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Background:Coronaryarterydisease(CAD)isahighlyprev-
alent disease with significant morbidity and mortality. Peri-
odontal disease has been suggested to influence this disease
and has been associated with CAD in some epidemiologic
studies. However, this relation is still controversial. This study
aimed to determine the relationship between periodontal dis-
ease measures and CAD and acute coronary syndromes (ACSs).

Methods: Two hundred one patients presenting with stable
angina or ACS referred for coronary angiography underwent a
periodontal assessment including evaluation of periodontal
pathogens. Severity of CAD was determined by the number of
obstructed coronary arteries.

Results: Patients with severe CAD defined by multiple ves-
sel disease had significantly more periodontal destruction
than those with mild CAD, as shown by mean clinical attach-
ment level, a measure of chronic periodontal disease (CAL;
5.43 – 1.8 versus 4.85 – 1.6; P = 0.02), percentage of teeth
with CAL ‡5 mm (82.1 – 23.4 versus 70.4 – 26.9; P = 0.002),
and number of missing teeth (8.75 – 6.6 versus 6.76 – 6.6; P =
0.03). Logistic regression analysis showed that percentage
of teeth with CAL ‡5 mm was significantly associated with
CAD severity. Patients with ACS had significantly higher plaque
scores, gingival index,and Porphyromonas gingivalis counts than
stable patients. Logistic regression analysis showed that either
plaque score or percentage of P. gingivalis was significantly asso-
ciated with ACS.

Conclusion: Periodontal destruction measures are significantly
correlated with CAD severity, whereas periodontal infectious
measures are significantly associated with clinical cardiac status.
J Periodontol 2007;78:849-858.
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I
nflammation and the systemic im-
mune response are believed to play a
central role in the initiation and prop-

agation of atherosclerosis.1,2 Although
many risk factors have been linked with
the development of atherosclerosis, the
exact role of certain chronic infections
and the inflammatory response is not
yet clear. Periodontitis is a chronic in-
flammatory disease, with a primary bac-
terial etiology resulting in inflammatory
processes that lead to the destruction of
the supporting structures of the teeth.
The degree of chronic periodontal de-
struction is largely determined by the
individual inflammatory response of the
patients.3 The main bacterial species
implicated in the disease process are
Gram-negative, anaerobic, and facultative
microorganisms. Several studies,4-11 in-
cluding cross-sectional, case-control, and
longitudinal studies, imply an epidemio-
logic association between cardiovascular
diseases (myocardial infarction and ath-
erosclerosis) and periodontitis. In addition,
some evidence points to periodontal path-
ogens causing atherosclerosis in exper-
imental animal models. Porphyromonas
gingivalis has specifically been shown
to directly induce and accelerate athero-
sclerosis in atherosclerotic prone mice,12

a process that was connected with in-
creased serum levels of proinflammatory
cytokines. Data from a human clinical

* Heart Institute, Hadassah-Hebrew University Medical Center, Jerusalem, Israel.
† Department of Periodontology, Hebrew University-Hadassah Faculty of Dental Medicine,

Jerusalem, Israel.

doi: 10.1902/jop.2007.060301

J Periodontol • May 2007

849

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示



study has shown that patients experiencing non-fatal
myocardial infarction were significantly more likely
to harbor P. gingivalis than control patients without
cardiac disease.13 In addition, numerous periodontal
pathogens, including P. gingivalis, have been detected
in human atheromatous plaques obtained during end-
arterectomy.14 Despite the growing data supporting
a possible relationship between periodontal disease
and atherosclerosis, this question is still open.

Our study evaluated the relationship between the
extent and severity of periodontal disease and the se-
verity of coronary artery disease (CAD), as well as the
clinical cardiac status of the patients undergoing di-
agnostic coronary angiography. Specific periodontal
pathogens isolated from the periodontal pockets of
these patients and serum inflammatory markers were
evaluated to assess their role in coronary heart disease.

MATERIALS AND METHODS

Patients
Consecutive patients referred to the Heart Institute of
the Hadassah-Hebrew University Medical Center for
diagnostic coronary angiography were included in this
cross-sectional study from September 2001 to April
2002. All patients signed a written informed consent
form to participate in the study. The study protocol
and the informed consent were approved by the
Hadassah-Hebrew University Medical Center Institu-
tional Committee for Human Studies.

Clinical Procedures
The following patient data were recorded during a per-
sonal interview: age, gender, body mass index (BMI),
smoking status, the presence or absence of hyper-
cholesterolemia (>200 mg/dl), hyperlipidemia (low-
density lipoprotein [LDL] >130 mg/dl, high-density
lipoprotein [HDL] < 35 mg/dl), high serum triglycer-
ides (>200 mg/dl or lipid-lowering therapy), diabetes
(fasting plasma glucose >126 mg/dl or glucose-
lowering treatment), hypertension (blood pressure
>140/90 mmHg measured on several occasions or an-
tihypertensive treatment), and family history of CAD.

