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uring the past decade the association between peri-
odontal diseases and general diseases has attract-

ed renewed research interest. The mouth has once again
become an integral part of the rest of the human body.
This review covers the possible associations between
periodontal disease and diabetes, coronary heart dis-
ease, osteoporosis, pulmonary diseases and depres-
sion and focuses on more recent publications.

A majority of published studies confirms support for a
relationship between periodontal disease and diabetes
mellitus. Treatments of periodontal disease including the
use of local or systemic antibiotics have been shown to
affect the glycemic control. From a clinical point of view
diabetes should be regarded as one of the factors in-
creasing the risk for periodontal disease.

At present there is but limited evidence that periodon-
titis is associated with an increased risk for coronary
heart disease and further research is needed to explore
such a relationship in prospective studies. Studies ex-
ploring whether periodontal treatment can reduce the
risk for coronary heart disease are needed.

D The extent of the relationship between osteoporosis
and periodontal disease still remains uncertain. Sus-
tained oral health and better tooth retention are poten-
tially additional benefits of hormone replacement thera-
py after menopause.

Aspiration of oral microorganisms may contribute to
the genesis of aspiration pneumonia. Poor dental health
is a factor associated to aspiration pneumonia among
elderly institutionalized and hospitalized individuals.

BACKGROUND

Periodontal disease is a multi-factorial infectious dis-
ease. It has been estimated that approximately 35% of
30 to 90-year-old adults in the United States have signif-
icant evidence of destructive periodontal disease (Alban-
dar et al, 1999; Satcher, 2000). During the past decade
the association between periodontal diseases and gen-
eral diseases has attracted renewed research interest.
The mouth has once again become an integral part of
the rest of the human body. Is periodontal health is a pre-
requisite for general health? Although growing, there is
significant scope for developing the evidence base for
association between periodontal and general disease.
This is especially true with respect to any possible cause
and effect relationship.

The idea that oral infections such as destructive peri-
odontal disease could affect systemic health was sug-
gested more than 100 years ago. In 1891 Miller pub-
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lished an article inferring that oral infections could ini-
tiate infections elsewhere in the body (Miller, 1891). As
will be reported in this review, there are numerous re-
ports claiming such associations, as well as those claim-
ing the opposite. One reason for this apparent contradic-
tion may be related to the different definitions of destruc-
tive periodontal disease that have been used. In the clin-
ic, and also in research papers, the expression ‘a pa-
tient with periodontitis’ is often used. What precisely do
we mean by this term? What signs and symptoms must
be present in any specific individual in order to justify the
use of the diagnosis? Should he/she have 4 pockets
with bleeding upon probing or perhaps 6 such pockets?
Do we require a certain number of areas with attachment
loss or bone loss? Others may stress the importance of
furcation involvement, or a certain level of bleeding on
probing or presence of some specific microorganisms.
Perhaps until the periodontal community clearly defines
what is meant by ‘a patient with periodontitis’, there is
continued scope for confusion in relation to the associa-
tion of destructive periodontal disease with other diseas-
es.

Recent reports, such as that of Renvert et al (2003)
have constructed matrices of different signs that repre-
sent the features of a patient with destructive periodon-
tal disease. Interestingly, of all the single signs, radio-
graphic evidence of bone loss was the parameter most
representative of the matrix as a whole. This relatively
simple sign may prove useful in future epidemiological
investigations of associations between periodontal dis-
eases and other diseases.

The tissue destruction resulting from periodontal dis-
ease is the aftermath of a host response to microbial
challenge. More than 350 different bacterial types have
been encountered in diseased periodontal pockets. De-
structive periodontal disease is predominantly associat-
ed with an anaerobic gram-negative microflora. Many mi-
crobiological periodontal studies have focused on the
presence of the most strongly implicated gram-negative
species such as Porphyromonas gingivalis, Actinobacillus
actinomycetemcomitans, and Bacteroides forsythus (for
review see Slots and Ting, 1999). P. gingivalis may carry
specific antigenic properties that may allow this patho-
gen to elude host immune responses with both oral and
systemic consequences. Furthermore, recent animal
studies have suggested that cysteine proteinases pro-
duced by P. gingivalis possess virulence factors interrupt-
ing host defense mechanisms (Genco et al, 1998). P.
gingivalis appears to be a critical pathogen in the ad-
vanced case of destructive periodontal disease and sev-
eral potent antigenic factors have been identified includ-
ing lipopolysaccharide (LPS) and various proteins, includ-
ing heat shock proteins. Although not conclusive, there
is evidence to suggest that host immune functions and
differences in immune responses to periodontal patho-
gens are important factors in destructive periodontal dis-
ease. In some circumstances elevated IgG titres to P. gin-

givalis may provide protection against the disease (Pers-
son et al, 1994; Chen et al, 1991; Gu et al, 1998).

This review will cover the possible associations be-
tween periodontal disease and coronary heart disease,
depression, diabetes, pulmonary diseases and os-
teoporosis. and focuses on more recent publications.

An online computer literature search on Medline (En-
trez-PubMed) was performed. The search terms; ‘peri-
odontal disease’, ‘periodontal diseases’, ‘periodontitis’
and ‘alveolar bone loss’ were used and combined with
the search terms ‘diabetes’, ‘diabetes mellitus’, ‘cardio-
vascular diseases’, ‘arteriosclerosis’, ‘myocardial infarc-
tion’, ‘coronary heart disease’, ‘stroke’, ‘osteoporosis’,
‘osteopenia’, ‘pulmonary diseases’, ‘obstructive lung
disease’, ‘pneumonia’, ‘lung disease’, ‘respiratory dis-
ease’ ‘depression’, and ‘stress’. The search was limited
to articles published 1985 to the present in the English
language. A total of 1,372 articles were retrieved. In ad-
dition to this computer search a hand search was per-
formed. Letters, case reports and review articles were ex-
cluded. The present report is based on published studies
in peer reviewed journals from which information related
to the associations between periodontal disease and the
above mentioned systemic diseases could be extracted
focusing on papers published during the past years.

DIABETES MELLITUS AND DESTRUCTIVE PERIO-
DONTAL DISEASE

Diabetes mellitus is a heterogeneous group of disorders
with different causes but all characterized by hypergly-
caemia. Type 1 diabetes mellitus (previously insulin-de-
pendent diabetes mellitus) is due to destruction of the
insulin-producing cells. Type 2 diabetes mellitus (previ-
ously non-insulin-dependent diabetes mellitus) is the re-
sult of insulin resistance coupled with relative beta-cell
failure. Diabetes is a common disease affecting 3 – 4%
of the general population (Bensch et al, 2003). The inci-
dence of Type 2 diabetes mellitus is increasing possibly
due to a change in lifestyle and dietary habits leading to
obesity (Friedman, 2000). Type 2 diabetes mellitus has
been described as a new epidemic in the context of the
American pediatric population. There has been an overall
33% increase in Type 2 diabetes mellitus prevalence
documented over the past decade. In 1992, Type 2 dia-
betes mellitus was a rare occurrence in most pediatric
centers. By 1999, the incidence of new Type 2 diabetes
mellitus diagnoses ranged between 8% and 45%, de-
pending on geographic location (Kaufman, 2002).

Recent data suggest that the prevalence of diagnosed
and undiagnosed diabetes in older subjects approaches
20% (Kohler et al, 1999; Meneilly and Tessier, 2001;
Resnick et al, 2001). Diabetes patients have a tendency
to develop long-term complications due to their disease.
The major complications as a consequence of the hyper-
glycaemia, include retinopathy, nephropathy, neuropathy
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and circulatory abnormalities. Hyperinsulinemia in elderly
Type 2 diabetes mellitus subjects has also been associ-
ated with cardiovascular disease (Kuusisto et al, 2001)
and odds ratios of 2:6 have been reported (Audelin and
Genest, 2001). Patients with Type 2 diabetes mellitus
have a two-to-four-fold risk of cardiovascular mortality
compared to non-diabetic individuals (Nesto, 2001). In a
recent study by Persson et al (2003a) the strongest as-
sociation between diabetes and other diseases was that
between diabetes and a history of heart attack and stroke.
This finding is consistent with studies suggesting that a
unique cluster of metabolic abnormalities, including dys-
lipidemia, hypertension, insulin resistance, and hypergly-
caemia in subjects with diabetes may be linked to their
increased risk of cardiovascular disease (Laakso, 1997;
Orchard et al, 2001; Kendall and Bergenstal, 2001). Odds
ratios approaching 3:1 for mortality have been reported
for middle-aged patients with a combination of obesity,
hypertension and diabetes (Oldridge et al, 2001).

It is generally perceived that subjects with diabetes
mellitus are at greater risk of having destructive peri-
odontal disease (Grossi et al, 1996; Taylor et al, 1998;
Taylor 2001) and many studies have reported significant
associations between diabetes and destructive peri-
odontal disease (Hugoson et al, 1989; Firatli, 1997; Tay-
lor et al, 1996; Grossi and Genco, 1998). Taylor (2001)
concluded in his review of destructive periodontal dis-
ease and diabetes mellitus that there was a greater prev-
alence, severity, extent, or progression of at least one
manifestation of periodontal diseases in the large major-
ity of reports evaluated (supportive evidence in 44 of 48
reviewed; 37/41 cross-sectional and 7/7 cohort). The
majority of these studies were carried out in populations
with Type 1 diabetes. Among the relatively few studies
that exist on the relationship between periodontal dis-
ease and Type 2 diabetes several are reports from an ep-
idemiological study in the Pima Indians of the Gila River
Indian Community in Arizona. Significantly poorer peri-
odontal health was reported among Type 2 diabetics in
this group of individuals. The risk of periodontal disease
in subjects with diabetes was 2.6 times higher (95% Cl
1.0 – 6.6), than for age and sex controls.

Although periodontal disease was common in non-di-
abetic Pima Indians, diabetes clearly conferred a sub-
stantially increased risk (Nelson et al, 1990). Subjects
with Type 2 diabetes had an increased risk of destructive
periodontitis (loss of attachment) with an odds ratio of
2.81 (95% CI 1.91 – 4.13) (Emrich et al, 1991). Taylor et
al (1998) reported that poorly controlled Type 2 diabetes
was positively associated with greater risk for a change
in bone score as compared to subjects without Type 2 di-
abetes. The cumulative odds ratio of having more severe
bone loss at follow-up compared to individuals without
diabetes was 11.4 (95% CI = 2.5 – 53.3), and the au-
thors concluded that poorer glycemic control leads to
both an increased risk for alveolar bone loss and more
severe progression over those without Type 2 diabetes.

The results found in the Pima Indian studies have been
supported by others. In a study of 30 Type 2 diabetes pa-
tients and 30 controls significant differences were ob-
served between the poorly controlled diabetic patients
and the control group patients (P < 0.01) for probing
pocket depth and periodontal attachment levels (Novaes
et al, 1996). When variations in plaque and age were tak-
en into account, a significant difference in probing attach-
ment level was found comparing 24 patients with non-in-
sulin-dependent diabetes mellitus compared to 24 con-
trols matched by age and plaque levels (Morton et al,
1995). In a larger study sample including 102 randomly
sampled diabetic patients and 102 age and gender
matched non-diabetic subjects, sites with advanced de-
structive periodontal disease were found to be more fre-
quent in the diabetic group (P = 0.006). However, meta-
bolic control of the disease was not related to periodontal
status (Sandberg et al, 2000). Although quite consistent
data exist to verify the relationship between periodontal
disease and diabetes mellitus the difference in the num-
ber of remaining teeth between subjects with or without
diabetes was found to be marginal in the Surgeon Gen-
eral’s Report of Oral Health (Satcher, 2000). In an older
population of well controlled Type 2 diabetes mellitus, no
differences in periodontal health in relation to controls
were reported (Persson et al, 2003a). These studies were
done on elderly individuals and a high general incidence
of periodontal disease in this group may explain the con-
tradictory results.

