
Background. This article is a critical
review of the epidemiologic
studies linking or disasso-
ciating oral conditions
with stroke and periph-
eral vascular disease, or
PVD. It also describes
possible causal and non-
causal pathways for these
associations. 
Types of Studies Reviewed. The
author reviewed studies that evaluated the
oral conditions of periodontal disease or
tooth loss as risk factors for arterial disease
and stroke. 
Results. Seven of nine studies evaluating
tooth loss and periodontal disease as risk
factors for stroke or PVD showed some sig-
nificant associations. The studies varied in
the exposures and outcomes evaluated;
therefore, the associations were not consis-
tently replicated. It is unclear whether the
associations found between these oral con-
ditions and cardiovascular disease had any
causal component. In the absence of any
causal relationship, the associations may be
explained by common risk factors. Alterna-
tively, there may be a causal relationship
that may be explained by one or more
potential causal pathways. Further epi-
demiologic studies are needed, and the role
of nutrition and other inflammatory media-
tors needs to be explored further in this
context.
Clinical Implications. It is recom-
mended that clinicians continue to provide
standard professional care, as well as nutri-
tional counseling to help patients maintain
a healthy diet after extractions. Clinicians
are cautioned against suggesting extrac-
tions as a means of preventing cardio-
vascular disease. 

The relationship
between oral 
conditions and
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peripheral vascular
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T
he major epidemiologic studies investigating
the association between oral conditions 
disease and tooth loss) and systemic diseases
such as cardiovascular disease, or CVD, were
reviewed in 2000.1 On the basis of causal 

criteria, the overall evidence regarding the periodontal-
systemic association is not strong, and the associations

may or may not be causal.1 Several
studies, including many longitudinal
studies, have assessed whether or 
not an association exists between 
periodontal disease and CVD (for
example, coronary heart disease, or
CHD; stroke; and peripheral vascular
disease).2-11 Many of these same cohorts
also have been evaluated in terms of the
association between tooth loss and car-
diovascular disease.

The association between periodontal
disease and CHD has been reviewed
extensively in the literature12-14 and by

Hujoel in his article, “Does Chronic Periodontitis Cause
Coronary Heart Disease? A Review of the Literature,” on
page 31S of this supplement to JADA. The results to
date are inconsistent. There is insufficient evidence to
establish a causal relationship between periodontal dis-
ease and CHD; there are even fewer studies linking
tooth loss with CHD. More importantly, the indepen-
dence of these associations from confounding factors has
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Clinicians are
cautioned

against 
suggesting

extractions as 
a means of 
preventing

cardiovascular
disease. 

not been consistently established; thus,
it is possible that these associations
may be partly or completely explained
by risk factors common to oral and car-
diovascular disease.

This article focuses on reviewing the
studies that have looked for associa-
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tions between oral conditions and stroke and
peripheral vascular disease, or PVD, and dis-
cusses causal and noncausal explanations for
these associations.

STROKE

A stroke is damage to the brain due to a reduc-
tion in the blood supply to the brain. When a
blood vessel that delivers oxygen and nutrients
to the brain is obstructed, the condition is called
an ischemic stroke, or cerebral ischemia. Hemor-
rhagic stroke occurs when a blood vessel sup-
plying the brain bursts and causes bleeding into
the brain. In any stroke, the nerve cells in the
affected area of the brain can become deprived of
oxygen and die within minutes of onset of the
stroke. Therefore, a stroke can cause an impair-
ment of body functions—such as
speech, memory and movement—
that are controlled by the affected
portion of the brain. Obviously, a
stroke can be a debilitating event.
The risk factors for stroke include
smoking, high blood pressure, dia-
betes and CVD.

Periodontal disease, tooth
loss and stroke. Two case-control
studies15,16 and five longitudinal studies 6,7,9-11

evaluated the association between periodontal
disease and stroke, and four of the longitudinal
studies6,9-11 also evaluated the association
between tooth loss and stroke (Table).

