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Abstract Background: Studies examining the association
between periodontal disease and coronary heart disease have
shown a consistent but weak to moderate relationship. Limited
data have been reported in women and the role of smoking has
not been fully clarified. Methods/Results: A population-based
case—control study examining the association between peri-
odontal disease (PD) and acute non-fatal myocardial
infarction (MI) was conducted in Erie and Niagara counties in
Western New York State. Cases (574) were discharged alive
from local hospitals with MI diagnosis. Controls (887) were
county residents randomly selected from the NY State
Department of Motor Vehicles rolls and Health Care
Financing Administration files. Periodontal disease was
assessed using clinical attachment loss (CAL). Among men
(415 cases), the odds ratio (OR) of the association between
mean CAL (mm) and MI, adjusting for the effects of age, body
mass index (BMI), physical activity, hypertension, choles-
terol, diabetes, and total pack-years of cigarette smoking was
1.34 (1.15-1.57). In women (120 cases), the corresponding
OR was 2.08 (1.47-2.94). The estimate of this association
among non-smokers, also adjusting for age, gender, BMI,
physical activity, hypertension, cholesterol, diabetes, and total
pack-years of cigarette smoking, was 1.40 (1.06—1.86), while
it was 1.49 (1.26-1.77) among smokers. Conclusions: This
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independent from the possible confounding effect of smoking.
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Introduction

Periodontal disease, a chronic infectious process, may
contribute to atherogenesis and/or thromboembolic events
in coronary heart disease (CHD). Experimental evidence
and biological plausibility appear to support this hypothesis
[1-3]. The majority of clinical and epidemiological findings
and a recent meta-analysis confirm the presence of a weak
to moderate association [4-12]. However, the studies to
date have been limited to men and controversies are present
regarding the causal nature of this observed association. For
example, cigarette smoking is strongly associated with both
periodontal disease and CHD. It is not clear whether
smoking modifies the effect of periodontal disease on CHD
development or if it plays a role of confounder. The aim of
the present study was to determine whether the association
between periodontal disease and CHD is present in both
genders and to assess the role of cigarette smoking in this
association.

Methods
Study sample

A population-based case—control study of periodontal dis-
ease and myocardial infarction was conducted in Erie and
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Niagara counties in Western New York State between
September 1997 and December 2001.

Cases were men and women, aged 35 to 69 years,
admitted to all hospitals in Erie and Niagara counties with
a diagnosis of incident myocardial infarction and dis-
charged alive. Additional inclusion criteria were no known
prior history of any form of CHD, symptomatic angina, or
diagnosis of cardiovascular disease (CVD) for which die-
tary or drug therapy had been prescribed, and free of
cancer. We utilized the World Health Organization criteria
for the definition of MI [13], hospital discharge diagnoses
with International Classification of Diseases (ICD-9) codes
of 410 were considered MIs [14]. Determination of inci-
dent MI was based on information found in the patients’
medical records and confirmed by personal physicians.
Vital status was determined either from hospital lists,
medical records, or physician notifications.

Controls were identified from a random sample of res-
idents of Erie and Niagara counties. Controls had to meet
the same criteria as cases (i.e., no known prior history of
CHD, angina, or CVD, and free of cancer) and without MI.
Potential controls aged 35-64 years were identified from a
list provided by the New York State Department of Motor
Vehicles. This source was used because it is known that
95% of New York residents in this age group have a dri-
ver’s license. Controls aged 65 to 69 years were identified
from the Health Care Financing Administration lists. This
source was used because it includes virtually all individuals
in the age range of interest [15].

Cases and controls with at least six natural teeth, eligible
and willing to participate were invited to the Center for
Preventive Medicine at the University at Buffalo for an
interview and physical and dental examinations. Non-white
participants were excluded due to their small numbers;
blacks and others numbered 118 out 1,603 of the total pop-
ulation. In addition, there was a big difference in
characteristics between the white and non-whites. Thus, the
present study assessed the association between periodontal
disease and myocardial infarction among only white par-
ticipants. Of the 1,485 white participants (participation rate
of approximately 59%), a total of 574 cases and 887 controls
(n = 1,461) had complete data on periodontal disease and the
outcome MI, and were included in the present study.

All procedures used in this study were peer-reviewed
and approved by the National Institutes of Health, the
Institutional Review Board of the University at Buffalo,
and the Human Subjects Committees of the hospitals in
Erie and Niagara counties.