POSSIBLE MECHANISMS

During recent years several mechanisms have been sug-
gested explaining why patients with diabetes may also
be at risk for destructive periodontal disease (Oliver and
Tervonen, 1993; Salvi et al, 1997; Grossi and Genco,
1998). A two-way relationship was proposed by Grossi
and Genco (1998). They proposed an infection-mediated
upregulation cycle of cytokine synthesis and secretion by
chronic stimulus from lipopolysacarids (LPS), and prod-
ucts of periodontopatic organisms may amplify the mag-
nitude of the advanced glycation end product (AGE). A
combination of infection and AGE-mediated cytokine up-
regulation may explain the increase in tissue destruction
observed in diabetes patients.

The pro-inflammatory cytokine tumor necrosis factor-α
(TNF-α) produced by monocytes/macrophages and adipo-
cytes has been reported to lower insulin sensitivity (for
review see Nishimura and Murayama, 2001). An increase
of TNF-α may exacerbate pre-existing periodontal disease
by stimulating the synthesis of matrix degrading enzymes
(Dayer et al, 1985) and stimulate osteoclasts to activate
bone resorption (Kobayashi et al, 2000). After treatment
with local minocycline administration in every periodontal
pocket around all existing teeth once a week for a month
it was demonstrated that the antimicrobial therapy signif-
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icantly reduced the number of microorganisms in peri-
odontal pockets (P < 0.01), and that the circulating
TNF-alpha level was significantly reduced (P < 0.015)
(Iwamoto et al, 2001). In a recent paper Nishimura et al
(2003) speculated in that TNF-α may be an important
candidate molecule accounting for the 2-way relationship
proposed by Grossi and Genco (1998). Recently, two pos-
sible hypotheses for the association between periodontal
disease and diabetes were presented by Soskolne and
Klinger (2001); 1) A direct causal relationship in which
the consequences of diabetes act as modifiers of peri-
odontal disease expression; and 2) an unfortunate com-
bination of genes resulting in a host that could develop
both diabetes and periodontal disease under the influ-
ence of a variety of environmental stressors.

Chronic gram-negative infections are attributed as the
etiology for destructive periodontal disease. However,
periodontal pockets in subjects with diabetes mellitus
do not seem to harbor more pathogens associated with
destructive periodontal disease than what can be found
in periodontal pockets of non-diabetic subjects (Collin et
al, 1998). Thus, the similarity of pathogens associated
with destructive periodontal disease in subjects with or
without diabetes suggests no difference in the infectious
etiology, although the prevalence of P. gingivalis appears
to be higher in samples from subjects with diabetes mel-
litus (Thorstensson et al, 1995). However, diabetic sub-
jects have been shown to react with a higher degree of
inflammation to equivalent bacterial burdens (Salvi et al,
1998). Microvascular permeability is increased in both
types of diabetes mellitus (Brausewetter et al, 2001).
This may result in more extensive signs of gingival in-
flammation that may, in turn, lead to deeper probing
depths in diabetic patients.

A long-term cytokine-mediated acute-phase reaction
occurs in Type 2 diabetes which may contribute to high
levels of inflammation (Pickup and Crook, 1998). More-
over, auto-immune factors may influence and explain the
severity of destructive periodontal disease in subjects
with diabetes mellitus. A linkage between periodontal in-
flammation and glutamic acid decarboxylase (GAD) anti-
body titre levels has been identified (Kono et al, 2001).
For example, the levels of serum glutamic acid decarbox-
ylase autoantibody (GAD65) in combination with elevat-
ed IgG titres to Porphyromonas gingivalis before peri-
odontal treatment appears to be indicative of Type 1 di-
abetic patients not being responsive to non-surgical ini-
tial therapy (Sims et al, 2001; Sims et al, 2002).

THE EFFECT OF DESTRUCTIVE PERIODONTAL DI-
SEASE AND PERIODONTAL TREATMENT ON GLYCE-
MIC CONTROL

Periodontal infections may increase the severity of diabe-
tes and compromise metabolic control, similar to other
infections (Grossi and Genco, 1998). Poor diabetic con-

trol seems to occur in at least 40% of adults with Type 1
diabetes mellitus and 54% in subjects with Type 2 diabe-
tes mellitus (Schiel et al, 2001). In a study by van den
Arend et al (2000) more than 60% of subjects with dia-
betes mellitus had poor diabetic control. Poor glycemic
control in patients with advanced periodontal disease
has been reported (Taylor et al, 1996; Collin et al,
1998).

In a recent paper by Tsai et al (2002) data on 4,343
persons (aged 45 – 90 years) from the NHANHES III da-
tabase were used to evaluate the relationship between
periodontal disease and diabetes mellitus. Severe peri-
odontal disease was defined as ≥ 2 sites with ≥ 6 mm
loss of attachment and at least one site with probing
pocket depth of ≥ 5 mm. Individuals classified as having
poorly controlled diabetes had glycosylated haemoglobin
> 9%. It was reported that individuals with poorly con-
trolled diabetes mellitus had a significantly higher preva-
lence of severe destructive periodontal disease than
those without diabetes (odds ratio; 2.90; 95% CI: 1.40 –
6.03) after controlling for age, education, smoking sta-
tus, and calculus. However, at least one recent study has
contradicted previous perceptions that abnormal glu-
cose tolerance is a risk indicator for periodontal disease
(Noack et al, 2000) suggesting that Type 1 diabetic sta-
tus in itself may not necessarily mean a higher risk for
destructive periodontal disease.

Whether treatments of destructive periodontal dis-
ease in subjects with diabetes mellitus improve their
blood sugar levels is still unclear both for Type 1 diabe-
tes mellitus and Type 2 diabetes mellitus. No change in
glycosylated haemoglobin after periodontal treatment
has been reported by several investigators (Aldridge et
al, 1995; Smith et al, 1996; Westfelt et al, 1996; Christ-
gau et al, 1998), while others have reported such chang-
es (Miller et al, 1992; Grossi et al, 1996; Iwamoto et al,
2001). However, those studies reporting a change in gly-
cosylated haemoglobin after treatment either used sys-
temic (Miller et al, 1992; Grossi et al, 1996) or local ad-
ministration (Iwamoto et al, 2001) of antibiotics as an
adjunct to mechanical periodontal therapy. Accordingly,
the possibility that the differences in results may be re-
lated to the use of antibiotics cannot be overlooked.

CARDIOVASCULAR DISEASES AND DESTRUCTIVE
PERIODONTAL DISEASE 

Cardiovascular diseases (CVD) are the leading cause of
death in most Western countries and may affect 50% or
more of the older population. Well known cardiovascular
risk factors such as elevated low-density lipoprotein
(LDL), hypertension, smoking, male gender and low so-
cio-economic factors (Keil, 2000; Wood, 2001) have
failed to explain the observed variations in the preva-
lence and severity of CVD (Kuller et al, 2000). A link be-
tween infection in general and atherosclerotic disease
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including both myocardial and cerebral infarction has
been widely suggested.

Several epidemiological studies have suggested as-
sociations between coronary heart disease (CHD) and
destructive periodontal disease (DeStefano et al, 1993;
Mattila, 1993; Beck et al, 1996; Loesche et al, 1998;
Morrison et al, 1999; Mattila et al, 2000). Other re-
searchers have failed to find associations between CHD
and destructive periodontal disease (Hujoel et al, 2000;
Howell et al, 2001; Jansson et al, 2001). An association
between stroke and periodontal disease has also been
reported (Beck et al, 1996; Wu et al, 2000; Joshipura et
al, 2003). Joshipura et al (2003) found that men who
had ≤ 24 teeth at baseline were at higher risk of stroke
compared to men with ≥ 25 teeth (OR 1.57: 95% CI
1.24 – 1.98), suggesting that fewer teeth (indicative of
previous dental disease) may be associated to an in-
creased risk of stroke.

It has been proposed that the reported associations
between cardiovascular diseases and destructive peri-
odontal disease may be explained by confounding fac-
tors (Hujoel et al, 2000). Smoking is considered a signif-
icant risk factor for both CHD and destructive periodontal
disease. In a recent Cochrane review by Madianos
(2002) it was concluded that the association between
destructive periodontal disease and increased risk for
coronary heart disease appears to be inconsistent at all
levels of evidence. The reasons for conflicting reports
may be due to the heterogeneity in design of the studies
and their definitions of periodontal disease. Several co-
hort studies have defined destructive periodontal dis-
ease based on indices such as the Russell index (DeSte-
fano et al, 1993; Hujoel et al, 2000, 2001), total dental
index (Mattila, 1995), a questionnaire (Joshipura et al,
1996) or measurements of alveolar bone loss (Beck et
al, 1996; Jansson et al, 2001). It is perhaps likely that
these widely differing definitions of destructive periodon-
tal disease have predisposed to conflicting findings. The
inherent measurement error and difficulty in interpreta-
tion associated with probing measurements also contrib-
ute to difficulty in accurately defining destructive perio-
dontal disease in individuals.

As reviews on this particular subject abound in the lit-
erature, this review is limited to those papers published
from 2001 – 2003 inclusive. Data from studies on the
association between CHD and destructive periodontal
disease are presented in Table 1. As previously stated,
the results differ considerably from no association (Jan-
sson et al, 2001) to an odds ratio of 14.1 (Persson et
al, 2003b). The reasons for these diverse findings may
be due to inadequate definitions of destructive periodon-
tal disease. There was also considerable heterogeneity
in important aspects of study design such as aspects re-
lated to control subjects and confounding factors inves-
tigated. In the study by Persson et al (2003b) a signifi-
cant effort was made to enroll carefully matched control
subjects who received specialist examination of both

cardiovascular and dental status. The individuals in the
control group were matched for age, gender and smoking
status. Smoking is a significant risk factor for both car-
diovascular disease and destructive periodontal disease
(Keil, 2000; Wood, 2001; Capewell et al, 1999; Berg-
ström, 1989). A history of smoking has been reported as
an important confounder in studies of the association
between CVD and destructive periodontal disease and
when accounted for the odds ratios for association be-
tween the two conditions are drastically reduced (Hujoel
et al, 2001, 2002). However, even in a sub-analysis of
non-smokers in the study by Persson et al (2003b) the
odds of an association between acute myocardial infarc-
tion and destructive periodontal disease remained sta-
tistically significant and higher than reported for any pre-
vious study.

POSSIBLE MECHANISMS

Low-grade injury to the artery wall with a resultant inflam-
matory response was first postulated as the pathogene-
sis of atherosclerosis more than 100 years ago (Vir-
chow, 1856). The possibility that atherosclerosis is an
immune-mediated inflammatory disease has renewed in-
terest in the potential role of infectious agents in initiat-
ing or modulating atherosclerosis (de Boer et al, 2000).
Many different bacteria and viruses have been suggest-
ed as etiological factors (Valtonen, 1991; Ellis, 1997;
Carlisle and Nahata, 1999; Coombes and Mahony,
1999; de Boer et al, 2000). A positive association be-
tween elevated serum titres to different pathogens and
a history of acute myocardial infarction provides support
for the hypothesis that there is a causal association be-
tween chronic infections and the development of coro-
nary heart disease (Kahan et al, 2000; Shimada et al,
2000). The ‘response to the injury’ hypothesis includes
a perception that hyperlipidemia, and especially that ox-
idized low-density lipoproteins, can cause endothelial
cell injury. Lipopolysaccharide (LPS) from, for instance,
C. pneumoniae can then induce macrophage foam cell
formation which results in accumulation of excess cho-
lesterol, contributing to the development of vascular
atheroma (Kalayoglu and Byrne, 1998). Interestingly, pe-
riodontal disease status measured using CPITN was
found to be positively associated to cholesterol and
LDL-cholesterol levels in men (Katz et al, 2002).

