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Several recent studies have

shown a link between dental dis-

ease and coronary heart dis-

ease. The authors studied 320

U.S. veterans in a convenience

sample to assess the relation-

ship between oral health and

systemic diseases among older

people. They present cross-sec-

tional data confirming that a sta-

tistically significant association

exists between a diagnosis of

coronary heart disease and cer-

tain oral health parameters,

such as the number of missing

teeth, plaque benzoyl-DL-argi-

nine-naphthylamide test scores,

salivary levels of Streptococcus

sanguis and complaints of xero-

stomia. The oral parameters in

these subjects were indepen-

dent of and more strongly asso-

ciated with coronary heart dis-

ease than were recognized risk

factors, such as serum choles-

terol levels, body mass index, di-

abetes and smoking status.

However, because of the conve-

nience sample studied, these

findings cannot be generalized

to other populations.

I
n 1989, Mattila and colleagues1 reported that poor dental
health could be associated with both an acute myocardial
infarction and a cerebral vascular accident.2 The investiga-
tors developed two measurements of dental disease, one
based on radiographs of the teeth and jaws, called the pan-
tomographic index, and the second, based on clinical exam-
ination findings, which they termed the Total Dental

Index, or TDI.
In a subsequent seven-year prospective study, the TDI, the num-

ber of previous myocardial infarctions and, to a lesser extent, dia-
betes and the pantomographic index were associated with a risk of
developing a new and often fatal myocardial infarction.3 Traditional
risk factors such as hypertension, smoking, total cholesterol levels,
high-density lipoprotein cholesterol levels, triglycerides levels, so-
cioeconomic status, sex and age were not significant predictors of a
coronary event when included in a model that contained the dental
variables.

Other studies have generally confirmed this link between dental
disease and coronary heart disease, or CHD. A prospective, cohort-
designed study, involving data from 9,760 American men who were
examined three times between 1971 and 1987, found a significant
relationship between either periodontitis or edentulism and CHD,
even after adjusting for 13 known risk factors.4 A study of 1,384
Finnish men, aged 45 to 64 years, showed that the number of miss-
ing teeth, along with hypertension, geographical area and educa-
tional level were independent explanatory factors for the presence
of ischemic heart disease.5

In a longitudinal aging study of U.S. veterans, Beck and col-
leagues6 found a significant association between periodontal disease,
as measured by the extent of alveolar bone loss, and CHD and stroke
after adjusting for various cardiovascular risk factors. In a case-con-
trol study of hospitalized patients, people with acute cerebrovascular
ischemia had a higher TDI than did age- and sex-matched controls.7
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These associations indicate
that there may be some type of
linkage between dental disease
and cardiovascular disease.
Because dental caries and
periodontal disease are chronic
infections that are often asymp-
tomatic, they could be the
source of the increased levels of
C-reactive protein that have
been suggested as a predictor of
myocardial infarction and
stroke.8

Since 1990, we have been
recording information for a large
number of oral health variables
in a group of elderly veterans to
study the relationship between
oral health and systemic dis-
eases among older people.9 We
present cross-sectional data con-
firming that a statistically signifi-
cant association exists between a
diagnosis of CHD and certain
oral health parameters, such as
the level of gingival bleeding;
number of missing teeth; benzoyl-
DL-arginine-naphthylamide, or
BANA, test scores; and com-
plaints of xerostomia.

SUBJECTS AND
METHODS

Subjects. We recruited a con-
venience sample of 320 veterans
who were at least 60 years of
age from the dental outpatient
clinic of the Veterans Affairs
Hospital, Ann Arbor, Mich.
(n = 206), and from a long-term
care facility (nursing home) as-
sociated with the hospital
(n = 114). Patients who use the
Veterans Affairs medical and
dental facilities usually have a
service-connected injury or dis-
ability, or have met a financial
hardship qualification. 

There were no age, sex,
racial, income or educational
differences among the subjects
from the dental outpatient clin-
ic (that is, the independent liv-

ing group) and the long-term
care facility (that is, the depen-
dent living group), which led us
to initially combine all the sub-
jects into a single group for sta-
tistical analysis.9 The group
from the long-term care facility
had significantly more edentu-
lous subjects than did the out-
patient group9; because of this,
a separate variable indicating
whether the participant entered
from the independent living or
dependent living situation was
included in the multivariate

analysis to account for any con-
founders that might have been
introduced as a result of entry
site.

Dental variables. One of us
(B.L.D.) performed a clinical ex-
amination to determine the
number of teeth and the num-
ber of restorations and amount
of decay on all tooth surfaces in
each subject. The presence and
type of dentures and other pros-
thetic devices were recorded.

We stratified the subjects
into two groups: the first was
composed of subjects with one
to 14 teeth and the second was
composed of subjects with 15 to
28 teeth. This division was done
because subjects with one to 14
teeth could have been wearing a
full denture, whereas subjects

with 15 to 28 teeth could not
wear a full denture. Third mo-
lars, which were rarely present
in these older subjects, were
omitted from all analyses.

