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It is well established that several systemic diseases significantly influence
the development and course of periodontal diseases. These diseases include
diabetes mellitus (DM), neutrophil deficiencies, neutropenia, immunodefi-
ciency, and others [1–3]. In the past decade, however, a number of studies
have suggested that systemic health may be more affected by periodontal
infection than previously recognized [4,5]. The present article presents data
on the association of oral infection and a number of systemic diseases with
emphasis on cardiovascular disease (CVD), infective endocarditis (IE),
pneumonia, rheumatic arthritis, and preterm birth. If these associations
appear to be causative, then the public health impact of periodontal in-
fection will be significant and, obviously, periodontal treatment will be more
important than hitherto acknowledged.

Cardiovascular disease and periodontitis

Common CVD is associated with atherosclerosis, resulting in coronary
thrombosis, ischemic heart disease, and stroke. These are the major causes
of death in the Western world [6]. Atherosclerosis is caused by the formation
of atheromatous plaques within large and middle-sized arteries. These
plaques contain cholesterol and other lipids, as well as necrotic cells, fibrin,
and fibrinogen that are the source of thrombi that can either occlude the
vessel of their origin or, after release, occlude other vessels resulting in
infarction at remote sites.

Although established risk factors for CVD include elevated serum lipids,
hypertension, smoking, low socioeconomics, and male gender [7,8], the
focus has been on infection as a possible risk factor for CVD in recent years
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[9]. Thus, viral infections and infections with Chlamydia pneumoniae and
Helicobacter pylori have been linked to CVD, and traces of these bacteria
and viruses have been revealed in atheromatous plaques of affected arteries
[10,11].

Epidemiologic studies

A number of studies have associated periodontitis with CVD on the basis
of epidemiologic findings. These studies include follow-up investigation of
cohorts (Table 1), case-control studies (Table 2), and cross-sectional studies
(Table 3) [12]. Other studies have related tooth loss to coronary heart
disease [13–18], but due to the limited value of tooth loss as a measure of
oral infection, these studies are not further dealt with in the present review.

The studies presented so far do not allow a firm conclusion because four
of eight cohort studies [13,16,19,20], three of five case-control studies [21–
23], and one of two cross-sectional studies [24] found associations between
periodontitis and CVD, whereas the remaining studies did not reveal such
associations [15,18,25–29]. The studies are heterogeneous in terms of
periodontal registration, registration of CVD, confounder registration, and
adjustment. Obviously, there is a need for future studies of high quality,
including intervention studies, to determine the role of periodontal infection
in the development of CVD.

Potential pathogenic mechanisms

There are reasons to assume that oral bacteria may interact directly in the
pathogenesis of CVD. It is well known that bacteremia occurs after
extraction, scaling, and probing [30,31]. Also, less invasive procedures such
as removal of sutures and conservatory dentistry procedures such as drill-
ing and placement of rubber dam, matrix band, and wedges may cause
bacteremia [32,33]. Bacteremia after mastication and oral hygiene proce-
dures is not uncommon. Compared with bacteremia caused by treatment in
the dental office, multiple daily bacteremias implies a large microbial burden
on the organism due to a cumulative effect and may be the most serious
factor in the development of chronic disease. Periodontal inflammation
facilitates the entrance of bacteria into the bloodstream [31,34]. Daily use of
floss was shown to reduce the number of bacteremic events compared with
less frequent use because of the reduction of inflammation [35].

The significance of bacteremiawith oral bacteriamay depend on the type of
bacteria transferred to the bloodstream.Porphyromonas gingivalis, considered
an important pathogen in the development of periodontitis, may induce
thrombus formation by aggregating platelets [36]. Because traces of Porphy-
romonas gingivalis have been revealed in coronary and carotid atheromas [37],
such a pathway may be important. Weekly infusion of Porphyromonas
gingivalis into mice resulted in increased areas of atherosclerotic lesions. This
phenomenon was most pronounced in mice fed a high-fat diet [38].
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Platelets also may interact with supragingival plaque bacteria because
they appear to selectively bind strains of Streptococcus sanguis, which result
in thrombus formation [39]. Moreover, experimental studies in rabbits
treated with intravenous injections of platelet-aggregating strains of
Streptococcus sanguis showed larger heart valve vegetations, more signs of
myocardial ischemia, and higher mortality than did injection of non–
platelet-aggregating strains of Streptococcus sanguis [40]. Increased platelet
aggregation in response to Streptococcus sanguis injection was seen in
rabbits that were fed a high-fat diet [41].