In patients with endocardial damage, for instance,
damaged heart valves following rheumatic fever or pa-
tients with artificial heart valves, bacteriemia can result
in infective endocarditis, and myocardial or cerebral inf-
arction (Debelian et al, 1994). Bacteriemia of oral origin
may explain approximately 10% of all cases of infectious
endocarditis (Drangsholt, 1998). Dental procedures in-
cluding routine oral hygiene efforts and probing of peri-
odontal pockets induce transient bacteriemia (Herzberg
and Meyer, 1996). In a recent publication by Geerts et al
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Table 1 Selected studies published after 2000 on the association between CHD and periodontitis

Authors Number of 
subjects

Study design Periodontal 
parameters

Outcome of CHD Measure of 
association

Adjusted for

Jansson 
et al 2001

1393 
subjects
706 females

Cohort study
Up to 
26 years 
follow up

Oral health 
score

Death For individuals 
< 45 years OR 2.7
(p = 0.04)

Age, gender, smoking 
and CHD at baseline

Hujoel et 
al 2001

4,027 
subjects
2.221 
females
Age 25 – 
74 yrs

Cohort study
Mean follow 
up
17 years.

The Russell 
Index

Fatal CHD, MI, 
coronary revas-
cularization 
procedures

RR (95% CI):
1.02 (0.86 – 1.21)

Age, gender, race, edu-
cation, poverty index, 
marital state, hyperten-
sion cholesterol, dia-
betes, BMI, physical 
activity, smoking, alco-
hol, nervous breakdown

Bazile et 
al 2002

80 cases
48 male 
32 females
Age 23 – 83 
yrs (median 
54) 50 cases 
with CAD
30 controls

Case control PI, GI, BOP, PD, 
CAL, MT

Angiographic 
evidence of CAD.
AI = acute infarc-
tion (n=20)
UA = unstable 
angina (n=10)
SA = stabile 
angina (n= 20)

Significant asso-
ciation between 
BOP and GI and 
acute infarction
Significant asso-
ciation between 
CAL and unstable 
angina

Age, gender

Hujoel et 
al 2002

636 dentate 
cases with 
previous his-
tory of CHD

Cohort study The Russell 
Index

New CHD events OR (95% CI):
Periodontitis
0.97 (0.72 – 1.31)

Age, gender, race, edu-
cation, poverty index, 
marital state, hyperten-
sion cholesterol, dia-
betes, BMI, physical 
activity, smoking, alco-
hol, nervous breakdown

Lopez et al 
2002

27 cases
34 controls
Age 30-50 yrs

Case control AL, PD:
mean AL 
≥ 1.5 mm

AMI, angina 
pectoris, unstable 
angina

Mean attachment 
level OR (95% CI)
3.17 (1.31 – 7.65)
Mean PD
8.64 (1.22 – 61.2)

Systemic blood 
pressure, diabetes, 
smoking

Malthaner 
et al 2002

100 cases
53 CAD +
47 CAD –

Case control BOP, PD, CAL, 
GR, LT, BL

CAD + = 50% 
stenosis in one 
epicardial artery

BL OR = 1.31
Mean CAL
OR = 1.06
Both not significant

Age, smoking history

Persson et 
al 2002

77 cases 
987 controls
579 females
Age 60 – 75

Cross-
sectional

PMX score
(composite 
bone score mea-
sured in pan-
oramic x-rays)
Continuous 
variable 

Questionnaire 
(heart attacks)

OR (SE): 
1.412 (0.130)
P value = 0.008

Age, gender, stroke

Persson et 
al 2003b

160 cases 
80 with AMI
80 controls

Case control BL Acute myocardial 
infarction

OR (95% CI)
14.1 (5.5 to 28.2) 
p < 0.0001)ä
for never smokers 
5.5 (1.5 – 20.5)
p < 0.01)

Age, gender, smoking

AL = attachment level, BOP = bleeding on probing, BL = radiographic bone loss, CAL = Clinical attachment level, CAD + = coronary artery disease positive, 
CAD - = coronary artery disease negative, GI = gingival index, GR = gingival recession, LT = loss of teeth, OR = Odds Ratio, PD = pocket depth, PI = plaque index
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(2002) it was demonstrated that gentle mastication is
able to induce and release bacterial endotoxins from the
oral cavity origin into the bloodstream. Thus, the likeli-
hood of recurrent bacteriemia in subjects with destruc-
tive periodontal disease is high and may explain why it is
possible that oral pathogens can be found in atheroma.
Periodontal pathogens, such as A. actinomycetemcomi-
tans, and P. gingivalis have characteristic LPS cell-wall
capsules (Herzberg and Meyer, 1996; Genco et al,
1998). The relationship between the presence of multi-
ple infectious agents in human carotid specimens and
patho-anatomic features of the corresponding carotid
plaques has been studied, demonstrating that both P.
gingivalis and S. sanguis can be found in atherosclerotic
plaques (Chiu, 1999). The ability oral of pathogens, such
as P. gingivalis, E. corrodens, P. intermedia, and S. san-
guis to invade human coronary endothelial cells has
been demonstrated (Dorn et al, 2000). Such findings
suggest that the presence of these microorganisms may
influence atherosclerotic plaque morphology, predispos-
ing to plaque disruption leading to an acute coronary syn-
drome or ischemic stroke. Recently, Sharma et al (2000)
reported that P. gingivalis was able to induce platelet ag-
gregation and that vesicles (outer membrane invagina-
tions that are shed into the environment by the bacteria)
of P. gingivalis are potent inducers of mouse platelet ag-
gregation in vitro. Their data also show that the initial ad-
herence of the bacterium to platelet may be facilitated by
P. gingivalis fimbriae and that P. gingivalis vesicles pos-
sess platelet aggregation-inducing activity. Further evi-
dence of the role of P. gingivalis in the development of
atherosclerosis is provided by an odds ratio of 7.0 that
elevated serum IgG titres to P. gingivalis are associated
with elevated serum cholesterol values (Cutler et al,
1999). Thus it appears that the putative infectious etiol-
ogy in cardiovascular disease (CVD) and destructive pe-
riodontal disease share immunopotent factors.

The possibility that P. gingivalis infection may partici-
pate in the development of the atherosclerotic plaque is
consistent with theories on how peripheral infection can
induce a release of C reactive protein (CRP) which in turn
activates endothelial cells and macrophages. This mac-
rophage activity results in the development of foam
cells, once an endothelial trauma is present, possibly in-
duced by oxidated LPS in the blood stream (Ridker et al,
1997). The oxidated LPS may originate from organisms
such as P. gingivalis. Thus P. gingivalis may be an infec-
tious agent not only in destructive periodontal disease
but may also serve as an infectious factor in cardiovas-
cular disease.

Markers of inflammation (Il-1, Il-6) are elevated in se-
rum of patients with atherosclerosis as well as in pa-
tients with destructive periodontal disease, suggesting
that a systemic pro-inflammatory imbalance is a common
denominator. Primary responses in inflammation are me-
diated by cytokines. For example interleukin 1 and its re-
ceptor antagonist Il-1 Ra have been of interest in explor-

ing the role of inflammation in systemic diseases and the
risk for sepsis (Stuber, 2001). A lower incidence of
re-stenosis after coronary stenting has been reported in
patients with the allele 2 of the Il-1 Ra gene (Kastrati et
al, 2000). The observation that Il-1 β and TNF-α can in-
duce high serum lipid level suggests a mechanism by
which systemic elevation of serum lipids can be induced
by cytokines in response to oral infection. Thus, such oral
infection may have a significant impact on cardiovascular
health. A proposed model by which such cytokines in-
duced by the inflammatory process in destructive peri-
odontal disease may amplify a host-response which re-
sults in a destructive-periodontal-disease-associated
atherosclerosis has been suggested (Offenbacher et al,
1999). A relationship between destructive periodontal
disease and carotid artery intima wall thicknesses has
also been reported (Beck et al, 2001).

In a multivariate logistic regression model accounting
for confounders the odds of an intima-media wall thick-
ness ≥ 1 mm were higher for severe destructive peri-
odontal disease, defined as attachment loss > 3 mm at
≥ 30% of sites (odds ratio of 1.31: 95% CI 1.03 – 1.66).
A genetic marker has become available to determine a
polymorphism genotype of patients with possibly in-
creased susceptibility for chronic destructive periodontal
disease. Thus, subjects who are genotype positive for
the Interleukin-1 (IL-1) gene polymorphism appear to
have more advanced destructive periodontal disease
than IL-1 genotype negative patients of the same age co-
hort (Kornman et al, 1997). There is also evidence that
Interleukin-1 (IL-1) gene polymorphism positive patients
may be more susceptible to tooth loss than negative
subjects (McGuire and Nunn, 1999). Prospective studies
have shown that Interleukin-1 (IL-1) gene polymorphism
positive non-smoking subjects over the age of 50 have
significantly deeper periodontal pocket probing depths
than their negative counterparts (Cullinan et al, 2001).
Analysis of data from young adults has also suggested
that the IL-1A(+ 4845) [1,1]/IL-1B(+ 3953) [2,2] geno-
type is associated with destructive periodontal disease
(Thomson et al, 2001). Future research in genetic mark-
ers for patients’ susceptibility to both cardiovascular dis-
eases and destructive periodontal disease may demon-
strate similar genetic trends within susceptible individu-
als.

In summary, there are at least three possible mecha-
nisms by which oral infections may contribute to cardio-
vascular diseases namely; (1) direct effect of infectious
agent in atheroma formation; (2) indirect or host-mediat-
ed responses; and (3) common genetic predisposition.

OSTEOPOROSIS

Osteoporosis is a degenerative disease that affects pri-
marily women, but can also occur in men. Osteoporosis
is characterized by a loss of bone mineral density (BMD),
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and often culminates in a fracture of the hip, wrist,
and/or vertebrae. The diagnosis of osteoporosis is often
made using bone density measurements. The World
Health Organization defines osteoporosis when BMD is
2.5 standard deviations below the average peak bone
density achieved in young adults, matched by gender and
race. Osteoporosis is estimated to affect approximately
20 million people in the United States and causes ap-
proximately 2 million fractures each year (National Insti-
tute of Arthritis and Skin diseases, 2000). Self-reports
from subjects in a Swedish study, based on diagnostic
criteria from the NHANES III in the USA, reveal that the
prevalence of osteoporosis approaches 22% in women
and 6.3% in men between the ages of 50 and 84 years
(Kanis et al, 2000). Using panoramic evaluation of the
mandibular cortex osteporosis/osteopenia was identi-
fied in 52.4% of women in a study of elderly (60 – 75
years) (Persson et al, 2002). Studies using dual X-ray ab-
sorptiometry suggest that osteoporosis can be diag-
nosed in 49 – 72% of women at the age of 70 (Löfman
et al, 2000). Several factors have been associated with
osteoporosis, including female gender, age, ethnicity, di-
et, and lifestyle (Eddy et al, 1998; Smeets-Goevaers et
al, 1998). A diagnosis of osteoporosis, especially at the
earlier stages, may be difficult. As a result, many older
people may have osteoporosis without knowing it. Stud-
ies have shown that mandibular bone mass is correlated
with skeletal bone mass (Kribbs et al, 1983; Kribbs and
Chestnut, 1984; von Wowern et al, 1994).

OSTEOPOROSIS AND PERIODONTAL DISEASE

Spinal fractures in older women are associated with few-
er remaining teeth and destructive periodontal disease,
suggesting that destructive periodontal disease may be
aggravated in subjects with osteoporosis (Taguchi et al,
1995; Birkenfeld et al, 1999). Subjects with a self-re-
ported history of osteoporotic fractures also tend to
have increased resorption and thinning of the mandibu-
lar lower cortex (Bollen et al, 2000).