We measured periodontal
pocket depths, attachment lev-
els and gingival recession for all
teeth with an automated pres-
sure-sensitive periodontal probe
(Dental Probe Inc.), and record-
ed the results electronically.
Oral hygiene was assessed with
the plaque index, or PlI,10 and
gingivitis was assessed with the
papillary bleeding score, or
PBS.11,12 We calculated the mean
PlI and PBS for each subject by
summing the PlIs and PBSs of
the individual teeth, and then
dividing the totals by the num-
ber of teeth. These mean PlIs
and PBSs were then used in the
statistical analyses. The sub-
jects were asked how often they
brushed and flossed their teeth
and how often they visited their
dentist or hygienist. A com-
plaint of xerostomia was elicited
by asking questions about per-
ceived dryness of the mouth.13

Bacteriologic variables.
We used stimulated saliva to
determine the number of col-
ony-forming units, or CFU, of
selected bacterial types. The
media used, the dispersal proce-
dures and the culturing condi-
tions have been described else-
where.14 A curette was used to
obtain plaque samples from the
mesial surface of the first mo-
lars or, if they were missing,
from the most posterior tooth in
each quadrant. The four plaque
samples were individually ap-
plied to the lower reagent strip
on the BANA test card. The
cards were incubated at chair-
side for five minutes at 55 C,15

and the resultant blue color for
each plaque sample was scored
and the numbers averaged to
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give a single BANA score for
each subject.

Medical variables. For this
study, CHD had to be a medi-
cally established diagnosis in
the patient’s medical record
based on the International
Classification of Diseases, 9th
Revision, coding system used by
the Veterans Affairs Hospital
for CHD. This diagnosis was
supplemented with a review of
the patient’s medical records
and documentation of estab-
lished myocardial infarction;
bypass surgery; clinical angina;
electrocardiogram readings;
serum enzyme levels, if avail-
able; angiography; and a posi-
tive response to treatment for
heart disease. Systolic and dia-
stolic blood pressures and blood
cholesterol values were ob-
tained from the patient’s medi-
cal records.

We also obtained the sub-
ject’s diabetic status from the
medical records; if diabetes was
present, the medical records in-
dicated whether it was con-
trolled by insulin, diet or medi-
cation. Two of the authors
(B.L.D. and N.G.) obtained the
patient’s weight and height dur-
ing the dental examination, and
these measurements were used
to calculate the body mass
index, or BMI. We determined
the number of medications used
by the subjects through inter-
views (performed by B.L.D. and
N.G.) and by examining a com-
puterized record of medications
maintained by the Department
of Veteran’s Affairs.

Statistical methods.
Summary statistics are present-
ed as means (± standard devia-
tions) and frequencies, with
percentages as appropriate.
Initial statistical tests consisted
of χ2 analyses and/or multiple
logistic models with Bonferroni-

adjusted (P < .05) pairwise com-
parisons for categorical data.
After extensive investigation of
transformations of the continu-
ous measures, we concluded
that normality was not achiev-
able, so nonparametric
Wilcoxon-Rank sum or Kruskal-
Wallis tests with Bonferroni-ad-
justed (P < .05) pairwise com-
parisons were used. Based on
these initial analyses, variables
with P < .25 were entered into
multiple logistic analyses.
These models consisted of pre-
dictors with dental relevance
and/or statistical significance.
Only significant (P < .05) over-
all models were retained, and
significant (P < .05) predictors
were noted.

Two models were developed,
one that included all subjects,
but excluded the dental vari-
ables (that is, the all-subjects
model) and one that was re-
stricted to the dentate subjects,
but included the dental vari-
ables (that is, the dentate sub-
jects model). In the all-subjects
model, we would be able to ob-
serve the effect of variables
such as salivary flow and swal-
lowing, independent of the
tooth-related variables, whereas
in the dentate subjects model,
any effect of being edentulous
and wearing complete dentures
would not be considered.

These models consisted of
predictors with dental relevance
and/or statistical significance,
as well as many of the recog-
nized risk factors for CHD (that
is, diabetes, smoking history,
current use of alcohol, age,
BMI, blood pressure and serum
cholesterol levels). Based on
analyses of these models, vari-
ables with P < .25 were entered
into reduced models until a
model was obtained that com-
bined the highest likelihood

ratio with the fewest degrees of
freedom. In this reduced model,
the nonsignificant variables
were then added back, one at a
time, to the model containing
the significant variables, to de-
termine their individual effect
on the model.

RESULTS

Demographics and medical
history. Data were collected
from 320 subjects, 99 percent of
whom were male. There were
no age or racial differences
among the subjects with and
without a diagnosis of CHD.
Because the relationship be-
tween dental status and CHD
was the primary parameter
under investigation, the results
are shown separately for the
dentate subjects, the edentulous
subjects and all subjects com-
bined. Forty-six percent of the
dentate subjects and 53 percent
of the edentulous subjects had
received a diagnosis of CHD.
This stratification of subjects,
based on the presence of teeth,
was not associated with any dif-
ference in age, race or any of
the standard risk factors ana-
lyzed for CHD (Table 1).

