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Perspective

Periodontitis and cardiovascular
diseases

Jun-ichi Suzuki’, Norio Aoyama, Masahito Ogawa, Yasunobu Hirata,
Yuichi Izumi, Ryozo Nagai & Mitsuaki Isobe
TUniversity of Tokyo, Department of Advanced Clinical Science and Therapeutics, Tokyo, Japan

Periodontitis is characterized by gingival inflammation and periodontopathic
bacteria generate immunological inflammatory responses. Recent epidemio-
logical reports suggest that periodontitis is one of the key risk factors for
the onset of cardiovascular diseases. Several studies reported that periodontal
bacteria in cardiovascular specimens were frequently detected. We revealed
that patients with acute coronary syndrome showed significantly higher
serum 1IgG titers to a strain of periodontopathi cteria compared with
patients with chronic coronary disease. Perlod@éopathic cterxa were also

pathic bacteria may play a role in the d f caj vascula “x:hseases
& been pro@en In this
h g%&p Gﬁ opathig pathogens
!3‘ cal andiexperimental

article, we review the relationigj‘?p betw
and cardiovascular diseases %g@’cond
investigations in near futurel” i

@ﬁuus 13@%?%0:11%% ﬁ%natory
ratys of theﬁt%@% lﬁg%&ﬁq tooth loosening. Clinical signs of the disease are often

seet, «m rr‘ﬁd%e aé% gﬁwlt&i&wve ommon disease in adults [1,2]. Epidemiological
diés sh cHat “penodo %g%s significantly increased the risk of cardiovascular

data was ad}usted for known CVD risk factors such

been reportcd to be elevated in patients with periodontifis. Furthermore, animal
studies demonstrated an association between the prevalence of petiodontal patho-
gens, bacterial products, periodontitis and the incidence of CVD-related events (7,8].
Although DNA from oral bacteria has been found in atherosclerotic plaque in
animal experimental models [9] and humans (10}, the contribution of these bacteria
to plaque formation remains unknown. Periodontal pathogens and their products
were reported to be a trigger of the atherosclerotic process in animal studies [7.8].
However, their effects in the human system remain unclear. The release of host-
derived inflammatory mediators, such as cytokines from the chronically inflamed
periodontal tissues into the circulation, may provide a link between periodontal dis-
ease and CVD [11,12]. Altered serological profiles of risk markers in patients with
periodontitis may result from an invasion of bacteria. Additionally, entry of their
products from the periodontal lesion into the blood stream and the consequential
induction and maintenance of a chronic inflammatory state also contribute to the
progression of CVD.

10.1517/14728222.2010.511616 © 2010 Informa UK, Ltd. ISSN 1472-8222 1023
All rights reserved: reproduction in whole or in part not permitted

RIGHTS LN K

-33 -



ty of Tokyo on 05/01/11

For personal use only.

Expert Opin, Ther, Targets Downloaded from informahealthcare.com by Universil

Periodontitis and cardiovascular diseases

In this small article, we review pathological and immuno-
logical influence of periodontal pathogens to CVD and
some promising methodologies for prevention of the disease.

2. Coronary arterial disease and periodontitis

Recent studies suggest that chronic inflammation plays an
important role in the development of coronary arterial disease
(CAD). Because periodontal disease is an enhancer of several
chronic inflammatory factors such as MMPs [13-15], an etio-
logical relationship between periodontal disease and CAD
was proposed. For these reasons, there is strong interest in
evaluating whether periodontal disease is independently asso-
ciated with CAD [16-18]. Humphrey ez /. revealed that peri-
odontal disease is associated with increased risk of CAD
using a meta-analysis {19). They concluded that periodontal
disease is a risk factor or marker for CAD, and is independent
of traditional CAD risk factors. Nakajima et 2/ also revealed
that periodontitis is associated with increased risk of CAD
through dysfunction of endothelial cells, induced by either
periodontopathic bacteria or their products 201. CRP concen-
trations were higher among patients who subsequently
developed myocardial infarction compared with those with-
out the disease. However, there was no report to elucidate
the relationship between specific gingival bacteria infection
and CAD.

We recently revealed that there is an association between
periodontitis and CAD, particularly acute coronary syndrome
(ACS). A total of 28 CAD patients participated in the study.
Coronary angiography, periodontal examination and dental
radiography were performed in all patients. Subgingival
plaque, saliva and blood samples were analyzed for the
periodontopathogens Aggregatibacter (formerly Actinobacillus)
actinomycetemcomirans, Porphyromonas gingivalis, Tannerella
Jorsythia, Treponema denticola, and Prevotella intermedia
using PCR. Specific serum antibody titers to the five peri-
odontal pathogens were determined by ELISA. We found
that 33% of the ACS patients harbored A. actinomyceterncomi-
tans in oral samples, whereas no A. actinomyceremcomitans was
found in the patients with chronic CAD. Furthermore, ACS
patients showed significantly higher serum IgG titers to
A.  actinomycetemcomitans compated with chronic CAD
patients. Thus, we concluded that a specific periodontal
pathogens may play a crucial role in the development of
ACS 1.

3. Peripheral arterial disease and
periodontitis

There are several papers demonstrating the relationship
between peripheral arterial disease (PAD) and periodontitis.
Buhlin er 4l revealed the association by determining the
plasma levels of some risk markers for PAD in cases
with periodontitis [22.23]. Statistical analyses revealed a
significant association between periodontitis and high levels

of C-reactive protein (CRP), fibrinogen, IL-18 and antibodies
against heat shock protein (Hsp) 65 and 70. They also showed
the effect of infection control of periodontitis on the preva-
lence of the risk factors. One year after the initial treatment,
IL-18 and other levels decreased. Thus, standard trearment
for periodontal disease induces systemic changes in several
biochemical markers that reflect the risk for PAD.

