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Background and Objective: Periodontitis and acute myocardial infarction (AMI)

are two diseases that share common risk factors. The role of periodontitis as an

independent risk factor for cardiovascular disease has been under debate. The

aim of this study was to investigate whether an association exists between peri-

odontitis and AMI in a nondiabetic population, using multiple periodontal case

definitions.

Material and Methods: Periodontal examination was performed in 204 patients

with AMI. The control group comprised 102 healthy subjects, without signifi-

cant coronary disease, confirmed angiographically. Periodontitis was assessed

using measurements of clinical attachment loss (CAL), probing depth and num-

ber of missing teeth. From these measurements, five different case definitions of

periodontitis were generated.

Results: Using the continuous forms of periodontal measurements, the odds

ratio (95% confidence interval) of the association with incident AMI was 1.74

(1.26–2.50), 1.83 (1.10–3.17) and 1.08 (1.06–1.13) for mean CAL, probing depth

and number of missing teeth, respectively. A consistent positive association was

observed regardless of the case definition of periodontitis.

Conclusion: In this nondiabetic population, the association between periodontitis

and AMI was consistent across different measurements and/or definitions of

periodontitis. The strength of the association increased concomitantly with the

robustness of the criteria used to define periodontitis.
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Cardiovascular diseases (CVDs) com-

prise a variety of heart and vascular

conditions, including atherosclerosis,

acute myocardial infarction (AMI)

and stroke. CVDs are the leading

cause of death in the world, being

responsible for 16% of deaths in devel-

oping countries and for 50% of deaths

in developed countries. More than 70

million North Americans have CVD,

including 7 million with coronary

heart disease (CHD) and more than 5

million suffering stroke, with athero-

sclerosis being the underlying etiology

in the vast majority of cases (1).

Despite advances in the aetiology

and pathogenesis of atherosclerosis,

the scientific community constantly
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searches for novel risk factors. The

importance of the role of inflamma-

tion in the initiation and progression

of atherosclerosis has recently gained

wide acceptance (2,3). As periodontitis

is among the most prevalent human

chronic inflammatory conditions there

is mounting scientific interest and pub-

lic awareness of this interaction

because of the public health implica-

tions if this association is shown to be

significant. Potential mechanisms

underlying the link between periodon-

titis and CVD include inflammatory,

as well as direct bacterial–vascular
interaction, pathways (1).

Periodontitis is a bacterially

induced localized, chronic inflamma-

tory disease, which destroys the con-

nective tissue and bone that support

the teeth, constituting a considerable

inflammatory burden. Periodontitis is

common, with mild to moderate

forms affecting 30–50% of adults and

the severe generalized form affecting

5–15% of all adults in the USA (4).

The reported association between

periodontitis and atherosclerotic CVD

has varied greatly among studies,

ranging from an absence of associa-

tion between periodontitis and CVD

to a strong relationship between the

two conditions (5).

One of the major issues underlying

the inconsistency of findings across

studies is the different methodology

used to assess and define periodonti-

tis and CVD, as well as residual con-

founding because both diseases share

common risk factors, such as smok-

ing and diabetes (5). In an attempt to

establish a framework that allows

consistency of data interpretation

across global epidemiological studies,

two periodontal case definitions were

proposed by the Consensus Report of

the 5th European Workshop in Peri-

odontology (EWP) (6). The first is a

sensitive case definition that enables

the inclusion of incipient cases, whilst

the second is a more specific case def-

inition that allows the inclusion only

of cases with substantial extent and

severity. Such an approach would

allow odds ratios (ORs) and esti-

mates of relative risk to be directly

comparable between different studies

(6).

It is important to note that peri-

odontitis cannot be reflected by mea-

surements of a single variable. While

past experience of periodontitis is

reflected by attachment-loss measure-

ments, assessment of present disease

status requires additional clinical

measurements, such as bleeding on

probing and/or probing pocket

depth. Hence, the aim of this study

was to investigate whether an associ-

ation exists between periodontitis and

AMI in a nondiabetic population,

using multiple periodontal case defi-

nitions that take into consideration

both disease extent and severity,

including the two case definitions

proposed by the consensus report of

the 5th EWP.