Subjects with and without
CHD had similar BMIs, blood
pressures and total serum
cholesterol levels. The edentu-
lous subjects were more likely
to be current smokers than
were the dentate subjects.
Subjects without CHD were
more likely to report that they
drank alcoholic beverages on a
daily basis. Subjects with CHD
received significantly more
medications of any type and
more xerogenic medications
than did subjects without CHD.

Dental findings. The den-
tate subjects with CHD had sig-
nificantly fewer teeth than the
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dentate subjects without CHD
(Table 2). Significantly more
subjects with CHD had from
one to 14 teeth, compared with
subjects without CHD
(P = .007). Dentate subjects
with CHD were significantly
more likely to be wearing at
least one full denture than were
dentate subjects without CHD.
Among the edentulous subjects,
there was no relationship be-
tween wearing full dentures
and CHD status. Most subjects
complained of dryness at some
time during the day, but the
complaint was significantly
more frequent in the subjects

with CHD, especially in the
dentate subjects.

We examined the tooth-relat-
ed parameters in more detail by
comparing the oral health vari-
ables in subjects with one to 14
teeth with those in subjects
having 15 to 28 teeth (Table 3).
We report the findings as a per-
centage of teeth with decay or
periodontal morbidity because
subjects with one to 14 teeth
would have a smaller number of
involved teeth than would sub-
jects with 15 to 28 teeth. Thus,
by reporting dental decay and
periodontal disease as a per-
centage of teeth with the given

problem, we could compare re-
sults between subjects with one
to 14 teeth and those with 15 to
28 teeth. 

Bacterial findings. Because
some of the observed oral condi-
tions might affect certain bacte-
rial species on the tooth/mucos-
al surfaces, we measured the
salivary levels of representative
oral and medically important
species. Salivary levels of yeast
were significantly higher in all
subjects with CHD than in all
subjects without CHD (2.9
log10/milliliter vs. 2.5 log10/mL,
P < .05, Wilcoxon test), whereas
the levels of Streptococcus san-
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RISK FACTOR/
INDICATOR

No 
(n = 112)

Yes
(n = 95)

Age  (years)
< 70 
70-79
> 79

Race
White
African-American
Other

Cholesterol level
(mg/dL)

Body mass index

No. of xerogenic 
medications 
No. of all medications

Blood pressure
Systolic (mm Hg)
Diastolic (mm Hg)

Diabetic status
Insulin dependent
Diet controlled

Smoking status
Never
Quit
Current

Alcohol use
No
Occasionally
Daily

RECOGNIZED RISK FACTORS/INDICATORS FOR CORONARY HEART DISEASE IN OLDER VETERANS.
TABLE 1

68.3 (5.3)*
61%
36%
3%

93%
5%
2%

203 (40)*

26.9 (5.3)*

1.4 (1.3)*

5.8 (3.9)*

143 (24)*
71 (10)*

7%
8%

16%
64%
20%

36%
45%
19%

68.7 (4.9)*
63%
34%
3%

92%
5%
3%

190 (38)*†

26.7 (4.9)*

2.0 (1.5)*†

8.5 (3.9)*†

140 (19)*
74 (11) *

19%‡
9%

13%
72%
15%

49%
43%
8%

68.6 (5.4)*
62%
36%
2%

87%
9%
4%

194 (37)*

26.8 (8.3)*

1.4 (1.2)*

7.2 (4.2)*

140 (29)*
79 (15)*

19%
15%

7%
57%
36%

49%
32%
19%

DENTATE SUBJECTS
Coronary Heart Disease

Status

68.7 (7.2)*
67%
25%
8%

95%
3%
2%

191 (44)*

26.3 (5.5)*

2.0 (1.4)*†

10.1 (4.6)*†

142 (21)*
76 (14)*

15%
12%

3%
65%
32%

60%
30%
10%

EDENTULOUS SUBJECTS
Coronary Heart Disease 

Status

ALL SUBJECTS
Coronary Heart Disease 

Status
No 

(n = 53)
Yes

(n = 60)
Yes

(n = 155)
No 

(n = 165)

68.4 (5.3)*
62%
36%
2%

91%
7%
2%

201 (39)*

26.9 (6.4)*

1.4 (1.3)*

6.3 (4.0)*

142 (26)*
75 (13)*

11%
10%

13%
62%
25%

41%
41%
18%

68.7 (5.9)*
65%
30%
5%

93%
4%
3%

190 (40)*

26.5 (5.1)*

2.0 (1.5)*†

9.2 (4.3)*†

141 (20)*
74 (13)*

17%
10%

9%
70%
21%

53%‡
38%
9%

*   Data are mean (± standard deviation).
†   Value is significantly different from corresponding “no” value with P < .05 (Wilcoxon test).
‡   χ2 or Fisher’s Exact Test with P < .05 values.
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with plaque BANA scores of 2
or greater as a function of num-
ber of teeth or CHD status. (A
BANA score of 2 or greater
means that all four plaque sam-
ples tested positive.)

