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Periodontitis and atherogenesis:
causal association or simple

coincidence?
A pilot intervention study
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Abstract

Objectives: The aim of this study was to assess the systemic effects of treating severe
widespread periodontitis in a population of otherwise healthy individuals by
examining treatment associated changes in markers of inflammation that are also
implicated in cardiovascular atherosclerotic diseases. The potential impact of specific
polymorphisms in cytokine genes known to influence both periodontitis and
cardiovascular diseases was also examined.

Materials and Methods: A convenience sample of patients affected with severe
generalised periodontitis was enrolled into a prospective single blind longitudinal
intervention trial with a 6 months follow-up. Serum C-reactive protein (CRP) and
interleukin-6 (IL-6) levels were assessed by high-sensitivity assays. Serological and
clinical periodontal parameters were evaluated at baseline, 2 and 6 months after
completion of non-surgical periodontal therapy.

Results: In the 94 subjects that completed this pilot trial improvements in all clinical
periodontal parameters were achieved. These were accompanied with significant
reductions in serum IL-6 and CRP concentrations. In a multivariate model, serum CRP
levels were significantly associated with the outcome of periodontal treatment after
correcting for potential covariates (age, body mass index, gender, smoking) and
polymorphisms in the IL-6 (—174 C/G) and IL-1A (—889) genes. A median decrease in
serum CRP of 0.5 mg/l (95% CI 0.4-0.7 mg/l) was observed 6 months after
completion of periodontal therapy in this population. Subjects with above average
response to periodontal therapy (< 30 residual pockets and <30% of sites bleeding on
probing) accounted for the observed improvement in serum CRP.

Conclusions: Control of periodontitis, achieved with non-surgical periodontal
therapy, significantly decreased serum mediators and markers of acute phase response.
The significance of the serum response was associated with the half of the population
that responded better to non-surgical periodontal therapy. The results of this pilot
study indicate that severe generalised periodontitis causes systemic inflammation. This
is consistent with a causative role of periodontitis in atherogenesis.
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Atherosclerosis and its consequent car-
diovascular diseases represent one of
the leading causes of death in the
industrialised world. Its etiological
pathway is one of a chronic inflamma-
tory disease. However the stimuli of the
invoked inflammatory reaction remain

incompletely understood (Ross 1999).
In the past 15 years, many investigators,
unable to attribute a large part of
cardiovascular events to the well recog-
nised risk factors (cholesterol, lipids,
smoking, etc.), raised again the old
theory that chronic infections may cause

atherosclerosis (Leinonen & Saikku
2002).

Several reports and a recent meta-
analysis have shown increased odds
ratios for cardiovascular events in large
populations of subjects harbouring

hypothetical triggering chronic infective



agents (H. pylori, C. pneumoniae). The
role of chronic infections on atherosclero-
tic cardiovascular diseases is now sup-
ported by a bulk of validating evidence
that has also generated a series of anti-
microbial intervention trials to establish
causality in the association (Gupta &
Camm 1998, Anderson et al. 1999, Danesh
1999, Fong 2000, Stone et al. 2002).

In recent years an increasing number
of epidemiological studies have indi-
cated that subjects with periodontitis
may have increased risk of cardiovas-
cular events. The association between
periodontitis and cardiovascular dis-
eases, however, remains a matter of
debate. Recently, discussions have
focused on the divergent results that
different groups have obtained after
analysis of material from the same
study (Beck & Offenbacher 2001,
Howell et al. 2001, Genco et al. 2002,
Hujoel et al. 2002). Critics have under-
lined the fact that both periodontitis and
atherosclerosis share commonalities in
terms of established risk factors, and
that the association, even if established,
could be spurious. If the association was
firmly established, however, the critical
question of its nature in terms of
possible causality will remain central
to understanding the medical signifi-
cance of periodontal infections.

The magnitude of the odds ratios
reported in a large meta-analysis for
non-oral chronic infections and the so-
called dental diseases (caries and perio-
dontal disease) was similar and, as a
whole, the available evidence would
seem to support the hypothesis that
chronic infections, including periodon-
titis, may have a causative role in
atherosclerosis (Danesh 1999).

While the debate on the strength and
nature of the association between perio-
dontitis and cardiovascular diseases
will continue for some time, recent
evidence has changed the definition of
periodontitis. Subjects affected by this
disease share common polymorphisms
in specific genes considered important
in the regulation of the inflammatory
response (Kornman et al. 1999, Korn-
man & Duff 2001). Furthermore, pa-
tients with severe periodontitis have
increased levels of serum C-reactive
protein (CRP), hyperfibrinogenaemia,
moderate leukocytosis, as well as in-
creased serum levels of IL-1 and IL-6
when compared with unaffected control
populations (Kweider et al. 1993, Eber-
sole & Cappelli 2000, Loos et al. 2000,
Noack et al. 2001, Fredriksson et al.

2002). Recognised risk factors include
also the important effect of cigarette
smoking, and systemic diseases such as
diabetes present also in the panel of the
etiological agents for cardiovascular
diseases (Genco 1996, Page 1998).
These data have clearly indicated that
a systemic inflammatory response is
associated with severe periodontitis in
otherwise healthy individuals.

