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Abstract: Periodontitis, an inflammatory condition of the supporting structures of teeth resulting from dental plaque biofilm attached to
tooth surfaces is potentially an important nidus of systemic inflammation and its sequelae. Relevant risk markers common to periodontitis
co-existing with coronary heart disease and diabetes mellitus play an important role in their pathogeneses and abate in response to
treatment. An over-exuberant host-response to periodontal pathogen- mediated inflammation, triggers a cycle of events which is not
dissimilar to an autoimmune response in a cohort of susceptible individuals. Some variation in documented findings regarding correla-
tions with co-morbidities and periodontitis could be explained by the lack of uniformity in studies with regard to stipulation of peri-
odontal inflammatory status in the context of risk factors examined. There are several genetic and environmental factors which influence
the progression of inflammatory periodontitis in response to plaque biofilm, also relevant to associated cardiometabolic disorders in
the same subject. Some common mechanisms in the pathogeneses of periodontitis and cardiometabolic disorders based on regulation
of inflammation are addressed in this review. There is some evidence of an improved systemic inflammatory profile in response to
periodontal treatment which emphasizes the importance of periodontal management for systemic health in relevant cases.
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Introduction

The inflammatory nidus in periodontitis
Periodontal disease is initiated by bacterial plaque
biofilm attached to tooth surfaces and results in
damage to supporting structures comprising root
cementum, periodontal ligament and bone with
ultimate tooth loss. Products of periodontal patho-
gens consisting of enzymes, toxins and lipopoly-
saccharide (LPS), from gram negative periodontal
pathogens induce an inflammatory response in the
host.! An uncontrolled, over-exuberant inflamma-
tory response in chronic periodontitis associated
with an oxidative stress-induced inflammatory
pathogenesis,” has links with systemic diseases
such as cardiovascular disease,** diabetes melli-
tus (DM)>7 and rheumatoid arthritis®® to name a
few in a cluster of associated disorders including
carcinogenesis.'” An oxidative stress-enhancing
cycle of events with release of reactive oxygen spe-
cies (ROS) in periodontal tissues could mediate
insulin resistance.'"'> Reversal of the cyclical
pro-inflammatory profile in response to LPS,
advanced glycaemic end products and nicotine'*!*
by antioxidants improves insulin resistance in mice
and humans.'>'®

Multiple virulence factors generated by surface
proteins, capsules and fimbriae of the periodon-
tal pathogens Porphyromonas gingivalis (Pg),
Aggregatibacter actinomycetemcomitans (Aa) and
others trigger an inflammatory response in the
host."” The inflammatory infiltrate from gingival
tissue initiates destruction of connective tissue and
alveolar bone via activation of pro-inflammatory
cytokines including IL-1, IL-6 and TNF-o. Mul-
tiple signals modulate the activation and binding of
receptor activator of nuclear factor kappa B ligand
(RANKL) to its cognate receptor RANK essential
for osteoclastogenesis, modulated by the soluble
decoy receptor osteoprotegerin produced by osteo-
blasts; this inhibits the RANKL/RANK interac-
tion and has potential therapeutic implications
in the management of diseases characterized by
progressive bone loss. These inflammatory agents
and markers of progressive periodontal disease
such as C-reactive protein (CRP) have important
parallels with systemic inflammatory markers of
cardiometabolic events.

Relevance of periodontal inflammatory
status for correlation with systemic
co-morbidities

In epidemiological studies a range of classifications
is used for periodontitis as a risk factor for other dis-
eases, seldom quantifying the amount of inflamed
periodontal tissue. This is required to quantify the
amount of inflammatory burden imposed by chronic
periodontitis. A spreadsheet for calculation of peri-
odontal inflamed surface area (PISA) was devel-
oped by using clinical attachment levels, recession
and bleeding on probing (BOP), reflecting bleeding
pocket epithelium in square millimeters which would
quantify inflamed periodontal tissues. It could be
applied readily to broader applications.'® The under-
lying bacterial aetiology of inflammation as a risk
factor for cardiometabolic disorders is customarily
represented by parameters of periodontal inflamma-
tion which do not directly correlate with bacterial
burden.

In order to assess this correlation, a study was con-
ducted amongst 706 men and women aged 55 y or
greater. Standard values for the periodontal pathogens
Aa, Pg, Treponema denticola (Td) and Tannerella for-
sythia (Tf) were averaged in sub-gingival biofilms
using DNA-DNA checkerboard hybridization and sum-
mated to represent bacterial burden for correlation with
clinical parameters.!” Clinical periodontal constructs
which demonstrated the best correlation with bacte-
rial burden were the percentage of sites with bleeding
on probing and relatively shallow sites of periodontal
pocketing, also demonstrated by others.?® Associations
with cardiovascular disease markers are optimized in
low threshold definitions of clinical periodontitis.!
This emphasizes the importance of clinical specifica-
tions that include less severe periodontal disease of
relevance as a model of infection for systemic inflam-
matory loading, in clinical epidemiological studies.
Elevated levels of selected populations of periodontal
pathogens are associated with increased thickness of
the carotid artery intima-media®® and increased preva-
lence of coronary artery disease.”

Concept of the host-response

in inflammatory periodontitis
The complexity of the aetiopathogenesis of periodontal
disease arises from the host-response to bacterial
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challenge, rather than the presence of virulent
pathogens alone; considering the variation in disease
presentation and progression between individuals who
harbour the same periodontal pathogens. Given micro-
bial factors, a range of genetic, systemic and envi-
ronmental factors predispose to periodontal diseases
in susceptible individuals.** Inflammation is strongly
associated with dyslipidaemia, raised levels of CRP,
cardiovascular events and morbidity.” Adipose tissue
could function as an endocrine organ contributing to
significant levels of cytokines. This source of inflam-
mation is less amenable to treatment.

An overview of adipose tissue as a risk
factor in periodontal and cardiometabolic

disorders

Metabolic events in adipose tissue have adverse
consequences such as increased oxidative stress,
endothelial dysfunction and damaging effects on the
periodontium as a result of raised levels of cytokines.
Obesity is a significant risk factor for periodontitis.
The interface between obesity and periodontitis has
been analysed elucidating the relevance of resultant
oxidative stress and the host-response.? The role of
oral bacteria as a contributory factor in obesity was
investigated.”” Analysis of salivary microbiological
composition showed that 98.4% of overweight women
were identified by the presence of Selenomonas noxia
at levels greater than 1.05% of total salivary bacteria.
There was also a median percentage difference of
greater than 2% in 7 of 40 bacterial species measured
in the saliva of overweight women. These bacterial
species could serve as salivary biological markers of
the onset of obesity and possible indicators of involve-
ment in the pathogenic process.

Host-mediated inflammatory  responses to
periodontal pathogens in chronic periodontitis with
associated release of matrix metalloproteinases
(MMPs) and products of lipid metabolism could
be contributory risk factors for atherogenesis and
DM in periodontal patients. In this context it was
hypothesized that periodontal treatment comple-
mented with preventive measures targeting hyper-
tension, dyslipidaemia, DM and obesity could
reduce morbidity and mortality from cardiovascu-
lar disease.”® There is evidence for this hypothesis
in recent documentation. This review addresses the

consequences of periodontal disease progression,
causal mechanisms of risk factors associated with
cardiometabolic co-morbidities and potential targets
for reversal of their pathogeneses.

Pathobiology of Periodontal
Disease Progression
Microbial initiation and interaction

with the host-response

The initiation of chronic periodontitis by plaque
pathogens such as Pg, 4a and its progression as a
result of the host-response could result in an over-
exuberant, uncontrolled immune response with an
autoimmune element leading to cyclical episodes of
tissue damage.!” Along with other inflammatory dis-
eases, in periodontitis there is an imbalance in the
levels of MMPs and their inhibitors.” Activated osteo-
clasts play an important role in bone destruction via
cytokine- mediated inflammatory pathways, such as
those initiated by IL-1B and TNF-0..’**' An example
of the multiple inflammatory signals affecting osteo-
clastogenesis are those that modulate RANKL, RANK
or osteoprotegerin which constitute the TNF- ligand
and receptor- superfamily.’>* The soluble decoy
receptor osteoprotegerin inhibits RANK/RANKL
interactions and shows promise for the treatment of
bone destructive diseases such as chronic periodon-
titis. TNF blockade inhibits osteoclastogenesis and is
a target for therapeutic development** also relevant to
rheumatoid arthritis and periodontal disease.

In the presence of periodontal pathogens such as
Aa, CD4+ T lymphocytes display enhanced expres-
sion of RANKL, stimulating the activation of osteo-
clasts leading to bone loss, similar to mechanisms
found in rheumatoid arthritis and osteoporotic bone
destruction.’>*® Several enzymes specially MMP-8
play an important role in collagen degradation.
MMP-8- deficient and wild- type mice were used to
investigate Pg-induced periodontitis.’” Pg-infected
mice in both categories showed accelerated bone loss,
being most severe in the MMP-8- negative group
and it was unusual that MMP-8 significantly attenu-
ated site-specific bone loss. The MMP-8- negative
mice showed smaller particle size of the lipoproteins
HDL and VLDL (high density and very low density),
increasing in size during inflammation. The protective
effect of MMP-8 against Pg-mediated periodontal
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destruction could be mediated by anti-inflammatory
cytokines and chemokines.