An indirect pathogenic role of periodontal bacteria may be due to the
influx of inflammatory cells into large blood vessels in association with
bacteremia and lipopolysaccharide produced by gram-negative bacteria.
The resulting production of cytokines such as interleukin (IL)-1b and tumor
necrosis factor (TNF), prostaglandins, and growth factors including
platelet-derived growth factor, fibroblast growth factor, and granulocyte
macrophage colony-stimulating factor may contribute to thickening of the
arterial wall because several of these substances are atherogenic [42].

The inflammatory response to microbial challenges has been shown to
possess considerable interindividual variation. Some patients respond to
periodontal bacteria or their products with an inflammatory response,
resulting in high levels of inflammatory mediators [43–45], and these may
account for the rapid tissue destruction characteristic of aggressive perio-
dontitis. Because cytokines appear to be important for the pathogenesis of
atherosclerosis and periodontitis, a specific phenotype characterized by
increased monocytic production of IL-1b and TNF may link a risk for
destructive periodontitis and CVD [20,46].

Another pathway may be that the inflammatory response associated with
periodontitis elevates the levels of acute-phase proteins including fibrinogen
and C-reactive protein in the general circulation [47–49]. Because fibrinogen
and C-reactive protein are risk factors for CVD [50–52], this also may
explain a link between CVD and periodontitis.

Therapeutic consequences

There is no scientific background for recommending a therapeutic
strategy to prevent possible CVD complications of periodontitis other than
common periodontal treatment modalities that reduce the bacterial load of
the oral cavity. There also is no evidence that periodontal treatment may
reduce the risk of CVD.

Infective endocarditis and oral bacteria

IE is an infection of the endothelial lining of the heart [53], with
an incidence in the Western world of about 1 to 5 cases per 100,000
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citizens per year [54–57]. The incidence has increased significantly in
recent years, especially in the elderly population and in drug abusers
[57].

On the basis of blood samples from IE patients, the identity of the
infecting microorganism has normally been established. Previous studies
have shown that more than 50% of the cases can be attributed to
streptococci, and among those most frequently encountered are viridans
streptococci, which are an essential part of the normal flora of the oral
cavity. These bacteria are located in dental plaque and associated with
gingivitis, which may lead to periodontitis [58–60]. Other oral bacterial
species such as the periodontal pathogens Actinobacillus actinomycetemco-
mitans, Eikenella corrodens, Fusobacterium nucleatum, and Bacteriodes
forsythus that originate from dental plaque have also been revealed in blood
samples from IE patients [61,62]. Among the viridans streptococci,
Streptococcus sanguis is most often found in the blood stream in IE
patients. In 1995, Fiehn et al [63] revealed total identity after ribotyping
between blood isolates and dental plaque isolates, which was final proof of
a possible oral origin of infecting bacteria in IE. These isolates were
identified as Streptococcus mutans and Streptococcus oralis/Streptococcus
mitis.

The initial event in the pathogenesis of IE is the invasion of the blood
stream by the bacteria, resulting in bacteremia. Oral bacteria may gain
access to the circulation not only as a result of lost mucosal integrity due
to dental therapy (eg, oral surgery, periodontal therapy, endodontic
treatment, and dental implant placement) but also, as discussed pre-
viously, after mastication and oral hygiene procedures [34,64–67]. The
circulating bacteria may adhere to the endothelium of the heart when
there is previous damage or when there is (by accident) a microscopic
lesion of the endothelium that has resulted in a so-called ‘‘nonbacterial
thrombotic endocarditis,’’ which is sterile [68,69]. The bacterial adhesion
to the nonbacterial thrombotic endocarditis is favored, and a multiplica-
tion of bacteria subsequently follows and initiates a focus of intravascular
infection [70]. Therefore, dental diseases and dental procedures may lead
to IE.

