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Abstract: There is increasing documentation of a link between inflammatory periodontal
disease affecting the supporting structure of teeth, rheumatoid arthritis, and coronary artery
disease. Periodontitis is initiated predominantly by Gram-negative bacteria and progresses as a
consequence of the host inflammatory response to periodontal pathogens. Lipopolysaccharide,
a cell wall constituent stimulates the production of inflammatory cytokines via the activation of
signaling pathways perpetuating inflammatory pathogenesis in a cyclical manner in susceptible
individuals; with an element of autoimmune stimulation, not dissimilar to the sequential events
seen in RA. Periodontitis, also implicated as a risk factor for cardiovascular disease, promotes
mechanisms for atherosclerosis by enhancing an imbalance in systemic inflammatory mediators;
more direct mechanisms attributed to microbial products are also implicated in both RA and
atherogenesis. Severe periodontal disease characterized by clinical and radiographic parameters
has been associated with ischemic stroke risk, significant levels of C-reactive protein and
serum amyloid A, amongst others common to both periodontitis and atherosclerosis. Existing
data supports the hypothesis that persistent localized infection in periodontitis may influence
systemic levels of inflammatory markers and pose a risk for RA and atherosclerosis. A common
nucleus of activity in their pathogeneses provides novel paradigms of therapeutic targeting for
reciprocal benefit.
Keywords: periodontitis, RA, atherosclerosis, periodontal pathogens, cytokines, therapeutic
targets

There is growing awareness of the link between periodontal and systemic
inflammatory conditions such as (RA) and coronary artery disease based on common
etiopathogenic mechanisms. In addition to conventional risk factors for coronary
artery disease, emerging risk factors include those associated with chronic inflammatory conditions with an element of autoimmunity in their pattern of progression,
such as RA and periodontitis. The latter initiates the loss of supporting structures
of the teeth and their eventual loss. These entities have implications in the progression of cardiovascular disease in response to an autoimmune trigger from RA.1–4
The risk of a cardiovascular event is significantly increased in RA patients regardless of traditional cardiovascular risk factors, with an emerging paradigm of a
common inflammatory pathogenesis.1,5 This is also relevant to periodontitis which
interestingly has links with increased risk of coronary artery disease independent
of conventional risk factors6–8 and shows similar cytokine-mediated inflammatory
pathology as RA.9–13
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RA, is characterized by chronic synovitis with the
resultant damage to joint cartilage and bone which in turn is
accompanied by joint pain and reduced mobility affecting
1% of the adult population.14 Chronic periodontitis, initiated
by bacterial plaque15 is prevalent in a third of the population
beyond the age of 50 years and 10%–15% of all adults,16 being
the main cause of tooth loss in adults. Chronic infection and
persistent inflammation are likely to play an important role
in the pathogenic progression of atherosclerosis and coronary
artery disease.17 There is documented evidence of the link
between periodontal disease, acute myocardial infarction;7,8
and between periodontitis and arthritis.18–20
In this context, the concept that RA patients with coronary
artery disease will be affected by periodontitis to a greater
extent than RA patients without coronary artery disease; and
the corollary regarding inflammatory markers being more
prevalent in RA patients with coronary artery disease and
periodontitis than RA patients with coronary artery disease
alone were investigated.21 This study showed that the levels
of inflammatory mediators were significantly elevated
especially in RA patients with coronary artery disease, who
were also found to have periodontal disease, emphasizing
the relevance of an inflammatory disease burden imposed
on the host, which in this case is a central link between the
three pathologies. Considering the documented literature in
this context, the effective control of significant inflammatory loading from chronic periodontitis as a component of
systemic inflammation, has an increasingly probable role
in the armamentarium of reducing the risk of morbidity
and mortality from systemic diseases. This is subject to the
level of inflammation imposed by the periodontal condition,
with variations based on disease aggression and its distribution in the mouth.10,22 Pathogenic mechanisms common to
periodontitis, RA and atherosclerosis, and the potential for
therapeutic targeting are discussed.