Inflammation mediated by IL-6 has implications
on several disease entities including atherosclerosis,
type 2 DM, arthritis, cancer and periodontal disease.
Statins and biphosphonates inhibit IL-6-mediated
inflammation by inhibiting cholesterol synthesis
and isoprenoid depletion.*® There is further cover-
age in the next section on toll-like receptor (TLR)-
signalling, an integral component of the pathology of
periodontitis.

TLR-signalling in periodontitis

and systemic inflammation

TLR-signalling plays an important role during micro-
bial infections, as TLRs are pathogen-associated
molecular pattern receptors. They are up-regulated
during infection and inflammation of particular
significance in periodontitis and atherosclerosis. Spe-
cific periodontal pathogens such as Pg, implicated in
the initiation and progression of chronic periodonti-
tis, show a link with progression of atherosclerosis.
Pg resides in the walls of atherosclerotic vessels and
there is evidence of an association between pathogen-
specific antibody levels and atherosclerotic changes
in vessel walls.*” Focal and distant signalling path-
ways would have an impact on disease progression
locally and with systemic impact. TLR2 is required
for Pg-mediated inflammatory bone loss in mice.
Hyperlipidaemic mice demonstrating accelerated
atherosclerosis in response to infection with Pg show
a concurrent increase in expression of TLR2 and
TLR4 in atherosclerotic lesions. Immunization has
been shown to be effective in controlling pathogen-
accelerated atherosclerosis. This is a new therapeutic
target for pathogen associated atherosclerosis based
on the inflammatory sequelae that are triggered.

A secretory cell surface protein (BspA) associ-
ated with the gram-negative periodontal pathogen 7f
1s an important virulence factor in the pathogenesis
of periodontitis. This multifunctional protein inter-
acts with monocytes which respond through TLR-
signalling. The response of gingival epithelial cells
to BspA challenge and the role of TLRs in BspA rec-
ognition as well as BspA domains involved in activa-
tion of cells were investigated.* It was demonstrated
that BspA binds to TLR2 and that BspA-mediated

release of IL-8 from human epithelial cells is depen-
dent on TLR2, confirming their interplay in cytokine-
mediated host-modulatory responses, in conjunction
with TLRI1. Secretion of BspA has implications on
inflammatory activity at sites distant from bacterial
colonization. This is of relevance to the pathogeneses
of co-morbidities associated with periodontitis.

In principle most inflammatory responses could
become destructive when de-regulated due to their
magnitude.*’ Pg could enhance TLR2- mediated
inflammatory osteoclastogenesis.** There is exten-
sive documentation to indicate that periodontal bac-
teria preferentially activate immune and non-immune
cells via the TLR2 pathway.** Stimulation of
TLR2, independent of simultaneous stimulation of
TLR4 favours the development of a T-helper 2-type
of immune response,*®*’ characteristically associated
with the progressive periodontal lesion.*® It would be
logical to assume that periodontal pathogens prefer-
entially stimulate TLR2 activity thereby contributing
to a T helper type-2 trend in the immune response,
perpetuating chronic inflammatory progression of the
periodontal lesion.

Infection inflammation and atherogenesis are
potentially linked by TLR activity in response to
pathogen mediated pro-inflammatory stimuli* rele-
vant to progression of uncontrolled DM in periodonti-
tis patients. Host-derived ligands are also recognized
by TLRs indicating a role in the progression of non-
infectious inflammatory diseases. It is relevant that
oxidized lipoproteins function as TLR- ligands in
the presence of an inflammatory process instigated
by hyperlipidaemia, in the absence of infection. In
hyper-lipidaemic mice TLR2-mediated activation of
cells in response to endogenous and exogenous agents
is pro-atherogenic. These pathways are relevant to
dyslipidaemic subjects presenting with periodontal
disease and co-existing cardiometabolic disorders,
in view of pathogen- mediated TLR2 activity seen in
periodontitis.

Metabolic Syndrome and Periodontal
Disease

Metabolic syndrome is diagnosed in individuals
with a risk of cardiovascular disease,”® compris-
ing a cluster of abdominal obesity, hypertension,
impaired glucose tolerance, hyper-insulinaemia and
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dyslipidaemia.’’ A significant relationship between
oxidative stress and metabolic syndrome has been
demonstrated in humans when compared with
normo-lipidaemic subjects. Systemic oxidative stress
and insulin resistance have been shown to correlate
with attenuated antioxidant capacity.”>** Several
cytokines are involved in the mediation of insulin
resistance, TNF-o in particular.>* In the context of sub-
stances derived from oxidative damage, plasma lipid
peroxidation plays an important role in the diabetic
periodontal patient®® with decreased lipid peroxida-
tion following periodontal therapy. The pathogenesis
and progression of periodontal disease is escalated
by advanced glycaemic end products AGE,* recep-
tor for AGE (RAGE) which is highly expressed in
periodontal tissues®’ and AGE/RAGE interactions in
uncontrolled diabetics.

Periodontitis is characteristically associated with
increased levels of LDL- cholesterol and triglyceride
with concurrent decreased levels of HDL-cholesterol.
This emphasizes the relevance of oxidative stress in the
pathogeneses of metabolic syndrome and periodontal
disease with correlations between clinical periodonti-
tis and plasma levels of anti-oxidised LDL-cholesterol
antibodies.”® Adiponectin has important implications
in metabolic syndrome. It is usually maintained at
fairly constant levels® but shown to decrease in
obesity, cardiovascular disease, insulin resistance and
DM, preceding these conditions and have been used
to predict their onset.®' In the context of periodontitis
it is relevant that adiponectin is potent in its negative
regulation of osteoclast formation induced by LPS
of the periodontal pathogen Aa and could therefore
contribute to attenuation of the disease process.®
Studies in humans have demonstrated decreased levels
of serum adiponectin in periodontitis,* although not
significantly so. Periodontitis is associated with sig-
nificant levels of oxidative stress markers®®* and
reduced antioxidant capacity® ¢’ with clear indica-
tions of mechanisms for progression and remission
associated with parameters of metabolic syndrome in
periodontitis patients.

It is relevant that metabolic syndrome and peri-
odontal disease have an increasingly significant
prevalence globally with some association with
regard to their aetiopathogeneses. This association
was surveyed in a nationally representative sample of

non-institutionalised civilians in the United States.®®
A population of 13,994 males and females aged 17 y
or older who received a periodontal examination were
investigated for association of parameters of severity
of periodontal disease with metabolic syndrome and
its individual components comprising central obe-
sity, hyper-triglyceridaemia, LDL/HDL- cholesterol,
hypertension and insulin resistance. After adjustment
for confounders, those of >45 y of age with severe
periodontitis were 2.3 times more likely to have met-
abolic syndrome than unaffected individuals, indicat-
ing an association between severe periodontitis and
metabolic syndrome in middle-aged subjects. Poten-
tial bi-directional responses to treatment require fur-
ther exploration.

Infections predispose to atherosclerotic risk and
the potential mechanisms linking periodontal dis-
ease with atherosclerosis have been reviewed.”
Focal accumulation of lipids arising from inflamma-
tory cytokine-mediated metabolic responses initiates
atherosclerotic plaque. The link between periodon-
tal disease and impaired lipid metabolism is well
documented.”®’! Metabolic syndrome is a combina-
tion of obesity, hypertension, dyslipidaemia, hyper-
insulinaemia and impaired glucose tolerance. An
association between some of these parameters and
periodontal disease has been reported based on oxi-
dative stress-inducing mechanisms and the release of
adipocytokines amongst others which could influence
redox modulation bi-directionally.'>7?

The adipokines resistin and adiponectin formed
in adipose tissue have opposing functions in insulin
resistance and inflammation. Large amounts of resis-
tin have been detected in macrophages suggestive
of their important role in inflammation. Serum lev-
els of adipokines in women with periodontitis have
been studied.®® The prevalence of periodontitis was
significantly associated with raised levels of resistin.
Association of periodontits with decreased levels of
adiponectin did not reach statistical significance. It
was concluded that an increased level of serum resis-
tin could influence systemic health in middle aged
Japanese women.

Although insulin resistance is considered to be a
unifying factor in the logical progression of meta-
bolic syndrome, epidemiological studies show that
it may not be the case in a significant proportion of
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patients with metabolic syndrome. The relationship
between insulin resistance and the strategic
components of metabolic syndrome (hyperglycaemia,
dyslipidaemia, hypertension and obesity) have been
reviewed.” Again although obesity could contribute
to the equation, it is not prevalent in all cases of
metabolic syndrome and not all obese patients have
metabolic abnormalities.