Clinical Status
The patients were selected according to the clinical in-
dication for the coronary angiogram. Patients with
symptoms of unstable angina or myocardial infarc-
tion made up the acute coronary syndrome (ACS)
group, whereas patients who were referred for an elec-
tive diagnostic angiogram and had not undergone an
acute coronary event in the preceding 6 months were
defined as the stable group. Criteria for unstable an-
gina were based on a clinical diagnosis on admission.
Diagnosis of acute myocardial infarction (AMI) was
based on clinical diagnosis and by compatible electro-
cardiographic changes and/or elevated myocardial bio-
chemical markers. The number of patients included

in each clinical group was predetermined at 100 pa-
tients. When this number was attained, recruitment
of patients into the group was terminated.

Angiographic Status
The angiographic assessment of the severity of the
coronary disease was rated according to the number
of obstructed coronary arteries and the degree of coro-
nary narrowing based on high-quality film angiograms.
An experienced angiographer blinded to the study
data assessed the number of coronary vessels (i.e.,
number of coronary vessels with >50% obstruction).

Periodontal Status
The periodontal assessment of each patient enrolled
in the study was carried out in the Heart Institute using
a portable dental chair or with the patient seated in bed
and a portable light source. Patients admitted with
ACS were examined within the first 3 days after admis-
sion, and the elective patients were examined before
the angiographic study. The examination was carried
out using a dental mirror and a University of North
Carolina (UNC)-15 periodontal probe.‡ Each patient
underwent a full periodontal evaluation by a trained
dentist. All teeth excluding third molars were exam-
ined. The presence or absence of supragingival plaque
was recorded at four surfaces per tooth (mesio-buccal,
disto-buccal, mesio-lingual, and disto-lingual), and the
plaque score was calculated (percentage of tooth sur-
faces with plaque). This value represents a measure of
the infectious burden associated with the periodontal
tissues. The gingival index15 was measured on a scale
of 0 to 3 at the buccal and lingual surfaces of each
tooth. The presence or absence of bleeding on prob-
ing (BOP) was evaluated on a dichotomous scale at
six sites per tooth (mesio-buccal, mid-buccal, disto-
buccal, mesio-lingual, mid-lingual, and disto-lingual)
and expressed as a percentage of the total number of
sites examined. Gingival index and BOP represent
measures of the severity of the inflammatory burden
(inflammatory response) within the gingival tissues.
Probing depths (PDs) and gingival recession were mea-
sured at the same six sites per tooth as was BOP, and
the clinical attachment level (CAL) was calculated as
the sum of the PD and recession at each site. The num-
ber of missing and mobile teeth was recorded. Mobility
was expressed as a percentage of the total number of
teeth. These parameters (PD, recession, CAL, tooth
mobility, and missing teeth) represent measures of
cumulative periodontal tissue destruction.

Bacterial Sampling
Specific subgingival periodontal pathogens were as-
sessed in pooled bacterial samples from the three
deepest periodontal pockets of each patient. Samples
were collected using paper points that were inserted to

‡ CP-15 UNC, Hu-Friedy, Chicago, IL.
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the depth of the assigned pockets and left for 10 sec-
onds. The paper points were transferred to a single
tube and stored at -20�C. After all samples were col-
lected, they were mailed at ambient temperatures to
a commercial laboratory for analysis.§ Using specific
probes designed by commercial laboratories, the fol-
lowing periodontopathic bacteria were identified and
quantified: Actinobacillus actinomycetemcomitans,
Tannerella forsythensis, P. gingivalis, and Treponema
denticola, as well as the total bacterial load. The small
subunit ribosomal RNA (ssrRNA) of each of the bac-
teria was detected by standard dot-blot hybridization
techniques16,17 using 32P-labeled specific probes. In
addition, a universal bacterial probe was used to quan-
tify the total bacterial load.

A. actinomycetemcomitans, T. forsythensis, P. gin-
givalis, and total bacterial load probes17i and the
probe¶ for T. denticola were obtained. Blots were
quantified by direct counting.# Results are given as
the percentage of each specific bacterial species in
the total bacterial load.

Blood Profile of Acute-Phase Proteins
Venous blood was drawn, and aliquots were either an-
alyzed for inflammatory markers or frozen and stored
at –80�C until used for cytokine analysis. Systemic
markers of inflammation included erythrocyte sedi-
mentation rate, a complete differential blood count,
and fibrinogen levels; C-reactive protein was measured
using a standard kit;** serum cytokines, including in-
terleukin (IL)-1b, IL-1 receptor antagonist (IL-1RA),
tumor necrosis factor-alpha (TNF-a,), IL-6, IL-8 ,and
IL-10, were measured in triplicate using enzyme-linked
immunosorbent assay (ELISA) kits.††

Statistical Analysis
Means and percentages of major risk factors, clinical
periodontal parameters, bacterial counts, inflammatory
markers, and cytokine levels were calculated for both
groups in each cardiac category (clinical presentation
and angiographic coronary severity assessment). The
significance of any difference in the means was tested
using the independent sample Student t test. Qualita-
tive parameters (risk factors and demographic pa-
rameters) were compared using x2 and Fisher exact
tests. The relationship between two quantitative vari-
ables was assessed using the Pearson correlation co-
efficient. Data are presented as mean – SD unless
stated differently.