A limited number of human studies, most of which are
cross-sectional, have addressed the possible relation-
ship between osteoporosis and periodontal disease
(Table 2, 3). The studies presented in Table 2 have used
tooth loss to reflect periodontal disease. Several investi-
gators were unable to detect any association between
bone mineral density (BMD) and tooth loss (Klemetti and
Vainio, 1993; Klemetti at al, 1994; Hildebolt et al, 1997;
Mohammad et al, 1997; Earnshaw et al, 1998), whereas
others reported such an association (Krall, 1994; May et
al, 1995; Watawski-Wende et al, 1996; Bando et al,
1998; Taguchi et al, 1999; Inagaki et al, 2001). Howev-
er, in the study by May et al (1995) the association of
tooth loss was insignificant in the females after control-
ling for age, BMI and smoking and in the study by Taguchi
et al (1999) no association was found between BMD and

loss of anterior teeth. In the above cited studies tooth
loss was used as a measure of periodontal disease.
Teeth may however be lost due to other reasons than de-
structive periodontal disease making it difficult to draw
definite conclusions from such cross-sectional studies.
Few longitudinal studies exist and they often include the
use of either dietary supplements such as vitamin D
and/or calcium or the use of hormone replacement ther-
apy (HRT).

In other studies the possible association between
systemic osteoporosis and periodontal status has been
evaluated using different clinical parameters (Table 3).
Several researchers report a lack of association be-
tween clinical measures of destructive periodontal dis-
ease and BMD (Elders et al, 1992; Hildebolt et al, 1997;
Lundström et al, 2001) whereas others find the opposite
(Von Woweren et al, 1994; Mohammad et al, 1996;
Payne et al, 1999; Ronderos et al, 2000; Tezal et al,
2000). The majority of studies are cross-sectional and
several possible confounders may or may not have been
factored into the analyses. In a prospective study by
Payne et al (1999) it is reported that osteoporotic wom-
en exhibited more loss of alveolar bone loss than con-
trols. The patient population included in this study is lim-
ited however, and further prospective studies are needed
to elucidate the possible association between os-
teoporosis and periodontal disease.

EFFECT OF MEDICAL TREATMENT OR PREVENTION
OF OSTEOPOROSIS AND TOOTH LOSS

Osteoporosis can be treated by a variety of methods, the
most common being the use of estrogens, with or with-
out progesterone. Postmenopausal women who did not
use hormone replacement therapy exhibited a negative
correlation between the number of teeth retained and
the time since menopause (Becker et al, 1997) and hor-
monal replacement therapy has been associated with
better periodontal status and a decreased risk for tooth
loss (Paganini-Hill, 1995).

In a prospective study of 42, 171 postmenopausal
women (age 65 to 69) the risk of tooth loss was 24% lower
in women who were currently using hormones. This de-
creased risk for current hormone users was observed re-
gardless of the duration of use and was similar for a va-
riety of hormone preparations, suggesting that hormone
therapy may reduce tooth loss (Grodstein et al,1996). In
the Farmington Heart Study the effects of hormonal re-
placement therapy was investigated in 488 women. Es-
trogen users were found to have more remaining teeth
than nonusers after controlling for age, smoking status
and education (Krall et al, 1997). The odds of being eden-
tulous were found to be reduced by 6% by each year of
increase in the duration of hormonal replacement therapy,
suggesting that hormonal replacement therapy protects
against tooth loss and reduces the risk for edentulism.



Renvert

Vol 1, Supplement 1, 2003 349

Table 2 Summary studies of the association between osteoporosis (BMD) and periodontal clinical 
parameters

Authors Number of 
subjects

Subjects Clinical recordings Study design Significant findings

Elders et al 1992 286 Peri-menopausal 
healthy females
(21% edentulous)
Age: 46 to 55 years

Clinical parameters of 
periodontitis and 
distance from 
cemento-enamel junc-
tion to marginal bone 
level on radiographs

Cross-sectional In the dentate group, no 
correlation was found 
between BMD and 
clinical parameters of 
periodontology or 
alveolar bone height

Wowern et al 1994 26 12 dentate female 
patients with osteo-
porotic fractures 
14 normal dentate fe-
males comparable with 
respect to age, meno-
pausal age, smoking 
habits and social status

Clinical attachment 
levels at index teeth

Case-control Significant lower 
forearm and mandibular 
BMC in osteoporotic 
than in control group 
and significant larger 
attachment loss in the 
osteoporotic group

Mohammad et al 
1996

 42 20 females with high 
and 22 with low bone 
density 

Clinical attachment 
levels

Cross-sectional 
case control 
study

Individuals with low 
BMD had more attach-
ment loss in the form of 
gingival recession

Hildebolt et al 
1997

135 Postmenopausal wom-
en. Age 41 – 70 years

Probing depths Cross-sectional No relationship

Payne et al 1999 38 17 women with osteo-
porosis and 21 controls 
with normal BMD

Alveolar bone height 
loss, crestal and 
subcrestal bone 
density loss

2 year prospec-
tive study

Osteoporotic women 
exhibited higher 
frequency of alveolar 
bone height loss, 
crestal and subcrestal 
bone density loss

Weyant et al 1999 292 Dentate women, mean 
age 75.5 years

Clinical attachment 
levels

Cross-sectional Insignificant association 
between BMD and 
clinical attachment level 
after controlling for 
confounders

Ronderos et al 
2000

11655 
NHANS III

66 men and 283 
women with osteo-
porosis

Clinical attachment 
levels

Cross-sectional The greater CAL present 
among women with low 
BMD was associated 
with gingival recession. 
Inverse relationship 
between oestrogen use 
and CAL

Tezal et al 2000 70 Postmenopausal 
women 

Clinical attachment 
levels and inter-
proximal alveolar 
bone loss

Cross-sectional Skeletal BMD was 
related to interproximal 
bone loss controlling for 
age, age at menopause, 
oestrogen supplementa-
tion, BMI, smoking and 
supragingival plaque

Lundström et al 
2001

36 15 women with 
osteoporosis and 
21 matched controls

Gingival bleeding, 
probing pocket depths, 
marginal bone level 
and recession

Cross-sectional No difference regarding 
clinical parameters



Renvert

350 Oral Health & Preventive Dentistry

Table 3 Summary of studies on the association between osteoporosis (BMD loss) and tooth loss

Authors Number of 
subjects

Subjects Study design Significant findings

Klemetti and Vainio 
1993

355 Postmenopausal women. Cross sectional No association between tooth loss 
and BMD

Krall et al 1994 329 Postmenopausal women. 
281 without complete 
dentures.

Cross sectional A significant positive relationship 
between the number of teeth and 
BMD. Controlling for years since 
menopause, pack-years of 
smoking, education and body 
mass index (BMI)

Klemetti et al 1994 227 Postmenopausal women. Cross sectional No statistical differences

May et al 1995 1482 608 men
874 women
Age 65 – 76 years

Cross sectional. Self 
reported tooth loss

Association between tooth loss 
and lower BMD in men, but less 
consistent in women 

Krall et al 1996 189 Postmenopausal women. 7 year longitudinal study 
among individuals not on 
HRP but on different 
forms of vitamin D 
and/or Calcium 
supplementation

Women who lost teeth (n = 45) 
during the follow up period 
experienced less favourable BMD 
as compared to these not loosing 
teeth (n = 144).
Analysis controlled for years since 
menopause, BMI, number of teeth 
at baseline, smoking, and 
assigned treatment

Wactawski-Wende et 
al 1996

70 Postmenopausal women. 
Age 51 – 78 years

Cross-sectional Osteopenia was related to alveolar 
crest height and tooth loss.
Adjusting for confounders, age, 
years since menopause, BMI, 
oestrogen use, smoking,

Hildebolt et al 1997 135 Postmenopausal women. 
Age 41 – 70 years.

Cross-sectional No association between tooth loss 
and BMD Multivariate analysis 
taking age and smoking into 
account

Mohammad et al 
1997

44 Postmenopausal women Cross-sectional No association between tooth loss 
and BMD after adjusting for age 
and periodontal status.

 Bando et al 1998 26 Postmenopausal women. 
14 periodontaly healthy 
(mean age 64 years) and 
12 edentulous (mean age 
67 years)

Cross sectional case 
control study

BMD was significantly lower in 
edentulous subjects.

Earnshaw et al 1998 1365 Early postmenopausal 
women. Age 45 – 59 years.

Cross-sectional.
Adjusting for confounders

No relationship between tooth 
count and BMD.

Taguchi et al 1999 90 Post-menopausal women Cross-sectional.
Adjusting for confounders

BMD was associated with number 
of posterior teeth but not with the 
number of anterior teeth

Inagaki et al 2001 101 Post-menopausal women Cross sectional Among post-menopausal women, 
those with very low BMD had fewer 
teeth present than women with 
normal BMD 
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In a 3-year, double-blind, randomized, placebo-con-
trolled study hormone/estrogen replacement therapy on
postcranial bone density was accompanied by positive
effects on oral bone mass. A total of 135 postmeno-
pausal women (aged 41 – 70 years) with no evidence of
moderate or severe periodontal disease were random-
ized to receive daily oral conjugated estrogen alone or in
combination with medroxyprogesterone acetate or place-
bo. All subjects received calcium carbonate (1000 mg/d)
and cholecalciferol (800 IU/d) supplements. Hormone/
estrogen replacement therapy significantly increased al-
veolar bone mass compared to placebo and tended to
improve alveolar crest height. Changes in alveolar bone
mass correlated with bone density changes in the total
femur (Civitelli et al, 2002). Other studies on older wom-
en taking hormone replacement therapy have also dem-
onstrated better periodontal health than women not on
therapy (Persson et al, 1998, 2002; Payne et al, 1999).

Other medications have also been used in order to
prevent osteoporosis with possible effects on periodon-
tal disease. Randomized, controlled trials have demon-
strated that increased intake of calcium or vitamin D
slows the rate of bone mineral loss at such sites as the
hip and forearm, as well as the total body (Dawson-Hugh-
es et al, 1997; Chevally et al, 1994). Tooth loss was ex-
amined in 145 healthy subjects aged 65 years and older
who completed a 3-year, randomized, placebo-controlled
trial of the effect of calcium and vitamin D supplementa-
tion on bone loss from the hip, as well as a 2-year fol-
low-up study after discontinuation of these supplements.
Patients on supplement therapy lost fewer teeth than the
ones taking the placebo suggesting that intake of calci-
um and vitamin D had a beneficial effect on tooth reten-
tion (Krall et al, 2001).

POSSIBLE MECHANISMS

It has been hypothesized that osteoporosis may
decrease the alveolar bone mass, making it more sus-
ceptible to resorption by the periodontal inflammatory re-
action. Over the past few years a possible relationship
between osteoporosis and periodontal disease has
attracted research interest. However, such a relationship
is difficult to assess, as confounding factors such as
oral hygiene, socio-economic status, age, menopausal
age, hormone intake, smoking habits, and race may
affect the results (Varenna et al, 1999; von Wowern,
2001; Wactawski-Wende, 2001).

RESPIRATORY DISEASES

Respiratory diseases are major causes of significant
morbidity and mortality. Lower respiratory tract diseases
were recently reported to be one of the most common
causes of death worldwide and chronic obstructive pul-

monary disease (COPD) the sixth leading cause of mor-
tality (Murray and Lopez, 1997). COPD is a condition
characterized by the presence of airflow obstruction due
to chronic bronchitis or emphysema. Emphysema is the
results of an irreversible damage in which the alveoli are
chronically enlarged and unable to fully discharge their
contents. Cigarette smoking is considered to be the ma-
jor cause of COPD.