Statistical models. We ini-
tially evaluated three logistic
regression models, one that in-
cluded all subjects, but omitted
the tooth-related variables
(Table 4); one that was restrict-
ed to the dentate subjects but
included all the variables (Table
4); and one that included only
edentulous subjects. The eden-
tulous subject model showed
that the higher numbers of
medications used were positive-
ly associated with CHD, but
since this variable along with
others were significant in the
other models, we omitted the
edentulous model. Because
some of the parameters asso-
ciated with CHD in the bivari-
ate analyses, such as number of
medications taken, presence of
dentures, complaints of dry

guis were significantly lower in
subjects with CHD than in sub-
jects without CHD (Table 2). 

The levels of cariogenic or-
ganisms, such as Streptococcus
mutans and the lactobacilli
species, did not differ between
subjects with or without CHD.
Streptococcus sobrinus, another
cariogenic species, was rarely
encountered, but when it was,
the levels were elevated in den-
tate subjects without CHD and
in edentulous subjects without
CHD.

There were no differences in
the salivary levels of certain pe-
riodontopathic species such as
Porphyromonas gingivalis,
Prevotella intermedia, Fusobac-
terium nucleatum and Capnocy-
tophaga species, or in levels of
medically important species,
such as β-hemolytic streptococ-
ci, Bacteroides fragilis and aero-
bic gram-negative bacilli. There
was no apparent difference in
the mean plaque BANA score or
in the percentage of subjects

mouth and various oral hygiene
parameters, could be a function
of the dependent living status, a
separate variable for dependent
living was added to the model.

As Table 4 shows, dependent
living status was not significant
in the all-subjects and dentate
subjects models. CHD was 2.64
times more likely to be found in
subjects with one to 14 teeth
than in subjects with either
zero teeth or 15 to 28 teeth. A
higher salivary level of S. san-
guis was inversely associated
with CHD. A higher number of
medications taken and a com-
plaint of xerostomia were signif-
icantly associated with CHD.
The reported daily consumption
of alcoholic beverages had a sig-
nificant negative association
with CHD—that is, an odds
ratio, or OR, of less than one.

When the recognized risk fac-
tors such as the BMI, age, total
serum cholesterol levels, smok-
ing status and diabetic status
were added to the model, they
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TABLE 2

ORAL VARIABLE

No 
(n = 112)

Yes
(n = 95)

Number of teeth
Zero 
One to 14 
> 14 

Presence of 
dentures

Any type
Full

Streptococcus 
sanguis (log10/mL
saliva)

Mouth complaint
Dry while eating
Dry any time

DISTRIBUTION OF ORAL VARIABLES IN SUBJECTS WITH AND WITHOUT CORONARY HEART DISEASE.

20.2 (6.7)*
NA‡
19%
81%

52%
17%

4.0 (2.8)*

11%
65%

17.2 (7.7)*†

NA‡

36%
64%

57%
32%§

2.9 (3.0)*†

13%
81%§

0
100%
NA‡

NA‡

92%
92%

2.1 (2.9)*

11%
68%

DENTATE SUBJECTS 

CHD Status

0
100%
NA‡

NA‡

83%
83%

1.2 (2.4)*

8%
78%

EDENTULOUS SUBJECTS 

CHD Status

ALL SUBJECTS 

CHD Status

No 
(n = 53)

Yes
(n = 60)

Yes
(n = 155)

No 
(n = 165)

13.7 (11)*
32%
13%
55%

65%
42%

3.4 (3.0)*

11%
66%

10.5 (10.3)*†

39%
22%
39%

67%
52%

2.2 (2.9)*†

11%
80%§

*   Data are mean (± standard deviation).
†   Value is significantly different from corresponding “no” value with P < .05 (Wilcoxon test).
‡   ΝΑ: not applicable.
§   Nonparametric values are significantly different with P < .05 using χ2 or Fisher’s Exact Test.

P = .007§ P = .01

Copyright ©1998-2001 American Dental Association. All rights reserved.



were not statistically associated
with CHD. They did not affect
the significance of the other
variables in the model.

As Table 4 shows, CHD was
2.92 times more likely to be
found in dentate subjects with
one to 14 teeth than in dentate
subjects with 15 to 28 teeth.
Again, a higher salivary level of
S. sanguis had a significant
negative association with CHD.
The mean BANA score was 2.08
times more likely to be higher
in subjects with CHD. None of
the measured oral hygiene pa-
rameters was significant. The
complaint of xerostomia was
positively associated with CHD,
as was the number of medica-

tions taken. The daily consump-
tion of alcoholic beverages was
not significantly associated with
CHD and was dropped from the
model. When the recognized
risk factors were included in the
dentate subjects model, none
was found to be significantly as-
sociated with CHD.