Material and methods

A case–control study designed to eval-

uate the association between peri-

odontitis and incident AMI was

conducted between July 2007 and

September 2009 at the First Cardiol-

ogy Clinic of the Hippokration Hos-

pital, University of Athens. A total of

204 consecutive nondiabetic patients

(mean age 64.7 � 12.9 years) who

survived an AMI and 102 healthy

controls without significant coronary

disease (mean age 64.2 � 10.1 years)

were recruited to the study.

Exclusion/inclusion criteria

Subjects in neither group had any of

the following exclusion criteria: a his-

tory of diabetes; hepatitis or HIV

infection; immunosuppressive chemo-

therapy; current pregnancy or lacta-

tion; periodontal therapy for at least

6 mo before examination; and antibi-

otic therapy for at least 3 mo before

examination. All subjects participat-

ing in the study had fasting glucose

levels determined, as part of their

biochemical evaluation in the hospital

clinic, and all were found to be

within normal limits. The minimal

number of teeth required to be

accepted into the study in either

group was 10. Subjects completed

medical and dental history question-

naires and signed an informed con-

sent form. The protocol of the study

was approved by the Institutional

Review and Ethics Committee of the

University of Athens.

Diagnosis of AMI patients

At entry a 12-lead electrocardiogram

was performed and clinical symptoms

were evaluated in all patients, by two

cardiologists. In addition, blood tests

were performed to detect evidence of

myocardial cell death. Troponin I lev-

els and the myocardial band fraction of

total creatine phosphokinase was mea-

sured and coronary angiography was

performed in all patients during hospi-

talization. AMI was defined according

to the European Society of Cardiology,

based on the electrocardiogram find-

ings and the aforementioned blood

tests (7).

Diagnosis of control subjects

The control group comprised 102 con-

secutive nondiabetic subjects with no

history of CHD, who underwent diag-

nostic coronary angiography in the

same hospital clinic and met the crite-

ria of having no arteries with more

than 30% stenosis. The hospital medi-

cal records indicated that control sub-

jects had no other relevant systemic

disease/conditions.

Data collection

Demographic characteristics (age,

gender, height, weight and marital

status), socio–economic characteristics

(residence area, education and profes-

sion), medical history (coronary heart

disease, hypertension, total choles-

terol, low-density lipoprotein and

high-density lipoprotein), physical

activity (exercise in h/wk) and

smoking (never/former/current and

pack-years) were assessed using a

questionnaire. Body mass index was

calculated from standardized measure-

ments of weight and height (weight in

kg divided by height in meters

squared). Nonsmokers were those

who never smoked; smokers were

those who were currently smoking;

and former smokers were those who

had stopped smoking before enroll-

ment in the study.
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Periodontal measurements

The following periodontal parameters

were recorded within 5 d from admis-

sion for AMI patients and within

24 h from admission for the controls:

clinical probing depth (CPD), clinical

attachment loss (CAL), number of

missing teeth (excluding third molars),

bleeding on probing percentage (BOP

%) and plaque index percentage (PI

%). CPD was measured, using a

manual periodontal probe (UNC15;

Hu-Friedy Mfg. Co., LLC, Chicago,

IL, USA), as the distance from the

gingival margin to the tip of the

probe and was rounded to the nearest

millimetre. CAL was measured as the

distance from the cemento–enamel

junction to the tip of the probe. All

measurements of CPD and CAL were

recorded at six sites per tooth for all

teeth present, except for third molars.

BOP% was recorded as the presence

or absence of bleeding following

probing at the bottom of the pocket

and the percentage of the total num-

ber of sites that bled was recorded. PI

% was recorded as the presence/

absence of visible plaque at the gingi-

val margin on four surfaces (buccal,

lingual, mesial and distal) of each

tooth, calculated as a percentage of

the total number of available sites.

All subjects were examined during the

study by the same periodontist. The

examiner was calibrated for reproduc-

ibility of probing depth and CAL

measurements (k > 0.89 for two sepa-

rate assessments carried out 2 h

apart).

