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ABSTRACT

Background: The relationship between systemic disorders and periodontal disease has been studied extensively. With few
exceptions, it is more accurate to consider systemic diseases to be contributing factors in the pathogenesis of periodontal disease rather
than the primary etiologic factors. The development of periodontal disease cannot be separated from the weakening of immunologic
and immunopathological responses. Periodontal disease may enhance susceptibility to certain systemic diseases in several ways.
Lipopolysaccharide (LPS) and Gram-positive bacteria in the biofilm and proinflammatory cytokines produced from inflamed periodontal
tissues may enter the circulation system causing the development of certain systemic diseases. On the other hand, through immunologic
mediators, certain systemic disease may enhance susceptibility to periodontal disease caused by the decrease of immune responses
and the increase of proinflammatory cytokines. Purpose: The Purpose of this article is to review the immunologic aspect of two way
relationship between systemic diseases and periodontal diseases. Review: This review studied the relationship between general health
status, systemic diseases, and periodontal diseases through immunopathological responses and the weakening of the immune system
in the periodontal tissue. Conclusion: there is a two-way relationship between periodontal diseases and systemic diseases.
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INTRODUCTION etiologic factors.? The development of periodontal
diseases cannot be separated from the immunopathological

The rising of human life expectancy has made  responses and the weakening of the immune system in
periodontal diseases and their treatment become more  the periodontal tissue.® Periodontal diseases increase the
complex. Advanced aging and systemic diseases such susceptibility to systemic diseases through various ways.
as diabetes mellitus and cardiovascular diseases often 1 jpopolysaccharide (LPS) and Gram-positive bacteria
lead to complications in periodontal tissue. Similarly, in the biofilm and periodontal tissue proinflammatory

patients using medication on a continual basis, such as yiokines may enter the circulation leading to certain
steroids, anti-coagulants or immunosuppressives oftenise (4o mic diseases such as cardiovascular diseases.* On

manlfestatlgns in the perlodontal tissue or cgmpllcatlons the other hand, through immunologic mediators, some
when carrying out actions for treatment. With regard to . . s
. . . , systemic diseases may increase the susceptibility to
the increase of systemic diseases experienced by today’s . . o
. . D periodontal diseases or even make them worse. This is
population, early identification needs to be done about the C
. . . . . generally caused by the declining immune response due
potential medical risks related to periodontal diseases and . . S
to the systemic diseases, while some systemic diseases

the success of treatment. ! It odontal licati . b
The relationship between general health status, systemic resu t. 1n peno onta comp 1cat10n§ or vice-versa can be
diseases, and periodontal diseases has been studied explained immunologically. The article focuses on diabetes
mellitus and cardiovascular diseases, in consideration that

intensively. With few exceptions, it has been shown that s ) :
the contribution of systemic diseases to the pathogenesis  these two systemic diseases are commonly found in today’s

of periodontal diseases is more significant than primary modern society.



168 Dent. J. (Maj. Ked. Gigi), Vol. 41. No. 4 October—-December 2008: 167—-172

Immune response of periodontal diseases

The trigger of periodontal diseases is the Gram-negative
bacteria on the surface of the roots of teeth, known as
biofilm. Lipopolysacharide (LPS) in the membrane of
Gram-negative bacteria and other compounds increase
the access to gingival tissue, at first, and give rise to
immunoinflammation that causes the production of a high
level of proinflammatory cytokines which then induce
the metaloproteinase matrix resulting in the destruction
of gingival connective tissue and periodontal ligaments.
Beside that, prostaglandin as a mediator bone will be
produced.’ The components of the immune response to
periodontal diseases include salivary IgA whose function
is to eliminate attachment of bacteria colonization on the
surface of teeth and mucous membrane. The neutrophil,
antibodies, and complements act as bactericides, while
lymphocyte, macrophage, and lymphokine act as tissue
damager, as well as the immunoregulatory system that
controls the immune response.* The hypersensivity
reactions that are similar in periodontal diseases are Type
I - anafilaxis, Type II — cytotoxic, and Type III — immune
complex.®