Associations of Periodontal Disease

with Coronary Heart Disease

A possible association of periodontal disease with
coronary heart disease (CHD) has received attention
in the literature, demonstrating a raised antibody titre
to periodontopathic bacteria in CHD patients com-
pared with healthy controls. When serum antibody
levels in response to 12 periodontal pathogens were
investigated amongst patients with CHD and moder-
ate to severe periodontitis, the antibody response was
most prevalent for Pg a major causative pathogen
implicated in CHD as well as periodontitis.”* When
the antibody response to two different strains Pg
FDC381 and Su63 was analysed, periodontal patients
were positive for both strains while CHD patients
showed an elevated response to Pg Su63 but not for
the Pg FDC381 strain. These findings demonstrate
that periodontal pathogens with high virulence may
affect atherogenesis; knowledge of the virulence fac-
tors of Pg Su63 could open new therapeutic modalites
for Pg-associated atherosclerotic changes.

Epidemiological overview of periodontitis

and coronary heart disease

Inflammation constitutes a common pathway in the
progression of periodontal and cardiovascular disease,
in the context of common risk factors. Screening for
peridontal disease has potential in identifying those at
risk of coronary heart disease. Self-reported health sta-
tus and its independent association with inflammatory
risk markers and the application of oral health assess-
ment for cardiovascular screening without conven-
tional cardiovascular risk factors were investigated.”
Baseline analysis of 421 participants in a family inter-
vention trial for heart health without CVD or DM,
consisted of oral health, lifestyle, CVD risk fac-
tors and markers such as high sensitivity-CRP and
lipoprotein associated phospholipase A, (Lp-PLA.).

Statistical analyses for associations between oral
health, risk factors and inflammatory markers were
adjusted for effects of life style and potential con-
founders by logistic regression. History of periodon-
tal disease was reported in 24% of non-overweight,
non-hypertensive, non-hyper-cholesterolaemic sub-
jects; 34% demonstrated elevated high sensitivity-
CRP or Lp-PLA,. It was concluded that self-reported
periodontitis was found to be independently associ-
ated with inflammatory risk markers and prevalent
amongst subjects without traditional CVD risk fac-
tors. Periodontal health screening could be a valuable
asset in detecting susceptibility to cardiovascular
disease.

The association between periodontitis/tooth loss
and levels of CRP was investigated in a 60—70 year old
male population enrolled in a cohort study of cardio-
vascular disease. They were screened at baseline and
in 10 years when a periodontal examination was com-
pleted. Fasting blood levels of high sensitivity-CRP
were measured. Models were devised to depict CRP as
the outcome variable and high or low threshold perio-
dontitis as predictor variables. Socioeconomic status,
body mass index, age, smoking, cardiovascular risk
factors and diabetes were incorporated in the analysis
as confounders.”® The unadjusted odds ratio for an asso-
ciation between severe periodontitis and elevated lev-
els of CRP was 3.62 and remained significant although
relatively attenuated after accounting for confounders.
There was also an association between elevated CRP
levels and tooth loss in the population studied.

Chronic inflammatory episodes applicable to peri-
odontal disease could predispose to cardiovascular
disease. The association of periodontal disease and
tooth loss with sub-clinical atherosclerosis was inves-
tigated.” 711 subjects with a mean age of 66 y and
no history of stroke or myocardial infarction were
examined in the Oral Infections and Vascular Disease
Epidemiology study. Comprehensive periodontal
examination was carrried out, together with cardiovas-
cular risk parameters and a carotid scan. Prevalence
of carotid artery plaque was 46% amongst those with
0-9 teeth missing and 60% in those with >10 miss-
ing teeth. Tooth loss being a marker of past periodon-
tal disease in the population studied correlated with
sub-clinical atherosclerosis, indicating a plausible
link between coronary heart disease and progressive
periodontal disease.

12

Immunology and Immunogenetics Insights 2010:2


http://www.la-press.com

¢

Periodontitis as a risk marker for cardiometabolic disorders

Risk markers and their relevance
to periodontitis and coronary

heart disease

High sensitivity-CRP used as a risk marker for car-
diovascular disease has low specificity. A method of
prediction of risk for cardiovascular disease was inves-
tigated.”® The association between high sensitivity-
CRP and osteoarthritis was evaluated for application
as a risk marker for cardiovascular disease amongst
662 patients. In this group, factors comprising obe-
sity, ethnicity, gender and co-morbidities appeared to
confound the prediction of risk for CVD.

The effect of comprehensive periodontal therapy
on the levels of multiple systemic inflammatory mark-
ers was investigated. Periodontal therapy was carried
out on 30 patients with severe periodontitis over a
6 week period.” On completion of treatment certain
parameters such as integrins, MMP-9, myeloperoxi-
dase and a composite summary inflammatory score
were significantly reduced. However at 4 weeks after
completion of treatment sustained reduction was
seen only in certain parameters such as sE-selectin,
s-ICAM and serum amyloid P. One possible explana-
tion is that results of periodontal treatment manifest
over a longer period following completion of treat-
ment and more work along these lines could clarify
the significance of parameters used.

The implications of periodontal disease as a risk
factor for cardiovascular disease was investigated in
age and sex matched New Zealand White rabbits fed
on a lipid inducing diet for 13 weeks as a model for
atherogenesis.®® Silk ligatures impregnated with Pg
were applied around mandibular premolars to initiate
periodontitis. At 14 weeks, there were significantly
greater deposits of lipid in the aorta of animals with
experimentally induced-periodontitis than in non-
periodontitis animals, with a positive correlation
between periodontal disease severity and the extent
of lipid deposition. This investigation provides direct
evidence of periodontitis being a risk factor for athero-
genesis, supporting the concept of a remote inflam-
matory nidus being able to influence atherogenesis.

An Overview of Periodontitis and DM

There are associations between diabetic and periodon-
tal parameters such as gingivitis, clinical attachment
loss and alveolar bone loss.®! Evidence of a direct

association between DM and periodontitis has been
reviewed in the literature.® Significant correlations
between periodontal disease parameters and poor
glycaemic control have been demonstrated®* and
other reports of a reciprocal relationship between
periodontal disease and glycaemic control.?>#¢
Cross sectional studies on Pima Indians represent-
ing uncontrolled disease displayed the highest global
prevalence of type 2 DM demonstrating an odds ratio
of 2.8 to 3.4 for developing periodontal disease in
type 2 DM compared with non-diabetic controls.®’
Other longitudinal studies demonstrate these con-
cepts; poorly controlled diabetics do not respond to
periodontal therapy as well as controlled diabetics or
non-diabetics.®#

Genetic factors play an important role in suscepti-
bility to periodontal disease’*? as well as to systemic
diseases. The impact of a poorly regulated immune
response in fuelling the progression of periodon-
tal destruction secondary to bacterial plaque is well
documented.”” The mechanisms involved include
primed neutrophils, IL-1 gene polymorphisms and
their genotypes associated with periodontal patho-
gens® and increased risk of severity of periodontal
disease. Other studies demonstrate a lack of associa-
tion between IL-1 genotype and periodontal disease in
non-smokers;” while a possible relationship between
IL-1 genotype and periodontal disease in diabetics
has been reported.®® Genetic and environmental fac-
tors could influence the severity and progression of
chronic periodontitis.

Case definition of the status of periodontal inflam-
mation could have some bearing on the results of
clinical studies. A meta-analysis of 10 interven-
tion studies was done to quantify the effects of
periodontal treatment on HbAlc levels among
diabetic patients.”® Data sources were MEDLINE
(January 1980-January 2005), EBMR, Cochrane
Register and bibliographies of the published papers.
The weighted average reduction in HbAlc level
was 0.38% when all studies were considered, 0.66%
when restricted to type 2 DM patients and 0.71% if
antibiotics were used; however there was no statisti-
cal significance. This degree of improvement in gly-
caemic control could be beneficial to certain patients
but the evidence was not strong enough to be conclu-
sive about the benefits of periodontal treatment on
diabetes control.
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This could be partly due to lack of definition of
the severity and extent of periodontal disease in the
subjects examined. Adjustment needs to be made
for environmental factors such as smoking, BMI
and diet which could affect levels of cytokines and
acute phase reactants such as TNF-o. and CRP. Case
definition related to disease aggression and distribu-
tion would potentially contribute to more significant
inflammatory burden which in turn could affect dis-
ease parameters for DM, after treatment of the peri-
odontal condition.

Mechanisms involved in the link between

uncontrolled DM and periodontitis

An over-exuberant immune response could have
a synergistic effect in periodontal patients with
co-existing DM.?” Effective treatment of periodontitis
could improve diabetic parameters such as glycated
haemoglobin.”® Non-enzymatic glycation of amino
acids could result in the formation of AGE which
alters tissues and modifies cell-signalling, affecting
physiological functions and wound healing. Hyperg-
lycaemia induces oxidative stress via protein kinase-
dependent activation of enzymes that catalyse the
generation of reactive oxygen species. These actions
have a direct bearing on periodontits in uncontrolled
diabetics.”