The prevalence of CHD in
residents in the long-term care
facility (dependent living) was
62 percent compared with 42
percent in the dental outpa-
tients (independent living)
(Table 5). This raised a concern
that there may be factors oper-
ating in the nursing home sub-
jects that were not detected in
our all-subjects models (Table

4). Accordingly, we repeated the
modeling procedure using sepa-
rate models for the independent
living group and the dependent
living group. In the indepen-
dent living, all-subjects model,
the greater use of medications
and daily consumption of alco-
holic beverages were signifi-
cantly associated with CHD,
but the presence of one to 14
teeth, a complaint of xerostomia
and salivary levels of S. sanguis
were no longer significantly as-
sociated with CHD (Table 5).

In the independent living,
dentate subjects model, the
presence of one to 14 teeth, a
complaint of xerostomia, a
greater use of medications and
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TABLE 3

RISK INDICATOR

Coronary Heart Disease Status
Yes

(n = 38)

Number of teeth
Decayed teeth 
(% of teeth)
Pockets > 4 mm 
(% of teeth)
Attachment > 4 mm 
(% of teeth)
Recession > 4 mm 
(% of teeth)

Papillary bleeding
score

< .05
0.5 to 1.5
> 1.5

Plaque BANA score
< 2
≥ 2

Plaque index
≤ 1
> 1

Brush daily
Floss daily
Visit dentist yearly

DISTRIBUTION OF DENTAL RISK INDICATORS AS A FUNCTION OF THE NUMBER OF TEETH.

8.7 (3.2)*†

8.5 (15.0)*

38 (33)*

63 (35)*

24 (30)*

19%
29%
52%

1.9 (0.9)*
57%
43%

45%
55%

95%
24%
67%

8.4 (3.5)*†

4.0 (6.6)*

47 (27)*

81 (25)*†

24 (28)*

12%

47%
41%

1.9 (0.9)*
50%
50%

26%
74%

94%
28%
61%†

ONE-14 TEETH 
(n = 61)

22.9 (3.9)*
3.0 (7.8)*

44 (23)*

62 (23)*

8.6 (15)*

20%

53%
27%

1.8 (0.6)*
47%
53%

45%
45%

98%
42%
87%

15-28 TEETH 
(n = 145)

P - VALUE

No 
(n = 23)

Yes
(n = 56)

No 
(n = 89)

22.2 (3.6)*
4.2 (6.4)*

40 (20)*

59 (23)*

7.1 (11)*

8%

56%
36%

2.0 (0.7)*
39%
61%

43%
57%

92%
33%
82%

.0001‡

.07‡

.7‡

.0006‡

.01‡

.1§

.7
.4**

.04**

.3**

.3**
.007**

*   Data are mean (± standard deviation).
†   Value is significantly different from all values in the 15-28 teeth group.
‡   Kruskal-Wallis test with Bonferroni-adjusted pairwise comparisons.
§   χ2 test.
** Multiple logistic models with Bonferoni-adjusted pairwise comparisons.

Coronary Heart Disease Status

Copyright ©1998-2001 American Dental Association. All rights reserved.



a higher BANA test score had
significant positive associations
with CHD, and the salivary lev-
els of S. sanguis had significant
negative associations with
CHD. A higher level of gingivi-
tis, as measured by the PBS,
was also significantly associat-
ed with CHD (Table 5). A high-
er OR for the PBS paralleled
the clinical severity of the con-
dition, as gingivitis that did not
involve bleeding had an OR of
2.4, and gingivitis that involved
bleeding had an OR of 4.6.

The smaller number of sub-
jects in the dependent living
group hampered the modeling
procedures, especially in the
dentate model, but the presence
of one to 14 teeth and salivary
levels of S. sanguis were signifi-

cantly associated with CHD in
both the all-subjects and den-
tate subjects models (Table 5).
In the all-subjects model, pa-
tients who had a complaint of
xerostomia were 2.92 times
more likely to have CHD. Two
variables became significant for
the first time: subjects who quit
smoking were 11.9 times more
likely to have CHD than sub-
jects who never smoked, and
subjects who controlled their di-
abetic condition with diet were
almost five times less likely to
have CHD than diabetic sub-
jects who did not control their
condition with diet.

DISCUSSION

Cross-sectional studies per-
formed with convenience sam-

ples, such as this study, cannot
be generalized to the entire pop-
ulation. However, they can
identify as risk indicators those
parameters that are significant-
ly associated with the condition
being investigated (in this case,
CHD). Whether these risk indi-
cators prove to be risk factors
(that is, causally related) re-
mains to be demonstrated in
prospective studies performed
with a more representative pop-
ulation.