Logistic regression models were used to examine
the effect of the independent periodontal variables on
the two dependent clinical outcomes (CAD and ACS),
controlling for the independent sociodemographic
and risk factors. One set of models tested the effect
of the independent variables on the severity of CAD
(0 to 1 or 2 to 3 vessel obstruction >50%), whereas the
second set examined the effect of the independent

variables on the clinical cardiac status (ACS/sta-
ble).Only those variables that were significant in the
univariate analysis of each cardiac category were en-
tered into each model.

All significance levels were two-tailed, and P £0.05
was considered statistically significant.

RESULTS

Two hundred one patients participated in the study,
four of whom did not undergo angiography. Table 1
lists the cardiac status including the angiographic
assessment and the clinical diagnosis of the study pop-
ulation at presentation.Twenty-eight patientshad non-
obstructive disease, with none of the vessels showing
‡50% obstruction, 17 of whom were found to have nor-
mal coronary arteries. Table 2 lists the demographic
parameters and distribution of risk factors in the study
population. The patients were evaluated according to
coronary angiographic results and their clinical sta-
tus. Based on the angiographic results, patients were
divided into two groups according to the number of
vessels involved. Mild CAD included patients with
minimal or single-vessel disease, and severe CAD in-
cluded patients with multivessel disease. Based on the
clinical evaluation, patients were divided into stable
and ACS groups. Most of the study participants were
men (87.10%), with a mean age of 58.27 – 10.81
years (range,35 to88 years). Of the 150 non-smokers,
73 were past smokers.

Dental Examination
Dental examinations were carried out on 201 patients,
the results of which are shown in Table 3. The average
number of teeth per patient was 20 – 6.70, and the av-
erage number of sites was 119.30 – 39.90. The study
population had high bacterial plaque scores (mean
plaque score = 95.61 – 8.39%), severe gingival inflam-
mation (mean gingival index = 1.62 – 0.26), and a high
percentage of sites that bled on probing (mean BOP
score = 78.18 – 19.60%); furthermore, the PD, CAL,
and tooth mobility measures indicated severe peri-
odontal destruction in this population.

Relationship Between Periodontal Disease and
Obstructive Vessel Disease
Table 3 presents the distribution of clinical periodon-
tal parameters according to the angiographic status
of the coronary arteries and the clinical cardiac status
(stable/ACS). P values were obtained using univari-
ate statistical analysis. Patients with severe CAD had
significantly more periodontal destruction than those

§ IAI Institut für Angewandte Immunologie, Zuchwil, Switzerland.
i Microprobe, Bothell, WA.
¶ IAI Institut für Angewandte Immunologie.
# Trace-96 System, Inotech, LaSalle, Canada.
** COBAS Integra, Roche Diagnostics, Basel, Switzerland.
†† R&D, Minneapolis, MN.
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with mild CAD. The mean CAL, the mean recession,
and the percentage of teeth with CAL of ‡5 mm were
significantly higher in the severe CAD group com-
pared to the mild CAD group (P = 0.02, P = 0.001,
and P = 0.002, respectively). The mean PD and the
percentage of teeth with PD ‡5 mm were greater in
the severe CAD group than in the mild CAD group,
but the difference did not reach statistical signifi-
cance. In addition, the mean number of missing teeth
per patient was significantly higher in patients with se-
vere CAD (P = 0.03); these patients also had a higher
mobility score than mild CAD patients (P = 0.08). The
inflammatory periodontal parameters (mean gingival

index, plaque score, and BOP score) were almost
identical for the two groups.

When dividing the study population into those with
normal coronary arteries (N = 17) and those with ev-
idence of CAD, patients with CAD (N = 184) showed
significantly more periodontal destruction. The mean
CAL, the mean recession, and the percentage of teeth
with CAL ‡5 mm were significantly greater among the
CAD patients compared to those having normal cor-
onaryarteries (P = 0.05, P = 0.001, and P = 0.01, respec-
tively). The mean PD and the percentage of teeth with
PD ‡5 mm were greater in the CAD group but did not
reach statistical significance. In addition, the mean
number of missing teeth per patient was greater in
patients with CAD (P = 0.08). In contrast to the mea-
sures of cumulative periodontal destruction, no signif-
icant differences were detected in the inflammatory
periodontal parameters (mean gingival index, plaque,
and gingival bleeding scores) between the normal
coronary artery and CAD groups.

Of the significant periodontal parameters in the
univariate analysis that were entered into the regres-
sion analysis model, we used only CAL ‡5 mm be-
cause of its interdependence with mean recession
and mean CAL.

The only risk factors/parameters significantly as-
sociated with the severity of vessel disease as deter-
mined by regression analysis were age (odds ratio
[OR] = 1.05; 95% confidence interval [CI]: 1.01 to
1.08; P = 0.01), hyperlipidemia (OR = 3.09; 95% CI:

Table 1.