Oxidative stress induced
by cytokines in periodontitis,
coronary artery disease and RA
Periodontal disease has a multifactorial etiopathogenesis,
affecting a large proportion of the adult population. Increased
levels of C-reactive protein (CRP) and other markers of
inflammation are identified. Raised levels of CRP reflect an
increased risk of cardiovascular disease. Certain pathological features of atherogenesis are seen in RA, associated with
macrophage-activating cytokines tumor necrosis factor-α
(TNF-α), the interleukins IL-1, IL-6, raised levels of the
inflammatory marker (CRP) and the enhanced expression

2

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

of endothelial adhesion molecules including vascular cell
adhesion molecule-1 (VCAM-1);23 which is also relevant to
chronic periodontitis. There are deeper associations, cardiovascular deaths accounting for up to 50% mortality in RA
patients, reducing life expectancy by 15%–20%. A similar
trend is reported for systemic lupus erythematosus (SLE)
with a significant increase in stroke and myocardial infarction. Subclinical atherosclerosis associated with increased
carotid artery intima thickening, indicative of endothelial
dysfunction, is seen in SLE and RA, which is related to
clinical and radiographic evidence of severe periodontal
disease. Atherogenesis associated with inflammatory plaques
susceptible to rupture and thrombosis arises from a lipid
deposition disorder.
TNF-α, high-sensitivity CRP (hs-CRP) and adipokines
are relevant markers of inflammation associated with oxidative stress-induced dysregulation of inflammation and lipid
metabolism.24 The association between obesity and changes
in proinflammatory and immunomodulatory cytokines in
pregnancy was investigated.25 A cross-sectional study was
carried out using maternal serum in the early second trimester
to examine inflammatory biomarkers in relation to maternal
body mass index (BMI). Leptin and hs-CRP were shown to be
significantly raised with increased BMI. It was concluded that
maternal obesity in pregnancy was associated with changes
in the expression of cytokines, protein hormones and acute
phase proteins in the second trimester with increased leptin
and hs-CRP associated with the increasing BMI category.
The effect of a standardized oral lipid load on parameters
of inflammation was investigated in a large sample of
healthy adults.26 All patients underwent a measurement of
BMI, blood glucose, blood pressure, total cholesterol, both
low-density lipoprotein (LDL) and high-density lipoprotein
(HDL) cholesterol, triglycerides, soluble intercellular adhesion molecule-1 (sICAM-1), IL-6, CRP, soluble E-selectin
(sE-selectin) and TNF-α. Oral lipid loading produced a
complex and massive systemic inflammatory response.
There were demonstrable increases in hs-CRP, sE-selectin,
IL-6, and TNF-α even before a significant rise in triglyceride
occurred. These findings could be extrapolated to metabolic
diseases with dysregulation of lipid metabolism, also seen in
periodontal patients with coexisting inflammatory diseases
and therapeutic targets to combat oxidative stress.27–30
Immuno-inflammatory diseases are fuelled by cytokines
and regulated by cytokine inhibitors. In order to determine
the periodontal disease-specific characteristics in periodontal
subjects, relative to patients with more generalized chronic
inflammation, patients with juvenile idiopathic arthritis and
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RA were included to investigate whether peripheral blood
monocyte gene expression of clinically important pro- and
anti-inflammatory cytokines corresponded with plasma levels.31 This investigation demonstrated only limited differences
in the expression of various cytokine and cytokine inhibitor
genes in aggressive periodontitis and chronic arthritis compared with controls. There were some similarities among
disease groups although no direct correlation between genetic
expression and serum parameters. High levels of heat shock
proteins (hsp) of 70 kDa associated with periodontal pathogens and periodontal disease progression, have been isolated
in synovial tissue of RA patients. When hsp 70 expression is
induced via stressors, the proinflammatory cytokines TNF-α,
IL-1, and IL-6 have been identified in the RA synovium.32
Gender-specific differences in systemic cytokine levels
were compared in rats with or without ligature-induced
periodontitis.33 Experimental periodontal disease was induced
in Sprague–Dawley rats by placing ligatures around a molar
tooth with sham operated controls. Cytokine levels were
assayed by ELISA. Female rats with ligatures had greater
yet significantly different alveolar bone loss than males with
ligatures. However they had higher serum concentrations
of IL-6, TNF-α, and CRP. Those females also had higher
levels of IL-6, TNF-α, and vascular endothelial growth factor
(VEGF) in the uterine horn compared with female controls
(P , 0.05). Male rats with ligatures had lower serum CRP
and higher levels of IL-6 and TNF-α compared with male
controls. This study suggests that females with periodontal
disease have a greater risk for inflammation-based systemic
diseases than males, if these results could be extrapolated
to humans.
