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Background: The purpose of this study was to determine
whether acute coronary syndrome (ACS) and angina patients
have a greater prevalence of interleukin (IL)-1 polymorphism
at the time of hospital admission than groups without ACS or
angina.

Methods: A total of 106 patients hospitalized with ACS or
angina were compared to a group of 1,959 individuals tested
for susceptibility to periodontitis by profiling the IL-1 gene.
Blood collected upon admission was analyzed by polymerase
chain reaction amplification and gel electrophoresis to deter-
mine IL-1 polymorphism. A questionnaire was completed to
assess home care and periodontal symptoms. Hospital and
dental records were assessed for inclusion in the study, and
dental records were analyzed for radiographic bone loss
and dental history.

Results: ACS/angina patients with severe radiographic
bone loss demonstrated an increase in IL-1–positive polymor-
phism (P = 0.06). If patients were ‡60 years of age, the pre-
valence of the positive gene was enriched (P = 0.009) with
IL-1a+4845T increasing significantly (P = 0.015).

Conclusions: For patients ‡60 years of age, there was a
statistically significant correlation between ACS/angina and
IL-1 polymorphism. Patients with ACS or angina were more
likely to evidence a positive IL-1 polymorphism and severe
periodontitis. J Periodontol 2008;79:138-143.
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T
he development of coronary ar-
tery disease (CAD) is attributed to
several risk factors, including high

serum cholesterol, low serum high-density
lipoprotein levels, smoking, increased
levels of C-reactive protein (CRP), hy-
pertension, and diabetes.1,2 However,
these risk factors do not explain all cases
of CAD. Additional risk factors, such as
chronic periodontitis, have been sug-
gested; however, no firm linkage has
been established.1-4

Some studies5,6 have suggested that
bacterial and viral infections are two po-
tential risk factors that may precipitate
myocardial pathology in a certain popu-
lation. Subclinical infections also may
playa role incardiomyopathy.7-9 Loesche1

suggested that an equilibrium is main-
tained in the contained periodontal infec-
tion when the immune response of the
healthy individual keeps the lesion sub-
clinical. If thehost immunesystemiscom-
promised and plaque is permitted to
mature, a critical mass may be reached,
and the resulting pathology may no longer
be localized to the mouth.10

Gingivitis and periodontitis are infec-
tious inflammatory diseases of the gingiva
and underlying supporting structures of
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the teeth.11 Porphyromonas gingivalis, Prevotella
intermedia, Tannerella forsythia (previously T. forsy-
thensis), and Actinobacillus actinomycetemcomitans
often are implicated in the pathogenesis of periodontal
disease and unsuccessful therapy.12 These pathogens
can be found in the epithelium and connective tissue
and within the cells of the periodontal lesion.13,14

Recently, these microorganisms have been found
incorporated in coronary endothelium and athero-
sclerotic plaques.15-23 Kozarov et al.24 demonstrated
that A. actinomycetemcomitans and P. gingivalis
were viable and invasive. Kuramitsu et al.25 demon-
strated the ability of P. gingivalis to induce foam cell
formation, an initial step in plaque formation, in the
presence of low-density lipoprotein (LDL) in macro-
phage cell culture. Pussinen et al.26 showed that the
extent of affected tissue in periodontitis is associated
directly with the ability of isolated LDL to activate
macrophages in vitro.

Kornman et al.27 suggested that once the periodon-
tal lesion has been established, the production of such
mediators as interleukin (IL)-1b and tumor necrosis
factor-alpha (TNF-a) can exacerbate the existing
lesion. They concluded that patients who carry the
marker for IL-1b might be more susceptible to peri-
odontal disease. In reviewing the literature, Greenstein
and Hart28 concluded that IL-1 testing as a predictor of
susceptibility to periodontitis is ambiguous. However,
Kornman et al.29 postulated that another IL-1 genetic
pattern (-511 and +2018) may be involved in cardio-
vascular disease. In experiments in mice lacking the
IL-1 receptor agonist gene, Devlin et al.30 and Nicklin
et al.31 suggested that the expression of IL-1 is likely
to have a significant role in signaling artery wall dam-
age by effecting lipoprotein metabolism and foam-
lesion development.