Periodontitis definitions

In an attempt to explore the peri-

odontitis–AMI association capturing

different aspects of the exposure (i.e.

extent, severity, and past and present

disease), the present study used five

case definitions of periodontitis –
three (definitions 1–3) that were used

in a recent publication (8); and two

(definitions 4–5) that were proposed

by the Consensus Report of the 5th

EWP (6) – as follows: (i) the CAL-3

definition: individuals with mean

CAL of � 3 mm (a good measure of

disease severity); (ii) the CAL-tertile

definition: individuals with � 35%

(third tertile) of tooth sites with CAL

� 3 mm from all teeth examined (a

good measure of extent of the dis-

ease); (iii) the CAL-CPD tertile defini-

tion: individuals with � 9% (third

tertile) of tooth sites with CAL

� 3 mm and CPD � 4 mm at the

same site (a measure that captures the

presence of true periodontal pockets,

as opposed to recession only); (iv) the

presence of proximal attachment loss

of � 3 mm in two or more nonadja-

cent teeth (a measure that enables the

inclusion of incipient cases); and (v)

the presence of proximal attachment

loss of � 5 mm in � 30% of teeth

present (a measure that allows the

inclusion only of cases with substan-

tial extent and severity.

Statistical analysis

Differences between patients and

controls were assessed using both

parametric (the Student’s t-test for

continuous variables and the chi-

square test for categorical variables)

and nonparametric (Wilcoxon’s test)

statistical tests. As a result of signifi-

cant disparity between groups

regarding smoking and gender, we

retested the association between peri-

odontitis and AMI after propensity

score-matching analysis. Nonsignifi-

cant p-values for potential confound-

ing factors (smoking/gender)

indicated successful matching. We

used univariate logistic regression

(generalized linear model, logit func-

tion) to model the association

between periodontitis measurements

and AMI. We then constructed mul-

tivariate logistic regression models to

explore the relationship between

AMI and periodontitis. Two multi-

variate regression models were con-

structed in the analysis. The first

model included all the factors that

were statistically significant different

between the two groups in our sam-

ple, whilst the second included all

the known risk factors for CVD. A

p-value of <0.05 was deemed to be

significant. The R environment ver-

sion 2.8.1 was used for the statistical

analysis (R: A Language and Envi-

ronment for Statistical Computing, R

Development Core Team, Vienna

2009, ISBN 3-900051-07-0, http://

www.R-project.org).

Results

The general characteristics (age, gen-

der, smoking, cholesterol profile,

hypertension, education, residence,

periodontal status) of patients and

controls are presented in Table 1. The

mean age of the patients with

AMI was 64.7 � 12.9 years vs.

64.2 � 10.1 years of subjects in the

control group. Patients were more

likely than control subjects to be male

[156 (76.5%) vs. 62 (61.4%),

p = 0.006], to smoke [91 (44.6%) vs.

35 (34.3%), p = 0.02] and to have

lower high-density lipoprotein choles-

terol levels (39.9 � 11.5 mg/dL vs.

46.3 � 11.5 mg/dL, p < 0.001). AMI

smokers had smoked for a mean per-

iod of 22.06 � 12.28 (range, 5–60)
years, whilst AMI former smokers

had stopped smoking for a mean per-

iod of 13.86 � 10.92 (range, 1–40)
years. In the control group smokers

had smoked for a mean period of

15.71 � 10.89 (range, 6–58) years,

whilst former smokers had stopped

smoking for a mean period of 15.14

� 11.22(range, 1–36) years.
Patients with AMI had poorer peri-

odontal conditions than did control

subjects (mean CAL: 3.12 � 1.4 mm

vs. 2.45 � 0.9 mm; mean CPD:

3.18 � 0.68 mm vs. 2.9 � 0.36 mm;

mean BOP: 80.3 � 18.3% vs. 30.0 �
14.2%; p < 0.001). Patients with AMI

had also lost more teeth compared

with control subjects (17.15 � 11.1

vs. 7.75 � 9.3, p < 0.001).

Table 2 presents the ORs of the

association between different peri-

odontal parameters (continuous) and

AMI. All variables were statistically

significantly associated with AMI.

After adjustment for the effects of

gender, high-density lipoprotein and

smoking (the variables that were sig-

nificantly associated with AMI in this

study population), the association

remained significant, regardless of the

periodontal parameter used. The asso-

ciation was strongest when CPD

[OR = 1.83, 95% confidence interval

(CI): 1.10–3.17] or CAL (OR = 1.74,
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95% CI: 1.26–2.50) was used to

measure periodontitis and weakest

with number of missing teeth

(OR = 1.08, 95% CI: 1.06–1.13). We

also adjusted for variables that are

known risk factors for CVD (age,

gender, hypertension, total cholesterol

and smoking), according to the Euro-

pean Society of Cardiology guidelines

for CVD prevention (9). In all com-

parisons the association between peri-

odontitis measurements and AMI

persisted with an effect size (OR) that

differed little between the two models.