The lower respiratory tracts are normally sterile. This
condition is maintained by the tracheobronchial secre-
tions, the mucociliary transport of inhaled microorgan-
isms and particles, the cough reflex and the immune de-
fense mechanisms. Respiratory infections occur when the
host defense system fails to eliminate infectious agents
from the lower respiratory tract. Pneumonias can broadly
be divided in two types, community acquired, and hospital
acquired. These two types of pneumonia differ in their
causative agents. Community acquired pneumonia is typ-
ically caused by pathogens that normally reside on the
oropharyngeal mucosa, such as Streptococcus pneumo-
niae, Mycoplasma pneumoniae, Haemophilus influen-
za, Chlamydia pneumoniae, Legionella pneumophila,
Candida albicans, and anaerobic species. In contrast
hospital acquired pneumonia is often caused by bacteria
that are not normally residents of the oropharynx but enter
this milieu from the environment, including gram negative
bacilli (Escherichia coli, Klebsiella pneumoniae, Serratia
sps, Enterobacter sps), Pseudomonas aeruginosa and
Staphylococcus aureus (Scannapieco, 1999).

Microorganisms can reach the lower respiratory tract
by aspiration of oropharyngeal contents, inhalation of in-
fectious aerosols, spreading from contiguous sites and
haematogenous spread from extra pulmonary sites of in-
fection (Scannapieco and Mylotte, 1996). An associa-
tion between periodontal diseases and respiratory dis-
eases has been reported. Although several reviews are
available the number of studies in this area is compara-
bly few.

ASSOCIATIONS BETWEEN PERIODONTAL DISEASE
AND ASPIRATION PNEUMONIA

The aspiration of oral contents is probably one of the
most important links between periodontal disease and
respiratory disease. In patients suffering from neurolog-
ical disorders, for instance stroke victims and those suf-
fering from Parkinson’s disease, swallowing is often af-
fected (Terpenning, 2001). The unintentional inhalation
of saliva containing oral microorganisms is believed to
be a significant factor for aspiration pneumonia. Com-
mon potential respiratory pathogens such as S. pneumo-
niae, S. pyogenes, M. pneumoniae and H. influenza can
colonize the oropharynx and can be aspirated into the
lower respiratory tract. Other Species, including A. acti-
nomycetemcomitans, P. gingivalis and Fusubacterium
species can also be aspirated and cause pneumonia (for
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review see Scannapieco, 1999). It is recognized that
pneumonia can be the result of an anaerobic infection
and a link between the oral anaerobic microflora and as-
piration pneumonia was demonstrated using transtra-
cheal aspiration of the samples from the lung in order to
avoid contamination of the samples from the oral cavity
(Finegold, 1991).

Intensive care patients have poorer oral hygiene than
non-hospitalized patients and have a higher prevalence
of respiratory pathogen colonization on teeth and on the
oral mucosa than do age and gender matched outpa-
tients (Scannapieco et al, 1992; Scannapieco and My-
lotte, 1996). Hospitalized older patients are reported to
have poor oral hygiene (Mojon et al, 1995; Meurman et
al, 1997; Pajukoski et al, 1999; Andersson et al,
2002a.). Frail elderly people with a high degree of depen-
dence on others in carrying out everyday tasks are in
need of assistance in carrying out adequate oral hygiene.
Older frail inpatients are often unable to feed themselves
and a patient may suddenly find food placed in the mouth
by nursing personal at unexpected times resulting in as-
piration. In a prospective study it was demonstrated that
feeding by others was significantly associated with the
development of aspiration pneumonia (Langmore et
al,1998). Kiyak et al (1993) examined individuals at 31
nursing homes and found that 72% needed improved oral
hygiene. Elderly individuals are often taking several med-
ications that can lower the salivary flow rate thereby in-
creasing the bacterial density in the existing saliva. A
positive relationship between poor oral health status and
aspiration pneumonia among elderly residents of chronic
care facilities was reported by Limeback (1988). Scanna-
pieco and Mylotte (1996) concluded that intensive care
patients and nursing home residents were groups with a
high risk for bacterial pneumonia. This conclusion was
substantiated by Mojon et al (1997), who reported that
poor oral hygiene may be a risk factor for respiratory tract
infection in elderly institutionalized individuals. In a sam-
ple of 350 elderly veterans dental conditions were stud-
ied in relation to aspiration pneumonia (Losche and Lo-
patin, 1998). The individuals with definite aspiration
pneumonia had similar numbers of missing teeth com-
pared to individuals without pneumonia. However, the in-
dividuals with definite pneumonia had a significantly
higher periodontal index score, more dental caries and
higher plaque index scores. The individuals with definite
aspiration pneumonia were 3.3 times more likely to have
higher periodontal score (95% CI; 1.06-10.3; p=0.05)
than individuals with no pneumonia. This suggests that
an association may exist between poor periodontal sta-
tus and aspiration pneumonia. 

Terpenning et al (2001) investigated the importance
of medical and dental factors in aspiration pneumonia in
an older veteran population in a 10-year prospective
study. Many factors increased the risk for aspiration
pneumonia. Dentate individuals with eating problems
had an odds ratio (OR) of 13.9 (95% CI; 3.2 – 60.8),

Streptococcus sobrinus in saliva (OR 6.2; 95% CI; 1.4 –
27.5), and P. gingivalis (OR 4.2; 95% CI; 1.6 – 11.3).
This study supports the significance of oral factors while
controlling for medical risk factors in aspiration pneumo-
nia.

ASSOCIATIONS BETWEEN PERIODONTAL DISEASE
AND CHRONIC OBSTRUCTIVE PULMONARY DI-
SEASE

Three cross-sectional studies were retrieved on the rela-
tionship between COPD and periodontal disease (Scan-
napieco et al, 1998; Scannapieco and Ho, 2001; Hayes
et al, 1998). Scannapieco et al (1998) used cross-sec-
tional data from NHANES-I in order to determine a possi-
ble association between COPH and periodontal disease.
They demonstrated that the 41 individuals that were di-
agnosed as having a respiratory disease by a physician
were more likely to have a significantly higher oral hy-
giene index score as compared to subjects without a res-
piratory disease. Logistic regression analysis, consider-
ing age, race, gender, smoking status and simplified oral
hygiene indicated that individuals with the worst oral hy-
giene were 4.5 times more likely to have chronic respira-
tory disease compared to those with an oral hygiene
score of 0. In a subsequent study by Scannapieco and
Ho (2001) used cross-sectional data from NHANES-III
and a multivariate logistic regression analysis in order to
evaluate the relationship between COPD and periodontal
disease (as defined as mean attachment loss ≥ 3 mm).
Controlling for a number of covariates (age, race or eth-
nicity, gender, education, income, frequency of dental
visits, diabetes, smoking and alcohol consumption) they
found an OR of 1.45 (95% CI; 1.02 – 2.05).

In a longitudinal study of initially 1,231 adult men
over a 25-year-follow-up period the likelihood that sub-
jects would develop COPD over time was studied and re-
lated to their initial periodontal status as evidenced by
alveolar bone loss. Multivariate logistic regression anal-
ysis was used to estimate the contribution of alveolar
bone height at baseline. It was found that individuals
with the most prominent alveolar bone loss on radio-
graphs had a significantly higher likelihood of developing
COPD over time (OR 1.77, 95% CI; 1.27 – 2.48).

In a recent review by Garcia et al (2001) the same ma-
terial was further elucidated regarding the possible con-
founding role of smoking in the association between pe-
riodontal disease and the risk of COPD. They found that
subjects in the cohort quintile with the worst periodontal
health status (alveolar bone loss and probing depths) at
the study baseline were at a significantly elevated risk of
subsequently developing COPD (Relative Risk 1.75, 95%
CI; 1.33 – 2.30 and RR 1.44, 95% CI 1.09 – 1.90 re-
spectively). The analysis was adjusted for age, height,
smoking, alcohol and education. Separate analysis us-
ing smoking as a categorical variable (current/former/
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never smoker) yielded relative risk values approximately
5% smaller but still significant at the 95% level.

POSSIBLE MECHANISMS

Several mechanisms are proposed to explain the possi-
ble association of periodontal disease and respiratory
diseases; 1) Teeth may serve as a reservoir for microor-
ganisms that become washed into saliva and then aspi-
rated into the lungs; 2) periodontal disease associated
enzymes in saliva may modify mucosal surfaces to pro-
mote adhesion and colonization by respiratory patho-
gens; 3) periodontal disease associated enzymes may
destroy salivary pellicles on pathogenic bacteria; and 4)
cytokines originating from periodontal tissues may alter
respiratory epithelium to promote infection by respiratory
pathogens (for review see Scannapieco 1999). Changes
in the adhesion of respiratory pathogens to respiratory
epithelium that had been exposed to oral bacteria were
compared to unexposed epithelial cells (Scannapieco et
al, 2001). These preliminary in vitro studies suggest that
oral bacteria may kill respiratory epithelial cells, and that
pre-treatment of respiratory epithelial cells (Hep-2 cells)
increased the binding of S. aureus.

CONCLUSIONS

A majority of published studies support a relationship be-
tween periodontal disease and diabetes mellitus. Treat-
ments of periodontal disease including the use of local
or systemic antibiotics may affect the glycemic control.
Additional well-controlled prospective studies are war-
ranted to further elucidate this possible relationship. In-
sufficient data are available to support a two-way rela-
tionship between destructive periodontal disease and di-
abetes mellitus. From a clinical point of view diabetes
should be regarded as one of the factors increasing the
risk for periodontal disease.

At present there is but limited evidence that destruc-
tive periodontal disease is associated with an increased
risk for CHD and further research is needed to explore
such a relationship in prospective studies. Studies ex-
ploring whether periodontal treatment can reduce the
risk for CHD are needed.

The extent of the relationship between osteoporosis
and periodontal disease still remains uncertain. It is dif-
ficult to separate the effects of osteoporosis on bone
changes from alveolar bone loss as a result of a progres-
sive periodontal disease. Additional prospective studies
are needed in order to assess the role of osteopenia/os-
teoporosis in relation to progressive periodontal dis-
ease. Postmenopausal estrogen users may retain more
teeth after menopause. Sustained oral health and better
tooth retention are potentially additional benefits of hor-
mone replacement therapy after menopause.

Aspiration of oral microorganisms may contribute to
the genesis of aspiration pneumonia and several oral mi-
crobes have been isolated from pulmonary infections.
Poor dental health is a factor associated to aspiration
pneumonia among elderly institutionalized and hospital-
ized individuals.

REFERENCES

1. Albandar JM, Brunelle JA, Kingman A. Destructive periodontal dis-
ease in adults 30 years of age and older in the United States,
1988-1994. J Periodontol 1999;70:13-29.

2. Aldridge JP, Lester V, Watts TL, Collins A, Viberti G, Wilson RF. Single
blind studies of the effects of improved periodontal health on met-
abolic control in Type 1 diabetes mellitus. J Clin Periodontol 1995;
22:271-275.

3. Andersson P, Westergren A, Karlsson S, Hallberg IR, Renvert S. Oral
health and nutritional status in a group of geriatric rehabilitation
patients. Scand J Caring Sci 2002;16:311-318.

4. Audelin MC, Genest J Jr. Homocystine and cardiovascular disease
in diabetes mellitus. Atherosclerosis 2001;159:497-511.

5. Bando K, Nitta H, Matsubara M, Ishikawa I. Bone mineral density
in periodontally healthy and edentulous postmenopausal women.
Ann Periodontol 1998;3:322-326.

6. Bazile A, Bissada NF, Nair R, Siegel BP. Periodontal assessment of
patients undergoing angioplasty for treatment of coronary artery
disease. J Periodontol 2002;73:631-636.

7. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher S. Periodontal
disease and cardiovascular disease. J Periodontol 1996;67:
1123-1137.

8. Beck JD, Elter JR, Heiss G, Couper D, Mauriello SM, Offenbacher
S. Relationship of periodontal disease to carotid artery intima-me-
dia wall thickness: the atherosclerosis risk in communities (ARIC)
study. Arterioscler Thromb Vasc Biol 2001;21:1816-1822.

9. Becker AR, Handick KE, Roberts WE, Garetto LP. Osteoporosis risk
factors in female dental patients. A preliminary report. J Indiana
Dent Assoc 1997;76:15-19.

10. Bensch L, Braem M, Van Acker K, Willems G. Orthodontic treatment
considerations in patients with diabetes mellitus. Am J Orthod
Dentofacial Orthop 2003;123:74-78.

11. Bergström J. Cigarette smoking as risk factor in chronic periodontal
disease. Community Dent Oral Epidemiol 1989;17:245-247.

12. Birkenfeld L, Yemini M, Kase NG, Birkenfeld A. Menopause-related
oral alveolar bone resorption: a review of relatively unexplored con-
sequences of estrogen deficiency. Menopause 1999;6:129-133.

13. Bollen AM, Taguchi A, Hujoel PP, Hollender LG. Case-control study
on self-reported osteoporotic fractures and mandibular cortical
bone. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000;90:
518-524.

14. Brausewetter F, Jehle PM, Jung MF, Boehm BO, Brueckel J, Hombach
V, et al. Factor I (IGF-I) and Vascular Endothelial Growth Factor
(VEGF). Horm Metab Res 2001;33:713-720.

15. Capewell S, Morrison CE, McMurray JJ. Contribution of modern car-
diovascular treatment and risk factor changes to the decline in co-
ronary heart disease mortality in Scotland between 1975 and
1994. Heart 1999;81:380-386.

16. Carlisle SS, Nahata MC. Chlamydia pneumoniae and coronary heart
disease. Ann Pharmacother 1999;33:615-622.

17. Chen HA, Johnson BD, Sims TJ, Darveau RP, Moncla BJ, Whitney
CW et al. Humoral immune responses to Porphyromonas gingivalis
before and following therapy in rapidly progressive periodontitis pa-
tients. J Periodontol 1991;62:781-791.

18. Chevalley T, Rizzoli R, Nydegger V, Slosman D, Rapin CH, Michel JP
et al. Effects of calcium supplements on femoral bone mineral den-
sity and vertebral fracture rate in vitamin D–replete elderly patients.
Osteoporos Int 1994;4:245-252.

19. Chiu B. Multiple infections in carotid atherosclerotic plaques. Am
Heart J 1999;138:534-536.



Renvert

354 Oral Health & Preventive Dentistry

20. Christgau M, Palitzsch KD, Schmalz G, Kreiner U, Frenzel S. Healing
response to non-surgical periodontal therapy in patients with dia-
betes mellitus: Clinical, microbiological, and immunological re-
sults. J Clin Periodontol 1998;25:112-124.

21. Civitelli R, Pilgram TK, Dotson M, Muckerman J, Lewandowski N,
Armamento-Villareal R et al. Alveolar and postcranial bone density
in postmenopausal women receiving hormone/estrogen replace-
ment therapy: a randomized, double-blind, placebo-controlled trial,
Arch Intern Med 2002;162:2634-2635.

22. Collin HL, Uusitupa M, Niskanen L, Kontturi-Narhi V, Markkanen H,
Koivisto AM et al. Periodontal findings in elderly patients with non-in-
sulin dependent diabetes mellitus. J Periodontol 1998;69:
962-966.

23. Coombes BK, Mahony JB. Chlamydia pneumoniae infection of hu-
man endothelial cells induces proliferation of smooth muscle cells
via an endothelial cell-derived soluble factor(s). Infect Immun 1999;
67:2909-2915.

24. Cullinan MP, Westerman B, Hamlet SM, Palmer JE, Faddy MJ, Lang
NP et al, A longitudinal study of interleukin-1 gene polymorphisms
and periodontal disease in a general adult population. J Clin Peri-
odontol 2001;28:1137-1144.

25. Cutler CW, Shinedling EA, Nunn M, Jotwani R, Kim BO, Nares S et
al. Association between periodontitis and hyperlipidemia: cause or
effect? J Periodontol 1999;70:1429-1434.

26. Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. Effect of calcium
and vitamin D supplementation on bone density in men and women
65 years of age or older. N Engl J Med 1997;337:670-676.

27. Dayer JM, Beutler B, Cerami A. Cachtin/tumor necrosis factor stim-
ulates collagenase and prostaglandinE2 production by human syn-
ovial cells and dermal fibroblasts. J Exp Med 1985;162:
2163-2168.

28. Debelian GJ, Olsen I, Tronstad L. Systemic diseases caused by oral
microorganisms. Endod Dent Traumatol 1994;10:57-65.

29. de Boer OJ, van der Wal AC, Becker AE. Atherosclerosis, inflamma-
tion, and infection. J Pathol 2000;190:237-243.

30. DeStefano F, Anda R, Kahn HS, Williamson DF, Russell CM. Dental
disease and risk of coronary heart disease and mortality. BMJ
1993;306:688-691.

31. Dorn BR, Burks JN, Seifert KN, Progulske-Fox A. Invasion of endot-
helial and epithelial cells by strains of Porphyromonas gingivalis.
FEMS Microbiol Lett. 2000;187:139-144.

32. Drangsholt MT. A new causal model of dental diseases associated
with endocarditis. Ann Periodontol 1998;3:184-196.

33. Earnshaw SA, Keating N, Hosking DJ, Chilvers CE, Ravn P, McClung
M et al. Tooth counts do not predict bone mineral density in early
postmenopausal Caucasian women. EPIC study group. Int J Epide-
miol 1998;27:479-83.

34. Eddy DM, Johnston CC, Cummings SR, Dawson-Hughes B, Lindsay
R, Melton LJ et al. Osteoporosis: Review of the evidence for pre-
vention, diagnosis, and treatment and cost-effectiveness analysis.
Status report. Osteoporos Int 1998;4:1-80.

35. Elders PJ, Habets LL, Netelenbos JC, Van der Linden LW, Van der
Stelt PF. The relation between periodontitis and systemic bone
mass in women between 46 and 55 years of age. J Clin Periodontol
1992;19:492-496.

36. Ellis RW. Infection and coronary heart disease. J Med Microbiol
1997;46:535-539.

37. Emrich LJ, Shlossman M, Genco RJ. Periodontal disease in non-in-
sulin-dependent diabetes mellitus. J Periodontol 1991;62:
123-131.

38. Finegold SM. Aspiration pneumonia. Rev Infect Dis 1991;13:
737-742.

39. Firatli E. The relationship between clinical periodontal status and
insulin-dependent diabetes mellitus. Results after 5 years. J Peri-
odontol 1997;68:136-140.

40. Friedman JM. Obesity in the new millennium. Nature 2000;404:
632-634.

41. Garcia RI, Nunn ME, Vokonas PS. Epidemiologic associations be-
tween periodontal disease and chronic obstructive pulmonary dis-
ease. Ann Periodontol 2001;6:71-77.

42. Geerts SO, Nys M, De MP, Charpentier J, Albert A, Legrand V et al.
Systemic release of endotoxins induced by gentle mastication: as-
sociation with periodontitis severity. J Periodontol 2002;73:73-78.

43. Genco CA, Odusanya BM, Potempa J, Mikolajczyk-Pawlinska J,
Travis J. A peptide domain on gingipain R which confers immunity
against Porphyromonas gingivalis infection in mice. Infect Immun
1998;66:4108-4114.

44. Grodstein F, Colditz GA, Stampfer MJ. Post-menopausal hormone
use and tooth loss: a prospective study. J Am Dent Assoc 1996;
127:370-377.

45. Grossi SG, Skrepcinski FB, Decaro T, Zambon JJ, Cummins D, Genco
RJ. Response to periodontal therapy in diabetics and smokers. J
Periodontol 1996;67:1094-1102.

46. Grossi SG, Genco RJ. Periodontal disease and diabetes mellitus:
A two-way relationship. Ann Periodontol 1998;3:51-61.

47. Gu K, Bainbridge B, Darveau RP, Page RC. Antigenic components
of Actinobacillus actinomycetemcomitans lipopolysaccharide rec-
ognized by sera from patients with localized juvenile periodontitis.
Oral Microbiol Immunol 1998;13:150-157.

48. Hayes C, Sparrow D, Cohen M, Vokonas P, Garcia RI. Periodontal
disease and pulmonary function: the VA longitudinal study. Ann Pe-
riodontol 1998;3:257-261.

49. Herzberg MC, Meyer MW. Effects of oral flora on platelets: possible
consequences in cardiovascular disease. J Periodontol 1996;67:
1138-1142.

50. Hildebolt CF, Pilgram TK, Dotson M, Yokoyama-Crothers N, Muck-
erman J, Hauser J et al. Attachment loss with postmenopausal age
and smoking. J Periodontal Res 1997;32:619-625.

51. Howell TH, Ridker PM, Ajani UA, Hennekens CH, Christen WG. Pe-
riodontal disease and risk of subsequent cardiovascular disease
in U.S. male physicians. J Am Coll Cardiol 2001;37:445-450.

52. Hugoson A, Thorstensson H, Falk H, Kuylenstierna J. Periodontal
conditions in insulin-dependent diabetics. J Clin Periodontol 1989;
16:215-223.

53. Hujoel PP, Drangsholt M, Spiekerman C, DeRouen TA. Periodontal
disease and coronary heart disease risk. Jama 2000;284:
1406-1410.

54. Hujoel PP, Drangsholt M, Spiekerman C, DeRouen TA. Examining the
link between coronary heart disease and the elimination of chronic
dental infections. J Am Dent Assoc 2001;132:883-889.

55. Hujoel PP, Drangsholt M, Spiekerman C, DeRouen TA. Pre-existing
cardio-vascular disease and periodontitis: a follow-up study. J Dent
Res 2002;81:186-191.

56. Inagaki K, Kurosu Y, Kamiya T, Kondo F, Yoshinari N, Noguchi T et
al. Low metacarpal bone density, tooth loss, and periodontal dis-
ease in Japanese women. J Dent Res 2001;80:1818-1822.

57. Iwamoto Y, Nishimura F, Nakagawa M, Sugimoto H, Shikata K, Maki-
no H et al. The effects of antimicrobial periodontal treatment on
circulating tumor necrosis factor-alpha and glycated haemoglobin
level in patients with Type 2 diabetes. J Periodontol 2001;72:
774-778.

58. Jansson L, Lavstedt S, Frithiof L, Theobald H. Relationship between
oral health and mortality in cardiovascular diseases. J Clin Perio-
dontol 2001;28:762-768.

59. Joshipura KJ, Rimm EB, Douglass CW, Trichopoulos D, Ascherio A,
Willett WC. Poor oral health and coronary heart disease. J Dent Res
1996;75:1631-1636.

60. Joshipura KJ, Hung HC, Rimm EB, Willett WC, Ascherio A. Periodon-
tal disease, tooth loss, and incidence of ischemic stroke. Stroke
2003;34:47-52.

61. Kahan T, Lundman P, Olsson G, Wendt M. Greater than normal prev-
alence of seropositivity for Helicobacter pylori among patients who
have suffered myocardial infarction. Coron Artery Dis 2000;11:
523-526.

62. Kalayoglu MV, Byrne GI. A Chlamydia pneumoniae component that
induces macrophage foam cell formation is chlamydial lipopolysac-
charide. Infect Immun 1998;66:5057-5072.