Fundamental mechanisms associated with an
over-exuberant host-response are synergized in dia-
betic and pre-diabetic obese subjects prone to severe
periodontal disease.'™ Severe periodontitis has
been reported to be a predictor of cardiorenal death
in type 2 diabetic Pima Indians.'”" Prevention and
management of progressive periodontal disease has
important implications in subjects who may harbour
co-morbidities which could escalate in the absence of
disease control.

The potential role of a-defensins in dyslipi-
daemia and vascular dysfunction in humans has
been investigated,'”® based on the hypothesis that
o-defensins 1-3 (DEFA1-3) synthesized by neutro-
phils are associated with modulation of cholesterol
metabolism and vascular function in humans.
A group of 113 healthy white males was assessed
for lipid profiles, insulin sensitivity and non-stressed
circulating DEFA1-3 using ELISA. Subjects in the
highest quartile for serum levels of DFA1-3 were

significantly more sensitive to insulin with reduced
total and LDL-cholesterol in comparison with sub-
jects in the lowest quartile for circulating DEFA1-3.
This study indicates that a-defensins could have
clinical implications in modulating vascular dys-
function or hyper-cholesterolaemia. Increased body
weight and smoking decreased circulating levels of
o-defensins 1-3 in apparently-healthy males with
elevated levels of total and LDL-cholesterol, sug-
gestive of potential for therapeutic targeting in this
context.

There is substantial documentation regarding
the link between periodontal disease severity and
systemic diseases. This raises the question of mor-
bidity and mortality in the absence of periodontal
treatment and the implications of reducing risk asso-
ciated with systemic inflammatory loading by treat-
ing periodontal disease.'® This has been shown to
improve glycaemic control in diabetics and improve
serum levels of surrogate markers of coronary heart
disease. There is increasing documentation of a
close relationship between periodontitis and DM
which has been reviewed recently.!™ Cohort studies
in Japan indicate a significant association of obesity
and metabolic syndrome with periodontal diseases.
More work is required to prove direct associations
of glycaemic control in response to periodontal
treatment.

Infection and inflammation are risk factors for type
2 DM. It was hypothesized that chronic inflammatory
periodontal disease is related to A1C progression in
DM-free subjects.!®> A population Study of Health
in Pomerania (SHIP) was conducted including 2973
diabetes-free participants aged 20-81 years. Partici-
pants were characterized into 4 groups of ascending
values of periodontal attachment loss (of >5 mm).
Mean absolute changes in A1C were regressed across
to periodontal categories. There were approximately
five-fold increases in the absolute difference in Delta
A1C when dentate subjects in the range of periodon-
tal categories were compared and correlated well with
levels of high sensitivity-CRP > or equal to 1 mg/l.
The difference in Delta A1C values between perio-
dontitis- and non-periodontitis subjects and progres-
sive longitudinal deterioration was also significant.
It was concluded that periodontal disease was associ-
ated with progression of A1C over 5 years; and this
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association was similar to that observed for a 2-SD
increase in either waist-to-hip ratio or age in this
group of subjects.

Factors that predispose to alveolar bone dehis-
cence were investigated in a model model of met-
abolic syndrome with type 2 DM.!% The effect of
administering the antioxidant N-acetylcysteine on
alveolar bone loss, expression of endothelial nitric
oxide synthase in keratinocytes and hydrogen per-
oxide concentrations in plasma were assessed in this
animal model. The expression of endothelial nitric
oxide synthase was decreased in gingival keratino-
cytes of test versus control mice. This was restored
by administration of N-acetylcysteine with reduced
alveolar bone loss and decreased plasma levels
of hydrogen peroxide. There was no significant
improvement in obesity or diabetes. Reactive oxy-
gen species such as hydrogen peroxide and resul-
tant oxidative damage are responsible for the above
changes. It was concluded that oxidative stress and
its sequelae are highlighted in their role in contrib-
uting to periodontal bone loss secondary to diabetic
complications.

Microbial metabolites play an important role
in interspecies and host-modulated inflammatory
responses. Oral microbial dynamics with specific
relevance to Pg and its genome scale metabolic
network was investigated using a stoichiometric
model encompassing 679 metabolic reactions.'”” To
provide further clarification of metabolic functions,
knockout of the LPS biosynthetic pathway was stud-
ied and 8 putative targets were identified. Further
refinement of this model could prove useful in defin-
ing microbiome-dynamics relevant to biomedical
applications.

Connections that unify links between
periodontitis and DM

Complications of DM affect most organ systems
and the periodontium. Insulin resistant states in the
absence of DM have been reported in conjunction
with increased inflammation, raised levels of inflam-
matory markers such as cytokines, CRP and plas-
minogen activator inhibitor-1.'% Monocytes could
be initiated to secrete inflammatory cytokines in
response to lipids, fatty acids and various adipokines
which could contribute to insulin resistance.

An inflammatory nidus of adipose tissue metabo-
lism and type 2 DM could contribute to periodontal
disease progression in the susceptible individual via
a progressive inflammatory pathology. Further clari-
fication is required regarding correlations in the aetio-
pathogeneses of DM, microvascular diseases and
chronic periodontitis. Adipocytokines play an impor-
tant role in the mechanisms governing correlations
between obesity and periodontitis.”®”!

Obesity and resultant chronic inflammation func-
tion as a common denominator in the documented
association between periodontitis and type 2 DM.
A rat model system that simulates human obesity
and type 2 DM was used to investigate the effect of
periodontal disease and diet on the onset of insulin
resistance and type 2 DM.'” Twenty-eight, 5 week
old female Zucker diabetic fatty rats were set up in
4 experimental groups of high-fat or low-fat diet
with or without ligature-induced periodontitis. At
week 13, rats with periodontitis fed on a high-fat diet
developed significantly more severe insulin resis-
tance than any of the other three categories; with a
more rapid onset of insulin resistance and hyperg-
lycaemia in comparison with high-fat controls. The
low-fat groups showed no significant change. The
level of TNF-a was significantly higher in high-
fat periodontitis-rats when compared with high-fat
controls. It was concluded that periodontitis signifi-
cantly enhanced the onset of insulin resistance and
impaired glucose homeostasis in Zucker diabetic
rats on a high- fat diet.

Evidence for Effects of Periodontal
Treatment on Parameters of Insulin

Resistance and Coronary Heart Disease
There is documented evidence of greater severity
of periodontal disease in poorly controlled diabet-
ics than in healthy subjects. Monocytes and mac-
rophages have been implicated in the damaging
inflammatory changes seen in diabetic periodontal
patients by producing higher levels of inflamma-
tory cytokines. The underlying mechanisms have
been investigated recently using histiocytes cultured
in normoglycaemic (5 mM) and hyperglycaemic
(25 mM) media in the presence of 100 ng/ml of LPS
for 24 h.""" Histiocytes cultured in hyperglycaemic
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conditions showed significantly greater secretion of
pro-inflammatory cytokines in response to LPS than
normoglycaemic cells. This hyper-inflammatory
response in histiocytes was associated with increased
mRNA expression. LPS seems to act synergistically
with high glucose concentrations in stimulating the
secretion of inflammatory cytokines. This response
was inhibited by simvastatin which has applications
in the adjunctive management of severe periodontitis
fuelled by DM.

The anti-inflammatory properties of statins which
are used to treat hypercholesterolaemia, hyperglycae-
mia and hypertriglyceridaemia in diabetic subjects
have been addressed by other workers.!'!'>7 They
are effective in inhibiting high glucose- enhanced
TNF-a, IL-1 and IL-6 to significantly low levels and
also inhibit their expression as well as that of MMP-1.
The anti-inflammatory effects of atorvastatin in type
2 DM patients include reduced levels of CRP,'!4
decreased inflammatory activation of endothelium
and improved endothelial function'® in addition to
improving hypercholesterolaemia. The results of
these studies highlight potential applications of sta-
tins in reducing periodontal inflammation as well as
dyslipidaemic control''®""” and also the importance
of reducing periodontal inflammation with active ini-
tial phase periodontal treatment in controlling DM,
emphasizing a bi-directional relationship in the pro-
gression of both diseases.!!®!11°

Periodontal disease has been shown to overcome
the beneficial effects of antimicrobials in preventing
coronary events. Its link with coronary heart disease
is well documented. Very few pathogens including
Chlamydophila (Chlamydia) pneumoniae have been
targeted in the context of coronary events. A recent
pilot study showed that long-term clarithromycin
treatment was effective in reducing recurrent cardio-
vascular events in non-periodontitis subjects but failed
to do so in subjects with periodontitis.'** Periodontitis
could contribute to the failure of antibiotics in prevent-
ing coronary events and underscores the importance
of the systemic effects of uncontrolled periodontitis
and the relevance of periodontal stabilization particu-
larly in those at risk of coronary events. The effects
of adjunctive antioxidants in overcoming oxidative
stress-induced sequelae in periodontal and systemic
diseases have been reviewed recently.!?!116:117

A recent meta-analysis of longitudinal and
cross-sectional studies has demonstrated that patients
with chronic periodontitis are at risk of developing
cardiovascular disease.'** Periodontal pathogens play
an important role in immune/inflammatory mecha-
nisms that contribute to this phenomenon.'?-%12
Periodontal pathogens and their products have been
shown to instigate atherosclerotic changes in human
and animal studies.'*>!** Evidence of chronic inflam-
matory processes and their markers as risk factors
linking periodontal disease to cardiovascular events
is well documented.'”” Buhlin et al'*® investigated the
effect of mechanical and surgical intervention in peri-
odontitis patients, on conventional atherosclerotic risk
factors and the levels of cytokines, antibodies against
heat shock proteins and markers of systemic inflam-
mation. Fifty-four patients with severe periodontal
disease underwent treatment consisting of root sur-
face debridement for periodontal pockets. There was
a successful periodontal outcome with significant
reduction in pathological pockets. Markers of plasma
glucose, systemic inflammation and lipids were not
significantly changed after 3 months.