Nonischemic stroke—that is, hemorrhagic
stroke—has a different etiology, and is not gener-
ally associated with dental or other infections.
The study that evaluated hemorrhagic stroke
separately found null associations between it and
any type of infection.9 Hence, it is important to
evaluate ischemic stroke separately. 

The outcome is somewhat different across the
reported studies, ranging from total stroke7 to
fatal stroke,10 nonfatal stroke11 and ischemic
stroke.6,9,15 The first report on stroke was a case-
control study. Syrjanen and colleagues15 evalu-
ated 40 cases of ischemic stroke and 40 randomly
selected community control subjects matched for
sex and age. They found significant associations
between stroke and subgingival calculus, suppu-
ration in the gingival pocket, and a dental panto-
mographic index score, but no association with
Total Dental Index score. (The score ranges from
zero to 14, with zero indicating no disease. The
score increases with increasing levels of caries,

periodontitis, periapical lesions, nonvital teeth
and pericoronitis.) The analysis did not control
for smoking or any other confounders, so it is
hard to interpret the results.

Another more recent case-control study by
Grau and colleagues16 evaluated the association
between similar dental indexes and ischemic
stroke. Among 166 cases and 166 age- and sex-
matched control subjects, poor dental status
(defined by the authors as Total Dental Index
score > 6) was associated with an odds ratio of
2.6. The analysis controlled for age, sex, social
status, diabetes, current smoking and pre-
existing vascular disease. The authors found a
significant association between ischemic stroke
and periodontitis and periapical lesions (but not
caries, nonvital teeth or pericoronitis); however,

the analyses did not control for
several confounders such as past
smoking, number of cigarettes
smoked, obesity and physical
activity.

All five longitudinal studies
excluded people who had CVD
before the baseline examination,
which is necessary to establish a
time sequence for oral conditions

predating CVD.
The study by Beck and colleagues7 compared

men who had had any type of stroke with men
who did not develop CVD during the follow-up.
They found a significant association between
periodontal disease and total stroke: relative
risk, or RR, of 2.80. 

The study by Wu and colleagues9 found a posi-
tive association between periodontal disease and
ischemic stroke (RR = 2.11); the risk was even
higher when limited to fatal stroke. Slightly
smaller RRs were found for edentulism that were
significant for fatal ischemic stroke. The
researchers found no association between peri-
odontal disease and hemorrhagic stroke.

Morrison and colleagues10 found a smaller non-
significant association between periodontal dis-
ease and total fatal stroke (RR = 1.63), and a
similar association between periodontal disease
and edentulism.

In preliminary analyses from the Health Pro-
fessionals Follow-up Study, or HPFS, Joshipura
and colleagues6 found small associations between
periodontal disease history at baseline or during
the follow-up and ischemic stroke (RR = 1.27),
and between fewer teeth at baseline and

24S JADA, Vol. 133, June 2002

It is possible that the
association between
periodontal disease
and stroke is limited

to recent disease.
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ischemic stroke (RR = 1.38 for ≤ 24 vs. 25 or more
teeth).

The Physicians’ Health Study, or PHS,11 and
HPFS are similar in design and population.
While both are restricted to a homogeneous
socioeconomic population, the two studies show
contradictory results. The HPFS found an asso-
ciation between recent periodontal disease, base-
line number of teeth and ischemic stroke,
whereas the PHS found no such associations.
There are several possible explanations for this. 

To begin with, the PHS only had data on tooth
loss during the year preceding the baseline
examination. A similar measure of tooth loss the
year preceding the baseline examination was not
reported in the HPFS abstract. Tooth loss during
the preceding year in the PHS may be a marker
of good systemic health, as extraction is an elec-
tive procedure and people with poor systemic
health may choose not to undergo what they
might view as an unnecessary procedure.

Next, the PHS evaluated incidence of total
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SUMMARY OF STUDIES EVALUATING THE POTENTIAL RELATIONSHIP BETWEEN ORAL 
CONDITIONS AND STROKE.