In a secondary analysis, including

only never smokers, the association

between the two disease entities

remained significant and was even

stronger when mean CAL was used

to capture periodontitis (Table 2).

Table 3 presents the distribution of

different case definitions of periodon-

titis, stratified by patients with AMI

and controls. When using the CAL-3

definition, 48.4% of the patients had

periodontitis compared with 24.7% of

controls. When using the CAL-tertile

definition, 40.9% of the patients and

less than a quarter (21.3%) of the

controls in the high tertile had the

highest percentage of tooth sites with

CAL � 3 mm (overall p < 0.001).

Likewise, when the CAL-CPD tertile

definition was used, 43.4% of patients

vs. 16.9% of controls in the high

tertile had periodontitis (overall

p < 0.001).

When using the periodontitis defini-

tions proposed by the 5th EWP (6)

the association remained significant

with the more specific case definition

(presence of proximal attachment loss

of � 5 mm in � 30% of teeth pres-

ent; 48.4% vs. 21.3%, p < 0.001), but

it was not significant with the less

robust, but more sensitive, definition

(presence of proximal attachment loss

of � 3 mm in two or more nonadja-

cent teeth), as most subjects in both

groups were had periodontitis (94.3%

vs. 93.3%, p = 0.95; Table 3).

Table 4 shows the ORs of the dif-

ferent definitions of periodontitis with

AMI using logistic regression. The

association remained significant after

adjusting for gender, high-density

lipoprotein and smoking: for the

CAL-3 definition, OR = 2.31 (95%

CI: 1.24–4.39); for the CAL-tertile

definition, OR = 2.19 (95% CI: 1.16–
4.24); for the CAL-CPD tertile defini-

tion, OR = 3.18 (95% CI: 1.65–6.42);
and for the more specific 5th EWP

definition, OR = 3.1 (95% CI: 1.6–
6.0). Adjustment for age, gender,

hypertension, total cholesterol and

smoking yielded similar ORs, which

remained statistically significant

(Table 4). When the analysis was per-

formed only in never smokers the

association between the two disease

entities exhibited higher ORs but

remained significant only when peri-

odontitis was defined with stricter cri-

teria (Table 4).

Table 5 presents comparisons

between patients with AMI and con-

trols after matching (propensity score

matching analysis) for smoking

(pack-years) and gender. This analysis

again indicates that periodontitis is

more prevalent in AMI patients and

that the observed association between

periodontitis and AMI is consistent

after matching for smoking and

gender.

Table 1. General characteristics of patients with acute myocardial infarction (AMI) and

controls

Controls (n = 102) AMI patients (n = 204) p

Age (years) 64.2 � 10.1 64.7 � 12.9 0.74

Gender (male) 62 (61. 4) 156 (76.5) 0.006

Education (years) 13.2 � 1.8 12.9 � 1.6 0.1

Residence (hospital area) 79 (78) 176 (86) 0.09

Body mass index 27.6 � 3.8 27.2 � 4.0 0.49

Exercise (h/wk) 5.2 � 1.6 5.1 � 1.7 0.1

Hypertension (yes) 56 (54.9) 125 (61.2) 0.3

Smoking 0.02

Current smoker 35 (34.3) 91 (44.6)

Former smoker 26 (25.5) 63 (30.9)

Never smoker 41 (40.2) 50 (24.5)

Pack-years 22.2 � 30.7 32.4 � 31.0 <0.001

Low-density lipoprotein (mg/dL) 127.2 � 33.0 129.5 � 43.9 0.6

High-density lipoprotein (mg/dL) 46.3 � 11.5 39.9 � 11.5 <0.001

PI (%) 38.4 � 14.2 88.2 � 13.4 < 0.001

BOP (%) 30.0 � 14.2 80.3 � 18.3 <0.001

Missing teeth (n) 7.8 � 9.3 17.2 � 11.1 <0.001

Mean CPD (mm) 2.9 � 0.4 3.2 � 0.7 <0.001

Mean CAL (mm) 2.5 � 0.9 3.1 � 1.4 <0.001

Values are given as n (%) or mean � SD.

