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Abstract

Periodontal diseases, common infectious diseases seen in humans, are characterized by gingival inflammation and a loss of connective
tissue and bone around the roots of teeth, which leads to eventual tooth exfoliation. In the past decade, the association between
periodontal diseases and the development of systemic diseases has received increasing attention. Periodontal pathogens and their
products, as well as inflammatory mediators produced in periodontal tissues, can enter the bloodstream, thereby causing and/

or contributing to the development of systemic diseases. A variety of recent studies have compiled various results showing that
periodontal infections are implicated in the development of various systemic diseases. This review summarizes the evolution of the
focal infection theory to the current understanding of the pathophysiology of periodontal disease and presents an update of the
mechanisms and relationships between chronic periodontitis and systemic diseases, including cardiovascular diseases, respiratory
infections, preterm delivery of low-birth-weight fetuses and diabetes mellitus.
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Introduction

Understanding the etiology and pathogenesis of periodontal
diseases and their chronic, inflammatory and infectious nature
necessitates recognizing the possibility that these infections
may have effects somewhere in the body.

The concept that oral diseases and systemic diseases influence
each other goes back to the theory of focal infection. In 1891,
Miller [1] published his theory regarding focal infection in
which he indicated that microorganisms and their products are
able to access parts of the body that are adjacent to or distant
from the mouth. The proponents of this concept assume that
microorganisms present in dental plaque and their metabolic
products may enter the bloodstream, thereby causing many
systemic diseases and sometimes resulting in degenerative
conditions. Further studies including epidemiological and
statistical analyses have been conducted. In addition, molecular
and genetic research is proceeding.

In recent years, the concept of focal infection has changed
and now mostly relies on the correlation between chronic
periodontitis and systemic diseases. Offenbacher [2] introduced
the concept of ‘periodontal medicine’as a discipline focusing
on validating this relationship and its biological plausibility
using human and animal studies. The American Academy of
Periodontology launched an effort to educate the public about
new discoveries, namely, that infections in the mouth may play
an important role in disorders involving other parts of the body
[3]. At present, it is generally known that a patient’s oral status

is connected with their systemic health, as poor oral health
may cause serious underlying diseases concomitantly and may
predispose patients to developing other systemic diseases [4].
Dental and medical researchers and clinicians have resumed
studying the relationship between oral diseases and systemic
conditions with a more scientific approach.

This review provides an overview of the relationship between
periodontitis and systemic diseases, including cardiovascular
diseases, adverse pregnancy outcomes, diabetes mellitus and
respiratory diseases.

Review

Search strategy and selection criteria

Data for this Review were identified by searches of MEDLINE,
Current Contents, PubMed, and references from relevant articles
using the search terms “periodontitis”, “periodontal disease”,
and “systemic disease”. Abstracts and reports from meetings
were included only when they related directly to previously
published work. Only articles published in English between
1980 and 2013 were included.

Periodontitis

Periodontal disease comprises a group of bacterial inflammatory
diseases of the supporting tissues of the teeth (gingiva,
periodontal ligament, cementum and alveolar bone). In 1999,
a newer classification of periodontal diseases was proposed
by the American Academy of Periodontology [5]. Briefly,
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gingivitis is inflammation of the gingiva around the teeth that
does not cause a loss of periodontal attachment. Otherwise,
periodontitis is characterized by periodontal ligament
detachment from the cementum with consequent formation
of periodontal pockets, alveolar bone resorption, gingival
recession, tooth migration, diastema formation between teeth,
tooth mobility, abscess formation and tooth loss.

Gingivitis is manifested by red, swollen gums and bleeding
that may occur with tooth brushing and can advance to
periodontitis if left untreated. Over time, the plaque biofilm
can spread and grow below the gum line (subgingival area),
and toxins produced by bacteria in the plaque biofilm can
irritate the gums. These toxins stimulate a chronic inflammatory
response in which the body, in essence, turns on itself, and
supporting tissues and bone are broken down and destroyed.
In this process, gums separate from the teeth, forming
infectious periodontal pockets (spaces between the teeth
and gums). Gingivitis is reversible, although if left untreated,
it can progress to periodontitis [6]. As the disease progresses,
the pockets become deeper and more gum tissue and bone
are destroyed. Often, this destructive process is asymptomatic,
although teeth can eventually become loose and may need
to be removed.