* N: Number.
† Confounders controlled are the confounders explicitly included in the reported analysis, and in italics are the confounders controlled by restriction or matching.
‡ N/A: Not available.
§ NHANES I: The First National Health and Nutrition Survey (1971-1975).
¶ NS: Not significant.

TABLE

STUDY 
AUTHORS

N* POPULATION
ORIGIN/TYPE

YEARS OF
FOLLOW-

UP

BASELINE 
EXCLUSIONS 

EX-
POSURE 

OUT-
COMES 

RELATIVE
RISK

CONFIDENCE
INTERVALS

CONFOUNDERS 
CONTROLLED†

Syrjanen
and col-
leagues15

Grau and 
col-
leagues16

Beck and 
col-
leagues7

Morrison
and col-
leagues10

Wu and 
col-
leagues9

Howell
and col-
leagues11

Joshipura
and col-
leagues6

80

332

1,147

10,120

9,962

22,037

44,116

N/A‡

N/A

18

20

14

12.3

10

Composite
dental index
score

Composite
dental index
score

Mean bone
loss > 20% of
root

Obvious
pockets or
loose teeth

Score on
Russell’s
Periodontal
Index (four
or more
teeth with
overt
pockets)

History of
periodontal
disease

History of
periodontal
disease at
baseline;
periodontal 
disease 
history at
baseline or
during
follow-up

Nonfatal
ischemic
stroke

Nonfatal
ischemic
stroke

Total
stroke

Total fatal
stroke 

Ischemic
stroke;
hemor-
rhagic
stroke;
fatal
ischemic
stroke

Total 
nonfatal
stroke

Ischemic
stroke 

P < .05

Odds ratio
2.6

2.80

1.63

2.11

1.22

2.90

1.01

NS¶ 

1.27

N/A

(1.18 to 5.70)

(1.45 to 5.48)

(0.72 to 3.67)

(1.30 to 3.42)

(0.53 to 2.63)

(1.49 to 5.62)

(0.81 to 1.27)

(1.01 to 1.61)

Age and sex

Current smoking; diabetes 
mellitus, or DM; socioeconomic
status, or SES; pre-existing 
vascular disease; age; sex

Age; smoking (current, former,
never); non–insulin-dependent
DM; diastolic blood pressure, or
BP; family history; education; sex

Age; sex; serum total cholesterol
level; smoking (never, former,
current: < 1 cigarette/day, 1-20
cigarettes/day, > 20 cigarettes/
day); DM; hypertensive status,
province of residence

NHANES I design features; sex;
race; age; education; poverty
level; DM status; hypertension;
smoking (current, former, never);
alcohol use; body mass index, or
BMI; serum cholesterol level

Age; randomization arm (aspirin
and/or beta carotene); DM; hyper-
tension; diastolic BP; treatment for
high BP; BMI; smoking status
(never, former, current: < 20
cigarettes/day, ≥ 20 cigarettes/day);
alcohol use; physical activity level;
angina; parental history of MI; sex;
SES; health behavior

Age; smoking status, including
amount smoked; obesity; alcohol
use; amount of exercise; family
history of CVD; employment in
dental profession; baseline
reported hypertension and 
hypercholesterolemia; DM; sex;
SES; health behavior 

N/A

N/A

N/A

Prior 
coronary
heart disease,
or CHD

Prior CHD;
congestive
heart failure,
or CHF;
stroke; cancer

Prior 
myocardial
infarction, or
MI; transient
ischemic
attack, or
TIA; stroke;
cancer

Prior 
cardiovas-
cular disease,
or CVD; 
diabetes

Helsinki, 
Finland

Germany

U.S. military 
veterans

Nutrition
Canada 
Survey

NHANES I§

Physicians

Health 
professionals

Relationship Between Periodontal Disease and Stroke
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nonfatal stroke, whereas HPFS evaluated fatal
and nonfatal ischemic stroke. 

Another explanation could be that only a small
number of teeth are lost in a single year; hence
the variation in tooth loss over the past year in
the PHS is small compared with the baseline
number of teeth in the HPFS. 