Cutler and Iacopino32 suggested that in advanced
periodontitis, levels of 1L-1b and TNF-a can be ele-
vated in the gingival crevicular fluid to such a degree
that they can cross the ulcerated epithelium and enter
the circulation. Likewise, Kinane and Lowe33 stated
that bacteremias could increase the levels of circulat-
ing lipopolysaccharides (LPS), which, in turn, cause
subintimal leukocyte infiltration with associated cyto-
kine release and smooth muscle cell proliferation.
Geerts et al.34 recently demonstrated that endotoxe-
mia can be induced by gentle mastication and that
the levels are higher in patients with severe periodon-
tal disease. Beck et al.35 concluded that microbial and
LPS exposures may be associated with acute aspects
of CAD, such as thrombus formation. In support of
this, Herzberg and Meyer’s36 in vitro study demon-
strated that dental bacteremias could induce platelet
aggregation. Czerniuk et al. 37 evaluated 50 patients
admitted with a diagnosis of acute coronary syndrome
(ACS). They reported that patients with ACS and ad-

vanced periodontitis tended to have higher mean
values of IL-1b and TNF-a than patients with less
advanced disease.

Valtonen38 proposed that chronic dental infections,
among others, may act synergistically along with
classic risk factors, such as a genetic propensity, for
a more robust inflammatory response in the devel-
opment of various atherosclerotic diseases. The pro-
duction of inflammatory cytokines in IL-1–positive
individuals as the result of poor dental health could
be associated with an acute coronary event.

The purpose of this investigation was to determine
the prevalence of a positive IL-1 polymorphism, a
genetic marker for inflammation, in patients who
present with angina, unstable angina, or myocardial
infarction and to see if there is a relationship between
IL-1 polymorphism and the subjects’ medical and
dental findings with special emphasis on radiographic
bone loss.

MATERIALS AND METHODS

The study was reviewed and approved by the Institu-
tional Review Boards at the University of Medicine
and Dentistry of New Jersey and Morristown Memorial
Hospital.

Patient Selection and Evaluation
The experimental group consisted of 137 dentate pa-
tients who entered through the Emergency Depart-
ment and were admitted and discharged from the
cardiac care unit at Morristown Memorial Hospital
with a discharge diagnosis of acute myocardial infarc-
tion (AMI), unstable angina, or angina (International
Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] codes 410 to 413.9). Be-
cause AMI and unstable angina are part of a spectrum
essentially differing only in the sequelae of cell death,
they often are referred to as ACS. After obtaining pa-
tient consent, we examined the patient’s medical and
dental records, contacted the admitting physician,
and evaluated blood samples taken in the Emergency
Department upon admission. Only the residual blood
taken for creatine phosphokinase (CK) and troponin
or basic metabolic profile (BMP) were used in the
study. Great effort was made to remove patients with
confounding factors. Excluded from the population
were patients who had a discharge diagnosis of insu-
lin-dependent diabetes mellitus, multiple diagnoses,
chronic antibiotic therapy, pregnancy, obesity, or an-
tibiotic regimes or infection at the time of admission
to avoid additional variables that would confound in-
terpretation of the results. No patient was undergoing
periodontal therapy at the time of admission. No
patient had less than six teeth, and the average had
22.9 – 7.3 teeth. The control group consisted of
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1,959 subjects (excluding the 106 in the experimental
group) with an unknown medical history who had an
IL-1 profile carried out (commonly known as the peri-
odontal susceptibility test). These blood samples
were submitted for the purpose of predicting suscep-
tibility to periodontitis.27 This group (historical group)
had their interleukin profile evaluated by a commer-
cial laboratory (A.K. Taylor, Kimball Genetics, Boul-
der, Colorado; unpublished data). Background data
were obtained from the hospital and the patient’s den-
tist. A supplemental questionnaire was sent to the
patient. The radiographs were assessed by three
periodontists. No attempt was made to measure inter-
observer reliability, and conclusions were reached by
consensus. The results were interpreted and assigned
a score as follows: no disease (0); mild or £20% loss of
support (1); moderate or >20% to £50% loss of sup-
port (2); and severe or >50% loss of support (3).39,40

Subjects (mean age: 61.4 – 12.3 years; 23% were
female) were enrolled in the study from May 2001
through May 2004.