At the onset of periodontal diseases, adhesion and
aggregation of bacteria is impeded by antibodies and
complements in the fluids of the gaps in the gums at the
same time dissolve it so that a reduction in the amount
of bacteria occurs. When the host immune response is
insufficient, the products of the following bacterial invasion
will continue. In this situation, the destruction of bacteria is
mediated by antibody-complements as well as chemotaxis
and phagocytosis effects, especially by neutrophil
polymorphonuclear (PMN) leukocytes. The damage of
periodontal tissue is caused by the Type II hypersensivity
reaction, which is mediated by antibodies, cellular immune
response, and tissue factor activities, such as collagenase.
When the immune response is adequate, repair and fibrosis
occur as a result from the fibroblast activity.’

The role of PMN neutrophil in the immune response
of periodontal diseases is very important. It functions as
the maintenance center for the integrity of the periodontal
ligaments.” In malignant periodontal disease, the capacity
of PMN neutrophil seems to decline in controlling the
periodontal pathogen.® Neutrophil abnormalities, including
chemotactic damage, caused deficiency in adhesiveness, and
the lack of specific granules as destroyers and neutralizers of
microorganisms and their products, will result in malignant
periodontal disease. In addition to being a bacteria destroyer
through phagocytosis, macrophage is also important in the
defence system against the development of periodontal
diseases.” Cytokines secretes macrophage which not only
function in destroying the target cells, but also has a side
effect on the host cells.” The cytokine and other biochemical
compounds that are secreted by the macrophage in response

to the endotoxin stimulation, the immune-complex, or
lymphokine, include interleukin-1 (IL-1), IL-6, IL-8, IL-
10, Tumor Necrosis Factor-o(TNF-a), stimulator factors,
impediments, and growth, as well as prostaglandin and
cyclic adenosine monophosphate (cAMP). Collagenase
macrophage has a significant role in the destruction of
collagen in periodontal diseases. Other cells which play
important role in immune respons of periodontal diseases
are lymphocyte-T, lymphocyte-B as a precursor of plasma
cells, Natural Killer (NK) and Killers (K) cells, and Mast
cells’ that secrete active pharmacological compounds such
as histamines, slow-reacting substances of anaphylaxis
(SRS-A), heparin, eosinophil chemotactic factor of
anaphylaxis (ECF-A), and bradycynine.>’

The important humoral immune response mediators
in periodontal diseases are antibodies, especially IgG,
and complements. However, potential mediators in
inflammation including arachidonate acid derivatives,
particularly prostaglandin E, (PGE,), and cytokines,
particularly IL-1, IL-2, IL-4, IL-6, and TNF-c. All of these
humoral mediators can be used as signs for diagnosis of
periodontal diseases.” Cytokines are presumed to play an
important role in periodontal pathologic changes. The level
of IL-1 in gingival tissue and the gum-gap fluids would
declined after periodontal treatment,” followed by increasing
fibroblast procollagen, prostaglandin E, (PGE,), and bone
resorption activity.* IL-2 which stimulates macrophage
activity also rises in periodontitis. The same applied to IL-4
as an activator of B cell proliferation and differentiation,
growth of T cells, the function of macrophage, and growth
of mast cells. The induction of antibody production, IL-6,
increases its level in gum inflammation and plays a role in
bone resorption.'? The ability of leukocytes to adhere to
endothelium cells will rise because of the TNF-o. induction
and also the phagocytosis and its chemotaxis. The effect of
TNF-o on leukocytes and its induction against macrophage
plays a role in vascular changes as occurs in periodontal
diseases.’

Cytotoxicity of tissue cells can be caused by the direct
interaction of lymphocyte with the target cells with specific
antigens on their surface. The antigens will be responsed
by the lymphocyte, which is generally very specifically
sensitized, the cytotoxic effect of the host cell-lymphocyte
interaction is usually not specific. Therefore, it is estimated
that the persistence of the tooth plaque antigen deposits in
the periodontal tissue is assisted by the formation of cells
that produce lymphotoxin and/or directly because of the
lymphocytoxity. This incidence can result in tissue damage
in cases of periodontal abnormality.” In this paradigm,
periodontal disease represents a well-regulated response to
protracted bacterial infection directed by the inflammatory
cells of the host immune system (Figure 1).
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Scheme of the host bacterial interaction in periodontal
diseases.