Data collection

Demographic characteristics were assessed by question-
naire. Weight was measured with a beam balance scale and
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height with a wall-mounted ruler using standard protocol.
Body mass index (BMI) was computed as weight in kilo-
grams divided by height in meters squared. Family history
of heart disease, presence of hypertension, diabetes, cho-
lesterol level, use of hormone replacement therapy for
women, and self-report on frequency of physical activities
in hours per week throughout the participant’s entire life
(“lifetime physical activities”) were determined.

It is worth noting that family history of heart disease in
the present study referred to any diagnosis such as heart
disease or cardiovascular disease, high blood pressure,
stroke, heart attack, by-pass surgery, angioplasty, or other
forms of vascular disease such as phlebitis, intermittent
claudication, or aneurysm in first degree relatives.

Participants were categorized as non-smokers if they
reported never smoking or had smoked <100 cigarettes in
their entire life; former smokers if they reported to have
ever smoked >100 cigarettes, but had quit smoking at the
time of interview; or current smokers if they currently
smoked.

Alcohol drinking status was ascertained during the
interview and participants were categorized as lifetime or
irregular abstainers, non-current drinkers (not drinking
within 30 days prior to the time of interview), or current
drinkers.

Periodontal measurements

Mean clinical attachment loss (CAL in mm) of the whole
mouth was used to determine periodontal status. CAL was
obtained indirectly from the measurement of probing depth
(PD) and the distance between the cemento-enamel junc-
tion (CEJ) and the gingival margin (GM). PD was
measured and recorded automatically using the Florida
Probe System [16]. Measurements were made at six sites
per tooth for all teeth except third molars, but only inter-
proximal sites were used to compute the mean CAL. The
GM-CEJ distance was measured manually at six sites per
tooth for all teeth except third molars and teeth whose CEJ
was difficult to locate due to the presence of crowns or
overhanging restorations. Severe periodontal disease was
defined as a full mouth mean CAL of >3 mm. Plaque and
calculus indices were assessed as well [17] and recorded as
a measure of oral hygiene status.

Examiners were trained and calibrated before the study
was conducted according to the protocol developed by
Grossi et al. [18] and tested by Araujo et al. [19]. Intra-
examiner variability, measured by standard deviation
within examiner, ranged from 0.36 to 0.62 mm (overall
0.46 mm) when measuring probing depth in subjects with
moderate or severe periodontal disease [18]. Later in the
study, Araujo et al. found intra-examiner variability ranged
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from 0.38 to 0.42 mm (mean 0.40 4+ 0.02 mm), and the
inter-examiner variability ranged from 0.12 to 0.18 mm
(mean 0.16 =+ 0.02 mm) [19].

Statistical analyses

The association between periodontal status and MI, as well
as potential interactions between variables, were examined
using multiple logistic regression analyses. Level of sig-
nificance of « = 0.05 was used as indication of statistical
significance. Models were built hierarchically. The variable
of interest, CAL, was always kept in the model. All co-
variates available in this study were entered into the model
one at a time. Covariates included age, gender, educational
level, BMI, lifetime physical activity, smoking status,
pack-years of cigarette smoking, drinking status, family
history of heart disease, hypertension or high blood pres-
sure, high blood cholesterol, diabetes, use of hormone
replacement therapy (women), menopausal status
(women), and plaque and calculus indices. Variables that
contributed to the change in the estimate of the association
between periodontal disease and MI were retained. In
addition, standard risk factors for cardiovascular disease
were retained in the model regardless of their contribution
to change in the estimate. Odds ratios along with 95%
confidence intervals (95% CI) were obtained. All analyses
were completed with the use of SPSS [20] and/or SAS [21]
statistical packages.

Results

Characteristics of cases and controls by gender are pre-
sented in Table 1.

In men, cases were younger and less educated more likely
to be current or former smokers and less likely to have never
smoked than controls. In addition, lifetime total pack-years
of cigarettes smoking was higher among cases than controls.
As expected, cases were more likely than controls to have
hypertension, high blood cholesterol, and diabetes.

Related to periodontal status, cases (35.6%) were more
likely than controls (21.0%) to have more clinical attach-
ment loss (CAL) as evidenced by more mean
CAL >3 mm, and poorer oral hygiene than controls as
measured by higher plaque and calculus indices.