63. Kanis JA, Johnell O, Oden A, Jonsson B, De Laet C, Dawson A. Risk
of hip fracture according to the world health organization criteria
for osteopenia and osteoporosis. Bone 2000;27:585-590.

64. Kastrati A, Koch W, Berger PB, Mehilli J, Stephenson K, Neumann
FJ et al. Protective role against re-stenosis from an interleukin 1
receptor antagonist gene polymorphism in patients treated with cor-
onary stenting. J Am Coll Cardiol 2000;36:2168-2173.

65. Katz J, Flugelman MY, Goldberg A, Heft M. Association between pe-
riodontal pockets and elevated cholesterol and low density lipopro-
tein cholesterol levels. J Periodontol 2002;73:494-500.



Renvert

Vol 1, Supplement 1, 2003 355

66. Kaufman FR. Type 2 diabetes mellitus in children and youth: a new
epidemic. J Pediatr Endocrinol Metab 2002;15:737-744.

67. Keil U. Coronary artery disease: the role of lipids, hypertension and
smoking. Basic Res Cardiol 2000;95:152-158.

68. Kendall DM, Bergenstal RM. Comprehensive management of pa-
tients with Type 2 diabetes: establishing priorities of care. Am J Man-
ag Care 2001;7:327-343.

69. Klemetti E, Vainio P. Effect of bone mineral density in skeleton and
mandible on extraction of teeth and clinical alveolar height. J Pros-
thet Dent 1993;70:21-25.

70. Klemetti E, Collin HL, Forss H, Markkanen H, Lassila V. Mineral sta-
tus of skeleton and advanced periodontal disease. J Clin Perio-
dontol 1994;21:184-188.

71. Kiyak HA, Grayston MN, Crinean CL. Oral health problems and
needs of nursing home residents. Community Dent Oral Epidemiol
1993;21:49-52.

72. Kobayashi K, Takahashi N, Jimi E, Udagawa N, Takami M, Kotake
S et al. Tumor necrosis alpha stimulates osteoclast differentiation
by mechanism independent of the ODF/RANKL-RANK interaction.
J Exp Med 2000;191:275-286.

73. Kohler C, Temelkova-Kurktschiev T, Schaper F, Fucker K, Hanefeld
M. Prevalence of newly diagnosed Type 2 diabetes, impaired glu-
cose tolerance and abnormal fasting glucose in a high risk popu-
lation. Data from the RIAD study using new diagnostic criteria for
diabetes. Dtsch Med Wochenschr 1999;124:1057-1061.

74. Kono T, Nishimura F, Sugimoto H, Sikata K, Makino H, Murayama
Y. Human fibroblasts ubiquitously express glutamic acid decarbox-
ylase 65 (GAD 65):possible effects of connective tissue inflamma-
tion on GAD antibody titer. J Periodontol 2001;72:598-604.

75. Kornman KS, Crane A, Wang HY, di Giovine FS, Newman MG, Pirk
FW et al. The interleukin-1 genotype as a severity factor in adult
periodontal disease. J Clin Periodontol 1997;24:72-77.

76. Krall EA, Dawson-Hughes B, Papas A, Garcia RI. Tooth loss and skel-
etal bone density in healthy postmenopausal women. Osteoporos
Int 1994;4:104-109.

77. Krall EA, Garcia RI, Dawson-Hughes B. Increased risk of tooth loss
is related to bone loss at the whole body, hip, and spine. Calcif
Tissue Int. 1996;59:433-4377.

78. Krall EA, Dawson-Hughes B, Hannan MT, Wilson PW, Kiel DP. Post-
menopausal estrogen replacement and tooth retention. Am J Med
1997;102:536-542.

79. Krall EA, Wehler C, Garcia RI, Harris SS, Dawson-HughesB. Calcium
and vitamin D supplements reduce tooth loss in the elderly. Am J
Med 2001;111:452-456.

80. Kribbs PJ, Smith DE, Chesnut CH 3rd. Oral findings in osteoporosis.
Part II: Relationship between residual ridge and alveolar bone re-
sorption and generalized skeletal osteopenia. J Prosthet Dent
1983;50:719-724.

81. Kribbs PJ, Chesnut CH 3rd. Osteoporosis and dental osteopenia in
the elderly. Gerodontology 1984;3:101-106.

82. Kuller LH, Tracy RP. The role of inflammation in cardiovascular dis-
ease. Arterioscler Tromb Vasc Biol 2000;20:1047-1051.

83. Kuusisto J, Lempiainen P, Mykkanen L, Laakso M. Insulin resistance
syndrome predicts coronary heart disease events in elderly Type
2 diabetic men. Diabetes Care 2001;24:1629-1633.

84. Laakso M. Dyslipidemia, morbidity, and mortality in non-insulin-de-
pendent diabetes mellitus. Lipoproteins and coronary heart dis-
ease in non-insulin-dependent diabetes mellitus. J Diabetes Com-
plications 1997;11:137-141.

85. Langmore SE, Terpenning MS, Schork A, Chen Y, Murray JT, Lopatin
D et al. Predictors of aspiration pneumonia: How important is dys-
phagia? Dysphagia 1998;13:69-81.

86. Limeback H. The relationship between oral health and systemic in-
fections among elderly residents of chronic care facilities. Gero-
dontology 1988:7;131-137.

87. Loesche WJ, Lopatin DE. Interactions between periodontal disease,
medical diseases and immunity in the older individual, Periodontol
2000. 1998;16:80-105.

88. Loesche WJ, Schork A, Terpenning MS, Chen YM, Dominguez BL,
Grossman N. Assessing the relationship between dental disease
and coronary heart disease in elderly U.S. veterans. J Am Dent As-
soc 1998;129:301-311.

89. Lopez R, Oyarzun M, Naranjo C, Cumsille F, Ortiz M, Baelum V. Cor-
onary heart disease and periodontitis – a case control study in Chi-
lean adults. J Clin Periodontol. 2002;29:468-473.

90. Lundström A, Jendle J, Stenström B, Toss G, Ravald N. Periodontal
conditions in 70 year-old women with osteoporosis. Swed Dent J
2001;25:89-96.

91. Löfman O, Larsson L, Toss G. Bone mineral density in diagnosis of
osteoporosis: reference population, definition of peak bone mass,
and measured site determine prevalence. J Clin Densitom 2000;3:
177-186.

92. Madianos PN, Bobetsis GA, Kinane DF. Is periodontitis associated
with an increased risk of coronary heart disease and preterm
and/or low birth weight births? J Clin Periodontol. 2002;29 Suppl
3:22-36.

93. Malthaner SC, Moore S, Mills M, Saad R, Sabatini R, Takacs V, Mc-
Mahan AC, Oates TW Jr. Investigation of the association between
angiographically defined coronary artery disease and periodontal
disease. J Periodontol. 2002;73:1169-1176.

94. Mattila KJ. Dental infections as a risk factor for acute myocardial
infarction. Eur Heart J 1993;14:51-53.

95. Mattila, KJ, Valtonen VV, Nieminen M, Huttunen, JK. Dental infection
and the risk of new coronary events: prospective study of patients
with documented coronary artery disease. Clin Infect Dis 1995;20:
588-592.

96. Mattila KJ, Asikainen S, Wolf J, Jousimies-Somer H, ValtonenV, Ni-
eminen M. Age dental infections, and coronary heart disease. J
Dent Res 2000;79:756-760.

97. May H, Reader R, Murphy S, Khaw KT. Self reported tooth loss and
bone mineral density in older men and women. Age Ageing 1995;
24:217-221.

98. McGuire MK, Nunn ME. Prognosis versus actual outcome. IV. The
effectiveness of clinical parameters and IL-1 genotype in accurately
predicting prognoses and tooth survival, J Periodontol 1999;70:
49-54.

99. Meneilly GS, Tessier D. Diabetes in the elderly adults. J Gerontol
A Biol Sci Med Sci 2001;56:5-13.

100. Meurman JH, Pajukoski H, Snellman S, Zeiler S, Sulkava R. Oral
infections in homeliving elderly patients admitted to an acute ge-
riatric ward. J Dent Res 1997;76:1271-1276.

101. Miller LS, Manwell MA, Newbold D, Reding ME, Rasheed A, Blodgett
J et al. The relationship between reduction in periodontal inflam-
mation and diabetic control. A report of nine cases. J Periodontol
1992;63:843-848.

102. Miller WD. The human mouth as a focus of infection. Dental Cosmos
1891;33:689-713.

103. Mohammad AR, Brunsvold M, Bauer R. The strength of association
between systemic postmenopausal osteoporosis and periodontal
disease. Int J Prosthodont 1996;9:479-483.

104. Mohammad AR, Bauer RL, Yeh CK. Spinal bone density and tooth
loss in a cohort of postmenopausal women. Int J Prosthodont 1997;
10:381-385.

105. Mojon P, Rentsch A, Budtz-Jorgensen E. Relationship between pros-
thodontic status, caries and periodontal disease in a geriatric pop-
ulation. Int J Prosthodont 1995;8:564-571.

106. Mojon P, Budtz-Jorgensen E, Michel JP, Limeback H. Oral health and
history of respiratory tract infection in frail institutionalized elders.
Gerodontology 1997;14:9-16.

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

108. Morton AA, Williams RW, Watts TL. Initial study of periodontal status
in non-insulin-dependent diabetics in Mauritius. J Dent 1995;23:
343-345.

109. Murray CJ, Lopez AD. Mortality by cause for eight regions of the
world: Global Burden of Disease Study. Lancet 1997;349:
1269-1276.

110. National Institute of Arthritis. Musculoskeletal and Skin Diseases
2000. http://www.nih.gov/niams/healthinfo/opbkr.htm

111. Nelson RG, Shlossman M, Budding LM, Pettitt DJ, Saad MF, Genco
RJ et al. Periodontal disease and NIDDM in Pima Indians. Diabetes
Care 1990;13:836-840.

112. Nesto R. CHD: a major burden in Type 2 diabetes. Acta Diabetol
2001;38:3-8.

113. Nishimura F, Murayama Y. Periodontal inflammation and insulin re-
sistance--lessons from obesity J Dent Res 2001;80:1690-1694.

114. Nishimura F, Murayama Y. Concise review. Periodontal inflammation
and insulin resistance-lessons from obesity. J Dent Res 2001;80:
1690-1694.



Renvert

356 Oral Health & Preventive Dentistry

115. Nishimura F, Iwamoto Y, Mineshiba J, Shimizu A, Soga Y, Murayama
Y. Periodontal disease and diabetes mellitus: the role of tumor ne-
crosis factor-alpha in a 2-way relationship. J Periodontol 2003;74:
97-102.

116. Noack B, Jachmann I, Roscher S, Sieber L, Kopprasch S, Luck C
et al. Metabolic diseases and their possible link to risk indicators
of periodontitis. J Periodontol 2000;71:898-903.

117. Novaes Junior AB, Gutierrez FG, Novaes AB. Periodontal disease
progression in type II non-insulin-dependent diabetes mellitus pa-
tients (NIDDM). Part I--Probing pocket depth and clinical attach-
ment. Braz Dent J 1996;7:65-73.

118. Offenbacher S, Madianos PN, Champagne CM, Southerland JH,
Paquette DW, Williams RC et al. Periodontitis-atherosclerosis syn-
drome: an expanded model of pathogenesis. J Periodontal Res
1999;34:346-352.

119. Oldridge NB, Stump TE, Nothwehr FK, Clark DO. Prevalence and out-
comes of comorbid metabolic and cardiovascular conditions in mid-
dle- and older-age adults. J Clin Epidemiol 2001;54:928-934.

120. Oliver RC, Tervonen T. Periodontitis and tooth loss: comparing dia-
betics with the general population. J Am Dent Assoc 1993;124:
71-76.