One year after initial phase periodontal treatment
HDL-cholesterol concentrations increased signifi-
cantly while LDL-cholesterol levels decreased; hapto-
globin concentrations were also lower. Levels of IL-18
and interferon-y decreased after 12 months. Initial
phase periodontal treatment was successful in reduc-
ing systemic biochemical risk markers for atheroscle-
rosis in this study consisting of patients with severe
periodontal disease. This investigation demonstrated
that periodontal treatment ameliorates circulating
levels of risk markers for cardiovascular disease such
as the ratio of LDL:HDL although changes induced
in response to periodontal treatment were modest.
Decreased levels of HDL-cholesterol were seen in
response to acute and chronic infections; these changes
could occur as a result of an increase in apolipopro-
tein A-1 catabolism and changes in HDL-cholesterol
subclass distribution.!?*3* LDL-cholesterol receptor
expression levels, alterations in lipase and lipid trans-
fer protein activities could account for decreased lev-
els of LDL following periodontal treatment. Results
need to be interpreted with caution in view of natu-
ral fluctuations that exist; and the lack of untreated
controls during the period of the study due to ethical
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implications of withholding an important clinical
intervention under the circumstances.

Gene expression of peripheral blood monocytes
was investigated in blood samples of 15 periodontal
patients at 4 time points comprising 1 week before
periodontal treatment, at initiation of treatment,
6 and 10 weeks later."' Periodontal status was
recorded and subgingival plaque samples obtained
at initiation of treatment and at 10 weeks. Peri-
odontal therapy comprising surgery and extractions
was completed within 6 weeks without adjunc-
tive antibiotics. Serum levels of biomarkers were
determined at the 4 time points. Peripheral blood
monocytes were expression profiled and differ-
ential expression of selected genes confirmed by
real time reverse transcriptase PCR in a subset of
patients. Treatment resulted in substantial reduction
in periodontal pathogen loading and improved peri-
odontal parameters. About 33% of patients showed
significant changes in gene expression relevant
to innate immunity, apoptosis and cell signalling.
It was concluded that periodontal therapy could
alter monocytic gene expression compatible with a
systemic anti-inflammatory effect.

The inflammatory pathway from cholesterol to
ageing is a relevant one. IL-6- mediated inflammation
is implicated in a range of systemic diseases including
atherosclerosis, peripheral vascular disease, osteopo-
rosis, type 2 DM, arthritis and cancer.

It is relevant that there is an increased prevalence
of metabolic syndrome in patients with systemic
lupus erythematosus (SLE) and a higher incidence of
insulin resistance.'* The association of SLE with car-
diometabolic risk factors has implications on lifestyle
interventions and therapeutic considerations.

Actions of statins and biphosphonates in inhibit-
ing IL-6- mediated inflammation may be accounted
for by indirect regulation of cholesterol synthesis and
isoprenoid depletion. Polyphenolic compounds iso-
lated from fruits and vegetables inhibit signal trans-
duction pathways which contribute to IL-6-mediated
inflammation.*® Attenuation of this pathway could
contribute to therapeutic targets. Available documen-
tation on reversal of systemic risk factors pertaining
to cardiometabolic disorders following control of
periodontal disease progression provides pointers of
a common process amenable to treatment.

Summary and Conclusions

The inflammatory burden generated by periodontitis
could contribute to a systemic trigger for inflammatory
and immune-mediated responses caused by bacterae-
miaand endotoxaemia generated by periodontal patho-
gens.'?* Atherogenic events are influenced by specific
virulence factors of periodontal pathogens®'** which
have also been isolated from atherogenous plaque.
Alteration in lipid metabolism as a result of chronic
inflammatory diseases such as periodontitis and the
unregulated generation of cytokines and enzymes are
potential inducing factors for dyslipidaemic athero-
genesis and insulin resistance. Resulting oxidation of
lipids and formation of free fatty acids, triglycerides
and LDL-cholesterol characterize a series of events
which maintain cyclical release of cytokines and
immune dysregulation. This series of events refuels
oxidative stress, relevant to atherogenic events and
insulin resistance with impaired wound healing and
progression of periodontitis.'*

Cholesterol rich diets in animal feed contributes
to the progression of periodontitis. It is relevant that
treatment of periodontitis results in reversal of risk
markers for hyperlipidaemia with implications on
improved disease status of both periodontitis and car-
diometabolic co-morbidities. A significant increase
in the HDL/LDL ratio and decreased serum levels of
amyloid and CRP have been reported following peri-
odontal therapy in systemically healthy subjects with
periodontitis. The antiatherogenic effects of HDL
have also been reported to be attenuated in untreated
periodontitis,' increasing risk of coronary events.
Statin therapy reduces high sensitivity-CRP largely
independent of LDL."¢ Targeted anti-inflammatory
therapies based on the biology of inflammation have
potential for new treatment approaches. Evidence of
common pathogeneses in periodontitis and cardio-
metabolic co-morbidities opens avenues for a better
understanding of disease processes and innovative
intervention for disease control.

Disclosure

This manuscript has been read and approved by the
author. This paper is unique and is not under con-
sideration by any other publication and has not been
published elsewhere. The author and peer reviewers
of'this paper report no conflicts of interest. The author

Immunology and Immunogenetics Insights 2010:2

17


http://www.la-press.com

Soory

confirms that they have permission to reproduce any
copyrighted material.

References

1.

11.

13.

20.

Kinney JS, Ramseier CA, Giannobile WV. Oral fluid- based biomarkers
of alveolar bone loss in periodontitis. Ann N Y Acad Sci. 2007;1098(1):
230-51.

. Chapple IL, Matthews JB. Therole of reactive oxygen and antioxidant species

in periodontal tissue destruction. Periodontol 2000. 2007;43(1):160-232.

. Paquette DW, Brodala N, Nichols TC. Cardiovascular disease, inflamma-

tion, and periodontal infection. Periodontol 2000. 2007;44(1):113-26.

. Fardi A, Papadimitriou D. Periodontal and atherosclerosis-induced diseases.

Int Angiol. 2007;26(3):197-205.

. Herring ME, Shah SK. Periodontal disease and control of diabetes mellitus.

J Am Osteopath Assoc. 2006;106(7):416-21, 2007;45(1):138-57.

. Preshaw PM, Foster N, Taylor JJ. Cross-susceptibility between periodontal

disease and type 2 diabetes mellitus: an immunological perspective. Perio-
dontol 2000. 2007;45(1):138-57.

. Soory M. Relevance of dyslipidaemia and its consequences in periodon-

tal patients with co-existing cardiovascular disease and diabetes mellitus:
Therapeutic targets. Rec Patents Endocr Metab Immune Drug Discov.
2009;3(3):214-24.

. Pischon N, Pischon T, Kroger J, et al. Association among rheumatoid arthri-

tis, oral hygiene, and periodontitis. J Periodontol. 2008;79(6):979-86.

. Soory M. Association of periodontitis with rheumatoid arthritis and

atherosclerosis: Novel paradigms in etiopathogeneses and management?
Rheumatol: Res Rev. 2010;2:1-16.

. Soory M. Oxidative Stress Induced Mechanisms in the Progression of Peri-

odontal Diseases and Cancer: A Common Approach to Redox Homeostasis?
Cancers. 2010;2(2):670-92.

Battino M, Bullon P, Wilson M, Newman H. Oxidative injury and inflam-
matory periodontal diseases: the challenge of anti-oxidants to free radicals
and reactive oxygen species. Crit Rev Oral Biol Med. 1999;10(4):458-76.

. Bullon P, Morillo JM, Ramirez-Tortosa MC, Quiles JL, Newman HN,

Battino M. Metabolic syndrome and periodontitis: Is oxidative stress a com-
mon link? J Dent Res. 2009;88(6):503-18.

Rahman ZA, Soory M. Antioxidant effects of glutathione and IGF in a hyper-
glycaemic cell culture model of fibroblasts: some actions of advanced glycae-
mic end products (AGE) and nicotine. Endocr Metab Immune Disord—Drug
Targets. 2006;6(3):279-86.