Two mechanistic hypotheses have
been proposed regarding the etiological
pathways of the association between
periodontitis, systemic inflammation
and cardiovascular diseases: one fo-
cuses on the chronic infectious burden
that periodontitis may represent for the
organism via access of either micro-
organisms or endotoxins; the others sees
the diseased periodontium as a source of
systemic inflammatory mediators.

Independently of the underlying me-
chanism(s), systemic inflammation
seems to be central for explaining the
nature of the link between chronic
infections and atherosclerosis (Danesh
1999, Koenig 2001, Libby et al. 2002).

In this respect, CRP is generally
considered as the most sensitive marker
of the acute phase response to infectious
burdens and/or inflammation (Gabay &
Kushner 1999). As a consequence of its
kinetics it best describes the systemic
individual ‘‘inflammatory’’ status. CRP
hepatic production is usually elicited by
an inflammatory stimulus (infectious or
not) and mediated through a complex
network of cytokines (mainly interleu-
kin-6, IL-6) (de Maat & Kluft 2001).
CRP serum concentrations in the upper
quartiles of normality, moreover, have
assumed a significant role as predictors
for future coronary events in healthy
populations (Ridker et al. 1997). Sys-
temic low-grade infections with their
moderate acute phase responses may
accelerate the formation of atheroma-
tous plaques with consequent increased
risk of future cardiovascular events
(Danesh et al. 2000).

This body of emerging evidence,
however, has left unanswered a series
of questions on the debated link be-
tween chronic infections, for example,
periodontitis and atherosclerotic events.
Is this reported modest increase of CRP
serum concentration and the inflamma-
tory condition that it represents a novel
etiologic mechanism for atherosclerosis
or just a coincidence?

The aim of this pilot intervention trial
was primarily to assess whether the
control (elimination) of active period-
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ontal infection might have an impact on
serological markers of systemic inflam-
mation (CRP, IL-6) in otherwise healthy
individuals. Clinical periodontal and
microbiological outcomes were also
analysed to validate the level of efficacy
of periodontal treatment. Secondly, the
study investigated the potential signifi-
cance of specific cytokine polymorph-
isms known to influence both cardio-
vascular and periodontal diseases in terms
of patterns of serum response.

Materials and Methods

Study design and experimental
population

The study was a prospective, long-
itudinal, single blind pilot intervention
trial with 6 months follow-up. Partici-
pants were recruited from subjects
referred to the Department of Period-
ontology of the Eastman Dental Hospi-
tal for treatment of periodontitis.
Inclusion criteria were the presence of
severe generalised periodontitis without
any other systemic infection or disease.
Subjects were required to have a prob-
ing pocket depth (PPD) greater than
6mm and marginal alveolar bone loss
greater than 30% at least in 50% of the
entire dentition. Exclusion criteria in-
cluded (i) known systemic diseases
(cardiovascular, respiratory, renal, ma-
lignancy, etc.), (ii) history and/or pre-
sence of any other infections, (iii)
systemic antibiotic treatment in the
preceding 3 months, (iv) treatment with
any medication known to affect the
serum level of inflammatory markers
(e.g. non-steroidal anti-inflammatory
drugs), and (v) pregnant or lactating
females. All patients gave informed
written consent; the study had been
reviewed and approved by the Eastman/
UCLH joint ethics committee.

Study outline

A baseline visit was conducted by a
blind calibrated examiner who collected
a complete medical history, standard
clinical periodontal parameters, blood
and microbial samples. A periodontal
treatment phase followed and it was
carried out by a periodontist. The
patients were re-examined 2 and 6
months after the completion of treat-
ment when the same clinical and
serological parameters were collected.
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Periodontal parameters and examiner
calibration

At the three study visits (baseline, 2 and
6 months) full mouth PPDs, recessions
(REC) from the free gingival margin to
the cemento-enamel junction and bleed-
ing on probing (BoP) were recorded at
six sites per tooth. Furthermore full
mouth plaque scores (FMPSs) were
recorded as the percentages of total
surfaces which revealed the presence of
plaque (O’Leary et al. 1972). A total of
10 non-study subjects were recruited
and used for calibration of the examiner.
These subjects had periodontal disease
and the examiner recorded in two
different occasions full mouth PPD
and REC at six sites per tooth (exclud-
ing third molars) using a manual, UNC-
15 periodontal probe. Clinical attach-
ment level (CAL) was calculated from
PPD and REC. Upon completion of all
measurements, intra-examiner repeat-
ability for CAL measurement was
assessed. Examiner was judged to be
reproducible after meeting a percentage
of agreement within 42 mm between
repeated measurements of at least 98%.

Periodontal treatment

Patients were treated for periodontitis
by means of non-surgical periodontal
therapy by a periodontist. Oral hygiene
instructions and subgingival scaling and
root planing under local anaesthesia were
performed using uniquely a piezoelectric
instrument equipped with appropriate
subgingival tips (EMS, Switzerland).
The therapist, without limitations in
terms of time or number of visits,
completed this phase within 1-3 months
of the baseline visit. All other dental
treatments (extractions of hopeless
teeth, restorative and endodontic treat-
ments) were carried out before comple-
tion of the periodontal treatment phase.

