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Abstract
Aim: This study examined periodontal conditions in patients with coronary heart
disease (CHD) and subjects with no history of CHD.

Material and Methods: Participants were 161 patients (40–75) with severe
angina pectoris (diagnosed as CHD by coronary angiography) who subsequently
underwent percutaneous coronary intervention and 162 control subjects with no
history of CHD. Periodontal status was recorded. Bone loss was determined on
radiographs. Periodontal disease experience was classified into five groups according
to Hugoson & Jordan.

Results: Periodontal disease experience groups 4 and 5 were more common in the
CHD group (25%) compared with the control group (8%). The mean bone level (the
distance from the CEJ to the most coronal level of the alveolar bone) was
3.0 � 1.0 mm in CHD subjects and 2.6 � 0.8 mm in controls. CHD patients had
significantly lower numbers of natural teeth, higher numbers of periodontal pockets
4–6-mm and higher bleeding on probing (%). In a stepwise regression analysis, the
factor periodontal disease experience groups 415 gave an odds ratio of 5.74 (2.07–
15.90) for having CHD after controlling for smoking and age.

Conclusion: Severe periodontal disease expressed by several clinical and
radiographic parameters was more prevalent among subjects with CHD than among
controls. Analysis, the factor periodontal disease experience groups 415 gave an odds
ratio of 5.74 (2.07–15.90) for having CHD after controlling for smoking and age.
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Atherosclerosis is the leading cause of
premature death in the industrial world.
Coronary atherosclerosis is the most
frequent cause of coronary heart disease
(CHD), and plaque disruption with
superimposed thrombosis is the main
cause of myocardial infarction. In recent

years, a key role for inflammation has
been established, suggesting that inflam-
matory processes underlay all phases
of atherosclerosis, from the initial for-
mation of plaques to their progression
and rupture, which lead to clinical
events such as unstable angina, acute
myocardial infarction, and sudden death
(Ross 1999, Libby et al. 2002, Vita &
Keaney 2002). Growing evidence has
also linked common chronic infections
to atherosclerosis and CHD and the
triggering of acute coronary events
(Danesh et al. 1997, Kaski & Cox 1998).

Much interest has been directed to a
possible contributory role of chronic
oral inflammatory diseases in athero-

genesis and CHD. Mattila et al. (1989)
reported a correlation between dental
infections and myocardial infarction in
males. Even after adjusting for known
risk factors, dental infections were
significantly correlated to death in CHD
(Mattila et al. 1995). Several other authors
also proposed an association between
periodontitis and CHD (DeStefano et al.
1993, Beck et al. 1996, Joshipura et al.
1996, Wu et al. 2000, López et al. 2002,
Geerts et al. 2004, Geismar et al. 2006).

In 1996 Beck et al. presented a
hypothesis suggesting that there could
be an underlying inflammatory response
trait that places an individual at high risk
for developing periodontal disease and
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atherosclerosis. The authors also pointed
out that on-going periodontal infections
harbour Gram-negative anaerobic micro-
organisms, which increase the burden of
endotoxins. Lipopolysaccharides in
particular are known to initiate and
exacerbate atherogenesis. Periodontal
pathogens such as Aggregatibacter
actinomycetemcomitans, Porphyromo-
nas gingivalis, Tanerella forsythia, and
Prevotella intermedia have been identi-
fied in atherosclerotic plaque (Haraszthy
et al. 2000, Fiehn et al. 2005).

Periodontitis and CHD share several
risk factors, for example, smoking and
diabetes (Thorstensson & Hugoson 1993,
Grossi et al. 1994, Haffajee & Socransky
2001). It has been claimed that this
might be one of the explanations for
the association between the two
diseases (Hujoel et al. 2002b, Ylostalo
& Knuuttila 2006). Both arteriosclerosis
and periodontitis are complex multi-
factorial chronic inflammatory diseases.
But the studies with different outcomes
regarding a potential association between
periodontitis and CHD have differed
in study design, study population, and
definitions of periodontal disease and
cardiovascular diseases.

The aim of this study was to describe
periodontal conditions in a group of
patients with CHD documented by cor-
onary angiography and to compare them
with a group of matched controls with
no history of CHD.

