels, body-mass index, and blood glucose levels
(Table 52 in the Suppl \ppendix). Systol-

CINE

95% CI, 33 to 45; P<0L001) and 6 months after ther-
apy {absolure difference, 39%; 95% CI, 32 o 45;
P<0L001). Patients in the intensive-treatment group
had fewer perindontal lesions 2 months after ther-
apy {difference between groups, 61; 95% C1, 53 to
69 P<i,001) and 6 months after therapy (differ-
ence between groups, 66; 95% C1, 56 to 74; P<0.001)
(Table 2). Among patients in the intensive-treat-
ment group, an average of two teeth (95% CI, 0 w
2) were extracted, whereas no extractions were
performed in the control-trearment group.

VASCULAR FUNCTION
Repeated-measures analysis of variance of flow-

ic blood pressure was significantly higher among
patients in the intensive-treatment group 24 hours
after the therapy was administered than among
those in the control-treatment group (5.0£1.7
mm Hg: 95% C1, 1.7 1o 8.4; P=0.004), No other sig-
nificant differences were subsequently observed.

PERIODONTAL OUTCOMES

Repeated-measures ANOVA of the periodontal out-
comes showed a significant interaction berween
trearment and time (P<0.001). As compared with
the contrel-treatment group, the intensive-treat-
ment group had lower scores for plague 2 months
after therapy (absolute difference, 27%; 95% CI,
21 1o 34; P<0,00) and 6 months after therapy (ab-
solute difference, 22%; 95% CI, 15 to 30; P<0.001)
(Table 2). Similarly, patients in the intensive-treat-
ment group had lower scores for gingival bleed-
ing than those in the control-treatment group,

diared dilatation showed a significant interac-
tion between trearment and time (P<0.001) (Fig. 2).
Twenty-four hours after the administration of the
assigned therapy, flow-mediated dilatation was
lower in the intensive-treatment group than in
the control-treatment group (absolute difference,
1.4%; 95% C1, 0.5 to 2.3; P=0.002). However, flow-
mediated dilatation was higher in the intensive-
treatment group than in the control-trearment
group 2 months after therapy (absolute differ-
ence, 0.%%; 95% CI, 0.1 1o 1.7; P=0.02) and 6 months
after therapy (absolute difference, 2.0%; 95% CI,
1.2 to 2.8; P<0.001) (Table 52 in the Supplemen-
tary Appendix).

There was a significant effect of time on nitro-
glyeerin-mediated dilacation according 1o repeat-
ed-measures analysis of variance (P=0.008), buz
there was no interaction between treatment and
time (P=0.49), suggesting that the response to
nitroglycerin changed in the two groups during

2 months after therapy (abselute difference, 39%; the study period (Fig. 2). The di between

Table 2. Di li 2 Menths and hs afh Theragy.®

Wariable Cantrol-Treatment Graup Intersive-Treatment Graup

Basehng 2 Manths & Menths Baseling 2 Maonths & Months

Totsl ne. of teeth 2743 743 2723 713 252471 252417F
Mo, of lesions [periadantal pockets) 84226 21227 BO=31 82227 20:154 14=129¢
Sites with detectable plaque (3§ 63421 424221 4nart 66470 15£101% 521871
Sites with gingival bleeding [3)9 63417 £3:10] 65220] 66218 2413t 2621644

= Fius_minus valies are means 250,

t P<0.001 far the comparison with baseline.

4 P<0.001 far the comparison with the standard treatment group.

§ Seeees for full-mauth gingivel bleeding were caleulated for each patient as the number of sites with girgival bleeding on probirg divided by
the tatal number of sites per mouth, multiped by 100,

A Sceeas for full-maouth plaque wire calculated Tor each patient &5 the number of sites with detectsble plaque deided by the total rumber of
sites per mouth, multiplied by 100

| P<0.05 far the comparison with baselae,
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Table 2: This table describes the visible effects of each treatment (control/minimal vs intensive/full) at
baseline, then again assessed at 2 months, and then again at 6 months.

Results:
- Overall, periodontitis decreased with both treatments (except lesions for the control group), but it

decreased more for the intensive treatment group compared to the control.

_: More intense treatment is superior, but both decrease periodontitis.
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the two groups in flow-mediated dilatation and

i 2 B et i
not correlated with differences in the baseline ves-
sel diameter or the reactive hyperemia ratio (data
not shown).

MARKERS OF INFLAMMATION, COAGULATION,
AND ADHESION

Repeated-measures analysis of variance showed a
significant i ion between and time
for most of the secondary biomarkers (neutrophil
count, levels of CRP, interleukin-6 [P<0.001], von
Willebrand factor (P=0.009), soluble E-selectin
[P=0.002], PAI-1 [P=0.04], and tPA [P=0.87]).
Twenty-four hours after therapy, levels of inter-
leukin-G were higher in the i i

Intensivedreptment grovp

Controlreatment group

Flow-Modistod Diatation (%)

¥

Baseline Day1 Dy 7 1Mo 2Me 6 Mo
Study Period

Figure 2: This graph shows the amount of blood vessel dilation at baseline and then again at various time points
after the periodontal (control/light vs intensi ).

