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Abstract

Background: An association between periodontitis and cardiovascular diseases has
been suggested.

Aims: To study whether a combination of clinical variables in a functional risk
diagram enhanced the ability to differentiate between subjects with or without an
immediate history of acute myocardial infarction (AMI).

Material and Methods: A functional periodontal pentagon risk diagram (PPRD)
with five periodontal risk vectors was created. The surface of individual PPRDs was
calculated using data from 88 subjects with recent AMI and 80 matched control
subjects with no history of AML

Results: Age, gender, number of remaining teeth (mean value: 21.1 versus 21.6
teeth), smoking status, and pocket probing depth (PPD) distribution did not differ by
group. Gingival recession was greater in control subjects (mean difference: 5.7, SD:
+1.9, p<0.01, 95% CI: 1.8-9.6). Bone loss >4.0mm was at all levels studied was
significantly greater in subjects with AMI and bone loss >50% (=4 mm) was the best
individual predictor of AMI (f =2.99, p<0.000, 95% CI: 7.5-53.4). Only PPRD
scores were associated with AMI status when factors not included in the PPRD were
studied (ff = 22.1, SE: 5.9, p<0.0001, 95% CI: 10.3-33.7). The best association
between AMI status and study variables was the combination of >4 mm of bone loss
=50%, proportion of bleeding on probing (%BOP), %PPDs>6 mm, and tooth loss
(Nagelkirke 7> = 0.46).

Conclusions: The combination of five periodontal parameters in a PPRD added
predictive value, suggesting that comprehensive data should be used in studies of
associations between periodontitis and heart diseases. Radiographic evidence of bone
loss was the best individual parameter.
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Analysis of epidemiological data has
yielded conflicting interpretations about
the associations between chronic peri-
odontitis (CP) and cardiovascular dis-
eases (CVDs) (Mattila et al. 1989, 1993,
1995, 2000, DeStefano et al. 1993,
Paunio et al. 1993, Beck et al. 1996,
Joshipura et al. 1996, Loesche et al.
1998, Arbes et al. 1999, Emingil et al.
2000, Hujoel et al. 2000, 2001, 2002,
Wu et al. 2000, Howell et al. 2001,
Jansson et al. 2001, Katz et al. 2001,
Buhlin et al. 2002, Muller 2002, Persson
et al. 2002). A screening of the National

Library of Medicine (PubMed) revealed
that within the last 10 years, there are
approximately 30 review articles and
six original cross-sectional studies.
There are also approximately three
epidemiological studies providing data
used in several publications. These
studies were not specifically designed
for the purpose of assessing the associa-
tion between CVD and CP. This has
added ambiguity to the literature. Con-
sidering the overall health significance
of a potential association between hav-
ing periodontitis and being at risk for

CVDs, the research data for conclusions
are marginal at best and require addi-
tional studies.

Unfortunately, studies on CP and
CVD have used different criteria for
the identification of both periodontal
and cardiovascular status. Thus, various
periodontal indices such as the Com-
munity Periodontal Index for Treatment
Needs (CPITN) (Katz et al. 2001) or the
Russell index (De Stefano et al. 1993,
Hujoel et al. 2000, 2001, 2002) have
been used. Other studies have included
loss of attachment at various percentage
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of sites (Arbes et al. 1999) or probing
depths at various cutoff levels (Emingil
et al. 2000, Matilla et al. 2000). Bone
height and clinical probing depth values
to identify subjects with or without
periodontitis have been used in some
studies (i.e. Matilla et al. 1993, Beck
et al. 1996, Jansson et al. 2001, Persson et
al. 2002). Likewise, significant differ-
ences in the criteria to define CVDs have
been used in the above-cited studies.

Single clinical periodontal outcome
measures are poor predictors of progres-
sion of periodontitis (Hujoel et al. 1997,
Badersten et al. 1990). A low proportion
of teeth with bleeding on probing (BOP)
identified in recall programs suggest
low risk for progression of CP (Lang
et al. 1990, Joss et al. 1994). Other studies
have indicated that a multi-level analysis
is needed to predict the progression of
periodontitis (Axtélius et al. 1999).