Material and Methods

Selection of subjects

The present study is prospective and has
a matched case–control design. The
study population was recruited from
the consecutive patients referred to the
Department of Cardiology, University
Hospital, Linköping, Sweden, for cor-
onary angiography from October 2000
to November 2003 because of known or
suspected angina pectoris. During this
period, Linköping University Hospital
served all of Östergötland and Jönköping
Counties concerning invasive cardiac
procedures.

All patients aged 475 years who had
significant coronary stenosis and who
subsequently underwent percutaneous
coronary intervention (PCI) were
included consecutively. During the
actual period, 187 patients fulfilled the
inclusion criteria. Two patients refused
to participate in the study when they
were asked at the Department of Cardi-

ology. Two patients died in the period
between the PCI and the dental exam-
ination and four were excluded due to
full-mouth dentures. Seventeen patients
declined to participate in the study when
they were offered a dental examination.
After the dental examination, another
patient was excluded because of newly
diagnosed diabetes mellitus. Thus,
data from 161 patients in the test group
were analysed.

The control group comprised 162
subjects recruited from the Swedish
population register. Eight hundred
subjects, 200 in each 10-year interval
between 40 and 80 years of age, were
randomly chosen. Thus, each test sub-
ject could be matched by age, gender,
and community to several controls with
no symptoms of heart disease. The first
control subject on the list was asked to
participate in the study, and subsequent
controls were contacted consecutively.
Only four refused to participate in the
study.

To avoid, as much as possible, poten-
tial confounding influences on the study
parameters, we chose these exclusion
criteria: diabetes mellitus, rheumatoid
arthritis, malignant diseases, acute
infections, and concurrent medication
with general glucocorticoids. Smoking
was not an exclusion criterion because
we wished to include a statistically
sufficient number of subjects in a rea-
sonable time period.

The study protocol was approved by
the Ethics Committee of Linköping
University, Linköping, Sweden, and all
participants gave their written, informed
consent to participate in the study.

Periodontal examination

The periodontal conditions of the test
subjects were clinically examined
3–6 months after PCI. For each test
subject, a matched control subject was
examined. All subjects were examined
clinically in a specialist clinic by two
calibrated periodontists. Before the start
of the study, the two periodontists exam-
ined five periodontal patients who were
not involved in the study clinically to
determine intra-examiner reproducibility.
The results of the clinical evaluations
of plaque, probing pocket depth (PPD),
and bleeding on probing (BOP) for
each periodontist were then compared.
In only four sites was a disagreement in
PPD41 mm found. The examination of
the cardiac patients was not performed
blinded for ethical reasons.

Periodontal conditions were scored
according to Lindhe & Nyman (1975).
The following clinical parameters were
recorded:

Number of remaining teeth – number
of teeth, excluding third molars, that
remained.

Dental plaque – presence/absence of
visible plaque at the gingival margin on
four surfaces (buccal, lingual, mesial,
and distal) of each tooth corresponding
to scores 2 and 3 of the plaque index
system of Silness & Löe (1964), calcu-
lated in per cent of the total number of
available sites (PlI%).

PPD – the distance from the gingival
margin to the bottom of the probed
pocket, determined using a manual
periodontal probe (HuFriedy PCP 11,
Chicago, IL, USA). Depth was scored
to the nearest whole millimetre at four
surfaces on each tooth. Pockets were
recorded if they were 3 mm or deeper
at buccal and lingual sites and 4 mm or
deeper at mesial and distal sites accord-
ing to Lindhe & Nyman (1975).

BOP – presence or absence of bleed-
ing following probing at the bottom of
the pocket. The percentage of the total
number of sites that bled was recorded.

Radiographic examination

A set of full-mouth intra-oral radio-
graphs, including bitewing projections,
was taken for each subject using a stan-
dardized parallel technique (Eggen
1969). This included an individualized
number of intra-oral radiographs taken
with an Eggenhållare, according to de-
partmental routine. The quality of the
radiographs was very high, and only
four proximal sites in the material were
unreadable. One radiographic parameter
was recorded:

Alveolar bone level – measured in
millimetres along the root surface from
the cemento-enamel junction (or from
the most apical part of an interfering
restoration) to the most coronal level at
which the width of the periodontal liga-
ment space was considered normal. Two
calibrated periodontists made all the
measurements blinded. Measurements
were then compared, and in cases of
disagreement, a consensus was reached.