BOP, bleeding on probing; CAL, clinical attachment loss; CPD, clinical probing depth;

PI, plaque index.

Bold value indicates p < 0.05.

Table 2. Logistic regression model of the association between periodontal parameters

(continuous) and acute myocardial infarction (AMI)

Variables

Unadjusted OR

(95% CI)

Adjusted OR

(95% CI)a
Adjusted OR

(95% CI)b p

Missing teeth 1.09 (1.06–1.12)
1.08 (1.03–1.13)c

1.08 (1.06–1.13)
1.09 (1.04–1.14)c

1.08 (1.06–1.13)
1.09 (1.04–1.15)c

0.001

0.001c

Mean CPD (mm) 2.42 (1.50–4.07)
1.15 (1.04–1.50)c

1.83 (1.10–3.17)
1.15 (1.04–1.56)c

2.17 (1.32–3.73)
1.14 (1.08–1.23)c

0.001

0.001c

Mean CAL (mm) 1.91 (1.39–2.69)
2.71 (1.37–6.04)c

1.74 (1.26–2.50)
2.28 (1.05–5.51)c

1.78 (1.30–2.54)
2.05 (1.02–4.79)c

0.001

< 0.05c

aAdjusted for gender, high-density lipoprotein and smoking.
bAdjusted for age, gender, hypertension, total cholesterol and smoking (European Society

of Cardiology guidelines for CVD prevention 2007, SCORE system for risk assessment).
cNever smokers (no. of patients with AMI = 50; no. of controls = 41).

CAL, clinical attachment loss; CI, confidence interval; CPD, clinical probing depth;

OR, odds ratio.
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Discussion

The present study demonstrated that

the observed association between

periodontitis and AMI was consistent

across different measurements and case

definitions of periodontitis, based on

full-mouth recordings. The strength of

the association increased when the cri-

teria used to define periodontitis were

stricter.

One of the major strengths of the

present study was the well-defined

control and test groups. Control sub-

jects were recruited by the same cardi-

ology clinic as the test subjects and

did not have significant coronary dis-

ease confirmed using coronary

angiography, thus providing the best

possible control group. With the

exception of a few studies (9–11), the
majority of previous publications on

the periodontal–CHD association

included control subjects merely on

the basis of a self-reported past his-

tory of heart disease. Moreover, the

test group consisted of a well-defined

group of patients with CHD, as all

test subjects had suffered an AMI.

Furthermore, a major confounder

common for CHD and periodontitis

(i.e. diabetes) was excluded from both

groups. The fact that diabetes is an

established risk factor for both dis-

eases and is closely related to the

development of atherosclerotic disease

and risk for CVD events has led many

researchers to suggest an indirect rela-

tionship between periodontitis and

CVD (5). Thus, the relevance of this

exclusion is of great clinical impor-

tance. The lower number of control

subjects was a consequence of the rela-

tive difficulty of recruiting non-CHD

patients who had undergone coronary

angiography. Hence, we chose to com-

promise on the number, but to main-

tain a higher-quality control group

with well-defined subjects.

The association between periodon-

titis and CHD remained strong and

significant in multivariate logistic

regression models adjusting for other

confounders, including smoking,

which is the other major common risk

factor for both diseases. Excluding

smokers from the study would be

preferable, but was, for practical

reasons, difficult, given the high prev-

alence of smoking in the Greek popu-

lation. Nevertheless, we performed a

secondary analysis only in never

smokers (thus excluding the second

major confounding factor), which not

only did not attenuate, but actually

increased, the magnitude of the asso-

ciation. Owing to the small sample

size, however, the association reached

significance only when periodontitis

was defined using stricter criteria

(Table 4). In addition, we performed

a propensity score matching analysis,

which indicated that periodontitis was

more prevalent in AMI patients after

matching for smoking (number of

pack-years) and gender.