Cigarette smoking has in several
studies been identified as one of many
factors associated with an increased risk
for periodontitis (i.e. Krall et al. 1999,
Bergstrom et al. 2000, Bergstrom &
Bostrom 2001). The association be-
tween smoking and periodontitis ap-
pears to be dose dependent (Haber et al.
1993). Cigarette smoking is also a
significant contributory risk factor in
heart disease (Schnohr et al. 2002,
Tilling et al. 2002). Thus, both heart
disease and periodontitis have smoking
as a shared contributory risk factor.

Studies have shown that in the
absence of compliance in a recall
program, the risk for tooth loss in-
creases (Kocher et al. 2000). Although
one study has suggested that tooth loss
cannot be well predicted by assessment
of clinical attachment loss (Hujoel et al.
1997), other studies have identified that
clinical data can be useful in predicting
future tooth loss, especially in older
subjects (Warren et al. 2002).

Methods for the assessment of alveo-
lar bone height using either direct
measurement with millimeter-graded
rulers or more elaborate projection
methods including the employment of
digital imaging and computer software
programs have been commonly used in
periodontal research (Papapanou et al.
1988, Papapanou & Lindhe 1992, Brig-
ger et al. 1994, Fourmousis et al. 1998,
Persson et al. 1998).

The purpose of the present study was
to assess the sensitivity of individual
periodontal parameters or combinations
thereof and the ability to discriminate
patients with heart disease.

Materials and Methods

The study protocol was approved by the
Institutional Review Board at the Uni-
versity of Lund, Sweden. All participat-
ing subjects in the study had signed
informed consent. A group of 88 con-
secutive subjects who had been admi-
tted to the Central Hospital, Kristianstad
and with a diagnosis of acute myocar-
dial infarction (AMI) defined by a
cardiologist were enrolled.

Once the subjects were stabilized and
released from the hospital, they received
a thorough periodontal examination
comprising a full-mouth series of dental
radiographs and a comprehensive oral
examination with assessments of the
presence of plaque, BOP, and pocket
probing depths (PPDs) (at four surfaces
per tooth (mesi-buccal, mid-buccal, disto-
buccal and mid-lingual). The propor-
tional distributions for the presence of
plaque, BOP, probing depth <4.0 mm,
4.0-5.0mm, >6mm were calculated
and used as subject-based data for the
analysis. The number of teeth with
visible signs of gingival recession, and
the number of remaining teeth were also
accounted for. A control group of 80,
age-, gender-, and social group-matched
control subjects without a history of
AMI also consented to participate in the
study and received the same compre-
hensive oral and medical examination
as the AMI subjects.

The appropriate number of intra-oral
radiographs for each subject was taken
using Kodak ekta-speed film (Eastman
Kodak company, Rochester, NY, USA).
The films were processed using an
automatic film processor (Diirr, Perio-
mat plus, Diirr Dental GmbH & Co.
KG, Bietigheim Bissingen, Germany).
The films were digitized and computer
processed using a custom-made image
analysis software program (Brigger et
al. 1994, Fourmousis et al. 1998). The
distance between the cemento-enamel
junction (CEJ) and the marginal bone
level (BL) was assessed at the mesial

and distal of each tooth. In the event the
CEJ was not identifiable, a reference
point such as the margin of a dental
restoration was used. The alveolar BL
was defined as the most apical location
of the bone.

One examiner (G. R. P.) who was
blinded to group belongings, trained and
calibrated in reading intra-oral radio-
graphs analyzed all the radiographic
images (Persson et al. 2002). The pro-
portional subject-based distribution of
mesial and distal sites with a recorded
distance >4.0 mm between CEJ and BL
was calculated using >10% through
>60% of teeth as different cutoff levels
to define periodontitis severity. The
4.0 mm distance was chosen as the criti-
cal cutoff based on previously published
data (Persson et al. 1998).

The periodontal pentagon risk
diagram (PPRD)

The principles of how the functional
risk diagram was constructed have been
presented elsewhere (Lang & Tonetti
2003).

Briefly, a pentagon where the five
vectors would include information
about the following: (1) the proportion
of sites with BOP, (2) the number of
sites with a PPD>6.0mm, (3) the
number of teeth lost in the past deducted
from a total of 28 teeth, (4) the
proportion of mesial/distal sites with
evidence of a distance CEJ to BL>
4 mm, (5) smoking status with regard to
pack/year. Data points for these five
parameters were entered in a PC using
the Excel software program (Office XP,
Microsoft, Redmond, WA, USA). The
surface area encompassed by scores for
the different vectors was calculated. The
scoring model and codes used to iden-
tify the position on each vector are
presented (Table 1). The surface area
that could be outlined between the five
different risk scores was calculated and
used as the composite PPRD risk score.