Blood collection and analysis

Serum samples were collected from a
single, clean venipuncture with minimal
stasis from the antecubital fossa at
baseline and 2 and 6 months after
completion of treatment. Serum was
obtained by centrifugation for 15 min at
2000rpm within 1h of collection.
Samples were stored at —70°C until
analysis that was performed in a stan-
dardised fashion to limit intra-individual
variations. CRP serum levels were
assessed by an automated immunoturbi-

dimetric high-sensitivity assay (Cobas
Integra, Roche, lower detection limit of
0.25mg/l); IL-6 was measured by
means of a commercial high-sensitivity
ELISA kit (Quantikine HS, R&D Sys-
tem, Minneapolis, MN, USA, lower
detection limit of 0.04ng/l) according
to manufacturer’s instructions. Analyses
were performed in duplicate and all
samples for a given patient were analy-
sed on the same ELISA plate to mini-
mise variability.

Genetic polymorphisms analyses

Patients’ DNA was extracted from
peripheral leukocytes collected at the
baseline and stored in an EDTA vacu-
tainer in a —70°C freezer. A commercial
kit was used according to manufac-
turer’s instructions (Nucleon® BACC2
kit, Nucleon Bioscience, Coatbridge,
UK). In brief, blood samples were
thawed at room temperature and 30 ml
of reagent A (red cell lysis buffer;
10mM Tris—HCI pH 8; 0.32 M sucrose;
SmM MgCl,; 1% Triton X-100) added
to 10 ml of blood in a 50 ml polypropy-
lene centrifuge tube. The contents were
mixed by inverting several times and
then centrifuged at 1300 x g for 5min
to sediment the leukocytes. The super-
natant was discarded and 2.0ml of
reagent B (white cell lysis buffer) and
300 ug of proteinase K (Invitrogen,
Paisley, UK) was added to the cell
pellet. After vortexing, the tubes were
incubated at 37°C for 30 min and 0.5 ml
sodium perchlorate (0.5 M) was added,
the contents mixed by inversion, then
2.0 ml chloroform was added and mixed
again. Three hundred microliters of
Nucleon® resin was added and the
tubes centrifuged at 1300 x g for
3min to separate the phases, followed
by removal of the upper aqueous phase
containing the DNA, which was trans-
ferred to a fresh tube. Two volumes of
cold ethanol were added to precipitate
the DNA and the DNA was resuspended
in 250 ul of sterile water. The DNA
concentration was estimated by measur-
ing absorbance at a wavelength 260 nm
using a spectrophotometer. Ten nano-
grams of DNA were subsequently used
for polymerase chain reaction (PCR).
Each PCR reaction was performed in
25 pl volume containing 1 ul of DNA in
buffer containing 10 mM Tris—HCI, pH
8.3, 50 mM KCl, 500 uM of each dNTPs
(dATP, dCTP, dTTP, dGTP), 50 pmol
of each of the primers and 1U of taq
polymerase (Abgene, UK). The MgCl,

concentration varied for different pri-
mers. Sequences of the oligonucleotide
primers used for PCR amplification, the
size of the predicted PCR products and
the PCR amplification program used
were described previously (Kornman et
al. 1997, Fishman et al. 1998). Briefly
the following primer sets were used: for
IL-1A (—889) 5’ AAG CTT GTT CTA
CCA CCT GAA CTA GGC 3'and 5’
TTA CAT ATG AGC CTT CCA TG
3/; for IL-1B (=511) 5" TGG CAT
TGA TCT GGT TCA TC 3’ and 5’
GTT TAG GAA ATC TTC CCA
CTT 3’; for IL-1B (+3954) 5" CTC
AGG _TGT CCT CGA AGA AAT
CAA A 3’and 5’ GCT TTT TTG CTG
TGA GTC CCG 3’; finally for IL-6
(—174 G/C) 5" TGA CTT CAG CTT
TAC TCT TGT 3/, 5 CTG_ATT
GGA ACC CTT ATT AAG 3. Alleles
were identified following digestion with
restriction endonucleases on a 3%
agarose gel containing 0.5 mg/ml ethi-
dium bromide in 1 TBE buffer at 100 V
for 2 h. The bands were visualised using
a UV transilluminator.

Microbial samples and analysis

Samples of subgingival periodontal
plaque were collected at baseline and
2 months after completion of treatment.
Using a sterile curette the examiner
collected subgingival plaque samples
from the four deepest pockets, one in
each quadrant (hopeless teeth were not
included). Supragingival plaque was
gently removed with a scaler, the site
isolated from saliva and the curette
inserted in the pocket. Samples were
placed into 1ml of reduced transport
fluid (pooled sample) (Syed & Loesche
1972). Specimens were immediately
transported to the Department of Micro-
biology at the Eastman Dental Hospital
for analysis. At the 2 months visit
plaque samples were collected from
the same pockets irrespective of the
changes in PPD. DNA was isolated
from the plaque samples by the use of a
commercial DNA extraction kit (Pure-
gene, MI, USA). The DNA was then
used as a template to carry out ampli-
fication of the bacterial 16S rRNA gene
to confirm the presence of bacterial
DNA in each sample. This 16S rRNA
gene product was then used as a
template using species specific primers
to amplify regions of DNA specific to
one of three different periodontal patho-
gens by the use of multiplex-PCR (Tran
& Rudney 1999). The use of these



primers produced three different sized
DNA products for Tannerella forsy-
thensis (Tf) [formerly B. forsythus],
Porphyromonas gingivalis (Pg) and
Actinobacillus  actinomycetemcomitans
(Aa). PCR products were then visualised
on an agarose gel. The presence of a
DNA band at the expected size allowed
confirmation of the presence of the
pathogen within the plaque sample.