Angiography and Clinical Status

N Diseased Vessels

(>50% Obstruction) N Patients

Angiography
(N = 197)

Non-obstructive 28
Single 57
Double 51
Triple 61
Normal coronary arteries* 17

Clinical status
(N = 201)

Stable 101
ACS 100

* The 17 patients with normal coronary arteries on angiography are
included among the 28 patients with non-obstructive vessel disease.

Table 2.

Distribution of Demographic Parameters and Risk Factors According to Coronary
Angiography (‡50% obstruction) and Cardiac Clinical Status (stable/ACS)

Coronary Angiography Clinical Status

All Patients Mild CAD Severe CAD P Value Stable ACS P Value

N 201 85 112 101 100

Age (years; mean – SD) 58.27 – 10.81 54 – 10 61 – 10 0.0001 58 – 11 59 – 11 NS

Males (N [%]) 175 (87.1) 74 (87) 98 (87) NS 91 (90) 84 (84) NS

Current smokers (N [%]) 51 (25.4) 32 (38) 18 (16) 0.001 16 (16) 35 (35) 0.002

Ever smokers (N [%]) 124 (62) 57 (67) 64 (57) NS 61 (61) 63 (63) NS

Diabetes (N [%]) 52 (25.9) 18 (21) 33 (29) NS 20 (20) 32 (32) 0.054

Hypertension (N [%]) 95 (47.3) 32 (38) 60 (54) 0.03 46 (46) 49 (49) NS

Hyperlipidemia (N [%]) 127 (63.2) 41 (48) 84 (75) 0.0001 58 (58) 69 (69) NS

Family history of coronary
heart disease (N [%])

88 (43.8) 41 (48) 47 (42) NS 59 (59) 29 (29) 0.001

BMI (mean – SD) (N = 180) 27.72 – 4.47 27.5 – 3.9 27.9 – 4.9 NS 28 – 4.2 27.4 – 4.7 NS

NS = not significant.
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1.56 to 6.11; P = 0.001), and percentage of teeth with
CAL ‡5 mm (OR = 1.02; 95% CI: 1.01 to 1.04; P =
0.001; Table 4).

Relationship Between Periodontal Disease and
Clinical Cardiac Status
Patients with ACS had a significantly higher mean
gingival inflammation index and bacterial plaque
score compared to the stable group (P = 0.04 and P
<0.0001, respectively; Table 3); the gingival bleeding
score showed a similar trend but did not reach statis-
tical significance. Of the periodontal parameters rep-
resenting cumulative destruction of the attachment
apparatus, only the percentage of teeth with CAL ‡5
mm was significantly higher in the ACS group (P = 0.04).

To examine the effect of the independent variables
on the severity of ACS, two regression analysis mod-
els were used to eliminate the interdependence be-
tween plaque score and the specific counts of the
bacteria in the plaque. In the first model, the effect
of the percentage of teeth with CAL ‡5 mm, the plaque
score, and the gingival index on ACS were examined
controlling for diabetes, smoking, and family history
of cardiac disease, whereas in the second model, the
effect of the specific bacterial counts on ACS was ex-
amined controlling for the same variables. The first
model showed that diabetes (OR = 2.59; 95% CI: 1.19
to 5.63; P = 0.02), current smoking (OR = 4.08; 95%
CI: 1.81 to 9.19; P = 0.001), and the periodontal var-

iable, plaque score (OR = 1.14; 95% CI: 1.07 to 1.23;
P <0.0001), remained significantly associated with
clinical cardiac status. Mean gingival index was not
significant in this model (Table 5). When the specific

Table 3.

Distribution of Periodontal Clinical Parameters According to Coronary Angiography
(‡50% obstruction) and Cardiac Clinical Status (stable/ACS)

Coronary Angiography Clinical Status

All Patients Mild CAD Severe CAD P Value NCA CAD P Value Stable ACS P Value

N 201 85 112 17 184 101 100

N missing teeth 8 – 6.68 6.76 – 6.56 8.75 – 6.65 0.03 5.30 – 5.71 8.25 – 6.72 0.08 7.50 – 6.03 8.51 – 7.27 0.28

Plaque score (%) 95.61 – 8.39 95.95 – 8.26 95.21 – 8.61 0.54 94.65 – 11.41 95.71 – 8.09 0.62 92.99 – 10.35 98.26 – 4.45 <0.0001

Mean gingival

index (0-3)

1.62 – 0.26 1.61 – 0.26 1.62 – 0.27 0.80 1.60 – 0.25 1.62 – 0.27 0.89 1.58 – 0.29 1.66 – 0.23 0.04

BOP score (%) 78.18 – 19.60 78.30 – 18.29 77.60 – 20.73 0.81 80.65 – 19.29 77.96 – 19.67 0.58 76.63 – 22.14 79.75 – 16.62 0.22