Table 1. Coding system used for the pentagon risk diagram

Vector Bleeding on Number of sites Number of % bone loss Smoking

score probing (%) with probing teeth lost >4.0mm (%) (pack/year)
depth >6.0 mm

0 04 0-1 0 0-9 0

1 5-9 2-3 1-2 10-19 1-39

2 10-16 4-5 34 20-29 40-89

3 17-25 6-7 5-6 30-39 90-189

4 26-35 89 7-8 40-49 190-364

5 36+ 10+ 9+ 50+ 365+




Statistical methods

The SPSS 10.1 software for PC was
used (SPSS, Chicago, IL, USA). De-
scriptive statistics were used to present
the study characteristics. Independent
t-tests were performed for parametric
data with normal distribution. Spearman
rank correlation coefficients were stu-
died to identify variables associated
with AMI status. Binary logistic Wald
regression analysis was performed to
identify factors and models associated
with AMI. Receiver operator character-
istic (ROC) curves were also studied.

Results

The mean age of the study population
was 62.7 years (SD: +9.1). On average,
they had 21.3 remaining teeth (SD:
+8.0). Only 13.1% of the subjects were
women. The smoking characteristics
demonstrated that 33.1% never smoked,
22.7% had quit smoking, and 44.2%
were current smokers. Among smokers,
the estimated average number of pack/
year was 305 (SD: +180). The dis-
tribution of PPRD scores is presented
for the 168 subjects (Table 2).
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Statistical analysis failed to demon-
strate significant differences by age, and
gender or AMI status for the number of
remaining teeth (mean value: 21.1
versus 21.6 teeth) and smoking status.
The proportions of sites with BOP and
the presence of plaque differed signifi-
cantly by AMI status. Thus, the propor-
tion of BOP scores (p<0.01) and
plaque scores (p<0.02) were higher
among subjects with AMI. In contrast,
the extent of gingival recession was
significantly greater among control sub-
jects (mean difference: 5.7, SD: +1.9,
p<0.01, 95% CI: 1.8-9.6). Statistical
analysis failed to demonstrate differ-
ences by AMI status for the distribution
of probing pocket depths (PPDs) > 6.0,
4-5, or <4 mm. Furthermore, statistical
analysis failed to demonstrate differ-
ences in radiographic evidence of peri-
apical lesions by AMI status.

Radiographic evidence of alveolar
bone loss >4.0mm defined as the
proportions of sites with bone loss from
10% of sites or more were at all levels
significantly greater in subjects with
AMI (p<0.001). A statistically signifi-
cant difference was also found for the
PPRD scores between subjects with or

Table 2. Subject-based (%) distribution of subject-based data used for the pentagon risk diagram

Vector Bleeding on Probing depth Remaining Bone loss Smoking
probing >6.0mm teeth >4.0mm (pack/year)
0 5.0 559 20.6 8.7 34.5
1 0.0 15.7 19.9 16.5 0.7
2 39 12.7 9.3 21.4 2.7
3 4.0 7.8 15.2 272 18.2
4 59 4.1 9.3 33.0 10.1
5 81.2 3.8 25.7 37.9 33.8

Risk Assessment Pentagon (PPRD) score
Periodontitis / Myocardial infarction

BOP%

Smoking

# PD>6 mm

prop bone loss

Tooth Loss

Fig. 1. Periodontal pentagon risk diagram (PPRD) for a representative subject with acute

myocardial infarction.