Meanwhile, the HPFS evaluated periodontal
disease history and recent periodontal disease
during the follow-up; an association was found
with recent periodontal disease, but not with his-
toric periodontal disease. The PHS evaluated only
past periodontal disease and did not find an asso-
ciation. Hence, it is possible that the association
between periodontal disease and stroke is limited
to recent disease. 

In a comparison of the studies that evaluated
both periodontal disease and tooth loss in the
same cohort,6,7,9-11,15,16 it appears that the associa-
tion between tooth loss and stroke is similar to
the association between periodontal disease and
stroke. My interpretation of the literature is that

dit is possible that both of these associations
may be explained by common risk factors;
dtooth loss is as likely as periodontal disease to
be an independent risk factor;
ddentists should be cautioned against extracting
teeth on the basis of preventing CVD.

All studies I reviewed for this article show an
association between oral conditions and increased
risk of experiencing stroke, other than the PHS,
which shows no association. Although several
studies show an association between tooth
loss/periodontal disease and stroke, no two
studies are consistent in defining the outcome
and exposure. Hence, no association has been
truly replicated. It is difficult to rule out residual
confounding variables, as there are several
common risk factors. The longitudinal studies
controlled for most major confounders, although
there still is room for greater rigor. Incomplete
control for smoking, blood pressure or healthy
behavior may explain some of the positive 
associations.
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SUMMARY OF STUDIES EVALUATING THE POTENTIAL RELATIONSHIP BETWEEN ORAL 
CONDITIONS AND STROKE (CONTINUED).

TABLE

STUDY 
AUTHORS

N* POPULATION
ORIGIN/TYPE

YEARS OF
FOLLOW-

UP

BASELINE 
EXCLUSIONS 

EX-
POSURE 

OUT-
COMES 

RELATIVE
RISK

CONFIDENCE
INTERVALS

CONFOUNDERS 
CONTROLLED†

Morrison
and col-
leagues10

Wu and
col-
leagues9

Howell
and col-
leagues11

Joshipura
and col-
leagues6

10,120

9,962

22,037

44,116

20

14

12.3

10

Edentulism

Edentulism
vs. no 
gingivitis/
periodontal
disease 

Tooth loss
during
follow-up

< 24 teeth
vs. 25 or
more teeth

Fatal
stroke 

Ischemic
stroke;
fatal
stroke

Nonfatal
stroke

Ischemic
stroke

1.63

1.41

2.12

1.07

1.38

(0.77 to 3.42)

(0.96 to 2.06)

(1.14 to 3.95)

(0.91 to 1.27)

(1.10 to 1.75)

Age; sex; serum total cholesterol;
smoking status (never, former,
current: < 1 cigarette/day, 1-20
cigarettes/day, > 20 cigarettes/
day); DM; hypertensive status;
province of residence

NHANES I design features; 
sex; race; age; education; poverty
level; DM status, hypertension;
smoking; alcohol use; BMI; 
serum cholesterol level 

Age; randomization arm 
(aspirin and/or beta carotene);
DM; hypertension; diastolic BP;
treatment for high BP; BMI;
smoking status (never, former,
current: < 20 cigarettes/day, 
≥ 20 cigarettes/day); alcohol use; 
physical activity level; angina;
parental history of MI; sex; SES;
health behavior

Age; smoking status, including
amount smoked; obesity; alcohol
use; amount of exercise; family
history of CVD; employment in
dental profession; baseline
reported hypertension and 
hypercholesterolemia; DM; sex,
SES; health behavior

Prior CHD

Prior CHD,
CHF, stroke,
cancer

Prior MI,
TIA, stroke,
cancer

Prior CVD,
diabetes

Nutrition
Canada 
Survey

NHANES I

Physicians

Health 
professionals

Relationship Between Tooth Loss and Stroke

* N: Number.
† Confounders controlled are the confounders explicitly included in the reported analysis, and in italics are the confounders controlled by restriction or matching.
‡ N/A: Not available.
§ NHANES I: the First National Health and Nutrition Survey (1971-1975).
¶ NS: Not significant.
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PERIPHERAL VASCULAR DISEASE

Peripheral vascular disease, or PVD, is caused by
diminished blood flow to the extremities. The
symptoms include intermittent claudication;
extreme cases could lead to disability and ampu-
tation. Only two studies have reported on the
relationship between oral conditions and PVD.