Periodontal diseases have been proposed to affect at least
one tooth in 80% of adults worldwide [7]. The primary cause
has been shown to be bacterial plaque, a sticky, colorless
film that is constantly formed on teeth. The widely known
periodontal pathogens present in plaque are as follows:
Porphyromonas gingivalis (P. gingivalis), Prevotella intermedia
(P. intermedia), Treponema denticola (T. denticola), Tannerella
forsythia (T. forsythia), Campylobacter rectus (C. rectus),
Selenomonas spp., Agregatibacter actinomycetemcomitans (A.
actinomycetemcomitans), Eubacterium timidum, Fusobacterium
nucleatum (F. nucleatum) and Parvimonas micra [8].

Mechanisms of periodontal infection and systemic
diseases

In oral cavities, the innate host defense system is thought to
act toward limiting the spread of oral bacteria by maintaining
an intact gingival epithelium as an innate physical barrier.
The epithelium is also important for orchestrating host
inflammatory responses [9]. However, as the disease progresses,
the epithelium becomes ulcerated, exposing the underlying
connective tissues and blood capillaries to the plaque
biofilm. Exposed ulcerative areas facilitate the direct entry
of bacteria into the circulation during eating and tooth
brushing. This mechanism is thought to be the primary cause
of periodontitis-related systemic diseases. Once periodontal
pathogens and their toxins such as cytolytic enzymes and
lipopolysaccharide (LPS) have access to the bloodstream, a
number of inflammatory mediators, including tumor necrosis
factor-alpha (TNF-a), interleukin (IL)-1[3, prostaglandin E,
(PGE,) and y-interferon (y-IFN), are produced. These mediators
can enter the bloodstream and contribute to the global

inflaimmatory burden [10]. Therefore, systemic exposure to
periodontal pathogens and toxins and periodontal-derived/
elicited inflammatory mediators may determine the pathologic
consequences in different organs.
The mechanisms by which periodontal infections may
influence systemic health have been described as follows:
1. Oral-hematogenous spread of periodontal pathogens
and direct effects to target organs.
2. Transtracheal spread of periodontal pathogens and direct
effects to target organs.
3. Oral-hematogenous spread of cytokines and antibodies
with effects at distant organs.
Epidemiological and interventional studies have revealed
close associations between periodontal diseases and systemic
diseases such as cardiovascular diseases (CVDs) [11-13],
aspiration pneumonia [14], preterm delivery of low-birth-
weight fetuses [15,16], diabetes mellitus [17,18] and so on.
This review discusses which mechanisms contribute to each
disease.

Oral-hematogenous spread of periodontal pathogens
and direct effects to target organs
The first mechanism, oral-hematogenous spread of periodontal
pathogens and direct effects to target organs is characterized
by metastatic injury or infection caused by translocation of
bacteria, microbial toxins and inflammatory mediators. These
diseases include CVD, ischemic heart disease, Buerger disease
and peripheral arterial disease caused by atherosclerosis [19,20].

CVD is a group of heart and vascular diseases, including
high blood pressure, congestive heart failure and myocardial
infarction [21]. Atherosclerosis is the primary cause of all CVDs
[22]. Since a significant epidemiological relationship has been
described, etiological investigations have been performed to
determine whether oral infections are a risk factor or a direct
cause of CVDs. In the past decade, a meta-analysis revealed
that periodontal diseases are associated with future coronary
heart diseases, which are increased in individuals older than
65 years of age [23,24].

Bacterial DNAs of periodontal pathogens such as P. gingivalis,
T. forsythensis, T. denticola, A. actinomycetemcomitans and C.
rectus have been detected in stenotic coronary artery plaque
samples [13] and in aneurysm walls and aneurysmal thrombus
tissues [12,25]. Periodontal bacteria are not detectable using
standard culture techniques and are extremely difficult to
identify [26]. When the bacteria are not expected to live in
the vessel thrombi or plaques, methods for identification
are extremely limited. Therefore, the established polymerase
chain reaction (PCR) method is used to detect the DNAs of oral
bacteria [27,28]. After the presence of bacteria is confirmed,
immunofluorescence methods are useful for locating the
bacteria in vessel walls [29].