Classification according to severity of the
periodontal disease experience

Based on clinical and radiographic
findings, all individuals were classified
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according to these criteria, which are
modifications of Hugoson & Jordan
(1982):

Group 1. Healthy or almost-healthy
gingival units, normal alveolar bone
height, and 412 bleeding units in the
molar–premolar regions.

Group 2. Gingivitis, normal alveolar
bone height, and 412 bleeding gingival
units in the molar–premolar regions.

Group 3. Alveolar bone loss around
the majority of the teeth not exceeding
1/3 of normal bone height.

Group 4. Alveolar bone loss around
the majority of the teeth ranging between
1/3 and 2/3 of normal bone height.

Group 5. Alveolar bone loss around
the majority of the teeth exceeding
2/3 of normal bone height and presence
of angular bony defects and/or furcation
defects.

Two of the authors scored the parti-
cipants independently. Classification
of each subject was made blinded to
whether the subject was a CHD patient
or a healthy control. Results were then
compared. Only minor disagreements
occurred in the scoring of a few sub-
jects, and the examiners then discussed
scoring to reach a consensus.

Questionnaire variables

The participants answered a question-
naire covering a wide variety of items
related to oral factors, general health,
lifestyle, and social environment. These
variables were explored:

Educational level – 9-year com-
pulsory school, secondary school, or
university.

Professional status – professionally
active or retired.

Smoking habits – non-smoker (never
smoked), former smoker, or smoker.

Snuff habits – never used snuff, former
snuffer, or snuffer.

Oral hygiene measures – use of a
toothbrush and interdental cleaning
(dental floss, interdental toothpicks,
interdental brushes) twice a day, daily,
more seldom, or never.

Statistical methods

All calculations and statistical analyses
were made using the SPSSs 13.0 soft-
ware package (SPSS for Windows NT
4.0, SPSS Inc., Chicago, IL, USA). An
experienced statistician performed all
statistical analyses. To determine the
number of participants in the test
and control groups that would be needed

to give the study results significance,
a power analysis with 80% power at a
5% significance level was performed in
pre-study planning.

The Mann–Whitney test was used to
compare the clinical variables between
the test and control groups. The five
periodontal experience disease groups
were regrouped into three groups for
analysis: groups 112 (individuals with
no bone loss), group 3 (individuals with
moderate periodontal disease experi-
ence), and groups 415 (individuals
with severe periodontal disease experi-
ence). Stepwise logistic regression
analyses were performed to evaluate
differences between the test and control
groups based on predictor variable. The
level of statistical significance was set
at p 5 0.05.

Results

Table 1 lists the background character-
istics of patients and controls. The
test group comprised 132 men and
29 women, the control group 133 men
and 29 women. Mean age in the test
group was 61.0 � 8.9 years (range
33–76) and in the control group
62.0 � 8.8 years (range 35–78). At the
time of the periodontal examination, one
patient and six controls were above age
75. Sixty-nine per cent of the controls
had a high educational level compared
with 45% in the CHD group. Fifty-eight
per cent of this group were profession-
ally active and 42% retired while 50%
of the controls still worked and
50% were retired.

Only 9% (n 5 15) of the patients
and 13% (n 5 21) of the controls were
current smokers. Eleven of the test
subjects and seven controls smoked
o10 cigarettes/day. In total 36%
(n 5 57) of the test subjects and 52%
(n 5 84) of the controls claimed that
they had never smoked. The use of snuff
was equally prevalent; 8% of each group
used snuff. Years since quitting smoking
differed between the groups. Forty-five
patients with CHD reported that they
had ceased smoking in the 10 years
preceding our examination and 44 in
the last 5 years. Corresponding figures
for the control group were 49 and 8.

Dental habits were nearly equal in the
test and control groups. Subjects in
both groups (CHD: 89%, control: 88%)
visited a dentist at least once a year, and
around one-third (CHD: 28% and con-
trol: 36%) visited a dental hygienist
once a year or more often. All subjects
(CHD and control: 100%) stated that
they brushed their teeth at least once a
day. Many (CHD: 41%, control: 42%)
performed interdental cleaning daily.

Table 2 presents periodontal condi-
tions. Number of remaining teeth dif-
fered significantly between the groups.
CHD patients had on average 22.7 � 5.5
teeth compared with controls who had
24.6 � 4.1 teeth (p 5 0.002). PlI% dif-
fered significantly between the groups
(p 5 0.05). BOP% was also significantly
higher in test than in control individuals
(p 5 0.009).