The first study by Mendez and colleagues8 was
conducted as part of the Veterans Affairs Dental
Longitudinal Study among 1,110 male veterans.
During a 25-year follow-up period, 80 men devel-
oped PVD. Men with periodontal disease (defined
as mean bone loss > 20 percent of the root sur-
face) had a 2.3 times higher risk of incidence of
PVD vs. men without periodontal disease (odds
ratio, or OR, = 2.27; 95 percent confidence
interval, or CI, = 1.32 to 3.90).

The second report is an abstract from the
Health Professionals’ Follow-up
Study.17 During a 10-year follow-up
period, 400 cases of PVD were
recorded. Among 45,167 male health
professionals, those who lost one or
more teeth during the follow-up
period had a relative risk of 1.33 (95
percent CI = 1.05 to 1.68) of experi-
encing PVD compared with men
who did not lose any teeth during
the follow-up period. Participants
who had myocardial infarction,
stroke, PVD or cancer before the
baseline examination were excluded
to establish temporality.

Both these studies controlled for
standard CVD confounding factors. To my knowl-
edge, are there no other published studies on this
subject. Hence, we do not know if further studies
will corroborate or conflict with these positive
associations. Based on the literature to date, it
seems plausible that there may be an indepen-
dent association between oral conditions and risk
of experiencing PVD. Several well-conducted lon-
gitudinal studies corroborating these results are
needed before interpreting a causal relationship.

THE RELATIONSHIP BETWEEN ORAL 
CONDITIONS AND CARDIOVASCULAR 
DISEASE: POSSIBLE PATHWAYS

The associations relating oral conditions with
CVD may be explained by causal or noncausal
pathways or some combination of the two.

Noncausal pathway. Common risk factors/

JADA, Vol. 133, June 2002 27S

confounders. Common risk factors (factors related
to exposure and outcome) could lead to an
observed association in the absence of a causal
association. Common risk factors for oral condi-
tions and CVD include age, smoking/alcohol use,
health behaviors/habits, genetic disposition,
socioeconomic status, stress, obesity, diet, phys-
ical activity, access to care and diabetes mellitus.
Nutrition also could be a confounder, as nutri-
tional factors (alcohol use, vitamin C intake,
sugar intake and so forth) and body weight may
be related to oral conditions and, independently,
to CVD. In evaluating causal pathways, con-
founders should be controlled first by restriction
or matching, or should be adjusted in the anal-
yses. Using certain populations such as health
professionals inherently controls for socioeco-
nomic status and healthy behavior, factors that
otherwise are difficult to measure or control,

because such populations consist of
a homogeneous group of people.
Health professionals generally
have a higher health awareness,
practice healthier behavior and
thus are much more homogeneous
with respect to healthy behavior
than is the general population.

Since oral and cardiovascular
disease have many factors in
common, it is important to rule
these out as alternative explana-
tions before interpreting a relation-
ship as causal. The studies
described in this article controlled
for several common factors. How-

ever, important factors—including smoking,
socioeconomic status, obesity, exercise, genetic
predisposition, diet and blood pressure—have
been incompletely controlled for in many studies.
Therefore, until we have several studies showing
consistent associations after being well-controlled
for potential confounders, common risk factors
are likely explanations for these associations.

Validity of outcome measures. Stroke generally
was assessed using some combination of self-
report, medical records and other information
from subjects’ records. Stroke either was evalu-
ated as total stroke or was separated into
ischemic stroke (which is more relevant in the
context of this discussion) and hemorrhagic
stroke. The variation in the type of stroke evalu-
ated may explain some of the variation in the
results across different studies.