Statistical analysis

As pilot intervention trial, the sample
size of this study was not based on
formal power calculations but on logis-
tic considerations. No other study was
found in the literature at that time to
perform a sample size analysis. All data
were entered in a computer file, proofed
for entry errors and analysed with a
statistical package (SAS version 8.1,
Chicago, IL, USA). Changes in serum
concentrations of CRP and IL-6 follow-
ing periodontal therapy were used as the
primary outcome variables. Moreover,
clinical and microbiological outcomes
were defined in terms of changes in
PPD, REC, CAL and presence of
specific periodontal pathogens at differ-
ent time points. Variables not normally
distributed were logarithmic trans-
formed before being used in parametric
comparative analysis. Due to previously
reported intra-individual variations in
terms of serum CRP concentration, we
included in the analysis only values
within the interval of 3SD as previously
suggested (Macy et al. 1997, Roberts et
al. 2001). Continuous normally distrib-
uted variables were reported as mean
4+ SD while median and interquartile
(IQ) ranges were used to describe non-
normally distributed data. Between vis-
its differences for each inflammatory
marker were assessed by Wilcoxon’s
paired rank-sum test. Paired r-test was
used to compare differences in clinical
periodontal parameters. Presence or
absence of periodontal pathogens after
2 months was assessed by McNemar’s
paired test. The null hypothesis of no
changes in CRP and IL-6 concentrations
following periodontal therapy was as-
sessed with repeated measure analysis
of variance adjusting for the known
confounding factors. A significant dif-
ference was set to be at p<0.05.

Results
Experimental population

Ninety-four subjects agreed on the
treatment plan and reached the 6 months

follow-up. Overall subjects were 46 + 9
years of age, 54% were females, 42%
were current smokers and 26% had a
family history of cardiovascular dis-
eases (see Table 1). The sample popula-
tion included 75% chronic periodontitis
patients while 25% were affected by an
aggressive generalised form.

The frequency of different genotypes
at the studied polymorphic sites for IL-1
and IL-6 is displayed in Fig. 1 and was
in accordance with previous reports
(Kornman et al. 1997, Fishman et al.
1998). All subjects throughout the 6
months study did not report any change
in diet, medication or smoking habits.
The recorded clinical periodontal para-
meters emphasise the severity and
extent of the periodontal infection
(Table 2). At baseline, patients had an
average FMPS of 58 + 20.7% and had
an average of 63.5 £ 16.4% sites bleed-
ing upon probing. The average number
of deep periodontal pockets (PPD>
4mm) was 77 £+ 23, with full mouth
patient averages of CAL of 4.93 £
1.13 mm, and PPDs of 4.36 4+ 0.59 mm.

Multiplex PCR detectable levels of
specific anaerobic pathogens were
found in the majority of the cases as
follows: 76.3% of the subjects were
positive for Tf, 72.8% for Pg and 43.8%
for Aa, indicating the high prevalence of
infection with recognised periodontal
pathogens.

Effects of treatment on periodontal
outcomes

The clinical periodontal outcomes of
treatment are displayed in Table 2. Oral
hygiene was significantly improved
with 2 and 6 months FMPS averaging
about 20%. Full mouth bleeding scores

Table 1. Experimental population

Characteristics

Age (years) 46 + 8

Gender Female 54%
Smoking Current smokers 42%
Body mass index 253 £3.7
(kg/m?)

Family history Positive 26%

of CVD

Periodontal Chronic 75%
diagnosis Aggressive 25%
No. of teeth at 27£3

baseline

No. of teeth 242

extracted

Values reported are means £ SD.
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(FMBS) also reached averages of 16%
and 17% at 2 and 6 months, respec-
tively. Subjects showed a significant
reduction in the number of periodontal
pockets from 77 23 at baseline to
28 £ 16 at 2 months and 23 + 15 at the
6 months follow-up (p <0.0001, r-test).
Changes in full mouth patient averages
in terms of PPD, REC and CAL were
also significant at the different time
points (p<0.0001, r-test) (Table 2). A
significant reduction was achieved in
the prevalence of Pg positive subjects
(from 72.8% at baseline, to 34.2% at 2
months p<0.0001 McNemar’s test,
Table 3) whereas, even if reduced, the
number of sites positive for 7f did not
reach statistical significance and no
change was noted for Aa.

Effect of periodontal treatment on serum
parameters

Baseline CRP median level was 1.9 mg/
1 with an IQ range of 3.6 mg/l, whereas
IL-6 median level was 1.82ng/l
(1.45ng/1 1Q). No significant differ-
ences in concentrations were found
among different groups according to
age, gender, periodontal diagnosis
(chronic versus aggressive periodonti-
tis) and smoking status. Nevertheless, a
significant difference in serum level was
found among sub-groups according to
the carriage of specific polymorphisms
in the IL-6 genes as well in the IL-1A
gene (Figs. 2 and 3).