IL-1 Polymorphism
The residual blood (used for CK and BMP) taken at the
time of admission to the Emergency Department was
centrifuged, and the packed cells were evaluated.
Collected DNA was isolated from packed cells of
the same samples on filter paper and forwarded to a
commercial laboratory¶ for evaluation. Testing for
the IL-1a+4845 C/T and IL-1b+3954 C/T (formerly
+3953 C/T) polymorphisms was performed by poly-
merase chain reaction (PCR) amplification of 20 ml
DNA. PCR products were digested with Fnu 4Hl for
IL-1a+4845 and Taq I for IL-1b+3954, and fragments
were separated by 10% non-denaturing polyacryl-
amide gel electrophoresis. The genotype at each
locus was scored as 1,1; 1,2; or 2,2. The ‘‘2’’ was as-
signed to the less common sequence (IL-1a+4845T
or IL-1b+3954T). The specific composite genotype
consisting of allele 2 on IL-1a and -1b was termed
positive. Individuals were determined to be positive
or negative and were recorded as such.

Statistical Analysis
Data included discrete measures, summarized as pro-
portions, and continuous measures, summarized as
mean – SD. Differences between groups on discrete
measures were evaluated by means of the x2 test,
and the Fisher exact test was used when needed be-
cause of the small sample size. Differences between
groups on continuous measures were evaluated by
t tests (if only two groups) or analysis of variance (if
more than two groups), with post hoc tests between
groups that controlled for experiment-wise error rate.
Associations between continuous measures were
evaluated with Pearson correlation coefficients. Sta-
tistical significance was taken with an a £0.05.

RESULTS

Demographics
A detailed analysis of this group was published previ-
ously.41 In summary, ACS/angina patients reported a
longer median time between dental visits and hospital
appearance compared to patients who registered at
the hospital for elective procedures (6.5 months ver-
sus 3.0 months; P = 0.008). ACS/angina patients had
fewer teeth than those who were discharged with a di-
agnosis of chest pain (22.9 – 7.3 versus 26.3 – 6.0;
P <0.001), manifested more untreated dental pathol-
ogy (50.4% versus 24.2%; P <0.01), and had a higher
prevalence of severe periodontitis (38.5% versus
9.1%; P <0.05). The number of teeth was related in-
versely to the radiographic bone loss where r = - 0.424
(P <0.001).

ACS/angina patients were more likely to evidence
severe periodontits compared to the historical group
with an unknown medical history (P = 0.06) (Table 1).

IL-1 Polymorphism
Of the 137 patients admitted for ACS or angina, 106
had residual bloods available for IL-1 polymorphism
testing. They are included in all of the results (Table
1). The experimental group had a higher prevalence
of a positive profile (43.4%), which trended toward
statistical significance (P = 0.06), compared to the
historical group (34.8%) with an unknown health re-
cord. If the group consisted only of whites, the results
became significant (P = 0.05).

When patients ‡60 years of age in the experimental
group were analyzed separately, the positive fre-
quency increased compared to the historical group
(P = 0.009). Comparing patients ‡60 years of age
(55.4% in the experimental group and 35.4% in the
historical group) using the Z test for independent pro-
portion yielded a P value of 0.059. Further analysis
revealed that the IL-1a gene + 4845 (P = 0.015) was
enriched in the test group (Table 2).

DISCUSSION

Renvert et al.42 concluded that of the five parameters
studied, radiographic evidence of bone loss was the
best individual parameter for associating periodontal
disease with AMI. In our study, 38.5% of subjects had
severe periodontitis and another 45.5% had moderate
periodontitis. The remainder were diagnosed with
mild periodontitis. Every subject in this study had
some degree of radiographic bone loss.

Our study included only the dentate population. Al-
though the extent of radiographic bone loss trended
toward significance, it was not a significant factor. The
extent of the insult, rather than the degree of gingival
or mucosal pathology, may be all that is necessary to

¶ Kimball Genetics, Boulder, CO.
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allow the ingress of microbial products and cytokines.
The edentulous population seems to be as susceptible
to bacteremias as the dentate population because of
ill-fitting prostheses, perhaps they should be included
in future studies. Slade et al.43 reported that CRP
levels did not improve with loss of all teeth. They con-
cluded it might be due to mucosal pathology induced
by ill-fitting prostheses.