Mean PD (mm) 4.11 – 1.05 4.02 – 1.01 4.16 – 1.10 0.38 4.04 – 1.34 4.12 – 1.03 0.77 4.09 – 1.24 4.12 – 0.83 0.90

Teeth with PD

‡5 mm (%)

64.47 – 31.64 60.33 – 32.04 66.71 – 31.30 0.16 55.73 – 33.25 65.28 – 31.46 0.24 61.20 – 32.73 67.77 – 30.30 0.14

Mean recession

(mm)

1.09 – 0.99 0.82 – 0.87 1.27 – 1.05 0.001 0.41 – 0.40 1.15 – 1.01 0.001 1.04 – 0.97 1.15 – 1.02 0.44

Mean CAL (mm) 5.20 – 1.73 4.85 – 1.62 5.43 – 1.80 0.02 4.45 – 1.57 5.27 – 1.74 0.05 5.17 – 1.93 5.26 – 1.52 0.6

Teeth with CAL

‡5 mm (%)

77.51 – 25.52 70.36 – 26.88 82.13 – 23.40 0.002 63.43 – 29.48 78.81 – 24.81 0.01 73.94 – 27.12 81.11 – 23.37 0.04

Teeth with

mobility (%)

20.57 – 17.53 30.64 – 33.12 38.79 – 31.53 0.08 19.95 – 29.81 37.74 – 32.79 0.032 35.39 – 31.92 37.08 – 33.91 0.72

NCA = normal coronary arteries.

Table 4.

Regression Analysis of the Associations
Between Periodontal Disease and CAD

Sociodemographics and Risk Factors OR 95% CI

Age 1.05 (1.01, 1.08)

Smoking
Non-smokers 1.00 (0.17, 0.84)
Smokers 0.37

Hyperlipidemia
No 1 (1.56, 6.11)
Yes 3.09

Hypertension
No 1 (0.62, 2.42)
Yes 1.23

Periodontal parameters
Percent teeth with CAL:

<5 mm 1 (1.01, 1. 04)
‡5 mm 1.03

Missing teeth 0.98 (0.73, 1.03)

J Periodontol • May 2007 Gotsman, Lotan, Soskolne, et al.

853

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示

Tony
螢光標示



bacterial counts replaced the plaque score in the
second model, the model tended to be unstable, with
a large SE for smoking. Because the effects of either
mean gingival index and percentage of teeth with CAL
‡5 mm on ACS were not statistically significant (P
>0.1) after adjusting for sociodemographics and risk
factors, a multivariate model that did not incorporate
these two variables was constructed to evaluate the ef-
fect of the three specific bacterial counts. In this model,
the bacterial counts remained significantly associated
with ACS (P. gingivalis: OR = 1.52; 95% CI: 1.27 to
1.83; P <0.0001; T. denticola: OR = 0.65; 95% CI:
0.52 to 0.81; P <0.0001; T. forsythensis: OR = 0.82;
95% CI: 0.68 to 0.99; P <0.04; Table 5).

Relationship Between Periodontal Pathogens and
Cardiac Disease
Table 6 presents the distribution of the bacterial path-
ogens (mean percentage of each species in the total
bacterial count) according to the severity of coronary
vessel obstruction and the clinical cardiac status. P. gin-
givalis, A. actinomycetemcomitans, T. forsythensis,
and T. denticola were detected in 86%, 25%, 90%,
and 85% of the population, respectively. Patients with
ACS harbored a significantly higher percentage of
P. gingivalis than patients in the stable category (P
<0.0001). Further analysis of the subset of patients
that were positive for P. gingivalis showed a signifi-
cantly higher bacterial percentage in the ACS group

compared to the stable group (9.63 – 7.30 versus
1.91 – 1.46, respectively; P <0.001). Among patients
that were positive for A. actinomycetemcomitans,
higher, but not significant, counts were observed in
the ACS compared to the stable group (0.34 – 0.57
versus 0.24 – 0.26, respectively; P = 0.59). The counts
of the other two examined pathogens (T. denticola
and T. forsythensis) were significantly higher in the
stable group.

The percentage of P. gingivalis was significantly
higher in patients with CAD compared to patients with
normal coronary arteries (P <0.001); this relation re-
mained consistent for the subset of patients that were
positive forP.gingivalis (CAD= 5.99– 6.62;normalcor-
onary arteries = 1.76 – 1.42; P <0.001). All pathogens
examined were positively associated with the severity of
the vessel disease, but none were statistically significant.

Inflammatory Markers and Serum
Cytokine Levels
Table 7 lists the distribution of the acute-phase pro-
teins, including markers of inflammation and cyto-
kines, between the acute and stable patient groups.
All inflammatory markers and cytokines were elevated
in patients with ACS, with differences significant for all
markers except IL-8 and IL-10. No significant differ-
encesweredetected in the levelsof inflammatorymark-
ers in patients grouped according to their coronary
artery disease status.

Significant correlations of IL-6 with
both plaque score (R = 0.25; P =
0.007) and mean gingival index (R =
0.22; P = 0.01) were detected. In addi-
tion, significant but weak correlations
of TNF-a with mean CAL (R = 0.19;
P = 0.04), mean recession (R = 0.19;
P = 0.03), and percent tooth mobility
(R = 0.21; P = 0.02) were found.