Table 3. Distribution of different case definitions of periodontal disease in patients with

acute myocardial infarction (AMI) and controls

Controls

(n = 89)

AMI patients

(n = 159) p

Mean CAL � 3 mm 22 (24.7) 76 (48.4) <0.001
Sites with CAL � 3 mm

Low tertile 54 (60.7) 28 (17.6) <0.001
Medium tertile 16 (18.0) 66 (41.5)

High tertile 19 (21.3) 65 (40.9)

Sites with CAL � 3 mm and CPD � 4 mm

Low tertile 53 (59.6) 29 (18.2) <0.001
Medium tertile 21 (23.6) 61 (38.4)

High tertile 15 (16.9) 69 (43.4)

Presence of proximal

CAL of � 5 mm

in � 30% of teeth present

19 (21.3) 77 (48.4) <0.001

Presence of proximal

CAL of � 3 mm in two

or more nonadjacent teeth

83 (93.3) 150 (94.3) 0.95

Values are given as n (%).

CAL, clinical attachment loss; CPD, clinical probing depth.

Table 4. Logistic regression model of the association between definitions of periodontal

disease and acute myocardial infarction (AMI)

Periodontal case definition

Adjusted OR

(95% CI)a
Adjusted OR

(95% CI)b p

The CAL-3 definition: individuals with

mean CAL � 3 mm (a good measure

of disease severity; 0–1)

2.31 (1.24–4.39)
2.74 (0.78–11.23)c

2.45 (1.35–4.59)
2.84 (0.80–11.75)c

0.01

NS

The CAL-tertile definition: individuals

with � 35% (third tertile) tooth sites

with CAL � 3 mm from all teeth

examined (a good measure of extent

of the disease)

2.19 (1.16–4.24)
2.91 (0.82–12.27)c

2.27 (1.22–4.35)
2.83 (0.79–11.76)c

0.01

NS

The CAL-CPD tertile definition:

individuals with � 9% (third tertile)

tooth sites with CAL � 3 mm and

CPD � 4 mm (at the same site)

3.18 (1.65–6.42)
4.05 (1.13–17.55)c

3.49 (1.81–7.1)
3,58 (1.04–16.26)c

<0.001
0.03

Presence of proximal CAL of � 5 mm

in � 30% of teeth present

3.12 (1.66–6.07)
3.33(1.06–11.6)c

3.22 (1.75–6.11)
3.34 (1.07–11.6)c

<0.001
0.03

Presence of proximal CAL of � 3 mm

in two or more nonadjacent teeth

1.32 (0.40–4.1)
1.14(0.03–40.9)c

1.47(0.45–4.53
1.31 (0.03–51.4)c

NS

NS

aAdjusted for gender, high-density lipoprotein and smoking.
bAdjusted for age, gender, hypertension, total cholesterol and smoking (European Society

of Cardiology guidelines for CVD prevention 2007, SCORE system for risk assessment).
cNever smokers (no. of patients with AMI = 50; no. of controls = 41).

CAL, clinical attachment loss; CI, confidence interval; CPD, clinical probing depth;

NS, not significant; OR, odds ratio.
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The reported association between

periodontitis and atherosclerotic CHD

varies greatly, ranging from

determinations of no causative rela-

tionship between periodontitis and

CHD to strong connections between

the two conditions (5). The reason for

this inconsistency in the literature has

been attributed to the extensive hetero-

geneity of the studies. One of the major

factors that contributes to this hetero-

geneity is the lack of proper assessment

of exposure (periodontitis) in the

majority of the studies (12). Most of

the studies use a wide range of

measures to assess periodontitis, vary-

ing from partial-mouth probing

assessment to treatment-need indices

community periodontal index of treat-

ment needs, indices based on nonpr

obing assessment (Russell index) and

questionnaires. All the above assess-

ments are known to underestimate the

true extent and severity of periodontitis

(13–15) and therefore are prone to

result in misclassifications of periodon-

tal status. The issue of exposure is fur-

ther complicated by the variety of

definitions of periodontitis employed in

different investigations, which causes

confusion in the interpretation of data

across studies. In this study, full-

mouth recordings were used to gener-

ate five different periodontitis case

definitions, including those proposed

by the 5th EWP (6). Furthermore,

periodontal exposure was also

assessed as a continuous variable

(mean CAL and mean CPD), yielding

significant associations in multivariate

logistic regression models.