Since oral and 
cardiovascular disease

have many factors 
in common, it is

important to 
rule these out 
as alternative 

explanations before
interpreting a 

relationship as causal. 
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Validity of exposure. Number of teeth or tooth
loss is expected to be well-reported in most U.S.
populations. All studies use different measures of
periodontal disease; there is no standard, univer-
sally accepted measure for classifying people with
or without periodontal disease. Studies have used
varying measures of periodontal disease, bone loss,
attachment loss, Russell’s Periodontal Index and
validated self-reported measures of periodontal
disease history among dentists and other health
professionals. Clinical studies vary from study to
study in specifying cutoffs for defining people as
having periodontal disease. Although clinical mea-
sures are reasonably well-accepted in research,
there is no standard cutoff; hence, the reports 
may be biased toward cutoffs that show positive
associations.

Another limitation of clinical measures is that
one cannot measure antecedent periodontal dis-
ease among the teeth that have been extracted; it
may be that extracted teeth had even worse peri-
odontal disease. On the surface, self-reported mea-
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sures seem more limited, but they have been vali-
dated against radiographs18 and also show antici-
pated associations such as those with age, diabetes
and smoking among special groups (for example,
health professionals).19 Self-reported measures
also have the advantage of being a cumulative
measure of periodontal disease that includes peri-
odontal disease in the extracted teeth, which is not
captured in clinical measures evaluated at a single
point in time. Although none of the measures is
perfect, they all compare well against measures 
in areas such as nutrition and psychiatry, in 
which correlations of 0.420 have been considered
acceptable measures and have been used in etio-
logic studies reported in the most prestigious 
journals.21,22

CAUSAL EXPLANATIONS

Relationship between caries, periodontal dis-
ease/tooth loss and CVD. As shown in the
figure, periodontal disease or caries generally pre-
cedes tooth loss. It is important to note that one

DENTAL EXPOSURES

ALTERNATIVE CASUAL PATHWAYS

Dental Plaque Periodontal Disease/Caries/
Other Oral Infections

Dental Procedures/
Extractions

Tooth Loss

Bacteremia
Psychosocial Factors Dietary Nutrients

Weight Change

Inflammation/Vascular Injury

Potential CVD Outcomes

Subacute Bacterial Endocarditis

Coronary Heart Disease

Ischemic Stroke

Peripheral Vascular Disease

CVD-Related Mortality

NONCAUSAL PATHWAY

Confounding/Shared
Factors

Age

Smoking/Alcohol Use

Health Behaviors/Habits

Socioeconomic Status

Genetic Predisposition

Stress, Obesity, Diet

Physical Activity Level

Utilization of Health Care

Diabetes Mellitus

Pathways Relating Oral Conditions With Cardiovascular Disease

Figure. Pathways relating oral conditions with cardiovascular disease, or CVD. Adapted with permission of the 
publisher from Joshipura and colleagues.1 
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could observe an association between tooth loss
and stroke, but it may be explained by antecedent
periodontal disease or caries. Alternatively, one
could observe an association between periodontal
disease and stroke, but it may be explained by
tooth loss and diet. Hence, it is important to evalu-
ate periodontal disease, tooth loss and CVD simul-
taneously to understand these interactions. In the
HPFS study on stroke,6 when the researchers eval-
uated periodontal disease and tooth loss simulta-
neously to assess whether tooth loss was a medi-
ator of the periodontal disease–stroke association,
they found that periodontal disease no longer was
significant whereas tooth loss was, suggesting that
tooth loss may be part of the pathway.

Pathways relating periodontal disease and
CVD—including bacteremia, inflammation and
vascular injury—have been discussed in detail in
many review articles.1,7,12 There are few reports in
the literature directly linking caries
with CVD. Hence, the role of caries
is unclear.

Other causes. It is conceivable
that some factor related to the
extraction process—anxiety, stress,
depression and impact on social
behavior and relationships during or
after tooth loss—also could play a
role.21 These factors need to be
explored further.