DISCUSSION

Our results, as presented here, are in
accordancewithagrowingbodyofdata
that strongly established an epidemio-
logic association between two chronic
inflammatory diseases: atherosclero-
sis and periodontitis. Matilla et al.5

were the first to report an association
between dental infections and severe
coronary atherosclerosis diagnosed
by angiography; however, their dental
examination was limited to pan tomo-
graphy radiographs, which interpreted
all oral pathologies without specific
focus on periodontal conditions.
Abou-Rayaetal.18evaluated50patients
angiographically and reported a strong

Table 5.

Regression Analysis of the Associations Between
Periodontal Disease and Clinical Cardiac Status

Model 1 Model 2

Sociodemographics and Risk Factors OR 95% CI OR 95% CI

Diabetes
No 1 (1.19, 5.63) 1 0.98, 9.33
Yes 2.59 3.03

Smoking
Non-smokers 1 (1.81, 9.19) 1 (2.27, 23.23)
Smokers 4.08 7.26

Family history
No 0.27 (0.14, 0.53) 0.20 (0.08, 0.49)
Yes 1 1

Periodontal parameters:
Percent teeth with CAL ‡5 mm 0.99 (0.98, 1.01) – –
Mean GI 0.57 (0.10, 3.01) – –
Plaque score 1.14 (1.07, 1.23) – –
Bacterial counts – –

P. gingivalis 1.52 (1.27, 1.83)
T. forsythensis 0.82 (0.68, 0.99)
T. denticola 0.65 (0.52, 0.81)
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independentassociationbetweenpan tomographic in-
dex representing the severity of the dental disease and
CAD. Although Malthaner et al.19 found that chronic
periodontal indices were significantly associated with
angiographic CAD, after adjustment for confounding
factors, the significance was less pronounced. Further
support for the association between atherosclerosis
and periodontitis can be found in two recent stud-
ies20,21 showing that subclinical CADwassignificantly
associated with chronic periodontitis severity after ad-
justment formajor risk factors foratherosclerosis.Sev-

eral studies22-25 published in the last few years did not
reportsignificantcorrelationsbetweenperiodontitisand
CAD. However, in contrast to our study, those results
were based on either self-reported periodontitis or on
prospective data of patients with dental disease who
had experienced their first cardiac event.

In our patients, the severity of CAD, as diagnosed
by angiography, was significantly associated with
the parameters of periodontal disease that best repre-
sent the cumulative destructive outcome of long-
standing periodontitis (i.e., missing teeth, recession,

Table 6.

Distribution of Bacterial Pathogens (per pooled sample) According to Coronary
Angiography and Clinical Status

Coronary Angiography Clinical Status

Mild CAD Severe CAD P Value NCA CAD P Value Stable ACS P Value

N 83 104 16 175 91 100

P. gingivalis 4.34 – 5.14 5.13 – 7.02 0.38 1.54 – 1.45 5.13 – 6.47 <0.0001 1.78 – 1.49 7.60 – 7.58 <0.0001

A. actinomycetemcomitans* 0.07 – 0.19 0.06 – 0.24 0.84 0.11 – 0.17 0.06 – 0.22 0.41 0.91 – 0.20 0.04 – 0.23 0.13

T. forsythensis* 4.23 – 3.32 4.56 – 3.54 0.51 4.14 – 3.37 4.38 – 3.45 0.79 4.99 – 3.82 3.78 – 2.95 0.01

T. denticola* 3.38 – 3.69 4.16 – 5.63 0.25 4.85 – 5.05 3.66 – 4.82 0.35 5.92 – 6.16 1.80 – 1.46 <0.0001

Total bacterial load† 37.79 – 24.77 33.81 – 22.99 0.26 34.76 – 21.76 35.39 – 23.86 0.92 37.90 – 25.47 33.00 – 21.71 0.15

NCA = normal coronary arteries.
* These bacteria are presented as mean percentages of the total bacterial load.
† Total bacterial load is the mean of the numbers of bacteria per sample · 106.

Table 7.

Distribution of Inflammation Markers and Cytokines Between the Stable and ACS
Groups Based on Clinical Cardiac Status

Normal Value All Patients ACS Patients Stable Patients P Value*

C-reactive protein (mg/l) <0.5 2.06 – 0.39 (158) 3.97 – 0.81 (71) 0.51 – 0.06 (87) 0.0001

Erythrocyte sedimentation rate (mm/h) <20 23 – 2 (187) 32 – 4 (87) 15 – 1 (100) 0.0001

Fibrinogen (mg/dl) 150-400 324 – 12 (162) 355 – 22 (78) 296 – 11 (84) 0.02

White blood cells (·103/mm3) 5-10 8.8 – 0.2 (198) 10.3 – 0.4 (97) 7.4 – 0.2 (99) 0.0001