Chronic periodontitis, RA, and coronary artery disease
have a common nucleus of activity which accounts for the
coexistence of these diseases, common risk markers34 and
potential therapeutic strategies.

The role of periodontal pathogens
in chronic periodontitis, RA,
and coronary artery disease
Association of periodontal pathogens
with RA
RA leads to joint destruction and consequent disability.
There is progressive documentation of a link between RA
and periodontal disease. Porphyromonas gingivalis (Pg) is
a significant periodontal pathogen; it is the only bacterium
known to possess a peptidyl arginine deiminase (PAD)
which generates a citrullinated peptide by post-translational
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modification (citrullination) of protein bound arginine; the
citrullinated peptide and anti-cyclic citrullinated peptide
(anti-CCP) autoantibody are capable of breaking down selftolerance and lead to the development of autoimmune RA.35
There is a significant rise in antibody titer to Pg in patients
with RA and there is a significant correlation with anti-CCP
antibody isotypes specific to RA. Deiminated forms of the
alpha- and betachains of fibrin are major synovial targets of
RA-specific anti-CCP antibodies. It has also been shown that
PAD produced by Pg is able to deiminate arginine in fibrin
found in the periodontal lesion. Citrullination of human leukocyte antigen (HLA) binding peptide causes a 100-fold increase
in peptide – major histocompatibility complex (MHC) affinity
and leads to CD4+ T cell activation in the HLA DRB1 040
allele of transgenic mice. These findings are suggestive of
a crucial role for Pg in the pathogenesis of RA associated
with periodontitis. Constant production of PAD by Pg could
result in citrullination of fibrin in the synovium; antigens
presented in association with MHC molecules by antigen
presenting cells leads to the production of anti-CCP antibody.
These antibodies form immune complexes with citrullinated
proteins, which can bind to inflammatory cells via their Fc
receptors, leading to activation of the complement cascade.
The resultant release of inflammatory mediators leads to joint
destruction and RA. Uncontrolled periodontal disease could
play a role in the development of RA via peptide citrullination
involved in loss of self-tolerance and autoimmune destruction
of synovial tissue.
Osteoimmunology involving the interaction of the immune
system with skeletal elements leads to the formation of
osseous lesions. To investigate the contribution of an acquired
immune response in the formation of osteolytic lesion, the
periodontal pathogen Pg was injected adjacent to calvarial
bone with or without prior immunization against Pg.36 Activation of the acquired immune response elevated osteoclastogenesis and decreased bone formation associated with an
increase in nuclear translocation of the transcription factor
FOXO1 (forkhead box O1) in vivo, enhanced apoptosis of
bone lining cells caspase-3 positive cells and a decrease in
bone lining cell density. These activities were induced when
a combination of cytokines such as IL-1β, TNF-α, and IFN-γ
were tested. It is significant that FOXO1 knockout by a small
interfering RNA significantly reduced cytokine-stimulated
apoptosis, mRNA levels of proapoptotic genes, cytokines,
and caspases-3, -8, and -9. These results indicate that
acquired immunity could trigger apoptosis, osteoclastogenesis, and bone resorption. This could occur by stimulation of
bone lining cell apoptosis via FOXO1 activation. This study
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demonstrates commonalities in the pathogenesis of chronic
periodontal disease and RA where osteogenesis and bone
destruction occur hand in hand in response to activation of
an acquired immune response.
