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Abstract
Known risk factors for coronary heart disease do
not explain all of the clinical and epidemiological
features of the disease. To examine the role of
chronic bacterial infections as risk factors for the
disease the association between poor dental health
and acute myocardial infarction was investigated in
two separate case-control studies of a total of 100
patients with acute myocardial infarction and 102
controls selected from the community at random.
Dental health was graded by using two indexes, one
of which was assessed blind. Based on these indexes
dental health was significantly worse in patients with
acute myocardial infarction than in controls. The
association remained valid after adjustment for age,
social class, smoking, serum lipid concentrations,
and the presence of diabetes. Further prospective
studies are required in different populations to
confirm the association and to elucidate its nature.

Introduction
The development of coronary heart disease is

attributed to several risk factors such as high serum
cholesterol concentration, low serum high density
lipoprotein cholesterol concentration, smoking, hyper-
tension, and diabetes.' 2These risk factors, however,
seem to explain only half to three quarters of the
variation in the incidence of cases of coronary heart
disease in most industrialised societies.' 2 Thus import-
ant risk factors seem not yet to have been identified.
There is evidence that acute viral infections and

influenza-like illness may precipitate myocardial
infarction in susceptible people.' Special attention
has been given to infections with coxsackieviruses,
which affect the myocardium and coronary arteries.46
Bacterial infections have also been incriminated in the
aetiology of both coronary heart disease and stroke.76
Based on a clinical impression that chronic dental
infections are common among patients with acute
myocardial infarction we carried out two separate case-
control studies in which we investigated the dental
health of patients with acute myocardial infarction and
controls selected from the community at random.

Subjects and methods
Two series of patients with acute myocardial in-

farction and controls were investigated. The patients in
the first series (series 1) comprised 40 consecutive men
admitted to Helsinki University Central Hospital
because of acute myocardial infarction. The criteria
for including the men in the study were that they
were aged 50 or less, were resident in Helsinki or
its immediate neighbourhood, had developed their
symptoms within 36 hours before admission, and
had acute myocardial infarction as verified by typical
changes in their electrocardiograms and raised serum

creatinine phosphokinase isoenzyme MB activity. The
controls were a computer based random 'sample of 41
men from the official records ofinhabitants ofHelsinki.
They were in the same age group as the patients and
lived in the same area. One of them was taking a
13 blocker for hypertension. The rest were not taking
any drugs and did not have any chronic diseases. Sixty
five per cent of those invited agreed to participate.
The patients in the second series (series 2) comprised

60 consecutive people with acute myocardial infarction.
The criteria for inclusion were that they were men aged
60 or less or women aged 65 or less, their symptoms
had started within 36 hours before the admission, and
they lived in Helsinki or its immediate neighbourhood.
The controls were 61 subjects individually matched for
sex and age with the patients. They were collected from
the official records of inhabitants of Helsinki. Eighty
six per cent of those invited agreed to participate. None
of them had previously had myocardial infarction.
Two had symptoms of angina pectoris, 12 were taking
antihypertensive drugs, eight had received antihyper-
tensive treatment previously, one had non-insulin
dependent diabetes, and one had insulin dependent
diabetes.

In both series each matched control was invited to be
examined as soon as the patient had been admitted to
the hospital. If the control refused to participate or did
not answer (non-respondent) another control was
selected randomly from the computer list. In both
series one control who did not respond initially
contacted the investigators later and was included in
the series. Thus the number of controls exceeded the
number of patients by one in both series.

Blood samples for measurements of serum total
cholesterol, triglyceride, and high density lipoprotein
cholesterol concentrations were taken on admission
and four weeks later from all subjects except three, two
of whom died before the second visit (one in both
series) and one of whom dropped out of the study
(series 1). The lipid values obtained during the second
visit were used in the analyses.

All patients and controls were examined by one
doctor (KJM). Special attention was paid to history of
infections, smoking habit, and hypertension. The
social class of each subject was defined on the basis of
his or her occupation. This information was obtained
either at the interview (for patients and respondent
controls) or from the official records of inhabitants
(for non-respondent controls). Informed consent was
obtained from all participants before examination. The
study protocol was approved by the ethical committee
of Meilahti Hospital.

Dental examination-Dental health was assessed by
two methods, both measuring the severity of infections
of the teeth and the periodontium. A systematic
clinical and radiological examination was carried out
during the hospital stay or shortly after discharge. For
practical reasons this examination could not be done
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without the dentist knowing whether the subject was a
patient or control. Each person was given scores
according to the severity of the dental disease (table 1).
The arithmetic sum of the scores formed the "total
dental index." The index ranged from zero to 10,
increasing with the severity of the disease. After the
initial dental studies pantomographs were re-examined
blind. The sum of the number of periapical lesions,
lesions caused by tertiary caries, vertical bone pockets,
radiolucent areas at the furcation, and lesions caused
by pericoronitis formed the "pantomography index."