Platelets (·103/mm3) 140-440 227 – 5 (198) 238 – 7 (97) 217 – 6 (99) 0.02

IL-1b (pg/ml) <1.9 0.50 – 0.09 (118) 1.00 – 0.21 (44) 0.21 – 0.05 (74) 0.001

IL-6 (pg/ml) <10 9.90 – 1.13 (119) 19.7 – 2.18 (45) 3.9 – 0.55 (74) 0.0001

IL-8 (pg/ml) <70 12.47 – 1.35 (119) 15.1 – 2.98 (45) 10.8 – 1.18 (74) 0.18

TNF-a (pg/ml) <20 6.56 – 0.43 (119) 7.73 – 0.85 (45) 5.9 – 0.46 (74) 0.05

IL-1RA (pg/ml) <500 748 – 75 (86) 1019 – 128 (45) 451 – 33 (41) 0.0001

IL-10 (pg/ml) <9 7.63 – 4.04 (40) 13.4 – 7.94 (20) 1.89 – 0.65 (20) 0.16

Data given as mean – SE; parentheses denote the sample size (n).
* P value by t test between stable and acute coronary syndromes.
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CAL). This point was further strengthened by the find-
ing that all patients with CAD showed significantly
more periodontal destruction than those with normal
coronary arteries, even though the group with normal
arteries was small (recession, CAL). The regression
analysis, adjusting for major cardiac risk factors,
showed that periodontal destruction as indicated by
the percentage of teeth with CAL ‡5 mm was a signif-
icant independent factor associated with the severity
of CAD, whereas the markers of periodontal infection
(plaque score and specific periodontal pathogens
counts) were clearly associated with acute coronary
disease in our patients. However, in a recent publica-
tion, Desvarieux et al.21 showed that the same peri-
odontal pathogens examined in our study were
directly related to subclinical atherosclerosis in a pop-
ulation with no history of cardiovascular disease.
Their findings are in contrast to ours and probably re-
flect the difference in the study populations.

The association between CAD and the destruction
of the periodontal attachment apparatus is certainly
interesting. Both diseases are chronic inflammatory
processes; this, in turn, may imply that the two either
share a common pathogenesis based on similar ge-
netic and/or yet unknown environmental factors or
that non-specific activation of the inflammatory cas-
cade in chronic periodontitis mayplayan important role
in the development of CAD.

The correlation found between the measures of peri-
odontal infectious/inflammatory burden (plaque
score, gingival index, P. gingivalis, T. denticola, and
T. forsythensis) and the acute presentation of cardiac
symptoms can be more easily explained. It has been
suggested that the local inflammatory process associ-
ated with the periodontium may trigger an immune
activation as observed by the high levels of cytokines
and increase the likelihood of plaque rupture leading
to ACS.26-28 It was also proposed that periodontal
pathogens (P. gingivalis) may directly or indirectly af-
fect the atheromatous plaque leading to rupture and
embolization.29 In a recent study, Bazile et al.30

showed in 80 patients that only the periodontal in-
flammatory indices gingival index and BOP were
associated with AMI. The above data support the
hypothesis that there is a relationship between the
infective/inflammatory load and the occurrence of
acute cardiac symptoms.

A possible confounder that was not accounted for
in the logistic regression analysis was the possibility
that the hospitalization of the ACS patients for up to
3 days before measuring the plaque levels would bias
the plaque score outcome to the detriment of these
patients. However, because of the extremely high pla-
que scores for the whole study population (mean pla-
que score, ;96%), the influence of this confounder
would be minimal.

As shown in our study and reported previously,31-33

the proinflammatory cytokine IL-6, a key factor in the
inflammatory process, was elevated in patients with
ACS and correlated with the measures of periodontal
inflammation (plaque score and gingival index). This
association supports the hypothesis that increased
serum IL-6 levels (and other inflammatory mediators)
that result from periodontal infections may trigger the
rupture of atheromatous plaques, resulting in ACS.34

The fact that the mean percentage of P. gingivalis in
the ACS group was four-fold higher than that in the sta-
blegroup(P<0.0001) lends furthersupport totheroleof
this periodontal pathogen in the development of ACS.
Themethodbywhichthisperiodontalpathogenmayin-
duce acute coronary symptoms has been discussed by
a number of authors. In animal models, Herzberg and
Meyer35,36 and Herzberg37 found a clear relationship
between specific oral pathogens and their thrombo-
genic effect. In recent studies, Kuramitsu et al.29,38 re-
ported that P. gingivalis exhibits properties that could
playarole inCVDbymediatingLDLoxidation,foamcell
formation, and rupture of the atherosclerotic plaque. In
addition, preliminary data from a clinical study involv-
ing periodontal pathogens and myocardial infarction
showed a significantly higher presence of P. gingivalis
and B. forsythus (renamed T. forsythensis) in 97 partic-
ipants who experienced non-fatal MI compared to 233
control patients who had no heart problems.13

It was also suggested that the number and species
of periodontal bacteria may be directly involved in
CAD by contributing to the development of micro-
thrombosis in the atheromatous plaque35-37 or by
activating the inflammatory cascade.34 In our pa-
tients, the mean P. gingivalis count per patient in
the severe CAD group was higher than in the mild
CAD group; in fact, in patients with CAD, the P. gingi-
valis load was significantly higher than in those with
normal coronary arteries. Recently, a number of au-
thors have analyzed the relationship between known
periodontal pathogens and the development of ath-
erosclerosis inapolipoproteinE-null mice. Their results
support the hypothesis that P. gingivalis is indeed in-
volved in the pathogenesis of developing athero-
matous plaques in vessel walls.12,39 In addition, a
recent clinical paper40 showed a significant associa-
tion between periodontal pathogen burden and the
presence of CHD.