IE occurs mainly in patients with predisposing heart lesions. High-risk and
moderate-risk patients are those with a history of IE and rheumatic valvular
disease, prosthetic cardiac valves, most congenital cardiac malformations,
and surgical-pulmonal shunts [67,71,72]. The disease, however, can also
occur in an uncompromised host [63]. Despite the relatively low number of
cases, the disease must be regarded as very serious because if untreated, it
results in death. IE has a mortality as high as 15% to 50%, even with the best
medical treatment [73–76].

IE is difficult to diagnose and is often diagnosed late in the course of
the disease. The therapy demands susceptibility testing of the infecting
bacterium and appropriate antibiotic treatment for about 6 weeks [77].
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Therapeutic consequences

For patients at risk, prevention is vital in connection with dental
treatment. The prophylactic procedures may include oral rinsing with
antimicrobial agents to minimize the microbial burden in the oral cavity,
systemic use of antibiotics and, in particular, optimal oral health care to
minimize gingival inflammation. Most often, the antibiotic prophylaxis
consists of one high dose of amoxicillin just before and, at the latest, 1 or 2
hours after the dental treatment is completed [78].

Pneumonia and oral bacteria

Pneumonia is an infection of the pulmonary parenchyma, caused by
bacteria or other infectious agents. Bacterial pneumonia in adults usually
derives from aspiration of oropharyngeal bacteria that cause infection due
to insufficient host defense mechanisms. It is therefore obvious that the
oropharyngeal microflora, including periodontal bacteria, may serve as
a potentially important cause of respiratory infection.

Basically, pneumonia is classified as community-acquired or hospital-
acquired, and the spectrum of bacteria involved in these two types of disease
usually differs. In community-acquired bacterial pneumonia, most often the
offending bacteria are Streptococcus pneumoniae or Haemophilus influenzae,
but other species may also be involved [79]. Community-acquired pneu-
monia appears to be associated with anaerobic organisms in 21% to 33% of
the cases [80,81], and most cases of community-acquired bacterial pneu-
monia respond successfully to antibiotics.

In contrast, hospital-acquired (nosocomial) bacterial pneumonia, which
is one of the most common nosocomial infections, has a high mortality rate,
accounting for 19% to 50% of the mortality rate of all nosocomial
infections [82,83]. Seriously ill patients are primary targets of nosocomial
bacterial pneumonia. The typical infective organisms are Staphylococcus
aureus and facultative or aerobic gram-negative bacteria including Enter-
obacteriaceae (eg, Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Enterobacter spp, and others) [84]. Nosocomial bacterial
pneumonias appear to be associated with Prevotella spp., Bacteroids spp.,
Fusobacterium and various Gram positive organisms. Thirty-five percent of
the associated organisms were anaerobies.

Oropharyngeal colonization with potential respiratory pathogenic
organisms appears to increase during hospitalization [86,87]. Inadequate
oral hygiene, typically seen in critically ill patients, may be a predisposing
factor in respiratory infections because dental plaque may serve as a
reservoir of respiratory pathogens. Such pathogens have been found in
supragingival dental plaque of 65% of intensive care unit patients compared
with 16% of control dental clinic patients [88,89].
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Dental plaque from intensive care unit patients contained Streptococcus
sanguis, Pseudomonas aeruginosa, and several genera of aerobic gram-
negative bacteria. These organisms are known to be potential respiratory
pathogens. Other reports have presented evidence of well-known periodon-
tal pathogens such as Actinobacillus actinomycetemcomitans, Fusobacterium,
and Capnocytophaga isolated from pneumonia [90,91]. Another study has
shown that hospitalized dentate patients acquired aspiration pneumonia
more often (6/22 or 27%) than edentulous patients (0/12), and a similar
trend was found in nursing home residents (19% of dentate versus 7.6% of
edentulous patients) [92].

Respiratory pathogens may also be harbored in subgingival bacterial
samples. Isolates from deep periodontal pockets have demonstrated the
presence of Enterobacteriaceae [93,94], and other researchers have isolated
the same organisms in 8% and Staphylococcus aureus from 46% of
periodontitis patients [95]. In addition to these findings, it has been reported
that the offending organisms in suppurating respiratory anaerobic infections
with considerable mortality most often originate from the subgingival
environment [85].

Therapeutic consequences

The therapeutic consequence of the present knowledge is increased efforts
to prevent gingivitis and periodontitis, especially in critically ill patients
typically seen in nursing homes and hospitals.