The results of this cross-sec-
tional study confirmed those of
previous studies conducted with
younger subjects that showed a
significant association between
dental disease and CHD.1-6 We
found that the subjects with one
to 14 teeth were most likely to
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TABLE 4

RISK FACTOR/
INDICATOR

95%
Confidence 

Interval

No. of teeth
Zero
One-14 
15-28

Streptococcus sanguis
(log10/mL saliva)

Plaque BANA score

No. of medications 

Complaint of 
xerostomia

Use of alcohol
None
Occasionally
Daily

Dependent living 
(nursing home)

Likelihood ratio
Degrees of freedom
P - value

MEDICAL RISK FACTORS/INDICATORS IN CORONARY HEART DISEASE–RESULTS OF LOGISTIC REGRESSION ANALYSIS.*

1.00
2.64§

1.04

0.86

NA**

1.16

1.82§

1.00
0.91
0.40§

1.18

.01

.0007

NA**

.0001

.05

.026

.6

ALL SUBJECTS (n = 309)† DENTATE SUBJECTS (n = 199)‡

Odds Ratio

2.92§

1.00

0.84§

2.08§

1.17§

2.43§

NA**

1.33

1.26-5.56
0.57-1.90

0.79-0.94

NA**

1.08-1.25

1.01-3.28

0.53-1.57
0.18-0.90

0.63-2.22

*  Recognized risk factors for coronary heart disease, such as age, serum cholesterol levels, body mass index, smoking history, diabetes and race, 
were not significant in this model.

† Of the 309 subjects for whom we had complete data, 156 did not have a diagnosis of coronary heart disease and 153 did, for a prevalence of 49.5 percent.
‡  Of the 199 dentate subjects for whom we had complete data, 104 did not have a diagnosis of coronary heart disease and 95 did, for a prevalence 

of 47.7 percent.
§  Significant at P <.05.
**NA: not applicable. The variable was omitted from the model.

P - Value Odds Ratio 95% Confidence 
Interval

P - Value

1.39-6.11

0.75-0.94

1.08-4.01

1.07-1.29

1.12-5.25

0.58-3.01

.005

.0017

.029

.001

.024

.50

48.34
6

< .0001

62.71
8

< .0001

NA**
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have CHD, and observed this
association in subjects in both
independent living and depen-
dent living circumstances.

Chronic infection hypoth-
esis. The importance of having
only a few teeth in these sub-
jects seems to be related to the
greater periodontal morbidity of
their teeth—that is, a higher
percentage of teeth with attach-
ment loss—to poorer oral hy-
giene as assessed by higher
plaque scores, and to less-fre-

quent visits to the dentist
(Table 3). In the multivariate
analysis, a high BANA test
score was positively associated
with CHD in both the all-sub-
jects dentate model (Table 4)
and the independent living den-
tate model (Table 5).

The BANA test detects the
presence of an enzyme(s) that
hydrolyzes the synthetic tryp-
sinlike substrate benzoyl-DL-
arginine-naphthylamide, or
BANA, in plaque samples.16 Of

more than 60 plaque bacterial
species that have been tested,
only P. gingivalis, Treponema
denticola and Bacteroides
forsythus always exhibit strong
BANA activity, although some
species, like the Capnocytophaga
species, occasionally exhibit
weak BANA activity.16 The three
strongly BANA-positive species
are invariably elevated in plaque
samples removed from teeth
with periodontal pathology.17-20

Thus, a higher plaque BANA
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TABLE 5

RISK FACTOR/
INDICATOR All Subjects 

(n = 195)†

95%
Confidence

Interval

Streptococcus sanguis
(log10/mL saliva)

No. of teeth
Zero
One-14 
15-28

Complaint of 
xerostomia

No. of medications 

Plaque BANA score

PBS* < 0.5 (healthy)
PBS ≤ 1.5 
(nonbleeding)
PBS > 1.5 (bleeding)

Alcohol use
None
Occasionally
Daily

Smoking status
Never
Quit
Current

Diet-controlled 
diabetes

Likelihood ratio
Degrees of freedom
P - value

RISK FACTORS/INDICATORS ASSOCIATED WITH CHD IN OLDER VETERANS–RESULTS OF LOGISTIC REGRESSION ANALYSIS.*

0.9

1.00
1.8

0.92

1.94

1.21††

NA‡‡

NA‡‡

1.0
0.77

0.21††

NA‡‡

NA‡‡

0.8-1.01

0.07-4.9
0.42-2.0

0.90-4.21

1.09-1.34

NA‡‡

NA‡‡

0.39-1.5
0.06-0.69

NA‡‡

NA‡‡

INDEPENDENT LIVING

0.86††

2.83††

1.00

2.6††

1.20††

2.46††

1.0
2.42

4.6††

NA‡‡

NA‡‡

NA‡‡

DEPENDENT LIVING

Odds
Ratio

0.74††

1.00
6.16††

1.28

2.92††

NA‡‡

NA‡‡

NA‡‡

NA‡‡

1.0
11.9††

4.9

0.21††

0.63-0.87

1.60-23.7
0.39-4.15

1.02-8.39

NA‡‡

NA‡‡

NA‡‡

NA‡‡

1.43-99.5
0.54-44.8

0.06-0.7

*   CHD: coronary heart disease; PBS: papillary bleeding score.
†   Of the 195 subjects for whom we had complete data, 113 did not have a diagnosis of CHD and 82 did, for a prevalence of 42 percent.
‡   Of the 147 subjects for whom we had complete data, 86 did not have a diagnosis of CHD and 61 did, for a prevalence of 41 percent.
§   Of the 114 subjects for whom we had complete data, 71 had a diagnosis of CHD and 45 did not, for a prevalence of 62 percent.
** Of the 52 subjects for whom we had complete data, 34 had a diagnosis of CHD and 18 did not, for a prevalence of 65 percent.
†† Significant values.
‡‡ NA: not applicable. The variable was omitted from the model.