Laboratory analyses-Serum total cholesterol con-
centrations were determined enzymatically.9 High
density lipoprotein was isolated from plasma by ultra-
centrifugation'° and the high density lipoprotein
cholesterol concentration determined. SerumC peptide
concentration was determined by radioimmunoassay."

Statistical methods-Sample proportions were

TABLE I-Schemefor calculating total dental index, which was used to
evaluate dental health

Type of disease Score

Caries:
No carious lesions 0
1-3 Carious lesions 1
4-7 Carious lesions or no teeth in maxilla or mandibula 2
38 Carious lesions or relics radix or no teeth 3

Periodontitis:
None 0
Gingival pocket 4-5 mm deep I
Gingival pocket ¢6mm deep 2
Macroscopic pus in gingival pocket 3

Periapical lesions:
None 0
1 Or vertical bone pocket, or both 1
2 2
_- 3 3

Pericoronitis:
Absent 0
Present 1

TABLE iv-Stepwise logistic regression with conventional risk factors
and total dental index as independent variables. Subjects from two
series were included in the analysis (n=202)

Coefficient/
Independent Standard standard
variable Coefficient error error p Value

High density lipoprotein
cholesterol -3 41 0-65 -5-24 <0-001

Smoking* 1-33 0-43 3 07 0-004
Total dental indext 0-23 0 09 2-55 0-004
Hypertensiont 0-78 0-42 1-85 0-06
Age NS
Triglycerides NS
Social class NS
Diabetes NS
Total cholesterol NS
C peptide NS

*Current and former smokers.
tCoefficient for pantomography index was 0 12 (standard error 0-04,
p<0002) when tested in the model instead of total dental index.
tSubjects taking or who had previously taken antihypertensive drugs.

compared by x2 test (with Yates's correction) and
Fisher's exact method. Student's t test was used to
compare means of quantitative variables. Logarithmic
transformation was performed when necessary to
obtain a normal distribution. Welch's method was
used when the variances between groups differed
significantly. For comparison of the dental indexes
the non-parametric Mann-Whitney test was used.
Interrelations between the risk factors were assessed
with stepwise logistic regression analysis. 12 Because the
two dental indexes used to assess dental state were
strongly correlated they were included separately in
the analysis. Presence of diabetes and the serum
C peptide concentration were treated similarly. Cor-
relations between the dental indexes and between the
total dental index and social class were expressed by
Spearman's rank correlation.

TABLE II-Demographic characteristics and conventional risk factors in
myocardial infarction and their matched controls

two series of patients with

Series 1 Series 2

Patients Controls Patients Controls
Characteristic (n= 40) (n=41) (n= 60) (n= 61)

Sex:
Male 40 41 44 44
Female 16 17

Mean (SD) age (years) 44 (5)** 39 (6) 52 (8) 52 (8)
Mean (SD) serum cholesterol (mmol/l) 6-4 (1-3) 5-9 (1-3) 6-0 (12)** 6-7 (1-5)
Mean (SD) high density lipoprotein

cholesterol (mmol/l) 10 (0-3)*** 1-4 (0-4) 1-0 (0 4)*** 1 3 (0 5)
Mean (SD) serum triglyceride (mmol/l) 2-4 (1-3)*** 1-4 (0-8) 2-0 (l19)** 1-5 (1-3)
Mcan (SD) C peptide (~g/l) 2-5 (2-4)** 1-3 (0 8) 3-2 (2 0)** 2-3 (1-6)
Smoking habit:
No (%) of current smokers 30 (75)** 19 (46) 35 (58)** 20 (33)
No (%) of former smokers 8 (20) 11 (27) 14 (23) 12 (20)
No (%) with hypertensiont 10 (25)** 1 (2) 22 (37) 20 (33)
No (%) with diabetest 1 (3) 0 5 (8) 2 (3)

No (%) of social class5:
I 13 (32) 19 (46) 13 (22) 16 (26)
II 11 (28) 9 (22) 13 (22) 18 (30)
III 14 (35) 13 (32) 33 (55) 25 (41)
IV 2 (5) 0 1(1) 2 (3)

Significance of difference between controls and patients for each series separately: **p<001; ***p<0.001.
tSubjects taking or who had previously taken antihypertensive drugs.
tSubjects with manifest diabetes (both juvenile and maturity onset).
5Social class I=salaried employees, higher level; II=salaried employees, lower level; III=specialised blue collar
workers; IV=unspecialised blue collar workers.

TABLE III-Dental health in two series ofpatients with myocardial infarction and their matched controls as
indicated by total dental index, pantomography index, and no teeth

Series 1 Series 2

Patients Controls Patients Controls

Median total dental indext 4 (2, 5-5)*** 2 (1, 3) 6 (4,7)** 4 (2, 5)
Median pantomography indext 2 (1, 4- 5)*** 0 (0, 1) 6 (4, 9)** 3 (1, 6)
No (%) with artificial teeth in both jaws 4 (10)§ 17 (28)** 6 (10)

tThe 25th and 75th centiles of the distribution are given in parentheses.
Significance of difference between controls and patients for each series separately: **p<0-01; ***p<0-001.
5p= 0-055.