All patients had poor oral hygiene (mean plaque
score = 95.61%) and advanced periodontal destruc-
tion as defined by percentage of teeth with PD or
CAL ‡5 mm. The 100% prevalence of severe peri-
odontal destruction was an unexpected finding that
did not allow for the stratification of the patients into
groups with different disease severities. This preva-
lence of severe periodontal destruction is above what
would be expected in a normal, age-matched, adult
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population.41 Although the extremely high prevalence
ofperiodontitisandpoororalhygienestronglysuggests
a relationshipwithCAD,wecannot ruleout that thiswas
caused by the highly selected study population.

An additional finding was the significant negative
association of T. denticola and T. forsythensis counts
with ACS. This negative association is contrary to re-
cent data reported by Renvert et al.42 These contradic-
tory results are difficult to explain. They may simply be
chance findings or related to differences in the meth-
odology (e.g., probes) and/or the nature of the study
populations. On the other hand, these two bacteria
may have a direct role in protecting the patients from
an acute episode or may indirectly act by inhibiting
microorganisms that are believed to have a positive
causal relationship with ACS (e.g., Cytomegalovirus,
C. pneumonia, P. gingivalis).

CONCLUSIONS

The severity of chronic periodontal disease was shown
to be a significant independent factor associated with
the severity of CAD. Periodontal bacterial load in gen-
eral, and in P. gingivalis inparticular, is significantlyas-
sociated with acute cardiac symptoms.

ACKNOWLEDGMENTS

This work was supported by a non-restricted grant from
the Phillip Morris External Research Program, Phillip
Morris, Richmond, VA. The authors thank Prof. Orly
Manor,TheHebrewUniversity-HadassahSchoolofPub-
lic Health, for help with the logistic regression analysis.

REFERENCES
1. Ross R. Atherosclerosis — An inflammatory disease.

N Engl J Med 1999;340:115-126.
2. Libby P, Ridker PM, Maseri A. Inflammation and ath-

erosclerosis. Circulation 2002;105:1135-1143.
3. Offenbacher S. Periodontal diseases: Pathogenesis.

Ann Periodontol 1996;1:821-878.
4. Mattila KJ, Nieminen MS, Valtonen VV, et al. Associ-

ation between dental health and acute myocardial
infarction. BMJ 1989;298:779-781.

5. Mattila KJ, Valle MS, Nieminen MS, Valtonen VV,
Hietaniemi KL. Dental infections and coronary athero-
sclerosis. Atherosclerosis 1993;103:205-211.

6. Mattila KJ, Valtonen VV, Nieminen M, Huttunen JK.
Dental infection and the risk of new coronary events:
Prospective study of patients with documented coro-
nary artery disease. Clin Infect Dis 1995;20:588-592.

7. DeStefano F, Anda RF, Kahn HS, Williamson DF,
Russell CM. Dental disease and risk of coronary heart
disease and mortality. BMJ 1993;306:688-691.

8. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher
S. Periodontal disease and cardiovascular disease.
J Periodontol 1996;67(Suppl.):1123-1137.

9. Joshipura KJ, Rimm EB, Douglass CW, Trichopoulos
D, Ascherio A, Willett WC. Poor oral health and coro-
nary heart disease. J Dent Res 1996;75:1631-1636.

10. Paunio K, Impivaara O, Tiekso J, Maki J. Missing teeth
and ischaemic heart disease in men aged 45-64 years.
Eur Heart J 1993;14(Suppl. K):54-56.

11. Rutger Persson G, Ohlsson O, Pettersson T, Renvert S.
Chronic periodontitis, a significant relationship with
acute myocardial infarction. Eur Heart J 2003;24:
2108-2115.

12. Li L, Messas E, Batista EL Jr., Levine RA, Amar S.
Porphyromonas gingivalis infection accelerates the
progression of atherosclerosis in a heterozygous apo-
lipoprotein E-deficient murine model. Circulation 2002;
105:861-867.

13. Genco RJ, Wu TJ, Grossi S, Falkner KL, Zambon JJ,
Trevisan M. Periodontal microflora related to the risk
of myocardial infarction: A case control study. J Dent
Res 1999;78:457.

14. Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco
RJ. Identification of periodontal pathogens in ather-
omatous plaques. J Periodontol 2000;71:1554-1560.
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