121. Orchard TJ, Forrest KY, Kuller LH, Becker DJ. Lipid and blood pres-
sure treatment goals for Type 1 diabetes: 10-year incidence data
from the Pittsburgh Epidemiology of Diabetes Complications Study.
Diabetes Care 2001;24:1053-1059.

122. Paganini-Hill A. The benefits of estrogen replacement therapy on
oral health. The Leisure world cohort. Arch Intern Med 1995;155:
2325-2529.

123. Pajukoski H, Meurman JH, Snellman-Gröhn S, Sulkava R. Oral
health in hospitalized and nonhospitalized community-dwelling eld-
erly patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1999;88:437-443.

124. Payne JB, Reinhardt RA, Nummikoski PV, Patil KD. Longitudinal al-
veolar bone loss in postmenopausal osteoporotic/osteopenic
women. Osteoporos Int 1999;10:34-40.

125. Persson GR, Engel D, Whitney C, Darveau R, Weinberg A, Brunsvold
M et al, Immunizations against Porphyromonas gingivalis inhibits
progression of experimental periodontitis in nonhuman primates. In-
fect Immun 1994;62:1026-1031.

126. Persson RE, Persson GR, Kiyak HA, Powell LV. Oral health and med-
ical status in dentate low-income older persons. Spec Care Dent
1998;18:70-77.

127. Persson RE, Hollender LG, Powell LV, MacEntee MI, Wyatt CC, Kiyak
HA, et al. Assessment of periodontal conditions and systemic dis-
ease in older subjects: Focus on osteoporosis. J Clin Periodontol
2002;29:796-802.

128. Persson RE, Hollender LG, Powell LV, MacEntee MI, Wyatt CC, Kiyak
HA, Persson GR. Assessment of periodontal conditions and sys-
temic disease in older subjects. I. Focus on diabetes. J Clin Peri-
odontol 2003 a.

129. Persson GR, Ohlsson O, Pettersson T, Renvert S. Chronic periodon-
titis, a significant predictor of acute myocardial infarction. Submit-
ted for publication Europeean Heart 2003b.

130. Pickup JC, Crook MA. Is type II diabetes mellitus a disease of the
innate immune system? Diabetologia 1998;41:1241-1248.

131. Renvert S, Ohlsson O, Persson S, Lang NP, Persson GR. Analysis
of periodontal risk profiles in adults with or without a history of my-
ocardial infarction. Accepted for publication J Clin Periodontol
2003.

132. Resnick HE, Shorr RI, Kuller L, Franse L, Harris TB. Prevalence and
clinical implications of American Diabetes Association-defined di-
abetes and other categories of glucose dysregulation in older
adults. The Health, Aging and Body Composition Study. J Clin Epi-
demiol 2001;54:864-876.

133. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. In-
flammation, aspirin, and the risk of cardiovascular disease in ap-
parently healthy men. N Engl J Med 1997;336:973-979.

134. Ronderos M, Jacobs DR, Himes JH, Pihlstrom BL. Associations of
periodontal disease with femoral bone mineral density and estro-
gen replacement therapy: cross-sectional evaluation of US adults
from NHANES III. J Clin Periodontol 2000;27:778-786.

135. Salvi GE, Beck JD, Offenbacher S. PGE2, IL-1 beta, and TNF-alpha
responses in diabetics as modifiers of periodontal disease expres-
sion. Ann Periodontol 1998;3:40-50.

136. Salvi GE, Lawrence HP, Offenbacher S, Beck JD. Influence of risk
factors on the pathogenesis of periodontitis. Periodontol 2000
1997;14:259-265.

137. Sandberg GE, Sundberg HE, Fjellstrom CA, Wikblad KF. Type 2 dia-
betes and oral health: a comparison between diabetic and non-di-
abetic subjects Diabetes Res Clin Pract 2000;50:27-34.

138. Satcher D. Oral health in America: A report by the surgeon general,
U.S Department of Health and Human Services. Rockville MD.
2000NIH publication No 00-4713. 35-132.

139. Scannapieco FA, Stewart EM, Mylotte JM. Colonization of dental
plaque by respiratory pathogens in medical intensive care patients.
Crit Care Med 1992;20:740-745.

140. Scannapieco FA, Mylotte JM. Relationships between periodontal
disease and bacterial pneumonia. J Periodontol 1996;67:
1114-1122.

141. Scannapieco FA, Papandonatos GD, Dunford RG. Associations be-
tween oral conditions and respiratory disease in a national sample
survey population. Ann Periodontol 1998;3:251-256.

142. Scannapieco FA. The role of oral bacteria in respiratory infection.
J Periodontol 1999;70:793-802.

143. Scannapieco FA, Ho AW. Potential associations between chronic
respiratory disease and periodontal disease: analysis of National
Health and Nutrition Examination Survey III. J Periodontol 2001;
72:50-56.

144. Schiel R, Blum M, Muller UA, Kohler S, Kademann A, Strobel J et
al. Screening for people with diabetes mellitus for poor blood glu-
cose control in an ophthalmological laser clinic. Diabetes Res Clin
Pract 2001;53:173-179.

145. Sharma A, Novak EK, Sojar HT, Swank RT, Kuramitsu HK, Genco
RJ. Porphyromonas gingivalis platelet aggregation activity: outer
membrane vesicles are potent activators of murine platelets. Oral
Microbiol Immmunol 2000;15:393-396.

146. Shimada K, Mokuno H, Watanabe Y, Sawano M, Daida H, Yamaguchi
H. High prevalence of seropositivity for antibodies to Chlamydia-spe-
cific lipopolysaccharide in patients with acute coronary syndrome.
J Cardiovasc Risk 2000;7:209-213.

147. Sims TJ, Lernmark A, Smith T, Page RC, Persson GR. Treatment out-
come for IDDM patients in relation to glutamic acid decarboxylase
autoantibodies and serum IgG to periodontal pathogens. J Clin Pe-
riodontol 2001;28:550-557.

148. Sims TJ, Lernmark AS, Mancl LA, Schifferle RE, Page RC, Persson
GR. Serum IgG to heat shock proteins and Porphyromonas gingivalis
antigens in diabetic patients with periodontitis. J Clin Periodontol
2002;29:551-562.

149. Slots J, Ting M. Actinobacillus actinomycetemcomitans and Por-
phyromonas gingivalis in human periodontal disease occurrence
and treatment. Periodontol 2000 1999;20:82-121.

150. Smeets-Goevaers CG, Lesusink GL, Papapoulos SE, Maartens LW,
Keyzer JJ, Weerdenburg JP et al. The prevalence of low bone mineral
density in Dutch perimenopausal women: The Eindhoven perimeno-
pausal osteoporosis study. Osteoporos Int 1998;8:404-409.

151. Smith GT, Greenbaum CJ, Johnson BD, Persson GR. Short-term re-
sponses to periodontal therapy in insulin dependent diabetic pa-
tients. J Periodontol 1996;67:794-802.

152. Soskolne WA, Klinger A. The relationship between periodontal dis-
eases and diabetes: an overview. Ann Periodontol 2001;6:91-98.

153. Stuber F. Effects of genomic polymorphism on the curse of sepsis:
is there a concept for gene therapy? J Am Soc Nephrol 2001;12:
60-64.

154. Taguchi A, Tanimoto K, Suei Y, Otani K, Wada T. Oral signs as indi-
cators of possible osteoporosis in elderly women. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1995;80:612-616.

155. Taguchi A, Suei Y, Ohtsuka M, Otani K, Tanimoto K, Hollender LG.
Relationship between bone mineral density and tooth loss in elderly
Japanese women. Dentomaxillofac Radiol 1999;28:219-23.

156. Taylor GW, Burt BA, Becker MP, Genco RJ, Shlossman M, Knowler
WC et al. Severe periodontitis and risk for poor glycemic control in
patients with non-insulin-dependent diabetes mellitus. J Periodon-
tol 1996;67:1085-1093.

157. Taylor GW, Burt BA, Becker MP, Genco RJ, Shlossman M. Glycemic
control and alveolar bone loss progression in Type 2 diabetics. Ann
Periodontol 1998;3:30-39.

158. Taylor GW. Bidirectional interrelationships between diabetes and
periodontal diseases: An epidemiological perspective. Ann Perio-
dontol 2001;6:99-112.



Renvert

Vol 1, Supplement 1, 2003 357

159. Terpenning MS. The relationship between infections and chronic
respiratory diseases: An Overview. Ann Periodontol 2001;6:66-70.

160. Terpenning MS, Taylor GW, Lopatin DE, Kerr CK, Dominguez BL, Loe-
sche WJ. Aspiration pneumonia: Dental and oral risk factors in an
older veteran population. J Am Geriatr Soc 2001;49:557-563.

161. Tezal M, Wactawski-Wende J, Grossi SG, Ho AW, Dunford R, Genco
RJ. The relationship between bone mineral density and periodontitis
in postmenopausal women. J Periodontol 2000;71:1492-1498.

162. Thomson WM, Edwards SJ, Dobson-Le DP, Tompkins GR, Poulton
R, Knight DA et al. IL-1 genotype and adult periodontitis among
young New Zealanders. J Dent Res 2001;80:1700-1703.

163. Thorstensson H, Dahlen G, Hugoson A. Some suspected period-
ontopathogens and serum antibody response in adult long-duration
insulin-dependent diabetics. J Clin Periodontol 1995;22:449-458.

164. Tsai C, Hayes C, Taylor GW. Glycemic control of Type 2 diabetes and
severe periodontal disease in the US adult population. Community
Dent Oral Epidemiol 2002;30:182-192.

165. Valtonen VV. Infection as a risk factor for infarction and atheroscle-
rosis. Ann Med 1991;23:539-543.

166. van den Arend IJ, Stolk RP, Krans HM, Grobbee DE, Schrijvers AJ.
Management of Type 2 diabetes: a challenge for patient and phy-
sician. Patient Educ Couns 2000;40:187-194.

167. Varenna M, Binelli L, Zucchi F, Ghiringhelli D, Gallazzi M, Sinigaglia
L. Prevalence of osteoporosis by educational level in a cohort of
postmenopausal women. Osteporos Int 1999;9:236-241.

168. Virchow R. Phlogose und thrombose in Gefasssystem. In: Virchow
R. (eds). Gesammelte Abhandlung zur wissenschaftlichen Medicin.
Berlin: Meldinger Son und Co. 1856; p 458.

169. Von Wowern N, Klausen B, Kollerup G. Osteoporosis: a risk factor
in periodontal disease. J Periodontol 1994;65:1134-1138.

170. Von Wowern N. General and oral aspects of osteoporosis: a review.
Clin Oral Investig 2001;5:71-82.

171. Wactawski-Wende J, Grossi SG, Trevisan M, Genco RJ, Tezal M, Dun-
ford RG et al. The role of osteopenia in oral bone loss and peri-
odontal disease. J Periodontol 1996;67:1076-1084.

172. Wactawski-Wende J. Periodontal disease and osteoporosis: Asso-
ciation and mechanisms. Ann Periodontol 2001;6:197-208.

173. Westfelt E, Rylander H, Blohme G, Jonasson P, Lindhe J. The effect
of periodontal therapy in diabetic patients. Results after 5 years.
J Clin Periodontol 1996;23:92-100.

174. Weyant RJ, Pearlstein ME, Churak AP, Forrest K, Famili P, Cauley JA.
The association between osteopenia and periodontal attachment
loss in older women. J Periodontol 1999;70:982-991.

175. Wood D. Established and emerging cardiovascular risk factors. Am
Heart J 2001;141:49-57.

176. Wu T, Trevisan M, Genco RJ, Dorn JP, Falkner KL, Sempos CT. Peri-
odontal disease and risk of cerebrovascular disease: the first na-
tional health and nutrition examination survey and its follow-up
study. Arch Intern Med 2000;160:2749-2755.