Neutrophil abnormalities

Neutrophil or PMN leukocytes play a very important
role in the defence mechanism against bacterial infection.
The production abnormalities and functions of neutrophil
will increase the susceptibility to bacterial infection. In the
body’s defence system, neutrophil is the main phagocyte
against extra- cellular bacteria. A person with neutrophil
abnormalities, both quantitative (neutropenia) and
qualitative (adhesion, chemotaxis, microbicidal activity),
often had experiences with the periodontal diseases.'!
A PMN decrease often results in serious periodontal
disease'? and this has implications for its treatment process.
Several periodontal diseases that are related to neutrophil
can be seen table 1.

Cases showing neutrophil as a key protective cell
against periodontal infection support the concept that any
disturbance to the functions of neutrophil is a risk factor in
the development of periodontal diseases.’ In immunology,
the function of neutrophil response is like a two-edged
sword: the main role not only acts as protection to the
host tissue, but also as a proinflammation cell that can
cause tissue damage. Therefore, neutrophil dysfunction is
often related to periodontal diseases, usually through the
weakening of host resistance to periodontal pathogens.

Diabetes mellitus

The relationships between diabetes mellitus and the
prevalence and seriousness of periodontal diseases have
long been studied. Increased periodontopathic bacteria, the
dysfunction of neutrophil, increased cytokine mediators,
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Table 1.  Periodontal abnormalities related to neutrophil®

Periodontal abnormalities with
neutrophil damage

Neutrophil damage related
to periodontal disease
abnormalities

Diabetes mellitus Acute necrotizing ulcerative
gingivitis

Local juvenile periodontitis

Prepuberty periodontitis

Rapidly progressing
periodontitis

Refractory periodontitis

Papillon-Lefevre Syndrome
Down’s Syndrome
Chediak-Higashi Syndrome

Granulocytosis due to
medication
Cyclic neutropenia

and changes in connective tissue in diabetes mellitus
have contributions to the seriousness of periodontal
diseases. Increasing periodontopathic bacteria colonies
are mostly caused by weak body’s defence mechanisms
as a complement of hyperglycemia.'® The glucose level in
diabetes mellitus saliva rose evidently.'* These conditions
will amplify the growth of microorganisms.

The dysfunction of neutrophil in diabetes mellitus
usually increases the susceptibility to periodontitis.’
Chemotaxis disturbances and phagocytosis also occur in
diabetes mellitus.'? Diabetes mellitus depends on insulin
because of the auto-immune reaction, the means being
through genes that are related to the HLA-DR3, HLA-
DR4, and HLA-DRQ regions. It is very interesting to note
that these regions are also related to forms of progressive
periodontal diseases. The disturbance of synthetic collagen
together with the cellular response failure to injured tissue
in diabetes mellitus can result in the slow healing of
wounds. '?

The two-way relationship between periodontal diseases
and diabetes mellitus has been developed through a
hypothetical model. The connective tissue damage in
periodontal diseases is the result of the interaction of the
bacteria and their products with the mononuclear phagocyte
and fibroblast. This interaction will trigger inflammation
mediator activity and local secretions, especially IL-1,
PGE,, TNF-a, and IL-6. The biological mechanism that
causes diabetes mellitus to contract serious periodontal
diseases is mediated by the accumulation of advanced
glycation end product (AGE). This product is formed
because glycation of protein non-enzymatically as a result
of hyperglycemia. Mononuclear phagocyte will take the
AGE through the receptor advanced glycation end product
(RAGE) or macrophage scavenger receptor (MSR). As
a result, the mononuclear phagocyte is stimulated to
proliferate and induce free radicals and proinflammatory
cytokines. The free radicals will directly damage the
tissue, while the cytokines will activate other cell
inflammation resulting in tissue damage.'* In the condition
of hyperglycemia, the persistence of the proinflammation
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of cells that is activated will increase its adhesiveness as a
result of the cytokine stimulation, which will further worsen
periodontal tissue damage.'?