Baseline CRP concentrations were
significantly associated with age, body
mass index and patient average CAL in
a multivariate analysis (Table 4).

Both inflammatory markers had a
positive skewed distribution curve. A
significant decrease in serum IL-6 con-
centration was found at 2 and 6 months
after completion of periodontal treat-
ment (p=0.021, 0.006, respectively,
Wilcoxon’s test). CRP serum concen-
tration decreased significantly only at
the 6 months follow-up (p<0.0001,
Wilcoxon’s test, Fig. 4A, B). The
median change in CRP concentration
between baseline and 6 months was of
0.5mg/l with a distribution-free 95%
confidence interval of 0.4-0.7 mg/l. The
difference in median concentration of
IL-6 was 0.18 ng/1 (0.02-0.44 95% CI)
between baseline and 2 months and
0.22ng/1 (0.06-0.44 95% CI) between
baseline and 6 months (Table 5).

Due to heterogeneity of response to
periodontal treatment (in terms of clin-
ical periodontal parameters) and to the
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Fig. 1. Bar charts describing the prevalence of different genotypes in the population.

3.0 1
3.2
%
|
= 2.6
E 20
[
£
©
7]
@
o 1.5
£ 1.0
(3]
0.0 T T T
GG GC CC

Polymorphism IL-6 Gene (-174 G/C)

Fig. 2. Median baseline CRP levels among subgroups of patients according to specific IL-6
polymorphisms. *A significant difference was observed between heterozygous as compared
with subjects homozygous for the G allele (p = 0.027, the Mann—Whitney test).

Table 2. Clinical periodontal parameters before and after treatment

Baseline 2 Months 6 Months
Mean SD Mean SD Mean SD
FMPS’ 58.04 20.70 20.90* 14.29 20.08* 10.42
FMBS' 63.57 16.39 15.80¢ 11.57 17.10F 11.91
No. pockets® 77.08 23.23 27.82} 16.36 22.91% 15.04
PPD (mm) 436 0.59 3.25% 0.47 3.19¢ 0.47
REC (mm) 0.56 0.88 1.56} 0.94 1.72} 0.94
CAL (mm) 493 1.13 474 1.14 4.85 1.13

*Number of pockets with PPD >4 mm. PPD, REC and CAL represent full mouth averages of each

subject.

TFMPS, full mouth plaque score; FMBS, full mouth bleeding score.

1 <0.001 r-test compared with baseline.

presence of well-established covariates
such as smoking, age, gender and body
mass index, data were further analysed
using a repeated measure analysis of

covariance model with Log CRP as the
dependent variable (Table 6). For the
purposes of this analysis subjects were
classified in terms of their level of

Table 3. Prevalence of subjects positive for
selected periodontal pathogens (multiplex
PCR)

Positive%

Baseline 2 Months

T. Forsythensis 76.3 64.4
P. Gingivalis 72.8  34.2%
A. Actinomycetemcomitans 43.8 39.5

*Significantly different from baseline p<
0.0001 McNemar’s test.

response to periodontal therapy based
on the median number of residual
pockets and the median percentage of
bleeding sites 6 months after treatment.
The group with the better response to
periodontal therapy was characterised
by the persistence of less than 30
pockets Smm or deeper and less than
30% BoP. A highly significant model
was constructed that explained 31% of
the observed variability in Log CRP in
terms of effectiveness of periodontal
treatment, age, body mass index, smok-
ing status and carriage of specific
cytokine genotypes (Table 6). Data
indicated that there was a significant
interaction between the treatment out-
come and the overall CRP levels (base-
line, 2 and 6 months), and that the
decrease in CRP was significant in those
subjects who had the best outcomes in
terms of periodontal parameters. The
effect was significant after correcting
for other known covariates such as age,
gender, body mass index and smoking.
Furthermore, the analysis indicated that
serum CRP concentrations were signifi-
cantly associated with carriage of spe-
cific polymorphic functional alleles in
the promoter region of the IL-6 (—174G/
C) and IL-1A (—889) genes. Carrying
different alleles at the polymorphic sites
of IL-1B gene (—511 and +3954) did
not reach significance in the model.

A similar analysis using Log IL-6 as
the dependent variable indicated that
serum IL-6 changes were also asso-
ciated with periodontal treatment effect
as well as with covariates such as age of
the subjects and a specific polymorph-
ism in the IL-1B gene (—511)(Table 6).

Discussion

This study reports the results of a
pilot trial examining the effects of
non-surgical periodontal therapy on
systemic markers of inflammation. It
demonstrated that effective control of
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Fig. 3. Median baseline CRP levels among subgroups of patients according to specific
polymorphism in the promoter region of IL-1A (—889). *A significant difference was
observed between subjects carrying the 1.2 alleles (heterozygous) and those homozygous for
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Table 4. Multiple linear regression model of Log [CRP] at baseline controlling for age, body

mass index and CAL*

Model Unstandardized Standardized coefficients Sig
coefficients
B Std. error p p-value
(Constant) —1.028 0.282 0.000
Age (years) 0.005 0.004 0.127 0.240
Body mass index (kg/m?) 0.031 0.009 0.326 0.001
CAL™ baseline (mm) 0.073 0.033 0.235 0.031

*CAL, clinical attachment level calculated as (PPD minus REC).