Dentate Subjects
(n = 147)‡

All Subjects 
(n = 114)§

Dentate Subjects
(n = 52)**

Odds
Ratio

Odds
Ratio

Odds
Ratio

95%
Confidence

Interval

95%
Confidence

Interval

95%
Confidence

Interval

0.76-0.98

1.11-7.2

1.02-6.62

1.07-1.36

1.13-5.38

0.74-7.6

1.32-15.97

NA‡‡

NA‡‡

NA‡‡

0.74††

3.85††

1.00

NA‡‡

NA‡‡

NA‡‡

NA‡‡

NA‡‡

NA‡‡

NA‡‡

0.59-0.93

1.001-14.8

NA‡‡

NA‡‡

NA‡‡

NA‡‡

NA‡‡

NA‡‡

NA‡‡

37.7
7

.0001

37.7
7

.0001

32.77
7

.0001

10.45
2

.005
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score would indirectly indicate
that these periodontopathic
species are elevated on the
tooth surfaces of subjects with
CHD. This implies some degree
of periodontal pathology, which
was documented by the signifi-
cantly higher PBS in the multi-
variate model of independent
living dentate subjects (Table 5).

These BANA-positive species
are gram-negative anaerobes,
so that their elevation in the
dental plaque would support
the various hypotheses linking
chronic bacterial infection to
CHD via effects mediated by en-
dotoxins or lipopolysaccharides,
or LPS.21-23 The confrontation of
the varied host-defense mecha-
nisms with these LPS-contain-
ing invaders may lead to the
supplementation of serum cy-
tokine levels with inflammatory
mediators derived from this
confrontation,24 which could
contribute to the chronic in-
flammatory process that leads
to increased levels of C-reactive
proteins in the serum.8 LPS has
long been known to promote
atherosclerosis and thrombus
formation.25

An additional factor in this
process could be an exaggerated
host response to LPS, mediated
by the presence of hyperrespon-
sive monocytic cells.6 Certain
patients with early-onset perio-
dontitis, refractory periodontitis
or insulin-dependent diabetes
have peripheral blood mono-
cytes that secrete threefold to
10-fold greater amounts of
PGE2, IL-1β and TNFα when
exposed to LPS in vitro. These
people would react to the pene-
tration of gram-negative bacte-
ria, such as the BANA-positive
species, from the subgingival
plaque into the periodontium by
the overproduction of cytokines
that could leak from the gingi-

val tissue into the general circu-
lation and have an effect on dis-
tant organs.

Other studies have proposed
a chronic infection hypothesis
involving dental disease as a
possible risk factor for the de-
velopment of a cardiovascular
event.21,22 In their prospective
study, Mattila and colleagues3

were able only to associate den-
tal infections as measured by
the TDI and a history of my-
ocardial infarction with a subse-
quent acute myocardial infarc-
tion. They then showed that
there are elevated levels of von

Willebrand factor antigen in
subjects with an elevated TDI,26

which could reflect increased
endothelial cell damage induced
by the LPS derived from the
gram-negative dental plaque
flora. Grau and colleagues7 have
shown that the TDI may be as-
sociated with an increased risk
of cerebral vascular ischemia.

Missing teeth. The number
of missing teeth was indepen-
dently associated with CHD in
the two epidemiologic surveys
that randomly selected their
study populations,4,5 but these
studies did not distinguish be-
tween edentulous subjects and
dentate subjects with many
missing teeth. Our results indi-

cate that in these elderly sub-
jects, it is the presence of only a
few teeth that is associated
with CHD. When we divided
our subjects into groups with
one to 14 teeth and 15 to 28
teeth, the presence of one to 14
teeth was significantly associat-
ed with CHD in both the all-
subjects and dentate subjects
models (Table 4).

An indirect confirmation of
the importance of having 15 to
28 teeth in protecting against
CHD was the relationship be-
tween the salivary levels of S.
sanguis and CHD status. The
significant negative association
seen in all models (Table 4) can
be explained by the fact that
this organism is associated with
teeth, and is among the best mi-
crobial colonizers on the tooth
surface.27 This organism is dom-
inant in early plaque formation,
so that people with good oral
hygiene would have higher pro-
portions of S. sanguis in the
mouth. The more teeth in the
mouth, the more likely that the
salivary levels of S. sanguis
would be higher.