Nutrition: a potential medi-
ator. Tooth loss could lead to
reduced masticatory capacity, which
in turn could lead to a diet that may
be detrimental to health. As a result, dietary fac-
tors such as reduced fiber and fruit intake or
increase in saturated fat intake could be mediators
in the tooth loss–CVD associations.23,24 Similarly,
periodontal disease, impaired dentition or tooth
loss could cause weight change, possibly leading to
CVD.1

A recent report linking periodontal disease and
obesity also is interesting.25 The impact of peri-
odontal disease on nutritional intake and weight
warrants further research. In addition, nutrients
could affect host response to inflammation; 
nutritional mediators may interfere with in-
flammatory cytokine activity, affect immune func-
tion and inflammatory markers and, possibly,
affect both oral health and the development of 
systemic disease.26,27 It is possible that nutrition
may play a role in the periodontal disease–CVD
association.

CONCLUSIONS

The studies to date suggest that oral conditions
may be associated with increased risk of ischemic
stroke and peripheral vascular disease; however,
more well-conducted studies are needed to show
consistency of these associations. It is not clear at
this stage whether the association between peri-
odontal disease/tooth loss and CVD has any causal
component. Clinicians are cautioned not to over-
state these associations.

Further studies are needed to corroborate the
associations between oral conditions and stroke
and PVD. Much more work is needed to rule out
confounders as an explanation for the associations,
and to evaluate inflammatory and dietary media-
tors of these associations.

Educating patients in improving personal oral
hygiene and self-care and in the importance of

adequate professional care is benefi-
cial regardless of the relationship
with systemic disease. Patients
undergoing extractions would ben-
efit from well-fitting prostheses that
will enable them to chew various
foods. Clinicians are recommended
to provide nutrition counseling to
help patients maintain a healthy
diet after extractions, even if their
masticatory efficiency is slightly
reduced. Whether dental procedures
such as periodontal surgery or
extraction of teeth are beneficial or
harmful with respect to the risk of

developing CVD is unknown, and has never been
directly evaluated. The literature to date suggests
that people who have had more extractions—that
is, those with fewer teeth—are at increased risk of
developing CVD. Hence, clinicians are cautioned
not to suggest extractions as a means of pre-
venting CVD. "

Dr. Joshipura is an assistant professor, Harvard School of Dental
Medicine, Department of Oral Health Policy and Epidemiology, 188
Longwood Ave., Boston, Mass. 02115, e-mail “kjoshipura@hms.
harvard.edu”. Address reprint requests to Dr. Joshipura.

1. Joshipura KJ, Ritchie CS, Douglass CW. Strength of evidence
linking oral and systemic disease. Compend Contin Educ Dent
2000;21(supplement 30):12-23.

2. DeStefano F, Anda RF, Kahn HS, Williamson DF, Russell CM.
Dental disease and risk of coronary heart disease and mortality. BMJ
1993;306:688-91.

3. Hujoel PP, Drangsholt M, Spiekerman C, DeRouen TA. Perio-
dontal disease and coronary heart disease risk. JAMA 2000;284:
1406-10.

JADA, Vol. 133, June 2002 29S

Whether dental 
procedures such as

periodontal surgery or
extraction of teeth are
beneficial or harmful
with respect to the
risk of developing 

cardiovascular disease
is unknown. 

Copyright ©2002 American Dental Association. All rights reserved.



4. Joshipura KJ, Rimm EB, Douglass CW, Trichopoulos D, Ascherio
A, Willett WC. Poor oral health and coronary heart disease. J Dent Res
1996;75:1631-6.

5. Mattila KJ, Asikainen S, Wolf J, Jousimies-Somer H, Valtonen V,
Nieminen M. Age, dental infections, and coronary heart disease. J Dent
Res 2000;79:756-60.

6. Joshipura K, Hung K, Ascherio A, Rimm E, Willett W. Periodontal
disease and incidence of ischemic stroke: a preliminary analysis
(abstract). Ann Periodontol 2001;6:60.

7. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher S. Periodontal
disease and cardiovascular disease. J Periodontol 1996;67:1123-37.