In women, cases were more likely than controls to be
post-menopause, overweight and less educated. More cases
than controls were current or former smokers and fewer
were never smokers. Also, cases tended to smoke more
than controls in terms of lifetime total pack-years of cig-
arette smoking. Cases were less likely to be current alcohol
drinkers or non-current drinkers than controls. As with

men, women cases were more likely than controls to have
hypertension, high blood cholesterol and diabetes.

Regarding the oral health conditions, women cases had
worse periodontal status as evidenced by a higher per-
centage of CAL > 3 mm and poorer oral hygiene (higher
plaque and calculus indices than women controls.

The association between CAL and incident MI stratified
by gender are presented in Table 2. Unadjusting for any
other factors (except gender), the estimates of the associ-
ation were 1.52 (95% CI 1.32-1.76) and 2.83 (95% CI
2.11-3.80) in men and women, respectively. Adjusting for
the effects of age, BMI, physical activity, hypertension,
cholesterol, diabetes, and total pack-years of cigarette
smoking, the odds ratios of the association were 1.34 (95%
CI 1.15-1.57), (P < 0.001) in men and 2.08 (95% CI 1.47—
2.94), (P < 0.001) in women.

When participants were stratified by smoking status
(Table 2), unadjusting for the effects of any other factors
(except smoking status), non-smokers had an odds ratio of
1.54 (95% CI 1.20-1.98), (P = 0.001), while smokers had
an odds ratio of 1.91 (95% CI 1.63-2.23). When adjusting
for the effects of age, gender, BMI, physical activity,
hypertension, cholesterol, diabetes, and total pack-years of
cigarette smoking, the estimates of the association became
1.40 (95% CI 1.06-1.86), (P = 0.02) in non-smokers and
1.49 (95% CI 1.26-1.77), (P < 0.001) among smokers.

Discussion

The present population based case—control study provides
evidence of an association between periodontal disease and
incident non-fatal MI in women. In addition, there appears
to be a dose-response relationship with greater risk with
higher levels of CAL and the association appears to be
independent of smoking.

Previous studies assessed and reported on the relation-
ship between periodontal disease and CHD in women [4,
22]. The study by Mattila et al. found no association
between dental infections and coronary atheromatosis [4].
However, this study was limited by the lack of adequate
statistical power (as it included analysis of only 12 women)
and by the use of a crude and non-specific measure of oral
health. The prospective study by Jansson et al. assessed the
relationship between a marginal bone loss index and
mortality due to CVD. The association among women aged
less than 45 years was reported to be not significant, but the
data were not shown [23]. In contrast, we had good num-
bers of women cases (131) and controls (502) and a
thorough evaluation of periodontal status making us con-
fident in our findings.

The role of smoking on the association between peri-
odontal disease and CHD has been actively debated with
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Table 1 General characteristics of myocardial infarction (MI) cases and controls by gender (N = 1,461)

Characteristics

Men

MI cases (n = 443)

Controls (n = 385)

Women

MI Cases (n = 131)

Controls (n = 502)

Age (years) 54.5 + 8.5 56.5 + 10.2 55.5 £ 8.7 54.1 £9.8
BMI (kg/m?) 29.0 + 4.9 28.7 + 4.6 29.5 +£ 5.9 27.7 + 6.0
Education (years) 13.6 + 2.2 142 £ 24 13.1 £ 1.8 13.7 £ 2.4
Lifetime physical activity (h/week) 524+ 1.7 53+ 1.7 48+ 19 50+ 1.7
Smoking status (n and %)

Never smoked 116 (26.2) 159 (41.4) 46 (35.1) 265 (52.8)

Former smoker 267 (60.4) 181 (47.1) 60 (45.8) 181 (36.1)

Current smoker 59 (13.3) 44 (11.5) 25 (19.1) 56 (11.2)
Pack-years of cigarettes (pack/year) 23.7 £+ 22.7 13.1 £ 198 20.2 + 23.5 8.4 + 14.7
Drinking status

Abstainer or irregular 21 (4.8) 10 (2.6) 15 (11.5) 59 (11.8)

Non-current 110 (24.9) 80 (20.9) 65 (49.6) 161 (32.3)