Rheumatoid arthritis and periodontitis

Periodontitis and rheumatoid arthritis share several characteristics. They
are both clinically characterized by local destruction of hard and soft tissue
as a consequence of an inflammatory response. During the inflammatory
response, local cells are stimulated to release cytokines and matrix
metalloproteinases, factors that are essential in the pathogenesis of both
diseases [96–100]. An altered function of the inflammatory response and the
metabolism of soft and hard tissues (caused, for example, by genetic
polymorphisms [45,101–103] that possibly alter the cytokine and matrix
metalloproteinase expression) may turn out to be identical pathogenic
factors.

The results of existing studies investigating a clinical association between
rheumatoid arthritis and periodontitis are conflicting. Sjostrom et al [104]
even described a tendency for better periodontal conditions among
rheumatoid arthritis patients. This finding may be explained by a signifi-
cantly reduced amount of plaque and calculus compared with the control
group. Other studies are based on the number of remaining or missing teeth
[105–109] but, as described previously, the value of tooth loss as a measure
of periodontal infection is questionable.
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Although a causal relationship between periodontitis and rheumatoid
arthritis is not supported by these data, persons with rheumatoid arthritis
may, in fact, be more likely to experience advanced periodontitis than
are nonarthritic persons. Thus, Kässer et al [110] showed that patients with
long-standing active rheumatoid arthritis had increased gingival bleeding
(50%), greater probing depth (26%), greater attachment loss (173%), and
a higher number of missing teeth (29%) compared with controls. The study
controlled for relevant risk factors such as oral hygiene, smoking, male
gender, and age. Mercado et al [111] recently showed that rheumatoid
arthritis patients were more than twice as likely to have moderate-to-severe
periodontal bone loss and probing depth >6.2 mm as controls. The study
also showed that rheumatoid arthritis patients with moderate-to-severe
periodontitis had more swollen joints. A self-reported health questionnaire
survey combined with an evaluation of oral radiographs in patients referred
for periodontal treatment indicated that the prevalence of moderate-to-
severe periodontitis was significantly elevated (unadjusted relative risk 4.7) in
individuals suffering from rheumatoid arthritis receiving medical treatment
of the disease [112]. Conversely, individuals referred for periodontal
treatment had a higher prevalence of rheumatoid arthritis compared with
the general population (unadjusted relative risk 1.5).

Therapeutic consequences

Patients with long-standing rheumatoid arthritis seem to be at risk for
increased periodontal problems, and therapeutic strategies to reduce the oral
microbial burden are recommended. If periodontitis and rheumatoid
arthritis share pathogenic factors at the inflammatory level, then the latest
achievements in treating rheumatoid arthritis with biologic drugs inhibiting
proinflammatory cytokines such as TNF [113] and IL-1 [114] also may be
beneficial adjuvants in the treatment of periodontitis.

Diabetes mellitus and periodontitis

An association between DM and periodontitis, which has been reviewed
recently [115,116], is well established and characterized by increased
susceptibility to loss of periodontal attachment in both type 1 and type
2 DM patients, especially in patients with poorly controlled DM or
hyperglycemia [117–131]. Patients with DM of long duration appear to be
characterized by more frequent and more advanced loss of attachment
[121,132], and the periodontal health may deteriorate more rapidly in poorly
controlled diabetics than in control patients without DM [133].

Impaired function of neutrophils, including reduced chemotaxis [134–
138], adherence [139], and phagocytosis [138,140–143], may be the most
significant factor leading to increased susceptibility to periodontal disease.
Studies of periodontal treatment of diabetic patients are indicative of
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a treatment response similar to that of nondiabetic patients, at least in the
short term [133,144–146].

Although the importance of DM for periodontal disease progression
is well established, the influence of periodontitis on DM is less acknowl-
edged. Although not conclusive, a number of studies have demonstrated
that treatment of periodontitis may reduce the need for insulin [147,148] and
that severe periodontitis is associated with a greater number of cardiovas-
cular complications [149] and increased risk of poor glycemic control, which
may improve after successful periodontal treatment [148,150,151].

Therapeutic consequences

There is currently no evidence that diabetic patients requiremore thorough
or aggressive periodontal therapy than the standard therapy for nondiabetic
persons [115]. A maintenance program with intensive plaque control at 3-
month intervals results in long-term maintenance of the initial healing [133].