Model R? = 0.22.

periodontal infection reduced serum
inflammatory markers (CRP, IL-6) in a
relatively small population (N =94)
with severe generalised periodontitis.
Within the limits of the design of this
pilot study, the data clearly indicated
that, in this systemically healthy popu-
lation, there was a causal link between
periodontitis and the systemic inflam-
matory status.

In this respect it seems relevant to
emphasise that serum CRP and IL-6
levels detected at baseline were in the
upper quartiles of the current definition
of normality when determined with a
high-sensitivity assay, rather than being
in ranges usually associated with acute
infections or systemic inflammatory
diseases. This is important in providing
a proper interpretation of these findings:
in the context of infections, physicians
have considered frankly elevated CRP
values as an indication of a systemic
infectious burden requiring appropriate
therapeutic measures. More recent data
from longitudinal studies, however,

have indicated that acute phase response
markers such as CRP and/or IL-6 in the
upper distribution of normality seem to
be predictive of atherogenesis and
cardiovascular events (Ridker et al.
1997, Danesh et al. 2000). Renewed
interest has been placed in understand-
ing the role of chronic, low-grade
infections and their associated inflam-
matory responses. Atherosclerosis is a
multifactorial disease. The infection
hypothesis has been on the scene since
the early years of last century. Many
seroepidemiological studies have sup-
ported an association between specific
infections and cardiovascular events. C.
pneumoniae, H. pilory, cytomegalo-
virus, and oral/dental infections have
been implicated (Danesh 1999, Leino-
nen & Saikku 2002). The theory is
based upon the presumable noxious
effect that these pathogens may have
acting directly and/or indirectly
(through the inflammatory response)
causing procoagulant activity, reduced
fibrinolysis, increased leukocytes adhe-
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sion, increased cytokines production,
and ultimately enhanced LDL and
cholesterol deposition in the arterial
wall (Libby et al. 2002). Among the
possible mechanisms one is that the
pathogens may sustain a low-grade
inflammatory response in the athero-
scletoric plaque (mediated by macro-
phages, endothelial cell, etc.). The
intravascular infection may induce an
endothelial injury and activate a local
inflammatory response. In this vicious
circle the activation of inflammatory
cells and the production of inflamma-
tory cytokines as well as of adhesion
molecules may increase the risk for
thrombogenesis. The increased values
of systemic inflammation markers re-
ported in the literature would therefore
be an indicator of the atherosclerosis
(endothelial damage) progression rather
than the effect of distant infections. How-
ever a prospective study (Rotterdam
Study) indicated that atherosclerosis-
free individuals with chronic low-grade
infections had an accelerated progres-
sion of atherosclerosis suggesting that
there was chronological consistency,
with infection preceding the develop-
ment of atherosclerosis (van der Meer et
al. 2002). Another good example of
clear association between chronic infec-
tions (including periodontitis) and ather-
osclerosis comes from an ongoing
prospective study (Kiechl et al. 2001).
In atherosclerosis-free individuals the
presence of a chronic infection pre-
dicted nearly 40% of new atherosclero-
tic lesions. This risk was also higher
among subjects who showed an in-
creased systemic inflammatory reaction.
Whether this was due to particular
virulence of pathogens involved or to
an abnormal host reaction to them has
yet been demonstrated. More support to
this “‘infectious’” hypothesis comes
from two of the larger antibiotic sec-
ondary prevention trials. A beneficial
effect of the antimicrobial therapy in
terms of both serum levels of inflam-
matory markers (reduction at 6 months)
and improvement in the endothelial
function has been clearly reported
(Gupta & Camm 1998, Anderson et al.
1999, Stone et al. 2002, Wiesli et al.
2002) in different population samples
(mainly with pre-existing cardiovascu-
lar disease). More challenging has been
demonstrating that antimicrobials are
also effective in reducing the risk of
new cardiovascular events. Properly
sized randomised controlled -clinical
trials are currently under way to estab-
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Fig. 4. (A, B) Bar charts showing median CRP and IL-6 serum levels at three different time
points. }p<0.0001 Tp =0.021 $p = 0.006 Wilcoxon’s test when compared with baseline.

Table 5. Median differences of systemic inflammatory markers at 2 and 6 months follow up

A Baseline — 2 months’

A Baseline — 6 months’

Median £ 1IQ 95% Cr* Median £ IQ 95% cr*
CRP (mg/l) 0.1 £1.0 -0.3 0 05+13 0.4 0.7
IL-6 (ng/) 0.18 £ 1.0 0.02 0.4 022+ 1.0 0.06 0.4

*95% confidence interval distribution free.

A = Difference of serum systemic markers between visits.

lish in a definitive way the nature of the
association between chronic infections
and cardiovascular events. It should be
emphasised, however, that these trials
will not be able to assess the role of
biofilm centred infections such as per-
iodontitis.

Evidence that periodontitis is asso-
ciated with a systemic acute phase
response has been relatively sparse.