without a history of AMI, with signifi-
cantly higher scores among subjects
with AMI (mean difference: 18.5, SE:
+5.5, p<0.001, 95% CIL: 7.5-29.3).
Examples of a PPRD for a representa-
tive subject with AMI (Fig. 1) and for a
control subject (Fig. 2) are presented.
The relationship between variables
not included in the PPRD (subject age,
plaque score, extent of gingival reces-
sion, the number of peri-apical lesions)
and the PPRD was further studied by
linear regression analysis using AMI
status as a dependable variable. Only
the PPRD scores were associated with
AMI status (f=22.1, SE: 5.9,
p<0.0001, 95% CI: 10.3-33.7). When
the variables included in the PPRD
(%BOP, PPDs >6.0mm, tooth loss,
bone loss, and smoking status) were
studied by binary logistic Wald regres-
sion analysis and with AMI status as the
dependable variable, the best-fit model
included the combination of propor-
tional bone loss at the 50% cutoff level,
% BOP, and % PPDs >6.0mm (Na-
gelkirke #* = 0.46) (Table 3). Thus, with
increasing  significance the PPRD
gained as a factor to identify AMI status
by including information about: (1)
Bone loss >=50%, (2) %BOP, (3)
%PPDs >6.0mm, and (4) number of
teeth lost. Nevertheless, ROC curve
analysis demonstrated that radiographic
50% cutoff level remained the best
individual predictive parameter fol-
lowed by the PPRD score (Fig. 3).

Discussion

Studies that have demonstrated a statis-
tically significant association between
periodontal and CVDs have most com-
monly used PPD data in combination
with evidence of alveolar bone loss to
define the presence or severity of
periodontitis (Matilla et al. 1993, Beck
et al. 1996, Jansson et al. 2001, Persson
et al. 2002).

Given the fact that most clinical
parameters have poor predictability in
assessing risk for periodontal disease
progression, it is not surprising that the
same parameters individually showed
poor ability in identifying patients with
AMI. However, the present study de-
monstrated that the combination of
information on radiographic evidence
of bone loss, proportions of sites with
BOP, and PPDs>6 mm showed good
ability in identifying patients with a
history of recent AMI.
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Risk Assessment Pentagon (PPRD) score
Periodontitis / Myocardial infarction

BOP%

Smoking

#PD>6 mm

prop bone loss

Tooth Loss

Fig. 2. Periodontal pentagon risk diagram (PPRD) for a representative subject with no
history of myocardial infarction. The noticeable difference from the PPRD profile in Fig. 1 is

the difference in radiographic score.

Table 3. Binary logistic Wald regression analysis — variables in the equation

Step  Variables included p SE Wald df Sig. Exp(B) Nagelkirke
step 1 bone loss >50% 2347 0413 32217 1 0.000 10.454 0.322
constant —1431 0336 18.171 1 0.000 0.239
step 2 bone loss >50% 2767 0.464 35536 1 0.000 15.906 0.371
tooth loss 0.070 0.027 6562 1 0.010 1.072
constant —2.884 0.672 18447 1 0.000 0.056
step 3 bone loss >50% 3.057 0.500 37435 1 0.000 21273 0.406
tooth loss 0.079 0.028 7.833 1 0.005 1.082
PD >6.0mm —0.09 0.044 4828 1 0.028 0.908
constant —2956 0.689 18.430 1 0.000 0.052
step 4  bone loss >50% 2995 0.501 35781 1 0.000 19.994 0.459

BOP 026 0.010 7239 1 0.007 1.026

PD >6.0mm —0.128 0.048 7.017 1 0.008 0.880
tooth loss 0.073 0.030 5891 1 0.015 1.076
constant —4.076 0.853 22811 1 0.000 0.017

Variable(s) entered in (a) step 1: PARODS50; (b) step 2: LOSS; (c) step 3: PD6PLUS; (d) step 4:

BOP.
BOP: bleeding on probing; PD: probing depth.

In the present study, it became
obvious that the number of remaining
teeth did not differ by AMI status while
other studies found an association
between additional tooth loss and heart
disease (Paunio et al. 1993, Joshipura et
al. 1996, Loesche et al. 1998). Tooth
loss is a very difficult parameter to
consider because many reasons exist for
extraction of teeth including factors
such as: (1) irrational to treat, (2)
periodontitis, (3) caries, (4) endodontic
complications, (6) accidents, and (7)
costs of care. The radiographic data
from the present study suggested that
many subjects regardless of whether
they were in the AMI or control group
had one or more teeth that had either
received endodontic treatment or had

radiographic evidence of severe peri-
apical lesions.