S. sanguis has been studied
for its role in endocarditis,28,29

and a platelet-aggregation-asso-
ciated protein has been identi-
fied as a virulence factor be-
cause it interacts with platelets,
promoting coagulation, or it
may behave as a heat-shock
protein, which, by causing an
autoimmune response, could
initiate the early atherosclerotic
lesion.30 Our findings do not
support a role for S. sanguis in
CHD in these older subjects,
but it is possible that such in-
teractions could have occurred
earlier in their lives.

Evidence in the literature
suggests that edentulous people
with and without dentures and
dentate people with missing
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teeth change their eating habits
after they lose their teeth.31,32

They may avoid certain nutri-
tious foods because of difficulty
in chewing, and select high-
calorie, high-fat foods whose
consumption is recognized as a
risk factor for cardiovascular
disease.33 But an additional fea-
ture of this dietary change that
could be particularly relevant in
those dentate subjects with one
to 14 teeth is that dietary-in-
duced elevation of serum low-
density lipoprotein levels has
been shown to increase mono-
cytic responses to LPS.34 These
subjects would have both the di-
etary-induced sensitization of
the monocytes and the plaque-
laden teeth and gingivitis that
could provide the LPS challenge
to these cells.

The advanced age of our sub-
jects might explain the absence
of an association between eden-
tulism and CHD in the logistic
regression models, since people
most susceptible to the linkage
between edentulism and CHD
may already be dead. This would
be consistent with the National
Health and Nutrition Exami-
nation Survey, or NHANES,
data that showed that in males
younger than 50 years of age,
edentulism was 2.6 times more
likely to be associated with
death resulting from any cause.4

However, this explanation, as
well as the chronic infection hy-
pothesis involving dental infec-
tions, would not seem to explain
why 53 percent of our edentu-
lous subjects had CHD, unless
these patients experienced their
first heart attack while they
had teeth. It is possible that by
having had their teeth extract-
ed, these people coincidentally
had the tooth-related microbial
challenge removed that had
been a major contributor to the

events leading to their heart at-
tack. Edentulism in this sense
would be protective, although in
the younger subjects in the
NHANES study, edentulism
might have been a marker for
rampant dental disease that
could have predisposed them to
CHD by the mechanisms de-
scribed above.

Other significant findings.
The possible protective role of
daily alcohol consumption noted
in the all-subjects model in this
study has been observed by oth-
ers.35 The greater use of all
types of medications was signif-

icantly associated with CHD in
both the all-subjects and den-
tate subjects models. This was
expected, as our subjects were
taking many types of medica-
tions associated with old age
and a diagnosis of cardiovascu-
lar and other diseases.36

It is not clear how a com-
plaint of xerostomia could be
such a powerful risk indicator
for CHD. Xerostomia is a com-
mon complaint of older people,37

and it has been associated with
poor oral hygiene, the inability
to chew and involuntary weight
loss among both institutional-
ized38,39 and independent older
adults.38 We have found that

people with complaints of xero-
stomia avoid crunchy (carrots),
dry (bread) and sticky (peanut
butter) foods, but not crumbly
(cake) or chewy (red meat)
foods.40 This choice of foods
could lead to the selection of the
high-calorie, high-fat foods that
are associated with obesity and
CHD.33

The use of a convenience
sample of older subjects for our
analysis may explain why rec-
ognized risk factors, such as
serum cholesterol levels, BMI,
smoking status and diabetes,
were not more prominent in the
modeling procedure. The use of
medications to control blood
pressure or cholesterol levels
was not included in our analy-
sis; as these subjects were ac-
tively receiving treatment for
CHD, this could explain why
these risk factors were not asso-
ciated with CHD.

In other studies performed
with convenience samples, the
dental variables were signifi-
cantly associated with CHD,
whereas the classical risk fac-
tors such as cholesterol levels,
alcohol consumption, BMI and
hypertension were not.1-3,7 Thus,
our investigation, like others
performed with convenience
samples, cannot be generalized
to the entire population, and be-
cause of the cross-sectional na-
ture of our study, the oral
health variables can at best be
considered risk indicators.
Despite these limitations, for
this group of older veterans, our
findings suggest that the oral
health parameters may play an
important role in the occurrence
of CHD. We are following up
these subjects to determine
whether any of these dental pa-
rameters can be shown to be
risk factors.
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CONCLUSION

Our cross-sectional study of a
convenience sample of older
U.S. veterans identified several
oral health variables—includ-
ing having one to 14 teeth, low
salivary levels of S. sanguis,
positive plaque BANA scores,
gingivitis involving bleeding
and a complaint of xerosto-
mia—as risk indicators for
CHD. Whether they prove to be
risk factors depends on their
ability to predict episodes of
CHD in a longitudinal study.
Certain known risk factors,
such as smoking, total choles-
terol levels, BMI, diabetes and
race, were not significant in
this model. This probably re-
flects the fact that these sub-
jects were older and many were
receiving medical treatment di-
rected toward some of these
risk factors. ■
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