Periodontitis patients have higher CRP
and IL-6 levels when compared with
periodontally healthy matched popula-
tions (Ebersole et al. 1997, Ebersole &
Cappelli 2000, Loos et al. 2000, Noack
et al. 2001). This perturbation of the
physiological homeostasis is also ac-
companied by a lower number of
erythrocytes and haemoglobin concen-
trations (Hutter et al. 2001), higher

values of haptoglobin, moderate leuko-
cytosis (Fredriksson et al. 2002) and
increased cholesterol, LDL and glucose
levels (Losche et al. 2000). However it
has become clear that some confound-
ing factors (e.g. cigarette smoking) may
be underlying these associations. The
results of the current intervention study
establish the presence of a causal link
between periodontitis and systemic in-
flammatory response. Furthermore, a
correlation between the severity of perio-
dontitis and the serum concentrations of
CRP was established in the present
report, indicating that the effect of
periodontitis on systemic inflammation
seems to be dose dependent (Table 4).
Previous to this report, only two
small trials have reported the impact
of non-surgical periodontal therapy on
systemic inflammation. Christgau et al.
did not find any effect of periodontal
treatment in a mixed small population
(20 diabetics and 20 healthy) in terms of
changes in CRP levels. One of the rea-
sons may be in the assay they used for
quantification of the acute phase marker
(detection limit 2.8 mg/l) and secondly
in the extent and severity of periodon-
titis in their population (Christgau et al.
1998). Non-surgical periodontal therapy
had a significant effect on white blood
count (specifically in terms of number of
neutrophils and trombocytes) with again
the confusing effect of smoking as
covariate (Christan et al. 2002).
Another aspect of the results worth
emphasising is the indication in the
multivariate analysis (Table 6) that CRP
decreases following treatment were
associated with the clinical outcomes
of the delivered periodontal therapy:
subjects that had better outcomes than
the median at 6 months (in terms of
number of residual pockets and BoP)
seemed to account for the observed
decrease in CRP after correcting for all
the other covariates. This preliminary
observation seems to indicate that there
may a dose-dependent effect of perio-
dontal therapy in terms of systemic
parameters. Moreover, incomplete con-
trol of periodontitis (as estimated by
persistence of pockets and bleeding on
probing) following non-surgical perio-
dontal therapy alone may have pre-
cluded achieving an even bigger de-
crease in serum CRP levels. This
observation raises the issue of new
end-points in periodontal therapy in
the context of prevention systemic
inflammation and possibly atherosclero-
sis as well as the need to assess the



Table 6. Multivariate analyses explaining variability in observed serum Log [CRP] and Log [IL-
6] as a function of the outcomes of periodontal treatment and controlling for potential

confounding factors

Log [CRP] (mg/l)

Log [IL-6] (ng/l)

p Std. error P p Std. error P
Model" <0.0001 0.001
Intercept —0.8590 0.1814  <0.0001 0.0337 0.1455 0.8170
PERIO TX effect = 0* —0.0218 0.0119 0.0688 —0.0065 0.0096 0.4996
PERIO TX effect = 1* —0.0303  0.0085 0.0004 —0.0141 0.0069  0.0408
Age (years) 0.0087  0.0025 0.0005  0.0073 0.0020  0.0003
BMI (kg/m?) 0.0236  0.0044 <0.0001  0.0033 0.0036 0.3549
Smoking
[smokers versus non-smokers] 0.1124  0.0431 0.0097 —0.0061 0.0348 0.8612
1IL-6 (—174 G/C)
[CC versus GC] 0.1888  0.0650 0.0040  0.0098 0.0525 0.8527
IL-1A (—889)
[2.2 versus 1.1] —0.1093  0.0565 0.0540 —0.0329 0.0463 0.4781
IL-1A (—889)
[2.2 versus 1.2] 0.0950  0.0544 0.0818  0.0209 0.0443 0.6372
IL-1B (-511)
[2.2 versus 1.1] —0.0390  0.0653 0.5514 —0.1648 0.0536  0.0023
IL-1B (—511)
[2.2 versus 1.2] 0.0171  0.0620 0.7831 —0.1336  0.0508  0.0091
IL-1B (+3954) and
Gender NS .. . NS

*PERIO TX effect =0 subjects presenting with 30 or more residual pockets (PPD>4mm) and
>30% bleeding upon probing 6 months after completion of periodontal therapy. PERIO TX
effect = 1 subjects presenting with less than 30 residual pockets and less than 30% bleeding upon
probing 6 months after completion of periodontal therapy. BMI, body mass index. See text for

explanation of gene polymorphisms.

"Model: Log [CRP] Adj. R*=0.312; Log [IL-6] Adj. R* = 0.134.

possible benefits of additional period-
ontal therapy.

The size of the observed improve-
ment in CRP at 6 months is also
noteworthy. The reported data indicated
that in this population the observed
median decrease in serum CRP was
0.5mg/l. The 95% confidence interval,
furthermore, was relatively narrow in-
dicating that the ‘‘true’’ uncorrected
median decrease is likely to be in the
0.4-0.7 mg/l range. Within the limita-
tions of this design, a decrease of this
magnitude in terms of CRP is compar-
able with those observed with some of
the most promising medications such as
statins and anti-inflammatory agents
(Ridker et al. 1998, 1999). The medical
significance of these changes is further
emphasised by the fact that such
changes would substantially decrease
the predicted risk for future cardiovas-
cular events based on serum CRP
concentrations (Ridker et al. 1997).

Periodontal pathogens have been
identified by PCR techniques in carotid
atheromatous plaques of patients under-
going endarterectomy (Haraszthy et al.
2000). In cell culture studies, P. gingi-
valis has shown the ability to invade
endothelial cells (Genco et al. 1999).