Our findings that subjects with AMI
had more alveolar bone loss were
consistent with others also using eva-
luation of radiographs (Beck et al. 1996,
Persson et al. 2002). Reports using
NHANES I (Hujoel et al. 2000, 2001,
2002) could not consider radiographic
evidence of bone loss, which may
explain why a significant association
between CVD and CP could not be
demonstrated. Furthermore, the clinical
threshold values used for the analysis of
the NHANES I data were most likely
not discretionary for periodontitis (Gen-
co et al. 2001). In fact, our results
suggest that subject-based clinical in-
formation about proportional PPD pro-

vided no additional benefit in the diff-
erentiation between subjects with AMI
or not.

The functional risk diagram used
specific cutoff values for maximum
scores beyond which the PPRD would
not consider the condition. For example,
proportional BOP at the 60% level
would not have been recorded as worse
than 36% BOP. This may be the reason
why the PPRD did not demonstrate
exclusively better predictive values than
bone loss =4mm at the 50% level.
Additional work is needed to define the
higher cutoff values for some of the
vectors in the functional risk diagram.

Subjects with AMI had a higher
proportion of BOP and plaque, but not
higher proportions of PPDs>6.0 mm.
Neither had they lost more teeth. They
did have significantly more evidence of
alveolar bone loss. This suggests that
specific risk factors are involved in
subjects with AMI and periodontitis.
Streptococci present in supra-gingival
plaque may be associated with both
gingivitis and CVD (Herzberg & Meyer
1996, Meyer et al. 1998). It is also
important to recognize that one of the
key pathogens associated with CVD,
Chlamydia pneumonia, carries heat
shock protein 60 on its cell surface,
which is considered as a factor that may
trigger a host hyper-inflammatory re-
sponse that may lead to arteriosclerosis
(Huittinen et al. 2002). Porphyromonas
gingivalis, generally associated with
periodontitis, also carries heat shock
protein 60 and that is expressed in
serum from subjects with periodontitis
(Yamazaki et al. 2002). Therefore,
cross-reactivity between these patho-
gens may exist.

The reason why subjects with AMI
had higher proportions of BOP and
plaque might also be that they had
recently experienced a serious medical
condition. Furthermore, they may not
have maintained their daily oral hygiene
routines. It is also possible that their
new medications such as anticoagulant
drugs could have resulted in increased
gingival bleeding during the periodontal
examination process. Thus, the assess-
ments of gingival inflammation and the
presence of plaque may not have been
representative of their overall long-time
bleeding and plaque scores.

Significant oral treatment needs were
found among many of the subjects and
regardless of AMI status. The findings
from the radiographic assessment sug-
gested that a rather extensive and most
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0.00 : : : “ Bone loss 50%
000 025 050 075 1.00
1 - Specificity
Area Under the Curve
Asymptotic 95% Confidence
Asymptotic
Test Result Variable(s) Area Std. Error * sig.® Lower Bound Upper Bound
Bone loss = 50% 789 039 000 712 865
PPRD 699 043 000 614 784
Gl % 613 046 018 522 704
PPD > 6 mm .505 .048 .909 411 600

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Fig. 3. Receiver operator characteristic curve in relation to acute myocardial infarction for
the bone height loss estimation at 50% or more, the periodontal pentagon risk diagram
(PPRD) score, proportion of bleeding on probing (%BOP), and the proportion of pocket
probing depth >6.0 mm. The inserted table provides information about curve relationships.

likely long-lasting progression of peri-
odontitis was behind the subjects who
experienced AMI. What the current data
might suggest is that subjects who have
clear evidence of alveolar bone loss, a
history of smoking, poor oral hygiene,
extensive BOP, and with minor or no
gingival recession would most likely be
at risk for a future AMI. Such subjects
should expediently be referred for a
cardiology consult.

Subjects at risk may benefit from an
active smoking cessation program and
effective periodontal preventive mea-
sures such as those described by
Axelsson & Lindhe (1981), which could
provide cost-effective treatment to pre-
vent AMI. However, additional studies
are required to further explore the
explanatory mechanism of the disease
process before intervention programs
can be recommended.

In conclusion, the present study
demonstrated that subject-based data
on the proportion of BOP and plaque
were significantly higher in subjects
with AMI. However, the primary ex-
planatory variable for the association
between AMI and CP was the presence
of proportional alveolar bone loss
=4 mm.

The combination of five periodontal
parameters in a PPRD added predictive
value, suggesting that comprehensive
data should be used in studies of associ-
ations between periodontitis and heart
diseases. Radiographic evidence of bone
loss was the best individual parameter.
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