8. Mendez MV, Scott T, LaMorte W, Vokonas P, Menzoian JO, Garcia
R. An association between periodontal disease and peripheral vascular
disease. Am J Surg 1998;176(2):153-7.

9. Wu T, Trevisan M, Genco RJ, Dorn JP, Falkner KL, Sempos CT.
Periodontal disease and risk of cerebrovascular disease: the first
National Health and Nutrition Examination Survey and its follow-up
study. Arch Intern Med 2000;160:2749-55.

10. Morrison HI, Ellison LF, Taylor GW. Periodontal disease and risk
of fatal coronary heart and cerebrovascular diseases. J Cardiovasc Risk
1999;6(1):7-11.

11. Howell TH, Ridker PM, Ajani UA, Hennekens CH, Christen WG.
Periodontal disease and risk of subsequent cardiovascular disease in
U.S. male physicians. J Am Coll Cardiol 2001;37:445-50.

12. Seymour RA, Steele JG. Is there a link between periodontal dis-
ease and coronary heart disease?  Br Dent J 1998;184(1):33-8.

13. Danesh J. Coronary heart disease, Helicobacter pylori, dental dis-
ease, Chlamydia pneumoniae, and cytomegalovirus: meta-analyses of
prospective studies. Am Heart J 1999;138:S434-7.

14. Beck JD, Offenbacher S, Williams R, Gibbs P, Garcia R. Periodon-
titis: a risk factor for coronary heart disease? Ann Periotontol 1998;
3(1):127-41.

15. Syrjanen J, Valtonen VV, Iivanainen M, Kaste M, Huttunen JK.
Preceding infection as an important risk factor for ischaemic brain

infarction in young and middle aged patients. Br Med J (Clin Res Ed)
1988;296:1156-60.

16. Grau AJ, Buggle F, Ziegler C, et al. Association between acute
cerebrovascular ischemia and chronic and recurrent infection. Stroke
1997;28:1724-9.

17. Hung HJ, Ascherio A, Rosner B, Rimm E, Willett WC. Tooth loss
and peripheral vascular disease (abstract 2069). J Dent Res 2001;
80(special issue):785.

18. Douglass CW, Berlin J, Tennstedt S. The validity of self-reported
oral health status in the elderly. J Public Health Dent 1991;51:220-2.

19. Joshipura KJ, Douglass CW, Garcia RI, Valachovic R, Willett
WC. Validity of a self-reported periodontal disease measure. J Public
Health Dent 1996;56:205-12.

20. Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA,
Willett WC. Vitamin E consumption and the risk of coronary heart dis-
ease in men. N Engl J Med 1993;328:1450-6.

21. Rimm EB, Ascherio A, Giovannucci E, Spiegelman D, Stampfer
MJ, Willett WC. Vegetable, fruit, and cereal fiber intake and risk of
coronary heart disease among men. JAMA 1996;275:447-51.

22. Manson JE, Hu FB, Rich-Edwards JW, et al. A prospective study
of walking as compared with vigorous exercise in the prevention of
coronary heart disease in women. N Engl J Med 1999;341:650-8.

23. Joshipura KJ, Douglass CW, Willett WC. Possible explanations
for the tooth loss and cardiovascular disease relationship. Ann Peri-
odontol 1998;3(1):175-83.

24. Joshipura KJ, Willett WC, Douglass CW. The impact of edentu-
lousness on food and nutrient intake. JADA 1996;127:459-67.

25. Saito T, Shimazaki Y, Sakamoto M. Obesity and periodontitis. N
Engl J Med 1998;339:482-3.

26. Grimble RF. Interaction between nutrients, pro-inflammatory
cytokines and inflammation. Clin Sci 1996;91(2):121-30.

27. Joshipura KJ. Symposium: role of nutrition in oral and systemic
disease relationships (abstract 2084). J Dent Res 2001;80(special
issue):787. 

30S JADA, Vol. 133, June 2002
Copyright ©2002 American Dental Association. All rights reserved.