In this study, we found a difference in the preva-
lence of IL-1 polymorphism between the experimental
group and the historical group (43.4% versus 34.8%,
respectively). The size of the difference was small and
may not be of clinical interest to the individual patient;
however, it did trend toward statistical significance
(P = 0.06), which might suggest an etiologic relation-
ship that would need to be verified by further inves-
tigation. If only whites were evaluated, the results
became statistically significant (P £0.05).28 The ex-
perimental group had a statistically significant result
(P £0.05) compared to Kornman’s population of 1,459
healthy individuals (43.4% versus 32.6%; P £0.05)

(K.S. Kornman, Interleukin Genetics, Framingham,
Massachusetts; unpublished data).

IL-1 is a proinflammatory cytokine that can stim-
ulate the liver to produce acute-phase proteins.
Kornman et al.29 stated that another IL-1 genetic pat-
tern, characterized by different alleles, is not associated
with periodontitis but with atherosclerotic plaque for-
mation. Our study indicated that the alleles associ-
ated with periodontitis are more prevalent in the
subjects with ACS and angina who are ‡60 years of
age. Berger et al.44 and D’Aiuto et al.45,46 reported
that in populations with atherosclerosis, +3954 on
IL-1b and +4845 on IL-1a to a lesser degree, corre-
lated with CRP serum levels. They concluded that cy-
tokine genotypes are important determinants of the
systemic inflammatory response in subjects with peri-
odontitis. Papapanou et al.47 also noted a significant
increase of both alleles in patients with confirmed
periodontitis. This also may explain the conclusion
of Janket et al.48 about age and risk. Age seems to in-
crease the risk associated with periodontitis. In a
meta-analysis, Janket et al.48 noted that in persons
‡65 years of age with periodontitis, the future risk
for cardiovascular disease increased from 19% to
44%. They believed this might be an underestimate
because of confounding adjustments.

Using extreme caution in interpreting these data, it
may be possible to conclude that other overwhelming
factors, such as family history for cardiovascular dis-
ease or a self-destructive lifestyle, masked the im-
portance of this gene until those subjects had been
eliminated from the population by death. Perhaps the
less robust gene has a protective effect. We did not
assess the role of the IL-1 receptor antagonist gene
in this study and its ability to affect transcription.49

Endotoxemia caused by periodontitis and modified
by a robust inflammatory response may be the prox-
imate cause of an acute coronary event in some
individuals. It also may be possible that dental prophy-
laxis will delay such an event by reducing the bacterial
load in the periodontium. Finally, being edentulous
may not prevent bacteremias due to the presence of
oral microbes. More research to establish the role of
periodontitis in acute coronary episodes is indicated.

CONCLUSIONS

These very preliminary findings indicate that the
production of inflammatory cytokines in IL-1–positive
individuals with radiographic bone loss may be as-
sociated with an acute coronary event. For patients
‡60 years of age, there is a statistically significant
correlation between ACS/angina and IL-1 polymor-
phism. Patients with ACS or angina were more likely
to evidence a positive IL-1 polymorphism and severe
periodontitis.

Table 2.

IL-1a Dichotomized by Age

Age 1,1 (% [N]) 1,2 (% [N]) 2,2 (% [N])

<60 years 55.6 (30) 33.3 (18) 11.1 (6)

‡60 years 33.9 (19) 60.7 (34) 5.4 (3)

2 = +4845T (the less common allele).
Pearson x2 (P = 0.015); Fisher exact test (P £0.0147).

Table 1.

IL-1 Polymorphism

Group

IL-1 Negative

(% [N])

IL-1 Positive

(% [N])

AMI 63.0 (34) 37.0 (20)
Unstable angina 50.0 (19) 50.0 (19)
Angina 50.0 (7) 50.0 (7)

Experimental group
All races 56.6 (60) 43.4 (46)*
Whites only 55.6 (55) 44.4 (44)†

Historical group 65.2 (1,277) 34.8 (682)*†

Dichotomized by age
‡60 years (experimental) 44.6 (25) 55.4 (31)‡

‡60 years (historical) 64.6 (128) 35.4 (69)‡

Radiographic bone loss
Mild 65.4 (17) 34.6 (9)
Moderate 58.1 (25) 41.9 (18)
Severe 51.5 (17) 48.5 (16)*

* P = 0.06.
† P £0.05.
‡ P = 0.009. Z-test for independent proportion = 1.89 (P = 0.059).
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