Periodontopathic microorganism parts such as
lipopolysaccharide (endotoxin), lypoteicoat, short chain
fatty acids, and proteinase will activate the synthesis and
secretion of especially IL-1B, PGE,, TNF-o., and IL-6 by
mononuclear phagocyte. TNF-a in particular will induce
insulin resistance and reduce its action. Consequently,
the condition of serious hyperglycemia will occur with
result that protein will be glycated and there will be an
accumulation of AGE protein. The binding of AGE by
RAGE will induce an expressive regulation of cytokine
and oxidative pressure. In addition, a hydrolase secretion
and metaloproteinase matrix will occur that will worsen
the periodontal tissue damage.'* !°

Cardiovascular diseases

Epidemiological studies show that one of the factors
that is biologically potential as a cause of vascular
disease is infection in the oral cavity have shown that
there is a relationship between the bad state of oral health
and cardiovascular diseases without being affected by
other factors.! In the research findings, that there was
a relationship between infections in the mouth and
arteriosclerosis.'® This has been backed up by many
research reporting the relationship between periodontal
and cardiovascular diseases. A long-term study over ten
years, has shown that periodontal disease could be used as
a predictor of cardiovascular disease.!’

Periodontal disease is an additional cardiovascular
disease risk factor, acting as a predispositionary factor
because periodontal diseases are a low degree chronic
infection.'® Infections are considered to be risk factors
for arteriogenesis and thromboembolism. Periodontal
infections and a host response that is not good will lead
to chronic inflammation. An in vitro thrombosis model
showed that certain plaque bacteria such as S. sanguis and
P. gingivalis can induce platelet aggregation.'” During
periodontitis, plaque bacteria, particularly P. gingivalis,’
will invade through the blood, which then infects the
vascular endothelium resulting in arteriosclerosis which is
a risk factor in the occurrence of ischemia and myocardial
infarct. Those two disorders can also be cause by
thromboembolism. /n vitro, plaque bacteria, including S.
sanguis and P. gingivalis, can induce platelet aggregation.
Intravenous infusion of S. sanguis in rabbits caused changes
in the electrocardiogram, heartbeat, blood pressure, and
heart contractions. These changes are consistent with what
happens in myocardial infarct.?’

Meurman et al. (2004) developed a hypothetical
model on the relationship between periodontal diseases
and arteriosclerosis, heart attack diseases and stroke.
From one individual to another, differences were found
in responses to bacterial infections. The differences were
found in the T cells and the capacity to secrete monocyte.
Some individuals will respond to LPS with an inflammation

response that is reflected through release of inflammation
mediators such as IL-1B, PGE, and TNF-o at a high
level. Individuals with a hyperinflammatory monocyte
phenotype (M@") will secrete these mediators 3—10 times
the normal monocyte phenotype. M is found in patients
with early-onset periodontitis, refractory periodontitis and
diabetes mellitus depending on insulin. The relationship
of M with periodontal infections and arteriosclerosis is
mediated by cells that are one channel with monocyte and
proinflammatory cytokine that have a critical role in starting
and increasing the formation of ateroma and periodontal
diseases. The MJ" exists because of genetical factors and
environmental changes. Hyper-responsive monocyte to
LPS has been mapped to be found in HLA-DR3/4 or -DQ
areas that are also the regions, which can increase the
susceptibility to diabetes mellitus depending on insulin.
Diet that can induce an increase in Low Density Lipoprotein
(LDL), such as fat, also affect the monocyte response to
LPS resulting in increasing secretion of proinflammatory
cytokine that can destroy tissue. Through this mechanism,
an increase in the seriousness of periodontal and
cardiovascular diseases will occur.?!