Several studies regarding the direct relationship between
chronic periodontitis and CVDs provide evidence that
chronic periodontitis increases the level of systemic
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inflammation as measured by the levels of C-reactive

protein (CRP) and other biomarkers [30]. Additional potential

mechanisms have become clear: continuous and lasting

exposure to bacteria of the oral cavity or bacterial toxins

may initiate pathological changes in blood vessel walls and

therefore act as a precursor of atherosclerosis in susceptible

hosts. In this context, there are sufficient data to consider
that P. gingivalis, A. actinomycetemcomitans and P. intermedia

have the ability to invade host cells, including the epithelium

and endothelium, thereby evading neutrophil clearance. In

this way, periodontal pathogens can penetrate the epithelial

barrier of periodontal tissues and achieve systemic spread

through the bloodstream [31]. By this dynamic mechanism,
periodontal pathogens can infect the vascular epithelium and

atherosclerotic plaques, causing inflammation and plaque

instability followed by acute myocardial ischemia. Moreover,
periodontal pathogens produce a variety of virulence factors

(e.g., adhesions, hemolysins, membrane vesicles and LPS) that
have deleterious effects on the vascular system, resulting in

platelet aggregation and adhesion and formation of lipid-
laden foam cells and deposits of cholesterol that contribute

to the formation of atheromas [32,33].

Buerger disease, which causes peripheral arterial disease,
may have different underlying mechanisms than atherosclerosis.
The pathogens involved in Buerger disease are periodontal
bacteria such as P, gingivalis and T.denticola [34]. P. gingivalis
may be an initiator of platelet aggregation, and a clump of
the bacteria can enter the bloodstream from the venous
angle of the neck and stimulate platelet aggregation after
uptake into platelets [35]. It has been suggested that once
aggregation has reached a maximum level, when the platelet
thrombi pass through the lungs, the thrombi start to move
into the arterial bloodstream. When patients are young and
the arterial walls are spastic from cigarette smoking, platelet
thrombi containing oral bacteria do not adhere to the arterial
wall but rather create small arterial embolisms. It has been
reported that the digital arterial obstruction observed on
angiography of patients with Buerger disease may represent
these initial findings [26]. The characteristics of the association
between periodontitis and arterial diseases are dependent
on the patient’s age and the condition of the endothelial cells.
In young patients with Buerger disease, infection occurs as
a result of embolic mechanisms as a direct cause. In older
patients, incidents result in adhesion of the endothelium and
stimulation of inflammatory mediators as an indirect cause [26].

Transtracheal spread of periodontal pathogens and
direct effects to target organs

Respiratory infections such as pneumonia and certain chronic
obstructive diseases are related to aspiration of bacteria
from the oropharynx into the lower respiratory tract due to
swallowing insufficiency. Dental plaque may represent a source
of potential respiratory pathogens, particularly in high-risk
patients (nursing home residents, older patients, intensive

care unit patients and hospitalized individuals requiring
mechanical ventilation). Current evidence suggests that oral
bacteria, poor oral hygiene and periodontitis may influence
the initiation and course of pulmonary infections, including
community-acquired, hospital-acquired and ventilator-
acquired pneumonia [36,37]. The oral cavity is contiguous
with the trachea and may be a portal for respiratory pathogen
colonization. Dental plaque can be colonized by respiratory
pathogens [38], which may be aspirated from the oropharynx
into the upper airway and then into the lower airway and
adhere to the bronchial or alveolar epithelium [39].

Potential respiratory pathogens include Klebsiella pneumonia,
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus,
Haemophilus influenzae and parainfluenzae, Streptococcus
constellatus and pneumonia and oral bacteria such as A.
actinomycetemcomitans, Actinomyces israelii, Capnocytophaga
spp., Eikenella corrodens and P. intermedia. These pathogens
may be aspirated into the lower respiratory tract and lungs
and cause infection [40]. Cytokines and enzymes released
from periodontal tissues may alter the respiratory epithelium
and promote infection by potential respiratory pathogens.
Moreover, enzymes derived from bacteria in saliva may damage
the surface of the oral mucosa and expose receptors that
promote adhesion and colonization of potential respiratory
pathogens. Finally, enzymes associated with chronic
periodontitis may degrade the film of saliva, decreasing the
protection of nonspecific host defense mechanisms against
potential respiratory pathogens [41].

The oral cavity serves as a reservoir for respiratory pathogens.
Therefore, oral hygiene interventions may reduce colonization
by these pathogens and consequently decrease the risk of
pneumonia, especially in high-risk populations. Scannapieco
and colleagues [42] conducted a systematic review of the
effectiveness of oral decontamination to prevent pneumonia.
A meta-analysis of five interventional studies revealed that oral
interventions improving oral hygiene through mechanical and/
or chemical disinfection reduce the incidence of nosocomial
pneumonia by an average of 40%. A recent multicenter trial
assessed the efficacy of 0.2% chlorohexidine gel in reducing
the rate of pneumonia in 228 nonedentulous patients requiring
endotracheal intubation and mechanical ventilation [43].
Although the intervention significantly decreased the rate
of oropharyngeal colonization by aerobic pathogens, no
significant reductions in the incidence of respiratory infections
were observed.