Results:
- Intensive periodontal treatment increased dilation.

: Removing plaque from below the gum line, as well as other intensive periodontal techniques increases
dilation

group than in the control-treatment group (differ-
ence, 8.1 pg per milliliter; 95% CI, 6.1 to 10.1;
P<0.001), as were the levels of CRP (difference,
13.7 mg per liter; 95% CI, 10.4 o 17.0; P<0.001),
PAI-1 (difference, 5.1 ng per milliliter; 95% CI,
1.0 to 9.8; P=0.02), soluble E-selectin (difference,
1.8 ng per milliliter; 95% CI, 1.1 o 2.8; P=0.02),
and von Willebrand factor (difference, 1.2 ng per
milliliter; 95% CI, 1.1 to 1.3; P=0.001) and the
neutrophil count (difference, 1.7x10” cells per li-
ter; 95% CI, 1.2 to 2.2; P<0.001) (Fig. 3).

Levels of soluble E-selectin were lower in the
intensive-treatment group than in the control-
treatment group 2 months after therapy (differ-
ence, 2.7 ng per milliliter; 95% CI, 1.4 to 8.6;
P=0.02) and 6 months after therapy (difference,
2.8 ng per milliliter; 95% CI, 1.3 to 84; P=0.03)
(Fig. 3). Between-group differences in serum lev-
els of CRP did not reach statistical significance at
2 months (1.4 mg per liter; 95% CI, 1.0 to 1.8;
P=0.09) or at 6 months (1.4 mg per liter; 95%
Cl, =10 to 2.0; P=0.07).

Contratreatent group

Intershe-reatment group

isted Dilatation [%]

Baseine Doyl  Ow7 1Mo Mo GMo
Study Period

Figure 2. Flow-Mediated Dilatation and Nitroglycerin-Mediated Dilatation
during the 6-Month Study Period.

1 bars represent SE. Data are for the 61 patients in the intensive-treatrnent
group and the 59 patients in the control treatment group. Asterisks indicate
significant between-group dfferences (P<0.05). P values were cakulated
by repeated-measures analysis of variance with the use of the Bonferrcai-
Holm adjustment for multiple comparisans.

OF VASCULAR

There was a si between the

DISCUSSION

change in flow-mediated dilatation 6 months
after periodontal therapy and changes in clini-
cal periodontal outcomes in response to therapy.
Improvement in endothelial function was related
to a reduction in the number of periodontal

This study showed that intensive treatment of
periodontitis, a common potential source of low-
infl; ion, results in an imp in

endothelial function. Local intensive mechanical

lesions (r=0.30 by Spearman rank correlation,
P=0,002) and to a reduction in scores for full
mouth bleeding (r=0.29 by Spearman rank cor-
relation, P=0.003) (Fig. S1 in the Supplementary
Appendix).

p without the use of sys-
temic drug therapy, resulted in a transient acute
systemic inflammatory response and a transient
impairment of endothelial function. At 6 months,
however, intensive treatment of the periodontitis,
d with control was associat-
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Figure 3. Circulating Biomarkers in the Two Groups during the B-Manth Study Period,
[ bars represent SE. Data are for the 61 patients in the intensive-treatment group and the 59 patients in the cortrol-trestment group, Asterisks
indicate slgﬁlﬂcmt b«woen -ErUp leFwsn(es {P=0.05), P vabues were calculated by sepeated-measins anslysts of variance with the use of
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. PAI-1 denates plasminagen-activator inhibitor type 1, and CRP Creactive protein.

Figure 3: This figure shows a series of graphs indicating the measured blood levels of many different markers for
inflammation and plaque formation in the arteries. Plasminogen Activator Inhibitor (PAl) increases risk of thrombosis
and atherosclerotic plagues. E Selectin is a marker of inflammation as it is involved in immune recruitment upon its
release from endothelial cells. C-Reactive Protein (CRP) is a molecule released in inflammation by the liver.
Interleukin 6 (IL6) and Von Willebrand Factor are both markers of inflammation. Neutrophils are immune cells.

Results

- PAl is elevated at day 1, but not after 6 months, in the intensive treatment group.

- E-selectin is elevated after 2 and 6 months in the control (non-intensive group).

- CRP is elevated the day of the treatment and one week later in the intensive treatment.

- IL-6 and von Willebrand's Factor are both elevated on the day of treatment, but not any other times, in intensive
treatment group.