Experimental animal models (ApoE
mice) have also demonstrated that P.
gingivalis chronic inoculations in-
creased the lipid profiles, enhanced the
atheroma formation and produced a
calcification of the aortal atherosclerotic
plaques (Li et al. 2002). A report from a
large prospective study (ARIC) has
associated periodontitis with an in-
creased risk for carotid atherosclerosis
(=1mm) after correcting for potential
confounding factors (Beck et al. 2001).
The causal link reported in this study is
in agreement with all these lines of
accumulating evidence and supports the
concept that there may be a true
inflammatory link between periodontitis
and atherogenesis.

Hypothetical pathogenetic models
consider crucial the chronic gram-nega-
tive infectious burden (presumably LPS
mediated) and the host response to it.
The local inflammatory response with
consequent release of proinflammatory
cytokines (IL-1, TNF-a, IL-6) could
explain not only the damage of the
tooth supporting tissues (periodon-
tal ligament, alveolar bone) but even
the moderate systemic acute phase
reaction that has been described in this
study.

Periodontitis and atherogenesis

409

Since variations in the inflammatory
response to the periodontal pathogens
are also strictly connected with the
individual genetic background, this
study explored the significance of spe-
cific cytokine polymorphisms. Data
indicated that specific cytokine poly-
morphisms were associated with serum
CRP levels. These included functional
polymorphisms in the promoter regions
of the IL-6 and IL-1A genes. Recent
studies have shown that IL-1 gene
markers were predictors of serum levels
of specific inflammatory markers as
well as periodontal disease severity
(Kornman et al. 1999, De Nardin
2001, Kornman & Duff, 2001, Berger
et al. 2002). These genetic variations
might produce an imbalance between
agonist inflammatory mediators and
influence the individual response to
pathogens as well as to the treatment.
Berger et al. in a population with
significant atherosclerosis found that
the 3954 hyperinflammatory type 2
allele for IL-1B markedly influenced
(two- to threefold increase) baseline
CRP serum levels. A similar but weaker
effect was found in subjects carrying
allele 2 at the polymorphic site (4845)
of the IL-1A gene that is in 99%
agreement with the IL-1A —889 poly-
morphism (Berger et al. 2002). In the
present report, this specific genotype
(IL-1A —889) showed a significant
association with serum CRP levels
whereas differences in the 3954 loci
did not reach statistical significance.
Furthermore, this study detected a sig-
nificant association between IL-6 (—174
G/C) polymorphisms and both pre- and
post-treatment serum values of CRP.
CRP and IL-6 baseline levels have been
already associated with this specific
genotype. A recessive effect of the C
allele on the mean levels of IL-6 was
reported (Margaglione et al. 2001)
whereas a dominant effect of the same
was associated with increased baseline
CRP levels (Vickers et al. 2002). We
also found a significant association
between the 511 IL-1B polymorphism
and serum IL-6 levels. Given the
small sample size of the current popula-
tion caution should be made against
overinterpreting the positive associa-
tions. In general, however, they seem
to indicate that inflammatory respon-
ses to periodontal and other chronic
infections may be higher in subjects
carrying functional  polymorphisms
in IL-1 and IL-6 genes. These may
predispose a subpopulation of period-
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ontitis patients to cardiovascular dis-
eases.

In this study a significant decrease in
serum IL-6 was observed 2 and 6
months after completion of periodontal
therapy. A significant decrease in CRP,
however, could only be detected at the 6
months evaluation. Our data do not
offer insights on the possible reasons for
this delay. Interestingly, however, look-
ing at the results published from anti-
biotic intervention trials in patients with
cardiovascular diseases this time lag has
also been reported (Anderson et al.
1999, Stone et al. 2002). We hypothe-
sise that it could be related to the
relative inefficiency of the mechanical
periodontal treatment to fully eliminate
the local infection.

Some limitations in these results have
to be reported. Although serum samples
were collected and handled in the best
possible way, they were not taken at the
same time of the day. This could have
affected the analysis mainly of IL-6
serum levels. In fact this cytokine has
shown a diurnal variation (Cava et al.
2000). Obesity is also a major source of
inflammatory mediators’ production (de
Maat & Kluft 1996, Yudkin et al. 1999).
We cannot exclude that lifestyle or diet
changes in our population even if not
reported could have affected our ser-
ological results. Another point could be
related to CRP biological variability.
Recognised determinants of CRP ‘‘phy-
siologic’’ levels include weight, smok-
ing, statin and hormone replace
therapies, alcohol consumption and
antibiotic treatment (Cushman et al.
1999, Kluft & de Maat 2001). There
are controversial opinions with regards
to biological variability. CRP is thought
to have a low biological variation with
few outliers (as reported in longitudinal
studies) (Macy, et al. 1997). There is no
diurnal variation and these outliers may
presumably occur for inflammatory sti-
muli but their clearance should not take
more than 3 days (Gabay & Kushner
1999). However a relatively wide varia-
bility (~30%) has been also reported
(de Maat & Kluft 2001). More research
is needed in this matter. In this respect
our data open new doors in clinical
periodontal research investigating the
systemic impact of periodontal therapy.
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