Significantly more periodontal pock-
ets with a 4–6-mm probing depth were
found in the CHD than in the control
group (p 5 0.007). Deep pockets with a

Table 1. Number and distribution (%) of coronary heart disease patients (test) and healthy
controls according to gender, education, professional status, and tobacco use

Variable Test n 5 161 Control n 5 162

n % n %

Gender
Men 132 82 133 82
Women 29 18 29 18

Age (age1X; SD) 61 (8.9) 62 (8.8)
Education

9-year compulsory school 89 55 51 31
Higher 72 45 111 69

Tobacco use
Current smokers 15 9 21 13
Former smokers 89 55 57 35
Non-smokers 57 36 84 52
Snuff users 13 8 13 8
Former snuff users 6 4 7 4
Never used snuff 142 88 142 88

Standard deviations are noted in parentheses.
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probing depth of 46 mm occurred only
seldom in both groups. Mean bone level
calculated on an individual basis dif-
fered significantly between the groups
(p 5 0.0001), with a mean bone level of
3.0 � 1.0 mm in the CHD group and
2.6 � 0.8 mm in the control group.

Periodontal disease experience was
more prevalent among CHD patients
than in healthy controls. Figure 1 shows
that 25% (n 5 40) of the cardiac patients
had severe periodontitis (groups 415),
compared with 8% (n 5 13) of the con-
trols. This difference is highly signifi-
cant (p 5 0.0001). Moderately advanced
periodontitis (group 3) was equally dis-
tributed in both groups. Forty per cent of
the controls and 24% of the CHD
patients (p 5 0.0001) had no bone loss
(groups 112).

Regression analysis

Table 3 presents the results of the
stepwise logistic regression analysis.
Because age distribution and smoking
habits differed in the two groups, these
differences were adjusted statistically by
comparing the two groups at common
values of these two variables. In a first
step in the logistic regression analysis,
age and smoking habits were entered
into the model. In a second step, perio-
dontal experience groups 1–5 were
included. In a third step, missing teeth,
and in a fourth step, periodontal pockets
43 mm were introduced into the model
to explain the remaining differences
between the two groups.

After adjusting for age and smoking,
the risk of CHD was found to increase
with age, periodontal disease experience
groups 415, more missing teeth, and
higher number of deep probing pockets
(4 mm or more). The factor periodontal
disease experience groups 415 had an
odds ratio (OR) of 5.74 and a high
confidence interval (CI) of 2.07–15.90.

In addition, a logistic regression ana-
lysis including only never smokers from
test (n 5 56) and control (n 5 84) groups
was performed. The OR for the factor
periodontal disease experience groups
415 was 5.5 (p 5 0.064).

Discussion

This study found periodontal disease to
be more prevalent among patients with
CHD than among healthy subjects. The
test group consisted of a well-defined
group of patients with CHD. All test

subjects suffered from severe angina
pectoris. The diagnosis was confirmed
with coronary angiography, and all
patients had coronary stenosis that
required PCI. To reduce the risk of
confounding factors, and thereby allow
the relation between CHD and perio-
dontitis to be studied, we excluded
patients and controls if they had other
diseases (such as diabetes and acute

infections) or medications (such as gen-
eral glucocorticoids) that could influ-
ence periodontitis.

Test subjects were compared with
subjects with no history of CHD. These
controls had never had any symptoms of
heart disease and had never visited a
doctor because of cardiac problems. It
would have been desirable to confirm
their coronary health with a coronary

Table 2. Clinical parameters in the group of coronary heart disease patients (test) and the control
group: number of remaining teeth, % surfaces with visible plaque at the gingival margin,
bleeding on probing (BOP), number of probing pocket depths (PPD), and bone level

Variable Test Control p

mean SD range mean SD range

Number of teeth 22.7 (5.5) 5–28 24.6 (4.1) 8–28 0.002
Plaque (%) 46.0 (26.0) 0–100 39.0 (21.5) 0–90 0.05
BOP (%) 27.0 (19.6) 0–100 21.0 (16.3) 0–68 0.009
4–6 mm PPD 14.0 (12.4) 0–68 10.7 (10.3) 0–49 0.007
46 mm PPD 0.6 (1.7) 0–16 0.4 (1.0) 0–6 0.328
Bone level (mm) 3.0 (1.0) 1.1–7.6 2.6 (0.8) 1.0–5.9 0.0001

Mann–Whitney test.