Periodontal disease has been implicated as a risk factor for
RA. Raised antibody titers to Pg in patients with RA are associated with disease-specific autoimmunity. Antibody titers to
Pg were characterized in patients with periodontitis, RA and
healthy controls for correlation with disease autoantibodies.37
Pg antibody titer was correlated with CRP, antibody to cyclic
citrullinated peptide (anti-CCP) and rheumatoid factor (RF).
Antibody titer to Pg was highest in periodontitis, intermediate in RA and lowest in controls (P , 0.0003), showing a
greater association with periodontitis and RA than controls.
Correlations between Pg titers, concentrations of CRP and
autoantibody related to RA is suggestive of the role of Pg
in the etiopathogenesis of periodontal disease, being a risk
factor for RA and its progression.
The impact of controlling periodontal infection, by reducing the concentration of pathogens, with thorough initial phase
debridement of periodontal pockets in reducing the severity
of active RA has been reported.38 There is evidence that
autoantibodies formed against oral anaerobes have important
implications in the etiopathogenesis of RA.39 The pathogenesis
of RA resembles that of periodontitis, both conditions presenting with a high frequency of HLA-DR4 tissue antigens
and there is increasing documentation of the coexistence of
the two conditions.18 Antibodies to Gram-negative, anaerobic
periodontal pathogens such as Porphyromonas gingivalis,
Prevotella intermedia, P. melaninogenica, and Tannerella
forsythensis have been detected in the serum and synovial
fluid of RA patients. These pathogens have been identified
in the synovial fluid of RA patients, with higher levels of
bacterial DNA in RA patients than in controls.40 Rheumatoid
autoantibodies target epitopes created by deimination of arginine residues in autoantigenic proteins such as profilaggrin/
filaggrin, fibrinogen/fibrin, keratin and vimentin. Arginine
is dominant amongst the amino acids in its autoantigenicity amongst proteins. Expression of a peptidyl deiminase in
Pg and arginine specific proteinases in T. forsythensis and
Treponema denticola have been reported.41 These findings
are suggestive of an important role for oral pathogens in the
perpetuation of synovial inflammation in response to the
antigenic stimulus of their bacterial DNA.
The role of the periodontal pathogen P. gingivalis in the
pathogenesis of RA was investigated in cell cycle progression
and the apoptosis of human articular chondrocytes.42 Monolayer cultures of human chondrocytes were challenged with
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P. gingivalis and their cell cycle progression was analyzed
using scanning electron microscopy, immunofluorescence,
flow cytometry, Western blot analysis and labeling techniques. Results showed that P. gingivalis adhered to and
infected primary human chondrocytes demonstrated by its
intracellular localization. Progression of the cell cycle was
also affected. Apoptotic signaling cascades were evidenced
by the TUNEL (terminal transferase dUTP nick end labeling)
assay showing DNA degradation and an up-regulation of
caspase-3 protein expression in infected chondrocytes. This
study shows that P. gingivalis could contribute to tissue damage seen in the progression of RA by infecting chondrocytes.
Some T-cell receptor genes Vbeta genes are more frequently
identified in RA patients than in controls.43 It is relevant
that the periodontal pathogen Pg specifically stimulates the
expression of Vbeta 8 and Vbeta 17 genes in CD4+ T cells,44
demonstrating a connection between the immunopathology
of periodontal disease and RA.