Current 310 (70.3) 292 (76.4) 51 (38.9) 279 (55.9)
Family history of heart disease 277 (75.9) 262 (72.4) 97 (85.1) 383 (80.5)
Hypertension or high blood pressure 203 (46.1) 115 (29.9) 72 (55.4) 121 (24.1)
High blood cholesterol 289 (66.6) 125 (32.6) 95 (74.2) 159 (31.9)
Diabetes 62 (14.1) 27 (7.1) 25 (19.1) 16 (3.2)
Use of HRT - - 51 (39.5) 193 (39.1)
Menopausal status (post) - - 105 (80.2) 323 (64.5)
CAL > 3 mm (n; %) 162 (36.6) 81 (21.0) 44 (33.6) 45 (9.0)
Mean CAL (mm) 31+13 2.6 + 0.9 29 + 1.2 23+ 0.5
Plaque index (0, 1) 0.7 £ 03 0.6 +£ 0.3 0.6 +£ 0.3 05+03
Calculus index (0, 1, 2) 1.1 + 0.7 0.8 + 0.7 1.1 + 0.7 0.6 + 0.6

Significant differences between cases and controls indicated in bold type

Table 2 Odds ratios of the association between clinical attachment loss (mm) and incident myocardial infarction (MI) by gender or smoking

status
Categories Model: only CAL (mm) Model: CAL (mm)?*
OR (95% CI) P-value OR (95% CI) P-value
Gender Men (n = 782; cases = 415) 1.52 (1.32-1.76) <0.001 1.34 (1.15-1.57) <0.001
Women (n = 593; cases = 120) 2.83 (2.11-3.80) <0.001 2.08 (1.47-2.94) <0.001
Smoking Non-smokers (n = 559; cases = 152) 1.54 (1.20-1.98) 0.001 1.40 (1.06-1.86) 0.02
Smokers (n = 816; cases = 383) 1.91 (1.63-2.23) <0.001 1.49 (1.26-1.77) <0.001

? Age, gender (models for smoking status), hypertension, cholesterol, diabetes, BMI, physical activity, lifetime total pack-years of cigarette
smoking (models for both genders or smokers)

some authors suggesting that smoking is a causal con-
founding factor. Some previous studies that examined the
association between periodontal disease and risk of CHD in
non-smokers did not see a significant association [22-24].
For example, the study by Hyman reported negative find-
ings in non-smokers. However, this study was limited by its
cross-sectional nature, its reliance on of self-reported (non
validated) history of heart attack, and a somewhat limited
measurement of periodontal disease (measured only from
two randomly selected quadrants of the mouth, one upper
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and one lower). The underestimation of both the outcome
and the exposure may have lead to underestimation of the
association.

In the present study, it is worthy to stress that a very
comprehensive measure of smoking that includes not only
categorization of smokers and non-smokers but also a
measure of lifetime exposure (intensity) was used. Findings
from our data set suggest the association between peri-
odontal disease and incident MI to be independent from
smoking as indicated by the adjusted data in men and by
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the findings in smokers and non-smokers in women. The
observed association between CAL and MI in non-smokers
provides greater evidence that periodontal disease, inde-
pendently of the effect of smoking, could affect CHD.

The periodontal measurement CAL was chosen in the
present study because it reflects a well established of
periodontal disease in both clinical research and clinical
practice. We decided to use the continuous variable in
order to provide the maximal statistical power for the
analyses. In addition, we used a definition of >3 mm for
severe disease as it has been used in prior studies [24].

An advantage of this study is the population-based study
sample assuring a greater level of comparability with the
general population. It included a population at high risk of
developing the outcome (i.e. men and women aged 35 to
69 years) so that a large number of MI cases were covered
in this case—control design. In addition, detailed informa-
tion on clinical measurements of periodontal disease,
smoking, and a wide variety of potential confounders was
collected and was able to be evaluated.

Our control group, recruited from two different sources,
consisted of a sub-sample of the overall controls from “The
Western New York Health Study (WNYHS)”. To deter-
mine whether the control sample from the WNYHS was of
a selected nature, we compared selected characteristics of
our participants with those of participants aged 35—
79 years from the National Health and Nutrition Exami-
nation Survey (NHANES III) conducted in the United
States between 1988 and 1994. There were no major dif-
ferences in the characteristics considered between
participants in the WNYHS and those of the NHANES III
[15].