Antibiotics do not appear to be necessary for routine periodontal therapy
of DM patients [152]; however, the combination of mechanical debridement
and systemic tetracycline may provide a greater positive effect on glycemic
control in some DM patients [116,147,148,150,153,154].

Preterm birth and low birth weight

Spontaneous preterm birth with low birth weight (PLBW) is related to
a series of risk factors including smoking, alcohol and drug abuse, intake of
medicine, inadequate prenatal care, parity, race, low socioeconomic status,
hypertension, high or low maternal age, diabetes, and genitourinary tract
infections. Because these factors are not present in about 25% of the cases
[155], however, other explanations such as infections outside the urogenital
area have gained increasing scientific interest. One such infection is
periodontitis, and a series of studies have resulted in the hypothesis that
periodontitis may lead to spontaneous preterm birth.

Because prostaglandins stimulate the myometrium in the uterus, the
amount of the prostaglandins PGE2 and PGE2a in chorion is decisive for the
onset of labor. The syntheses of prostaglandins increase under the influence
of the cytokines IL-1, IL-6, and TNF [156]. Periodontitis causes bacteremia,
with gram-negative bacteria releasing lipopolysaccharides, and this bacterial
product initiates the production of cytokines by inflammatory cells. These
cytokines may stimulate the production of prostaglandins in chorion,
resulting in labor [155].

Findings in experimental studies support this hypothesis. In a hamster
model, subcutaneous implantation of vital or heat-killed Porphyromonas
gingivalis, believed to be an important microorganism in the pathogenesis of
periodontitis, resulted in significantly higher levels of TNF and PGE2, in
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significantly increased mortality of fetuses, and in decreased weight of viable
fetuses compared with the controls [157]. In addition, intravenous injections
with lipopolysaccharide from Porphyromonas gingivalis resulted in lower
weight of the fetuses and higher fetus mortality [158].

Another study including 18 women who were examined in the middle
trimester has shown a connection between oral infection and the amount of
cytokines in the amniotic fluid. It was shown that the amount of PGE2 and
IL-1b in the gingival pocket exudate was highly correlated with the amount
of the same substances in the amniotic fluid [159].

Tables 4 and 5 summarize the available epidemiologic studies of a possible
relation between periodontitis and PLBW. These studies include follow-up
investigations of cohorts (Table 4) and case-control studies (Table 5).

The studies presented so far do not allow a firm conclusion regarding
differences in periodontal health status between PLBW women and women
with normal birth outcome. Although all three cohort studies concluded
that there is a connection between periodontal status and PLBW [160–162],
three of five case-control studies [163–165] did not find any association
between periodontal status and PLBW.

The composition of the subgingival plaque has been evaluated by means
of ‘‘checkerboard’’ DNA-DNA hybridization. Two studies [163–164] found
elevated levels of periodontal pathogens, whereas one study found no
differences in plaque composition [166].

Relevant to this matter is maternal serum antibody levels against
periodontal pathogens. This topic was evaluated in two studies with different
outcomes. One study reported a possible connection to low birth weight
[167], whereas the other found no connection to PLBW [166]. The latter
study, however, reported a 2.9-fold higher prevalence of fetal IgM
seropositivity in fetal cord serum for periopathogens among preterm babies.

Therapeutic consequences

There is no scientific background for recommending a therapeutic
strategy to prevent PLBW other than common periodontal treatment
modalities that reduce the bacterial load of the oral cavity. There is also no
evidence that periodontal treatment may reduce the risk of PLBW [164].

Summary

An association between periodontal infection and CVD has been revealed
in some epidemiologic studies, whereas other studies were unable to
demonstrate such an association. A link between the two diseases may be
explained by shared established or nonestablished risk factors. Future
studies with extended control of confounding factors and intervention
studies may add to the understanding of a possible relationship between the
diseases. In some cases, IE is caused by dental plaque bacteria. Several
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studies are suggestive of oral bacteria causing respiratory infection. The
pathogenesis and course of a number of other diseases including DM and
rheumatoid arthritis have been associated with periodontitis, but more
research is necessary to elucidate possible pathogenic interactions.
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