Oral-hematogenous spread of cytokines and antibodies
with effects at distant organs

Periodontal pathogens may gain access to the gingiva through
the epithelium in periodontal pockets. Within inflamed gingival
tissue, a number of inflammatory mediators, including TNF-q,
IL-1B, PGE, and y-IFN, are produced. These mediators can enter
the bloodstream and contribute to systemic inflammation in
conditions such as preterm delivery of low-birth-weight fetuses,
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osteoporosis, diabetes mellitus, renal failure and obesity.

Preterm delivery of low-birth-weight fetuses
Low-birth-weight (<2,500 g) and preterm (before 37 weeks of
gestation) births are major determinants of neonatal infant
morbidity and mortality and exert a tremendous financial
impact on the public health system [44]. The first study to
report the effects of poor oral health on the birth of low-birth-
weight and preterm infants was conducted by Offenbacher
and colleagues [45]. They obtained obstetric and demographic
information from the patients’ prenatal records and performed
full mouth periodontal examinations in 93 mothers who gave
birth to preterm or low-birth-weight infants and compared
the findings to those of 31 mothers who gave birth to normal
weight and term infants. A multivariate analysis showed that
the mothers with more than 60% of sites of clinical attachment
loss of 3 mm or greater were seven times more likely to have
an adverse pregnancy outcome than the periodontally healthy
mothers (OR=7.5; Cl 1.98-28.8). Hasegawa and colleagues
reported that threatened premature labor women revealed
worsened periodontal health conditions and elevated levels
of serum IL-8 and IL-1f3 levels than non threatened premature
labor women [46].

Periodontal pathogens, including P. gingivalis, have been
detected using a PCR assay in the amniotic fluid of pregnant
females with a diagnosis of threatened premature labor [47]
as well as in the placentas of females with preeclampsia [48].
In an immunocytochemistry examination, localization of P.
gingivalis was demonstrated in placental tissues, including
syncytiotrophoblasts, chorionic trophoblasts, decidual cells,
amniotic epithelial cells and vascular cells obtained from
females with chorioamnionitis at fewer than 37 weeks of
gestation [49]. P. gingivalis organisms were continuously
infected via capillary vessels in the dorsolumbar region
of a rabbit, after which P. gingivalis was found to achieve
transplacental passage [50]. P. gingivalis has also been reported
to invade both maternal and fetal tissues in rats, resulting in
chorioamnionitis and placentitis [51].

The etiology of preterm birth is multifactorial; however,
inflammation is the common pathway that leads to uterine
contractions and cervical changes with or without premature
rupture of membranes [52]. Inflammation associated with
preterm birth can be primarily attributed to intrauterine
infections and bacterial vaginosis. The latter accounts for up
to 40% of cases of spontaneous preterm birth [53]. Affected
mothers have significantly higher levels of proinflammatory
cytokines and prostaglandins in their amniotic fluid. This is
a common finding in females with bacterial vaginosis who
deliver preterm [54]. At the same time, infections remote
from the genital tract can also trigger preterm birth, as is
the case for pregnant females with periodontal diseases.
The biological plausibility of the link between periodontal
diseases and preterm birth can be summarized based on
three potential pathways [55]. The first potential pathway

involves the hematogenous dissemination of inflammatory
products from a periodontal infection. The second pathway
involves a fetomaternal immune response to oral pathogens.
The third pathway proposed to explain the theoretical causal
relationship between periodontal disease and preterm birth
involves bacteremia from oral infections.

Diabetes mellitus

Diabetes mellitus (DM) is a condition in which the body does
not produce enough or does not properly respond to insulin,
a hormone produced in the pancreas. Insulin enables cells
to absorb glucose in order to turn it into energy. In diabetes
mellitus, the body fails to properly respond to its own insulin
or does not make enough insulin. Some patients exhibit
both failures.