. Figuero-Ruiz, Soory M, Cerero R, Bascones A. Oxidant/antioxidant interac-

tions of nicotine, Coenzyme Q10, Pycnogenol and phytoestrogens in oral
periosteal fibroblasts and MG63 osteoblasts. Steroids. 2006;71(13—-14):
1062-72.

. Ceriello A, Motz E. Is oxidative stress the pathogenic mechanism underlying

insulin resistance, diabetes and cardiovascular disease? The common soil
hypothesis revisited. Arterioscler Thromb Vasc Biol. 2004;24(5):816-23.

. Wright E, Scism-Bacon JL, Glass LC. Oxidative stress in type 2 dia-

betes: role of fasting and post-prandial glycaemia. Int J Clin Pract.
2006;60(3):308-14.

. Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV. Novel host-response

therapeutic approaches to treat periodontal diseases. Periodontol 2000.
2007;43(1):294-315.

. Norse W, Abbas F, van der Ploeg I, Spijkervet FKL, Dijkstra PU, Vissink A.

Periodontal inflamed surface area: quantifying inflammatory burden. J Clin
Periodontol. 2008;35(8):668-73.

. Demmer RT, Papapanou PN, Jacobs DR Jr, Desvarieux M. Evaluating

clinical periodontal measures as surrogates for bacterial exposure: The Oral
Infections and Vascular Disease Epidemiology Study (INVEST). BMC Med
Res Method. 2010;10:2(7 pages).

Demmer RT, Papapanou PN, Jacobs DR Jr, Desvarieux M. Bleeding on prob-
ing differentially relates to bacterial profiles: the Oral Infections and Vascu-
lar Disease Epidemiology Study. J Clin Periodontol. 2008;35(6):479-86.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Beck JD, Offenbacher S. Relationships among clinical measures of
periodontal disease and their associations with systemic markers. Ann
Periodontol. 2002;7(1):79-89.

Desvarieux M, Demmer RT, Rundek T, et al. Periodontal microbiota and
carotid intima-media thickness: the Oral Infections and Vascular Disease
Epidemiology Study (INVEST). Circulation. 2005;111(5):576-82.

Spahr A, Klein E, Khuseyinova N, et al. Periodontal infections and coronary
heart disease: role of periodontal bacteria and importance of total patho-
gen burden in the Coronary Event and Periodontal Disease (CORODONT)
study. Arch Intern Med. 2006;166(5):554-9.

van Dyke TE, Dave S. Risk Factors for Periodontitis. J Int Acad Periodontol.
2005;7(1):3-7.

Kaysen GA. Biochemistry and biomarkers of inflamed patients: why look,
what to assess. Clin J Am Soc Nephrol. 2009;4 Suppl 1:S56—63.

Boesing F, Patifio JS, da Silva VR, Moreira EA. The interface between obe-
sity and periodontitis with emphasis on oxidative stress and inflammatory
response. Obes Rev. 2009;10(3):290-7.

Goodson JM, Groppo D, Halem S, Carpino E. Is obesity an oral bacterial
disease? J Dent Res. 2009;88(6):519-23.

Yao Z, Yang J, Pan L, Chen Z. Periodontal treatment: potential to reduce car-
diovascular morbidity and/or mortality. Med Hypotheses. 2009;73(1):33-5.
Uchida M, Shima M, Shimoaka T, et al. Regulation of matrix metalloprotei-
nases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) by bone
resorptive factors in osteoblastic cells. J Cell Physiol. 2000;185(2):207—14.
Assuma R, Oates T, Cochran D, Amar S, Graves DT. IL-1 and TNF antago-
nists inhibit the inflammatory response and bone loss in experimental perio-
dontitis. J Immunol. 1998;160(1):403-9.

Crotti T, Smith MD, Hirsch R, et al. Receptor activator NF kappaB ligand
(RANKL) and osteoprotegerin (OPG) protein expression in periodontitis.
J Periodontal Res. 2003;38(4):380-7.

Aubin JE, Bonnelye E. Osteoprotegerin and its ligand: a new paradigm for
regulation of osteoclastogenesis and bone resorption. Medscape Womens
Health. 2000;5(2):5.

Hofbauer LC, Heufelder AE. Role of receptor activator of nuclear factor-
kappaB ligand and osteoprotegerin in bone cell biology. J Mol Med.
2001;79(5-6):243-53.

Cheng X, Kinosaki M, Murali R, Greene MI. The TNF receptor super-
family: role in immune inflammation and bone formation. /mmunol Res.
2003;27(2-3):287-94.

Mahamed DA, Marleau A, Alnaeeli M, et al. G(-) anaerobes reactive CD4+
T-cells trigger RANKL-mediated enhanced alveolar bone loss in diabetic
NOD mice. Diabetes. 2005;54(3):1477-86.

Teng YT, Nguyen H, Gao X, et al. Functional human T-cell immunity and
osteoprotegerin ligand control alveolar bone destruction in periodontal
infection. J Clin Invest. 2000;106:R59-67.

Kuula H, Salo T, Pirild E, et al. Local and Systemic Responses in Matrix
Metalloproteinase 8-Deficient Mice during Porphyromonas gingivalis-
Induced Periodontitis. /nfect Immun. 2009;77(2):850-9.

Omoigui, S. The Interleukin-6 inflammation pathway from cholesterol to
aging—Role of statins, bisphosphonates and plant polyphenols in ageing
and age-related diseases. Immun Ageing. 2007;4(2):1-22.

Gibson FC 3rd, Genco CA. Porphyromonas gingivalis mediated periodon-
tal disease and atherosclerosis: disparate diseases with commonalities in
pathogenesis through TLRs. Curr Pharm Des. 2007;13(36):3665-75.
Onishi S, HonmaK, Liang S, etal. Toll-like receptor 2-mediated interleukin-8
expression in gingival epithelial cells by the Tannerella forsythia leucine-
rich repeat protein BspA. Infect Immun. 2008;76(1):198-205.

Krauss JL, Potempa J, Lambris JD, Hajishengallis G. Complementary Tolls
in the periodontium: how periodontal bacteria modify complement and
Toll-like receptor responses to prevail in the host. Periodontology 2000.
2010;52(1):141-62.

Ukai T, Yumoto H, Gibson FC 3rd, Genco CA. Macrophage-elicited
osteoclastogenesis in response to bacterial stimulation requires Toll-like
receptor 2-dependent tumor necrosis factor-a production. Infect Immun.
2008;76(2):812-9.

18

Immunology and Immunogenetics Insights 2010:2


http://www.la-press.com

Periodontitis as a risk marker for cardiometabolic disorders

43

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

. Kikkert R, Laine ML, Aarden LA, van Winkelhoff AJ. Activation of toll-like
receptors 2 and 4 by gram-negative periodontal bacteria. Oral Microbiol
Immunol. 2007;22(3):145-51.

Ruby J, Rehani K, Martin M. Treponema denticola activates mitogen-
activated protein kinase signal pathways through Toll-like receptor 2. Infect
Immun. 2007;75(12):5763-8.

Nussbaum G, Ben-Adi S, Genzler T, Sela M, Rosen G. TLR2 and
TLR4 involvement in the innate immune response to Treponema denticola
and its outer sheath components. Infect Immun. 2009;77(9):3939-47.
Goriely S, Neurath MF, Goldman M. How microorganisms tip the balance
between interleukin-12 family members. Nat Rev Immunol. 2008;8(1):81-6.
Pulendran B, Kumar P, Cutler CW, Mohamadzadeh M, van Dyke T,
Banchereau J. Lipopolysaccharides from distinct pathogens induce different
classes of immune responses in vivo. J Immunol. 2001;167(9):5067-76.
Gemmell E, Yamazaki K, Seymour GJ. The role of T cells in periodon-
tal disease: homeostasis and autoimmunity. Periodontol 2000. 2007;
43(1):14-40.

Curtiss LK, Tobias PS. The toll of Toll-like receptors, especially toll-
like receptor 2, on murine atherosclerosis. Curr Drug Targets. 2007;
8(12):1230-8.

Reaven GM. The metabolic syndrome: is this diagnosis necessary? Am J Clin
Nutr. 2006;83(6):1237— 1247; erratum in Am J Clin Nutr. 2006;84(5):1253.
Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet.
2005;365(9468):1415-28.

Hansel B, Giral P, Nobecourt E, et al. Metabolic syndrome is associated
with elevated oxidative stress and dysfunctional dense high-density lipopro-
tein particles displaying impaired antioxidative activity. J Clin Endocrinol
Metab. 2004;89(10):4963-71.

van Guilder GP, Hoetzer GL, Greiner JJ, Stauffer BL, DeSouza CA. Influ-
ence of metabolic syndrome on biomarkers of oxidative stress and inflam-
mation in obese adults. Obesity. 2006;14(12):2127-31.

Tilg H, Moschen AR. Inflammatory mechanisms in the regulation of insulin
resistance. Mol Med. 2008;14(3—4):222-31.

Sonoki K, Nakashima S, Takata Y, et al. Decreased lipid peroxidation
following periodontal therapy in type 2 diabetic patients. J Periodontol.
2006;77(11):1907-13.