Hormonal imbalance

Puberty, menstruation, pregnancy, and use of
contraception pills show the existence of changes in
the composition of microflora in the oral cavity, both
quantitatively and qualitatively.?? At the same time as the
decline in the immune response to periodontal pathogens,
periodontal diseases will develop. During menstruation,
periodic granulocytic leukopenia is found that results in
changes in the gingiva. In addition to increased levels of
systemic estradiol and progesterone during pregnancy,
pressure on the lymphocyte-T response result in increased
anaerobic flora?? that will activate cell inflammation.

Hematological abnormalities

Hematological abnormalities that cause declines in host
immune response will increase bacterial invasions in plaque
to periodontal tissue. This is seen in leukemia sufferers
because of the occurrence of granulocytopenia.?® This is
the same as what happens in immunodeficiency in cellular,
humoral, combinations of cellular and humoral aspects as
well as complements with various manifestations.* The
most evident manifestation is in periodontal tissue in cases
of Acquired Immune Deficiency Syndrome (AIDS).?

Use of medication

Cyclosporine, an immunosuppressive that is effective
for preventing rejection in kidney, heart or liver transplants,®
has the side effect of selectively depressing the lymphocyte-
T subpopulation and influencing the production of
lymphokine, IL-1 and IL-2.° Phenacetin, which is used in
the control of epilepsy, suppresses serum IgA.® Control of
malignancy with chemotherapeutic substances has direct
effects at the cellular level and not indirectly through
myelo-immunosuppression of hematopoietic and lymphoid
tissue.® Secondary immunodeficiency can also occur in
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the use of various types of medicine, such as phenacetin,
chloramphenicol, or anti-thyroid and anti-convulsion
medicines.® Acute periodontal infection in users of these
medicines occurs because of exacerbation of chronic
conditions due to the increased periodontopathic bacteria
during episodes of granulocytopenia.

Stress

Resorption of the alveolar bone, degeneration of
periodontal ligaments, decline of osteoblast activity, the
formation of periodontal pockets, and the slow healing of
connective tissue and bones can be related to conditions of
stress. A weak inflammation response and low periodonsium
resistance accompanied by ischemia will increase the
invasion of periodontopathic bacteria.® In states of chronic
stress the sIgA level declines, and in states of acute stress the
level rises. This is possibly caused by the increased cortisol
in saliva during stress.** In addition, the rising cortisol will
affect the immune response by reducing the chemotactic
and phagocytic PMN response.®

DISCUSSION

Until now, the general opinion is that systemic diseases
will result in periodontal diseases. However, the new
paradigm on the relationship of periodontal and systemic
diseases is that there is a two-way relationship, even that
periodontal diseases may cause and worsen diabetes
mellitus and cardiovascular diseases. It could be said that
the majority of periodontal diseases are related to the
immune response and therefore every systemic disease
that has implications for a decline in host immune response
has a connection with periodontal disease. Besides the
decline in the phagocytic amount and functions, both
neutrophil and mononuclear phagocyte, proinflammatory
cytokines, such as IL-18, PGE,, TNF-¢, and IL-6 that are
secreted by mononuclear phagocyte, plays a big role as
mediators of periodontal disease with diabetes mellitus'?
and cardiovascular diseases.’!

The old paradigm showed that periodontal diseases are
a manifestation of diabetes mellitus, but the hypothetical
model recently developed'? shows that periodontal diseases
increase the insulin resistance so that hyperglycemia occurs
and diabetes mellitus arises or is worsened. The seriousness
of diabetes mellitus increases the serious of periodontal
diseases. This two-way relationship is mediated by the
AGE protein. The macrophage of diabetes mellitus sufferers
will bind the AGE so that it activates the synthesis and
secretion of local proinflammatory cytokines that lead to
the destruction of connective tissue and bone resorption in
periodontal diseases. Simultaneously, periodontal infection
induces a chronic condition of insulin resistance resulting
in hyperglycemia.