8% 

52% 40%

51% 

   ControlTest

25% 
24% 

Fig. 1. Distribution of heart disease patients (test) and healthy controls according to
periodontal disease experience group (Hugoson & Jordan 1982). Group 1: healthy or
almost-healthy gingival units, normal alveolar bone height, and 412 bleeding units in the
molar–premolar regions. Group 2: gingivitis, normal alveolar bone height, and 412 bleeding
gingival units in the molar–premolar regions. Group 3: alveolar bone loss around the majority
of the teeth not exceeding 1/3 of normal bone height. Group 4: alveolar bone loss around the
majority of the teeth ranging between 1/3 and 2/3 of normal bone height. Group 5: alveolar
bone loss around the majority of the teeth exceeding 2/3 of the normal bone height and
presence of angular bony defects and/or furcation defects.

Table 3. Results of the stepwise logistic regression analysis with coronary heart disease as the
dependent variable

p-value Odds ratio (95% CI)

Smoking Adjusted for step 1
No 0.209 1.41 (0.83–2.40)
Yes (current and former)

Age 0.005
Periodontal disease experience group Adjusted for step 2

112
3 0.121 1.64 (0.88–3.08)
415 0.001 5.74 (2.07–15.90)

Missing teeth 0.004 1.10 (1.03–1.18) Adjusted for step 3
Periodontal pockets 43 mm 0.025 1.08 (1.01–1.15) Adjusted for step 4

CI, confidence interval.
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angiography, but this was not possible
for ethical and economic reasons.

This prospective study had a case–
control design. Thus, the findings
depended on the subjects included in
the study. In such a study design, find-
ings reflect the subset of CHD defined
by the cases, and one condition for
validity is that controls are derived
from and represent the population from
which the cases derive. Generalization
to the population level should be made
with caution, although the number of
participants in our study was based on a
power analysis to reduce the risk of
random differences between the groups.

Twenty-five per cent of the patients
with CHD had severe alveolar bone loss
compared with 8% of the controls. This
agrees with other studies (Beck et al.
1996, 2001, Persson et al. 2002). In
another study of women with CHD, no
difference in bone level was found
(Buhlin et al. 2005). This might reflect
differences between genders or in study
design. In our study, we considered
the number of women too small to be
analysed separately. Absence of alveo-
lar bone loss, as assessed in radiographs,
was significantly higher among healthy
subjects than among heart patients, 40%
and 24%, respectively. This is in line
with the results reported by Elter et al.
(2004) where subjects with high attach-
ment loss and a high number of lost
teeth had a higher risk of CHD com-
pared with subjects with low attachment
loss and a low number of lost teeth. We
also found a significant correlation
between the number of teeth on a
subject level and CHD. Other authors,
Paunio et al. (1993), Joshipura et al.
(1996), and Lagervall et al. (2003)
reported similar findings. The mean
number of remaining teeth in both
groups was high in our study; but
the range was wide. This might reflect
the fact that dental status in the Swedish
population is rather good (Hugoson
et al. 2005). We chose to exclude four
edentulous subjects because we did not
know why the teeth had been extracted.
Periodontal health cannot be measured
on an edentulous subject. Of course,
there is a risk for bias in number of
teeth when edentulous subjects are
excluded. Our study had only two eden-
tulous subjects, so we thought exclusion
of these could have only a minor influ-
ence on results.

We found several between-group
differences in the clinical variables.
Patients with heart disease had higher

numbers of 4–6-mm deep pockets com-
pared with controls. Some investigators
have found that gingival inflammation
per se might be a risk factor for cardi-
ovascular disease (Bazil et al. 2002,
Buhlin et al. 2002). We found a signifi-
cantly higher level of BOP among the
patients with heart disease compared
with the controls. Plaque scores differed
between the groups. The CHD group
had significantly more plaque, but this
difference was on a lower statistical
level. This might indicate that plaque
scores alone are unable to explain the
difference between the groups.