Takeda M, Ojima M, Yoshioka H, et al. Relation of serum advanced gly-
cation end products with deterioration of periodontitis in type 2 diabetic
patients. J Periodontol. 2006;77(1):15-20.

Katz J, Bhattacharyya I, Farkhondeh-Kish F, Perez FM, Caudle RM,
Heft MW. Expression of the receptor of advanced glycation end products in
gingival tissues of type 2 diabetes patients with chronic periodontal disease:
a study utilizing immunohistochemistry and RT-PCR. J Clin Periodontol.
2005;32(1):404.

Montebugnoli L, Servidio D, Miaton RA, Prati C, Tricoci P, Melloni C.
Poor oral health is associated with coronary heart disease and elevated
systemic inflammatory and haemostatic factors. J Clin Periodontol.
2004;31(1):25-9.

Trujillo ME, Scherer PE. Adiponectin—journey from an adipocyte secre-
tory protein to biomarker of the metabolic syndrome. J Intern Med.
2005;257(2):167-75.

Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. Adiponectin and Meta-
bolic Syndrome. Arterioscler Thromb Vasc Biol. 2004;24(1):29-33.
Spranger J, Kroke A, Mohlig M, et al. Adiponectin and protection against
type 2 diabetes mellitus. Lancet. 2003;361(9353):226-8; erratum in Lancet.
2003;361:1060.

Yamaguchi N, Kukita T, Li YJ, et al. Adiponectin inhibits osteoclast forma-
tion stimulated by lipopolysaccharide from Actinobacillus actinomycetem-
comitans. FEMS Immunol Med Microbiol. 2007;49(1):28-34.

Saito T, Yamaguchi N, Shimazaki Y, et al. Serum levels of resistin and
adiponectin in women with periodontitis: the Hisayama study. J Dent Res.
2008;87(4):319-22.

Baltacioglu E, Akalin FA, Alver A, Deger O, Karabulut E. Protein carbonyl
levels in serum and gingival crevicular fluid in patients with chronic perio-
dontitis. Arch Oral Biol. 2008;53(8):716-22.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Chapple IL, Milward MR, Dietrich T. The prevalence of inflammatory
periodontitis is negatively associated with serum antioxidant concentra-
tions. J Nutr. 2007;137(3):657-64.

Panjamurthy K, Manoharan S, Ramachandran CR. Lipid peroxidation
and antioxidant status in patients with periodontitis. Cell Mol Biol Lett.
2005;10(2):255-64.

Baltacioglu E, Akalin FA, Alver A, Balaban F, Unsal M, Karabulut E. Total
antioxidant capacity and superoxide dismutase activity levels in serum and
gingival crevicular fluid in post-menopausal women with chronic periodon-
titis. J Clin Periodontol. 2006;33(6):385-92.

D’Aiuto F, Sabbah W, Netuveli G, et al. Association of the metabolic syn-
drome with severe periodontitis in a large U.S. population-based survey.
J Clin Endocrinol Metab. 2008;93(10):3989-94.

Fentoglu O, Yesim Bozkurt FY. The Bi-Directional Relationship between
Periodontal Disease and Hyperlipidemia. Eur J Dent. 2008;2(2):142—6.
Pischon N, Heng N, Bernimoulin JP, Kleber BN, Willich SN, Pischon T.
Obesity, inflammation and periodontal diseases. J Dent Res. 2007;
86(5):400-9.

Saito T, Shimazaki Y. Metabolic disorders related to obesity and periodontal
disease. Periodontology 2000. 2007;43(1):254-66.

Ritchie CS. Obesity and periodontal disease. Periodontol 2000. 2007;
44(1):154-63.

Mikhail N. The Metabolic Syndrome: Insulin Resistance. Curr Hypertens
Reports. 2009;11(2):156-8.

Yamazaki K, Honda T, Domon H, et al. Relationship of periodontal infec-
tion to serum antibody levels to periodontopathic bacteria and inflamma-
tory markers in periodontitis patients with coronary heart disease. Clin Exp
Immunol. 2007;149(3):445-52.

Mochari H, Grbic JT, Mosca L. Usefulness of Self-Reported Periodontal
Disease to Identify Individuals with Elevated Inflammatory Markers at Risk
of Cardiovascular Disease. Am J Cardiol. 2008;102(11):1509—13.

Linden GJ, McClean K, Young I, Evans A, Kee F. Persistently raised
C-reactive protein levels are associated with advanced periodontal disease.
J Clin Periodontol. 2008;35(9):741-7.

Desvarieux M, Demmer RT, Rundek T, et al. Relationship Between Peri-
odontal Disease, Tooth Loss, and Carotid Artery Plaque: The Oral Infec-
tions and Vascular Disease Epidemiology Study (INVEST). Stroke.
2003;34(9):2120-5.

Kraus VB, Stabler TV, Luta G, Renner JB, Dragomir AD, Jordan JM. Inter-
pretation of Serum C-Reactive Protein (CRP) Levels for Cardiovascular Dis-
ease Risk is Complicated by Race, Pulmonary Disease, Body Mass Index,
Gender, and Osteoarthritis. Osteoarthr Cartilage. 2007;15(8):966-71.
Behle JH, Sedaghatfar MH, Demmer RT, et al. Heterogeneity of sys-
temic inflammatory responses to periodontal therapy. J Clin Periodontol.
2009;36(4):287-94.

Jain A, Batista EL Jr, Serhan C, Stahl GL, van Dyke TE. Role for Perio-
dontitis in the Progression of Lipid Deposition in an Animal Model. Infect
Immun. 2003;71(10):6012—18.

Tomar SL, Asma S. Smoking-attributable periodontitis in the United States;
findings from NHANES III. National Health and Nutrition Examination
Survey. J Periodontol. 2000;71(5):743-51.

Kinane DF, Chestnutt IG. Relationship of diabetes to periodontitis. Curr
Opin Periodontol. 1997;4(1):29-34.

Guzman S, Karima M, Wang HY, van Dyke TE. Association between
interleukin-1 genotype and periodontal disease in a diabetic population.
J Periodontol. 2003;74(8):1183-90.

Tsai C, Hayes C, Taylor GW. Glycemic control of type 2 diabetes and
severe periodontal disease in the US adult population. Commun Dent Oral
Epidemiol. 2002;30:(3):182-92.

Nishimura F, Iwamoto Y, Mineshiba J, Shimizu A, Soga Y, Murayama Y.
Periodontal disease and diabetes mellitus:the role of tumor necrosis factor-
alpha in a 2-way relationship. J Periodontol. 2003;74(1):97-102.

Taylor GW. Bidirectional interrelationships. between diabetes, and peri-
odontal diseases: an epidemiologic perspective. Ann Periodontol. 2001;
6(1):99-112.

Immunology and Immunogenetics Insights 2010:2

19


http://www.la-press.com

Soory

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Emrich LJ, Shlossman M, Genco RJ. Periodontal disease in non-insulin-
dependent diabetes mellitus. J Periodontol. 1991;62(2):123-31.

Westfelt E, Rylander H, Blohme G, Jonasson P, Lindhe J. The effect of
periodontal therapy in diabetics. Results after 5 years. J Clin Periodontol.
1996;23(2):92-100.

Tervonen T, Karjalainen K. Periodontal disease related to diabetic status.
A pilot study of the response to periodontal therapy in type 1 diabetes.
J Clin Periodontol. 1997;24(7):505-10.

Michalowicz BS, Diehl SR, Gunsolley JC, et al. Evidence of a sub-
stantial genetic basis for risk of adult periodontitis. J Periodontol.
2000;71(11):1699-707.

Dowsett SA, Archila I, Segreto VA, Eckert GJ, Kowolik MJ. Periodontal
disease status of an indigenous population of Guatemala, Central America.
J Clin Periodontol. 2001;28(7):663-71.

Ronderos M, Pihlstrom BL, Hodges JS. Periodontal disease among
indigenous people in the Amazon rain forest. J Clin Periodontol.
2001;28(11):995-1003.

van Dyke TE, Serhan CN. Resolution of inflammation: a new paradigm for
the pathogenesis of periodontal diseases. J Dent Res. 2003;82(2):82-90.
Socransky SS, Haffajee AD, Smith C, Duff GW. Microbiological
parameters associated with IL-1 gene polymorphisms in periodontitis
patients. J Clin Periodontol. 2000;27(11):810-8.

Meisel P, Siegemund A, Grimm R, et al. The interleukin-1 polymorphism,
smoking, and the risk of periodontal disease in the population-based SHIP
study. J Dent Res. 2003;82(3):189-93.

Janket S.-J, Wightman A, Baird AE, van Dyke TE, Jones JA. Does
Periodontal Treatment Improve Glycemic Control in Diabetic Patients?
A Meta-analysis of Intervention Studies. J Dent Res. 2005;84(12):1154-9.
Nassar H, Kantarci A, van Dyke TE. Diabetic periodontitis: a model for
activated innate immunity and impaired resolution of inflammation. Perio-
dontol 2000. 2007;43(1):233-44.