The presence of the MZ" phenotype will place
certain individuals in the risk position of contracting
arteriosclerosis/cardiovascular diseases and periodontal
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diseases.? The critical control roles of the activity channel,
LPS with microorganism and cytokine mediators, are very
important in the process of the occurrence of periodontal
diseases and arteriosclerosis as well as thromboembolism
which is cause by infection. In addition to genetical
factors, diet can exacerbate the hyperinflammatory
monocyte phenotype that contributes to the occurrence
of arteriosclerosis and periodontal diseases. Periodontal
infections have a direct contribution on the pathogenesis
of arteriosclerosis and thrombosis through continuous
stimulation of LPS and proinflammatory cytokines.
Periodontal pathogens themselves can also be a factor of the
etiology of thromboembolism that can cause arteriosclerosis
which is a risk factor in the occurrence of ischemia and
myocardial infarct.”!

The relationships between hormonal imbalances,
hematological abnormalities, medication, and stress and
periodontal diseases are more caused by pressure on the
host immune response. Hormones and certain medicines,
immunodeficiency, or stress will reduce the host’s
endurance so that the normal flora in the oral cavity will
change, both quantitatively and qualitatively. The result,
the development of periodontal diseases cannot be held
off any longer.

Based on the matters discussed, it can be seen that
periodonsium tissue health cannot be separated from
general health. Chronic infections in the oral cavity,
particularly periodontal infections, have a wide impact.
Periodontal diseases are particularly connected to the
seriousness of diabetes mellitus and the increased incidence
of cardiovascular diseases. The problem that remains
is how dentists can convince the patients, community,
and other health personnel about the relationships
between periodontal diseases and diabetes mellitus and
cardiovascular diseases.

In conlusion, there is a two-way relationship between
periodontal diseases and diabetes mellitus: the latter causes
the former and vice-versa, and the mediator is the AGE
protein. The two-way relationship between periodontal and
cardiovascular diseases occurs because of the similarity
of pathogenesis in the critical control path of LPS activity
with microorganism create cytokine mediators. In both the
relationships of periodontal diseases with diabetes mellitus
and with cardiovascular diseases, the head of the spear is the
proinflammatory cytokines. The occurrence of periodontal
diseases is because of hormonal imbalances, hematological
abnormalities, medication, and stress is more caused by
pressure on the host immune response.

REFERENCES

1. Boehm TK, Scannapieco FA. The epidemiology, concequences and
management of periodontal disease in older adults. J Am Dent Assoc
2008 Mar; 139(3): 252-3.

2. Grollmus NZC, Chavez MMC, Donat SFJ. Periodontal disease
associated to systemic genetic disorders. Med Oral Patol Oral Cir
Bucal 2007; 1(12): 3.



172

. Roeslan BO. Immunologi. Kelainan di dalam rongga mulut. Jakarta:

Abadi Dhaya Insani; 2000. p. 51-55.

. Samaranayake L. Essential microbiology for dentistry. 3™ ed.

United Kingdom: Churchill Livingstone. Elsevier; 2006. p. 149-52;
275-83.

. Kinder Haake S, Nisengard RJ, Newman MG, Miyasaki KT. Microbial

interaction with the host in periodontal diseases. In: Newman MG,
Takei HH., Carranza FA, Han TJ, Flemming TF, Goodman SF,
Cooney JP, Chang TL, editors. Carranza’s, Clinical periodontology.
9'" ed. Philadelphia: Saunders; 2006. p. 137-46.

. Chung HY, Lu HC, Chen WL, Lu CT, Yang YH, Tsai CC.

Immunoglobulin G profiles in different forms of periodontitis.
J Periondontal Res 2003; 38(5): 471-6.

Nisengerad RC, Newman MG, Sanz M. Host response: basic concepts.
In: Carranza FE, Newman MG, editors. Clinical periodontology. 9"
ed. Philadelphia: Saunders; 2006. p. 111-20.

Lehner T. Immunology of oral diseases. 4" ed. London: Blackwell
Sci; 2000. p. 48-50, 58, 63—4.

Al-Zahrani MS, Kayal RA, Bissada NF. Periodontitis and
cardiovascular disease: a review of shared risk factors and new
findings supporting a causality hypothesis. Quintessence Int 2006;
37(1): 11-8.