DM can lead to various complications such as acute/chronic
infections, vascular diseases, neuropathy, nephropathy and
retinopathy [17,37]. Chronic periodontal disease and DM are
common chronic conditions in adults throughout the world
[56]. A number of studies have demonstrated that poor blood
sugar control may contribute to poor periodontal health [57-59]
and vice versa [60]. Diabetes is a risk factor for gingivitis and
periodontitis [61,62]. Patients with DM have a 2.8-fold greater
chance of developing destructive periodontal disease [63] as
well as a 4.2-fold greater chance of experiencing progressive
alveolar bone loss [64]. Individuals with poor blood sugar
control exhibit a greater prevalence and severity of gingival
and periodontal inflammation [65]. The increased risk of
developing periodontal disease cannot be explained by
age, gender or hygiene [66]. The interrelationship between
periodontal disease and DM provides an example of a systemic
disease predisposing individuals to oral infection. Once the
infection is installed, it exacerbates the systemic disease [56].
It has been suggested that hyperglycemia promotes the
development and progression of periodontitis [67,68]. The
complications of diabetes are related to long-term elevation
of the blood glucose concentrations (hyperglycemia) that
results in the formation of advanced glycation end-products
(AGEs). The accumulation of AGEs increases the intensity of the
immune-inflammatory response to different pathogens because
inflammatory cells such as monocytes and macrophages
have receptors for AGEs with consequent increased production
of IL-13 and TNF-a [69]. AGE-enriched gingival tissue exhibits
greater vascular permeability, greater breakdown of collagen
fibers and accelerated destruction of both non-mineralized
connective tissue and bone. Diabetes can also cause damage
involving neutrophil adhesion, chemotaxis and phagocytosis,
making patients more susceptible to periodontal destruction.
The effects of a hyperglycemic state include the inhibition of
osteoblastic proliferation and collagen production. Several
studies have indicated that diabetes is associated with
an increased prevalence, extent and severity of chronic
periodontitis [37]. For this reason, chronic periodontitis has
been defined as the sixth complication of diabetes; thus,
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prevention and control of chronic periodontitis must be
considered an integral part of diabetes control strategies
[70,71]. Moreover, chronic periodontitis may have a significant
impact on the metabolic state of diabetes. Several studies
have suggested that patients with periodontitis have higher
concentrations of inflammatory serum markers such as CRP,
IL-6 and fibrinogen than patients without periodontitis. Once
chronic periodontitis has been established, metabolic control
(glycemic control or maintenance of the blood sugar levels)
may be complicated by a constant reservoir of Gram-negative
anaerobes located in the bottom of periodontal pockets,
thus leading to increased periodontal destruction. Systemic
inflammation, in fact, increases insulin resistance and makes it
difficult for patients to control their blood glucose levels [72].
Itisimportant to monitor the hemoglobin Alc (HbA1c) levels
to assess diabetic management, as poor glycemic control over
time has been linked to the development and progression
of microvascular diabetic complications [73]. Interestingly,
P. gingivalis is detected more frequently in subjects with
increased HbA1c levels after periodontal treatment than
in those decreased HbA1c levels. Furthermore, P. gingivalis
organisms with type Il fimbriae are detected only in subjects
with elevated HbA1c levels, while improvements in the HbA1c
levels are observed only in subjects without type Il clones.
These results suggest that the glycemic levels in patients
with DM are affected by the persistence of P. gingivalis in
periodontal pockets, especially clones with type Il fimbriae
[74]. The serum AGEs are also shown to be significantly
associated with deterioration caused by periodontitis [75]
and may be a useful biomarker in assessing periodontitis
associated with DM.

Conclusion

The current evidence suggests that inflammation caused by
periodontal infections affects not only the immediate oral

environment, but also the systemic organs. Periodontitis-
linked systemic diseases are caused by underlying mechanisms

associated with P. gingivalis and many other bacteria. This

article reviewed the literature evaluating both the historical

concept of the focal infection theory and current viewpoints.
There might be some evidence of epidemiological associations

between periodontitis and several systemic diseases, as

discussed above; hence, controlling oral diseases is essential

for preventing and managing these systemic conditions. In

terms of medical economics, understanding the relationship

between periodontitis and systemic diseases has the

potential to change health policy, ensuring economic benefits.
Furthermore, the medical community should be aware of the

potential negative effects of periodontal infections on systemic
health. Periodontal medicine promotes strong collaboration

between dental and medical professionals, which implies

better communication and an effective team approach in

clinical practice. Moreover, periodontal patients should be

referred to medical specialists, which might improve not only

systemic diseases but also the oral environment, including
periodontitis.
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