Grossi SG, Genco RJ. Periodontal disease and diabetes mellitus: a two-way
relationship. Ann Periodontol. 1998;3(1):51-61.

Karima M, Kantarci A, Ohira T, et al. Enhanced superoxide release and
elevated protein Kinase C activity in neutrophil from diabetic patients:
association with periodontitis. J Leukocyte Biol. 2005;78(4):862-70.
Nishimura S, Iwamoto Y, Soga Y. The periodontal host-response with dia-
betes. Periodontology 2000. 2007;43(1):245-53.

Saremi A, Nelson RG, Tulloch-Reid M, et al. Periodontal disease and mor-
tality in type 2 diabetes. Diabetes Care. 2005;28(1):27-32.
Lopez-Bermejo A, Chico-Julia B, Castro A, et al. Alpha Defensins 1, 2, and
3 Potential Roles in Dyslipidemia and Vascular Dysfunction in Humans.
Arterioscler Thromb Vasc Biol. 2007;27(5):1166.

Seymour RA. Is gum disease killing your patient? Br Dent J. 2009;206
(10):551-2.

Nagasawa T, Noda M, Katagiri S, et al. Relationship between periodontitis
and diabetes—importance of a clinical study to prove the vicious cycle.
Intern Med. 2010;49(10):881-5.

Demmer RT, Desvarieux M, Holtfreter B, et al. Periodontal status and A1C
change: longitudinal results from the study of health in Pomerania (SHIP).
Diabetes Care. 2010;33(5):1037-43.

Ohnishi T, Bandow K, Kakimoto K, Machigashira M, Matsuyama T,
Matsuguchi T. Oxidative stress causes alveolar bone loss in metabolic syn-
drome model mice with type 2 diabetes. J Periodont Res. 2009;44(1):43-51.
Mazumdar V, Snitkin ES, Amar S, Segré D. Metabolic network model of a
human oral pathogen. J Bacteriol. 2009;191(1):74-90.

King GL. The role of inflammatory cytokines in diabetes and its complica-
tions. J Periodontol. 2008;79 Suppl 8:1527-34.

Watanabe K, Petro BJ, Shlimon AE, Unterman TG. Effect of periodontitis
on insulin resistance and the onset of type 2 diabetes mellitus in Zucker
diabetic fatty rats. J Periodontol. 2008;79(7):1208-16.

Nareika A, Maldonado A, He L, et al. High glucose-boosted inflammatory
responses to lipopolysaccharide are suppressed by statin. J Periodont Res.
2007;42(1):31-8.

FruchartJ, Staels B, Duriez P. PPARs, metabolic disease and atherosclerosis.
Pharmacol Res. 2001;44(5):345-52.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Neve BP, Fruchart J, Staels B. Role of the PPAR in atherosclerosis. Bio-
chem Pharmacol. 2000;60(8):1245-50.

Yamada S, Yanagawa T, Sasamoto K, Araki A, Miyao M, Yamanouchi T.
Atorvastatin lowers plasma low-density lipoprotein cholesterol and
C-reactive protein in Japanese type 2 diabetic patients. Metabolism.
2006;55(1):67-71.

Takebayashi K, Matsumoto S, Wakabayashi S, et al. The effect of low-
dose atorvastatin on circulating monocyte chemoattractant protein-1 in
patients with type 2 diabetes complicated by hyperlipidemia. Metabolism.
2005;54(9):1225-9.

Economides PA, Caselli A, Tiani E, Khaodhiar L, Horton ES, Veves A.
The effects of atorvastatin on endothelial function in diabetic patients and
subjects at risk for type 2 diabetes. J Clin Endocrinol Met. 2004;89(2):
740-7.

Soory M. Redox status in periodontal and systemic inflammatory conditions
including associated neoplasias: Antioxidants as adjunctive therapy? Infect
Disord—Drug Targets (Supplement on Redox status in the pathophysiol-
ogy of inflammation and therapeutic targets). 2009;9(4):415-27.

Soory M. Relevance of nutritional antioxidants in metabolic syndrome,
ageing and cancer: Potential for therapeutic targeting. Infect Disord —Drug
Targets (Supplement on Redox status in the pathophysiology of inflamma-
tion and therapeutic targets). 2009;9(4):400—14.

Palmer RM, Soory M. Chapter 5: Modifying factors; Diabetes, Pregnancy
and Smoking in the Textbook of Clinical Periodontology and Implant Den-
tistry (Editors: Lindhe, Lang and Karring. Sth Edition, 2008; Blackwell
Munksgaard.

Eley BM, Soory M, Manson D. Chapter 6: The effect of systemic factors
on the periodontal tissues. Periodontics 6th Edition 2010; Elsevier.

Paju S, Sinisalo J, Pussinen PJ, Valtonen V, Nieminen MS. Is periodon-
tal infection behind the failure of antibiotics to prevent coronary events?
Atherosclerosis. 2007;193(1):193-95.

Soory M. A role for non-antimicrobial actions of tetracyclines in combat-
ing oxidative stress in periodontal and metabolic diseases, Open Dent J.
2008;2(1):5-12.

Bahekar AA, Singh S, Saha S, et al. The prevalence and incidence of coro-
nary heart disease is significantly increased in periodontitis: a meta-analysis.
Am Heart J. 2007;154(5):830-7.

Pussinen PJ, Mattila K. Periodontal infections and atherosclerosis: mere
associations? Curr Opin Lipidol. 2004;15(5):583-8.

Oorni K, Kovanen PT. Proteolysis of low density lipoprotein particles
by Porphyromonas gingivalis microorganisms: a novel biochemi-
cal link between periodontitis and cardiovascular diseases? J Int Med.
2008,263(5):553-7.

Pussinen PJ, Tuomisto K, Jousilahti P, et al. Endotoxaemia, immune
response to periodontal pathogens and systemic inflammation associated
with incident cardiovascular disease events. Arterioscler Thromb Vasc
Biol. 2007;27(6):1433-9.

Elkaim R, Dahan M, Kocgozlu L, et al. Prevalence of periodontal patho-
gens in subgingival lesions, atherosclerotic plaques and healthy blood ves-
sels: A preliminary study. J Periodont Res. 2008;43(2):224-31.

van Leuven SI, Franssen R, Kastelein JJ, et al. Systemic inflammation as a
risk factor for atherothrombosis. Rheumatology. 2008;47(1):3-7.

Buhlin K, Hultin M, Norderyd O, et al. Periodontal treatment influences
risk markers for atherosclerosis in patients with severe periodontitis.
Atherosclerosis. 2009;206(2):518-22.

Pussinen PJ, Malle E, Metso J, et al. Acute-phase HDL in phospholipid
transfer protein (PLTP)-mediated HDL conversion. Atherosclerosis.
2001;155(2):297-305.

Pussinen PJ, Jauhiainen M, Vikuna-Rautiainen T, et al. Periodontitis
decreases the anti-atherogenic potency of high density lipoprotein. J Lipid
Res. 2004;45(1):139-47.

Papapanou PN, Sedaghatfar MH, Demmer RT, et al. Periodontal therapy
alters gene expression of peripheral blood monocytes. J Clin Periodontol.
2007;34(9):736-47.

Parker B, Bruce IN. The metabolic syndrome in systemic lupus erythema-
tosus. Rheum Dis Clin North Am. 2010;36(1):81-97.

20

Immunology and Immunogenetics Insights 2010:2


http://www.la-press.com

¢

Periodontitis as a risk marker for cardiometabolic disorders

133. Reddi D, Bostanci N, Hashim A, et al. Porphyromonas gingivalis regulates 135. lacopino AM. Periodontitis and Diabetes Interrelationships: Role of
the RANKL-OPG system in bone marrow stromal cells. Microbes Infect. inflammation. Ann Periodontol. 2001;6(1):125-37.
2008;10(14-15):1459-68. 136. Ridker PM, Silvertown JD. Inflammation, C-reactive protein, and athero-

134. Sanz M, D’Aiuto F, Deanfield J, Fernandez-Aviles F. European workshop thrombosis. J Periodontol. 2008;79 Suppl 8:1544-51.

in periodontal health and cardiovascular disease—scientific evidence on
the association between periodontal and cardiovascular diseases: a review
of the literature. Eur Heart J Suppl. 2010;12 Suppl B:B3—12.

Publish with Libertas Academica and
every scientist working in your field can
read your article

“I would like to say that this is the most author-friendly
editing process | have experienced in over 150
publications. Thank you most sincerely.”

“The communication between your staff and me has
been terrific. Whenever progress is made with the
manuscript, | receive notice. Quite honestly, I've
never had such complete communication with a
Jjournal.”

“LA is different, and hopefully represents a kind of
scientific publication machinery that removes the
hurdles from free flow of scientific thought.”

Your paper will be:
° Available to your entire community
free of charge
Fairly and quickly peer reviewed
Yours! You retain copyright

http://www.la-press.com

Immunology and Immunogenetics Insights 2010:2 21


http://www.la-press.com
http://www.la-press.com