We found that patients in periodontal
disease experience groups 4 and 5 had
a statistically significant risk (OR 5 5.74)
of CHD, although the CI was wide,
2.07–15.90. This was after adjusting
for smoking and indicates that severe
periodontitis at least doubles the risk of
CHD. This level agrees with studies on
cerebrovascular ischaemia (Grau et al.
1997, Wu et al. 2000). The wide CI in
our study indicates that, on an individual
patient level, differences in periodontal
disease influence on the risk of CHD are
large. This is in accordance with the
results presented by Geerts et al. (2004)
who reported an OR of 6.5 (95% CI:
1.8–23) between coronary artery disease
and periodontitis.

The proposed association between
cardiovascular disease and periodontitis
has also been questioned. In a prospec-
tive cohort study, Hujoel et al. (2000)
found no convincing evidence of a
causal association between periodontal
disease and cardiovascular disease.
Moreover, the risk of CHD in edentu-
lous people was not lower than in people
with periodontitis (Hujoel et al. 2001).
The hypothesis that periodontitis
increases the risk of future coronary
events in patients with established
CHD was not confirmed in an American
epidemiological study (Hujoel et al.
2002a). In middle-aged and elderly
men, self-reported periodontal disease
was not found to be significantly corre-
lated with cardiovascular disease
(Howell et al. 2001). Some authors
have questioned whether there is a true
association between periodontitis and
cardiovascular disease in smokers or
whether the association is coincidental
(Hujoel et al. 2000). In the present
study, few participants were smokers
(CHD: 15, control: 21). But a large
proportion of the subjects were former
smokers. Number of years since quitting
smoking differed between the groups.

That information might be inaccurate.
How former smoking influences perio-
dontal disease is not clearly under-
stood. To investigate the influence of
smoking, we analysed two subgroups of
individuals from the test and control
populations that had never smoked.
In the logistic regression analysis, we
found that the impact of belonging to
periodontal disease experience groups
415 in the non-smoking subgroups
was similar to that in the subgroups
in the total material but on a non-
significant level (p 5 0.064). This might
be another indication of an association
between periodontal disease and coronary
atherosclerosis. But since the size of
the non-smoker groups was random, no
power analysis was made. Thus, con-
clusions should be drawn with caution.

In our study, we found that grouping
individuals in five subgroups according
to Hugoson & Jordan’s (1982) classifi-
cations for periodontal severity was
useful. This index involves estimations
of radiographic alveolar bone level
and angular defects. It gives the reader
a reasonably good description of perio-
dontal status and severity of periodontal
disease. Furthermore, we found that
patients with CHD had more past or
present periodontal problems, that is,
fewer teeth, more 4–6-mm deep
pockets, more plaque, and more BOP.
Similar results regarding clinical vari-
ables were reported by Geerts et al.
(2004). D’Aiuto et al. (2004) showed
in a pilot intervention study that non-
surgical periodontal therapy signifi-
cantly decreased serum mediators and
markers of acute inflammation. This is
in accordance with results presented in
several recent studies (D’Aiuto et al.
2006, Elter et al. 2006, Blum et al.
2007, Tonetti et al. 2007). Modern med-
ical treatment of cardiovascular disease
is being increasingly directed towards
modification of the inflammatory com-
ponent of atherosclerosis. Whether pre-
vention and treatment of periodontitis
is particularly efficient in decreasing
the risk of CHD remains unanswered.
Furthermore, studies elucidating these
issues are necessary.

In conclusion, CHD, confirmed by
recent coronary angiography, was
strongly associated statistically with
periodontitis (expressed by several
clinical and radiographic parameters).
The findings are consistent with a num-
ber of prospective studies that appear to
imply that periodontitis is an important
aetiological factor in CHD.
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her work in recruiting subjects and
Dr. Birgit Ljungquist, Jönköping, for
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Clinical Relevance

Scientific rationale for the study:
When linking periodontitis to CHD,
it is important to describe the diag-
nostic criteria for CHD. Participants
in the study group suffered from
severe angina pectoris, diagnosed as

CHD by coronary angiography, and
all underwent PCI.
Principal findings: The statistical
analysis confirmed a strong corre-
lation between CHD and perio-
dontitis in clinical and radiographic
parameters.

Practical implications: The results
of this study strengthen results from
several other studies that propose a
link between periodontitis and CHD.
Periodontal disease might be a risk
factor to be considered in CHD
patients.
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