Results
Table II shows the demographic characteristics and

values of conventional risk factors of the study groups.
Smoking was more common among these with acute
myocardial infarction, and they had lower concentra-
tions of high density lipoprotein cholesterol and higher
serum concentrations of triglycerides and C peptide
than the controls in both series. Hypertension was
more common among the patients than the controls in
series.' The differences in the prevalence of clinical
diabetes and in the distribution of social classes
between patients and controls were not significant.
Serum total cholesterol concentration was not associated
with myocardial infarction. In fact, the mean cholesterol
concentration in series2 was higher in the controls than
the patients.
As expected the total dental index and the panto-

mography index were highly correlated (r=0-69,
p<0001), suggesting that the non-blind assessment
of the total dental index was not biased. The two
indexes were significantly higher (reflecting worse
dental health) among patients than controls in both
series (table III). Table IV shows the results of the
stepwise logistic regression analysis, done to determine
whether the association between coronary heart disease
and poor dental health was independent of the other
risk factors of coronary heart disease measured. Both
dental indexes were tested with age; concentrations of
total cholesterol, high density lipoprotein cholesterol,
triglycerides, and C peptide; hypertension; presence of
diabetes; and smoking habit. Inclusion of social class
in the analysis only slightly influenced the regression
coefficients of the dental indexes. The results were
similar when the two series were analysed separately
and when the data were pooled.
The total dental index correlated significantly with
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social class (r=025; p<0001), the subjects in the
lower classes having worse dental health. To exclude
the possibility that the difference observed in dental
indexes between patients and, controls was due to
selection bias associated with social class we examined
the social class distribution among patients, respondent
controls, and non-respondent controls. The non-
respondents more commonly belonged to higher social
classes (p<005), whereas no differences were observed
between patients and respondent controls (table II).
Thus social class, which was probably the most
important potential confounding factor, did not seem
to influence our results.

Discussion
In two separate case-control series patients with

acute myocardial infarction had worse dental health
than controls matched for age and sex. Several possible
explanations for this should be considered. Firstly,
dental caries and ischaemic heart disease share several
common aetiological factors-for example, low socio-
economic state,81'3 smoking, diabetes, and resistance
to insulin. 2 IS7 Secondly, subjects who take care of
their dentition may also be concerned about other
aspects of their health, including a lifestyle conducive
to coronary heart disease. The relation between dental
health and acute myocardial infarction, however,
remained significant even after adjustment for age,
social class, hypertension, serum lipid and lipoprotein
concentrations, smoking, presence of diabetes, and
serum C peptide concentration (which reflects resist-
ance to insulin).
A link between dental caries and ischaemic heart

disease could also derive from diet. Two dietary
constitutents, sucrose and fluoride, deserve attention.
High consumption of sucrose is considered to be an
important factor in the aetiology of caries,8 and
sucrose has also been incriminated in the development
of atherosclerosis.'9 Data from recent epidemiological
studies, however, do not support the hypothesis that
high consumption of sucrose is related to the develop-
ment of ischaemic heart disease.20 The role of fluoride
as a protective agent against dental caries is firmly
established. Studies with animals have suggested
that supplements of fluoride may also prevent aortic
calcification induced by deficiency of magnesium."
Epidemiological data on the role of deficiency of
fluoride in the development of atherosclerosis are,
however, conflicting. Though some studies have
suggested an inverse relation between the prevalence of
ischaemic heart disease and the fluoride content of
drinking water, the bulk of the evidence does not
support such a relation.29 Thus low intake of fluoride
probably would not explain the connection between
poor dental health and coronary disease found in this
study.
The mechanism by which dental infections could

influence the development of myocardial infarction
remains unknown. Occlusive thrombus attached to
atherosclerotic plaque is the most common cause of
acute myocardial infarction. Bacterial components
affect endothelial integrity,2429 metabolism of plasma
lipoprotein,26 blood coagulation,228 and the function of
platelets and their synthesis of prostaglandin,"9 30 all of
which are factors that influence the progression of
atherosclerosis and the processes triggering myocardial
infarction and sudden death in subjects with coronary
disease.3' 82 Many of these changes are mediated by
the endotoxin associated with certain Gram negative
bacteria, but other mechanisms must also play a part.
On the other hand, little is known about the long term
effects of chronic low grade bacterial infections, such
as dental caries or periodontitis, on atherosclerosis and
its complications. Gram negative bacteria containing

endotoxin are also important factors in the course of
periodontal infections." Thus the possibility that
bacterial endotoxin or similar factors may be related to
the association between myocardial infarction and
dental health observed in the present study cannot be
excluded.
Our observations indicate that dental caries or

periodontal disease, or both, is morc common among
patients with acute myocardial infarction than among
controls matched for age and sex. More prospective
studies in various populations are, however, needed to
confirm the association and to elucidate its nature.
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