- Neutrophils are increased in intensive group on day of treatment for intensive treatment group, but elevated for
control group all other times.

[Take/AWay: Intensive treatment leads to greater i day 1 of reduces or remains
stable compared to control group - implying the treatment is I|ke|y inflammation |nduc|ng |n the short term (healing, for
example), but helpful in the long term.

ed with reduced indexes of periodontal disease se-  resp inath is and irs comp

verity and significantly better endothelial function.  or both, and experimental and clinical studies
Perindontitis is associated with increased levels h:l\v\e mdm:nled a pmenn:lllr delererions effect of

of markers of inflammation, including CRE, fi- parhngtns in vitro can

brinogen, and cytokines, 52 Emerging evi- Latel d fi ell forma-

dence suggests that pericdontitis may have a role  tion.™ Porp imgivalis, an i peri-

in chronic infection, the associated infl. v odontal path , increased chal | bevels and
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TREATMENT OF PERIODONTITIS AND ERDOTHELIAL FUNCTION

the formation of atheromas in inoculated apoli-
poprotein-E knockour mice,'™*# In elinical stud-
ies, the presence of periodontal bacteria®® and
periodontitis™* has been associated with increased
thickness of the carotid intima media. Further-
mare, ease—control and cross-sectional investiga-
tions have suggested the possibility of a link
cardiovaseular outcomes.® Our prospective, ran-
domized srudy showed that the treatment of peri-
odontitis is associated with alterations in endo-
thelial function,

Endothelial dysfunction occurs early in the
pathogenesis of arterial disease, in response 1o a
wide range of risk factors that have been shown
e predict cardiovaseular events in epidemiologic
studies.** Furthermore, in the clinical phase of

h lerosis, endothelial d ion is asso-
ciated with an adverse prognosis.”*" We chose
flow-mediated dilatation of the brachial artery
as our primary end point and as an index of endo-
thelial function. Previous work in our laboratory
has led us to adopt a standard protocel for the
measurement and analysis of flow-mediared dila-
tation that minimizes the varability in this end
poing, and this protecol was used in our trial,
Flow-mediated dilatation reflects nitric oxide-
mediated vasomotor function in part,” and may
also provide an index of the effects of nitric axide
on coagulation, cell adhesion, and cell prolifera-
tion.?#3" We have previously shown thar the re-
sponse is reduced after an extrinsic experimen-
tal inflammatory stimulus (e.g., vaccination with
Salmonella typhiy'® and acute childhood infection.*

The mechanism by which periodontitis might
aftect endothelial function remains uncertain,
Periodontitis involves bacterial infection with a
range of gram-negative bacteria that Invade su-

cular risk supports this as a plausible mechanis
In our study, during the acute response to peri-
odontal therapy, there was a broad concordance
berween markers of inflammation and endothe-
lial function, with a sharp rise in CRI and inter-
leukin-G levels in association with a substantial
impairment in flow-mediated dilatation and in-
creased PALL and soluble E-selectin levels. CRP
levels and neutrophil counts were decreased
& months after the administration of the therapy
in both trearment groups, but this effect was not
associated with the difference in flow-mediated
dilatation berween the two groups, These chang-
es may have occurred because CRP and the other
markers involved may not adequately reflect the
relevant inflammatory pathways or because the
long-term effects are independent of a systemic
inflammatory response. We studied well-charac-
terized patients with severe periodontal disease
whao did not have systemic disease but who were
at high risk for cardiovascular events. This may
explain the relatively high levels of CRP measured
ar baseline and ar the end of the 6-month study
period.

It is likely thar periodontitis of the severity
seen in the patients in this study affects about
0.5 to 1.0% of the adult population in the United
Srares — abour 3 million people in all.** An es-
timated 21 to 80% of U8, adults have some form
of periodontal disease, but it remains uncertain
whether those with less severe disease would have
improverments in vascular function that would
be similar to the improvements in our study popu-
Lation. Further studies are required to determine
whether the treatment of severe periodontitis
could contribute to the prevention of atheroscle-
rosis and cardiovascular events in adults,

perficial and deeper gingival tissues, d |

o the severity. ™ It is possible, therefore, that these
pathogens or their products could affect endo-
thelial function directly, since even brushing the
teeth or chewing can result in an ephemeral bac-
teremia.?® In cell cultures, P gingivalis has been
shown to invade endothelial cells, ™ and periodon-
tal pathogens have been identified in carotid ath-
eromatous plagues in patients undergoing end-
arrerectamy.® Alternatively, these parhogens might
act s a trigger for a systemic inflammatory re-
sponse that, in wm, might have detrimental ef
fiects on the vascular wall. The emerging evidence
that other inflammatory disorders, such as sys-
temic hupus erythemarosus™ and rhenmaroid ae-
thritis,*” are associated with increased cardiovas-
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