. Takahashi K, Nishimura F, Kurihara M, Iwamoto Y, Takashiba

S, Miyata T, Murayama Y. Subgingival microflora and antibody
responses against periodontal bacteria of young Japanese patients
with type 1 diabetes mellitus. J Int Acad Periodontol 2001; 3(4):
104-11.

. Chaves ES, Jeffcoat MK, Ryerson CC, Snyder B. Persistent bacterial

colonization of Porphyromonas gingivalis, Prevotella intermedia,
and Actinobacillus actinomycetemcomitans in periodontitis and its
association with alveolar bone loss after 6 months of therapy. Clin
Periodontol 2000; 27(12): 897-903.

. Trindade SC, Gomes-Filho IS, Meyer RJ, Vale VC, Pugliese L, and

Freire SM. Serum antibody levels against Porphyromonas gingivalis
extract and its chromatographic fraction in chronic and aggressive
periodontitis. J Int Acad Periodontol 2008; 10(2): 50-8.

. Perrino MA. Diabetes and periodontal disease: an example of an

oral/systemic relationship. NY State Dent J 2007; 3(5): 38—41.

20.

21.

22.

23.

24.

25.

Dent. J. (Maj. Ked. Gigi), Vol. 41. No. 4 October—December 2008: 167—-172

. Roeslan, BO, Kartini, Febrianti I. Kadar glukosa dan aseton di dalam
saliva penderita diabetes melitus. J.K.G.I. PDGI. 2002; 52:26-30.

. Mustapha IZ, Debrey S, Oladubu M, Ugarte R. Markers of systemic
bacterial exposure in periodontal disease and cardiovascular disease
risk: a systematic review and meta-analysis. J Periodontol 2007;
78(12): 2289-302.

. Mattilla KJ, Pussinen PJ, Paju S. Dental infections and cardiovascular
diseases: a review. J Periodontol 2005; 76(11 Suppl):2085-815.

. Skagamas M, Breen TL, LeRoith D. Update on diabetes mellitus:
prevention, treatment, and association with oral diseases. Oral Dis
2008; 14(2): 105-14.

. Booth V, Solakoglu O, bavisha N, Curtis MA. Serum IgG1 and IgG2
antibody responses to Porphyromonas gingivalis in patients with
periodontitis. Oral Microbiol Immunol 2006; 21(2): 93-9.

. Guo S, Takahashi K, Kokeguchi S, Akashiba S, Kinane DF,

Murayama Y. Antibody responses against Porphyromonas gingivalis

infection in patients with early-onset periodontitis. J Clin Periodontol

20005 27(10): 769-717.

Deliargyris P, Madianos W, Kadoma I, Marron S, Smith J, Beck S,

Offenbacher. Periodontal disease in patients with acute myocardial

infarction: prevalence and contribution to elevated C-reactive protein

levels. American Heart Journal 2004; 147(6): 1005-1009 E.

Meurman JH, Sanz M, Sok-Ja J. Oral Health, atherosclerosis,

and cardiovascular disease. Crit Rev Oral Biol Med 2004; 15(6):

403-13.

Li Zhang, Huanxin Meng, Qiyan Li, Hongshan Zhao, Li Xu,
Zhibin Chen, Dong Shi, Xianghui Feng. Estrogen receptor-[] gene
polymorphisms in patients with periodontitis. J Period Res 2004;
39(5): 362-6.

Antman EM, Braunwald E. Acute myocardial infarction in principles

of internal medicine. 15" ed. Mc Graw Hill, USA: Harrisons Churchill

Livingstone. Elsevier, UK; 2001. p. 1378-9.

Lee SR, Kwon HK, Song KB, Choi YH. Dental caries and salivary

immunoglobulin A in down syndrome children. J Paediatr Child

Health 2004; 40: 530-3.

Scannapieco FA, Bush RB, Paju S. Associations between periodontal

disease and risk for atherosclerosis, cardiovascular disease, andstroke.

A systemic review. Ann Periodontol 2003; 8: 38-53.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