The relatively large number of women in the study
allowed us to examine the association between periodontal
disease and MI in both genders. In addition, this study is
one of the few that could examine the association between
periodontal disease and CHD independently of the effect of
a shared risk factor, smoking.

There is not a clear explanation of the reason(s) that
women when exposed to periodontal disease appear to be
at much higher risk of MI than men. However, it should
be pointed out that a higher susceptibility of women
compared to men is evident with other risk factors as with
diabetes, HDL-cholesterol, triglycerides, or the cluster of
these risk factors such as in metabolic syndrome [25, 26].
In addition, recent findings suggested that the association
between metabolic syndrome and periodontal disease is
higher among women than men [27]. The proposed
hypothesis is that inflammation increases cardiovascular
risk particularly in women [26]. A prospective study
among women found that incidence of hypertension was
associated with increased serum C-reactive protein [28].
Furthermore, according to the findings from the

Framingham heart study, carotid-intima media thickness
is associated with serum C-reactive protein only in
women; not in men [29].

Our study has some limitations that need to be consid-
ered when interpreting the results. The response rates,
although only 45.4-60% for different recruitment waves,
are similar to other studies conducted in the US that
required a visit to a clinical center and a long complex
examination and interview.

In order to check for significant bias, comparisons were
made of a number of selected characteristics from a brief
set of questions regarding socio-demographic and life style
characteristics of participants and non-participants. This
information was obtained from the phone interview of all
individuals prior to their agreement or refusal to participate
in the study. These characteristics for participants and non-
participants are summarized by case status in Table 3.
Overall the characteristics of participants and non-partici-
pants are not very different. There was not a particular
pattern (healthier or sicker) observed among the charac-
teristics that appeared to be significantly different.
Participant controls were older than non-participant coun-
terparts. Among cases, there were more male participants
than non-participants. In addition, participants appeared to
be more educated and had more alcohol consumption in a
month than non-participant counterparts.

Concerning smoking status, participants (either MI cases
or controls) were overall less likely to be smokers than
non-participants. Since smoking is a strong risk factor for
periodontal disease, we might assume that both MI case
and control participants had better periodontal status than
the MI case and control non-participants. In such case, our
findings might represent an underestimation of the true
association, and these findings may be generalizable only
to populations with similar characteristics.

Another limitation is that those who died from their MI
(either out of hospital or during hospitalization) were not
included in the study. Thus, the true association between
periodontal disease and risk of MI may be underestimated.
The study by Beck and colleagues (1996) revealed stronger
association between periodontal disease and fatal CHD
compared to non-fatal CHD [10]. Therefore, the risk pre-
sented here may very well be an underestimation of the role
of periodontal disease in MI etiology.

In summary, our study indicates that the observed
association found between periodontal disease and CHD is
consistent across genders, and is independent of the
potential confounding effect of smoking. Further study
needs to be done to ascertain whether the consistently
observed link between periodontal disease and CHD is
causal in nature. If a cause—effect relationship is confirmed,
the high prevalence of periodontal disease will make pre-
vention and treatment of this disease an important tool for
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Table 3 Results of telephone survey for participants and non-participants (MI Perio study)

Characteristic MI cases Controls

Participated Refused Participated Refused

632 443 919 899
% Male 478 (75.6%) 298 (67.3%) 389 (42.3%) 348 (38.7%)
Never smoker 158 (26.4%) 78 (19.1%) 425 (46.7%) 406 (45.4%)
Former smoker 350 (58.5%) 272 (66.5%) 373 (40.9%) 322 (36.0%)
Current smoker 90 (15.1%) 59 (14.4%) 113 (12.4%) 166 (18.6%)
White race 584 (92.4%) 407 (91.9%) 858 (93.4%) 837 (93.1%)
Age (years) 54.6 + 8.5 543 + 83 555 £ 9.9 53.7 £ 9.5
Education (years) 13.5 + 2.2 129 + 2.1 141 £24 140 £ 24
Number of times drinking in a month 43 + 55 32 +5.0 55+ 6.0 55+59
Servings of vegetables in a week 8.1 +4.1 7.7 £ 4.1 8.7+42 8.7+42
Servings of meat in a week 6.3 £32 63 £32 6.6 £3.2 6.6 + 3.0

Significant differences between interviewed and refused indicated in bold type

the

prevention of CHD, one of the major causes of death

and disability.
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