Chen er 4l also revealed that periodontids was associ-
ated with PAD using tissue specimens [24.. They identi-
fied P. gingivalis T. denticols, A. actinomycetemcomitans,
P. intermedia in tissue specimens taken from the anastomotic
site of distal bypasses PCR. In the study, periodontopathic bac-
teria were detected in 52% of atherosclerotic specimens. Severe
(Fontaine grade I1I or IV) parients showed higher detection fre-
quency of P. gingivalis than mild (Fontaine grade II) patients.
After adjusting for age, sex, diabetes and smoking, periodon-
titis increased fivefold the risk of having PAD. They also
showed that periodontitis was associated with increased serum
IL-6 and TNF-ot concentrations.

Buerger disease also showed the significant relationship to
periodontitis. Iwai ez 4/, revealed that DNA of oral bacteria
was detected in 13 of 14 arterial samples and all oral samples
of patients with Buerger disease [25]. While 7. denticola was
found in 86% of the arterial samples, other pathogens were
found in 14 to 43% of the samples. A pathological examina-
tion revealed that arterial specimens showed the characteristics
of an intermediate-chronic-stage or chronic-stage lesion of
Buerger disease. They reported that the patients with Buerger
disease had high prevalence of severe periodontitis with
higher serum IgG titers against 1. denticola, P. gingivalis
and A. actinomycetemcomitans (26]. They also found that the
patients had increased titers of serum anti-cardiolipin antibody
compared with healthy subjects (271. These results suggest that
periodontitis influences the development of PAD.

4. Aortic aneurysm and periodontitis

Abdominal aortic aneurysm (AAA) is a common and lethal dis-
order in the aging population (2829). Inflammartion and MMPs
appear to play a critical role in AAA development and progres-
sion (30, Human AAA tissue samples demonstrated severe
inflammatory infiltrates in both the media and adventitia [31,32).
An increased expression of MMPs has been observed in human
aneurysm tissue specimens (33-37). It is well known that MMPs
play key roles in periodontal diseases. Periodontopathic bacteria
generate host immunological inflammatory responses, thus
resulting in the secretion of cytokines and MMPs (s8], and
eventually leading to the extracellular matrix destruction of
the periodontal tissues [39]. Some studies reported the detection
of periodontal bacteria in AAA specimens. Periodontopathic
bacteria, especially P. gingivalis was present in a high percentage
of specimens of AAA and were also found throughout the
whole aneurysmal wall (4. Thus, periodontopathic bacteria
may play a role in the development of AAA, but the influence
of these bacteria on the aneurysmal wall has not yer been
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proven. To determine the effect of the periodontal microorgan-
ism on the AAA, we made a novel murine AAA model, which
was produced by the periaortic application of 0.25 M CaCl,.
The mice received inoculations of either live P. gingivalis,
A. actinomycetemcomitans or vehicle. Four weeks after the appli-
cation of CaCly, the P. gingivalis-challenged mice showed a
significant increase in the aortic diameter in comparison with
the vehicle control mice while the A. actinomycetemcomirans-
challenged mice showed no significant increase. Immunohisto-
chemically, the CD8- and MOMAZ2-positive cells and the
level of MMP-2 in the aneurysmal samples of P. gingivalis-
challenged mice were also significantly higher than that
inoculated with vehicle. We found that the P. gingivalis,
but not A actinomycetemcomitans, infection accelerated the
progression of AAA due to the increased expression of MMPs
(Aoyama N, unpublished).

5. Vitamin D is a key factor for periodontitis
and cardiovascular diseases

Although vitamin D is well known to regulate calcium and
phosphorus metabolism, it also has a physiological effects
beyond its role in skeletal homeostasis. Recently, it was
revealed that vitamin D is an immunomodulator which tar-
gets various immune cells, and modulates both innate and
adaptive immune responses. Thus, vitamin D plays a crucial
role in maintenance of immune homeostasis (41]. Several epi-
demiological studies have linked inadequate vitamin D levels
to a higher susceptibility to immune-mediated disorders (42,43],
including cardiovascular diseases 4], It is believed that main-
taining adequate vitamin D levels might in part prevent
these common diseases (45). It has been reported that low
serum vitamin D levels were independently associated with

Suzuki, Aoyama, Ogawa, Hirata, lzumi, Nagai & Isobe

periodontal and cardiovascular diseases [46,47]. Notably, vita-
min D insufficiency is associated with increased circulating
CRP levels, and vitamin D supplementation decreases circu-
lating CRP levels (48]. Thus, the elevated CRP levels observed
in periodontal and cardiovascular disease might be a surrogate
for vitamin D insufficiency.

6. Conclusion

In this brief article, we have demonstrated the relationship
between periodontopathic pathogens and cardiovascular dis-
eases. We have also elucidated that each gingival bacterium
caused different condition of cardiovascular diseases.

7. Expert opinion

Although several periodontopathic bacteria play a serious role
in the development of cardiovascular diseases, the influence of
these bacteria has to be elucidated because of the lack of
appropriate investigations. Thus, further experimental and
clinical studies should be conducted to elucidate the patho-
physiology and relationship between periodontitis and cardio-
vascular diseases. Meanwhile, clinicians should optimize the
periodontal conditions in patients with cardiovascular risk
factors for primary and/or secondary prevention. Finally, it
is plausible that this simple treatment of periodontitis might
provide as much or even more benefit than the standard
weatments for cardiovascular diseases.
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