The definitions of periodontitis

yielded varying results depending on

the robustness of the criteria used to

define periodontitis as an exposure for

CHD. The association was stronger

when periodontitis was defined more

strictly, something that is in accor-

dance with the study by Andriankaja

et al. (8) as well as with another study

(11), which showed that greater alveo-

lar radiographic bone loss (mean

>4 mm) showed an adjusted OR of 6.6

in the age group below 60 years, while

the association was weaker for a smal-

ler extent of alveolar bone loss. When

using the periodontitis definitions pro-

posed by the 5th EWP (6), the associa-

tion was highly significant with the

more specific case definition (the pres-

ence of proximal attachment loss of

� 5 mm in � 30% of teeth present;

48.4% vs. 21.3%, p < 0.001), but it

was not significant with the less robust,

but more sensitive, definition (presence

of proximal attachment loss of

� 3 mm in two or more nonadjacent

teeth), as most subjects in both groups

(94.3% vs. 93.3%, p = 0.95) had peri-

odontitis according to the latter defini-

tion (Table 3). Evidently, mild,

localized periodontitis was a common

and thus nondiscriminating condition

in this particular population. However,

one of the major findings of the pres-

ent study was that the direction of the

association between periodontitis and

AMI was consistent across all different

definitions of periodontitis.

The third case definition, (percent-

age of tooth sites with CAL � 3 mm

and CPD � 4 mm at the same site)

has been used previously (8) and com-

bines two parameters: CAL, which is

a cumulative measure of past peri-

odontitis; and CPD, which is a mea-

sure of the present inflammatory

burden. The estimate of the associa-

tion obtained from this definition was

the highest among the five definitions

used, followed closely by the more

severe definition from the 5th EWP

(6). It is evident that the periodonti-

tis–CHD association becomes stronger

when using stricter and more severe

criteria to define periodontitis, which

favors the hypothesis of a true associ-

ation between the two conditions.

Poor oral health has been linked to

CHD (16). The present study found

that patients with AMI had more

periodontal problems (fewer teeth,

Table 5. Comparisons between patients with acute myocardial infarction (AMI) and con-

trols after matching for smoking and gender – propensity score matching analysis

Variable

Before matching

(n = 306) After matching(n = 248)

p-value

Controls

AMI

patients Controls AMI patients KS test t-test

Gender (% male)a 61 76 73 76 – 0.475

Pack yearsa 19.3 31.8 31.4 31.8 0.368 0.302

Periodontal disease

parameters

Mean CAL (mm) 2.45 3.12 2.61 3.12 <0.001 <0.001
Mean CPD (mm) 2.9 3.18 2.96 3.19 <0.001 <0.001

Periodontal case

definitions

The CAL-3

definition (%)

25 48 33 48 – 0.006

The CAL-tertile

definition (high

tertile) (%)

21 41 30 41 – 0.01

The CAL-CPD

tertile definition

(high tertile) (%)

17 43 22 43 – <0.001

Presence of

proximal CAL of

� 5 mm in � 30%

of teeth present (%)

21 48 29 48 – 0.001

Presence of proximal

CAL of � 3 mm in

two or more

nonadjacent teeth (%)

93 94 93 94 – 0.8

aNonsignificant p-values for potential confounding factors (gender and pack-years)

indicate successful matching.

CAL, clinical attachment loss; CPD, clinical probing depth; KS, Kolmogorov–Smirnov

test.

Periodontitis and coronary heart disease 251



deeper pockets, more plaque and

higher BOP), which is in line with the

results reported by Starkhammar

Johansson et al. (17) and Geerts et al.

(18). Elter et al. (19) also reported

that subjects with high CAL and a

high number of lost teeth had an

increased risk of CHD compared with

subjects with low CAL and a low

number of lost teeth. We found a

weak, albeit significant, association

between the number of missing teeth

and AMI. Some investigators have

found that gingival inflammation

per se might be a risk factor for CVD

(20). We found a significantly higher

level of plaque and BOP among

patients with AMI compared with

control subjects. This is in line with

the result reported by Starkhammar

Johansson et al. (17). However, these

differences should be interpreted with

caution because of the inability of

AMI patients to practice adequate

oral hygiene during their hospitaliza-

tion and because these patients were

receiving anticoagulant medications

upon their admission.

In conclusion, the observed associa-

tion between periodontitis and AMI

was consistent across different mea-

surements and/or definitions of peri-

odontitis used. The magnitude of the

association varied depending on the

measurements or the criteria used to

define periodontitis. Periodontitis

might be a risk indicator for athero-

sclerotic CVD.
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