Association of periodontal pathogens
with atherosclerosis
The pathogen-associated molecular pattern receptors, known
as toll-like receptors (TLR), play an important role in immune
signaling in response to microbial infection and chronic
inflammatory diseases such as atherosclerosis. Deficient TLR
signaling reduces inflammatory responses associated with
atherosclerosis in hyperlipidemic mice. Specific intervention
strategy utilizing immunization in the prevention of pathogenaccelerated atherosclerosis has been shown to be effective.45
The periodontal pathogen Pg has been implicated in the
progression of atherosclerosis. It has been demonstrated to
reside in the walls of atherosclerotic vessels and seroepidemiological studies show an association between Pg-specific
IgG antibodies and atherosclerosis. Signaling pathways
utilized by Pg depends on the cell type. Oral inflammatory
bone loss is associated with stimulation of TLR2 by Pg
which also expedites atherosclerosis in hyperlipidemic mice
demonstrating increased expression of TLR2 and TLR4 in
atherosclerotic lesions. Immune and inflammatory mechanisms of atherosclerosis are well documented46 and their
implications in periodontal pathology.47
Atherogenic forms of dyslipidemia may be seen in subjects
with RA with increased cardiovascular risk. In addition to an
alteration in plasma lipids it is likely that this population demonstrates smaller LDL molecules and an altered subclass distribution.48 Elevated levels of plasma triglycerides and decreased
levels of HDL-cholesterol were seen in RA patients when
compared with healthy controls. Total- and LDL-cholesterol
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levels were similar. A third of RA patients showed a complete ‘atherogenic-lipoprotein phenotype,’ demonstrating the
concomitant presence of elevated triglycerides, decreased
HDL-cholesterol and raised levels of small dense LDL. The
prevalence of small dense LDL in drug-naïve patients with
early RA needs further investigation with regard to its influence on the atherogenic process and clinical endpoints. Further
associations between dyslipidemic atherogenesis and RA, also
relevant to chronic periodontitis, are considered under clinical
associations.

Clinical correlations between
periodontitis, rheumatoid arthritis
and cardiovascular disease
Clinical correlations between chronic
periodontitis and RA
The association between circulating proinflammatory
mediators TNF-α, IL-1β, prostaglandin E 2, serotonin,
rheumatoid factor and periodontitis in patients with RA
was investigated.49 Periodontal parameters such as clinical
attachment level (CAL) to bone, probing depth (PD) and
gingival bleeding on probing (BOP), assessment of furcation invasions and increased tooth mobility were made in
addition to the number of teeth present in 30 subjects. All
subjects were nonsmokers. Measurement of the parameters
for gingivitis and periodontal disease showed a high degree
of correlation with plasma levels of TNF-α in patients with
RA when compared with healthy controls.
Documentation demonstrating a higher prevalence of
periodontal disease among individuals with RA is limited and
sometimes inconsistent. Questionnaires were used to assess
potential risk factors for periodontal disease such as smoking,
education, alcohol consumption, BMI and coexisting diseases
associated with RA and periodontal disease. Periodontal
parameters of attachment loss, plaque and bleeding indices
were obtained.50 It is relevant that in a stepwise logistic regression including the above parameters (RA status, age, gender,
education, smoking, alcohol consumption and BMI), only
RA status and age were significant predictors of periodontal
disease. Subjects with RA were shown to have significantly
increased odds of periodontal disease when compared with
controls (95% confidence interval [CI]: 2.93 to 22.09). After
adjustment for plaque and bleeding indices (which accounted
for 13.4% of the association between RA and periodontal
diseases), the strength of the association remained significant, although attenuated. It was concluded that there was
significantly greater periodontal attachment loss in subjects
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with RA, compared with controls and bacterial plaque was
only partly responsible for this association, implying that an
overexuberant inflammatory response to optimal amounts of
plaque could account for similarities in disease pathogeneses
in the two conditions.
Potential mechanisms relevant to the association between
periodontal and synovial inflammation include commonalities
in cellular, molecular and pathological features.51 Particularly
the progression of destructive changes in associated tissues shows similarities. Anticitrullinated protein antibodies
(ACPA) are highly specific antibodies for RA. They are
specific risk markers for RA which are demonstrable years
before onset of the disease. There is evidence to suggest that
immune tolerance could be disrupted by the periodontal
pathogen P. gingivalis by enhancing autoimmune responses
to citrullinated antigens. This sequence of events could trigger
the initiation and progression of RA in genetically susceptible
individuals. Improved treatment strategies could modify the
progression of diseases with an inflammatory pathogenesis,
to the advantage of the patient.52
A greater prevalence of periodontal disease and tooth loss
has been reported amongst subjects with RA. Autoimmune
inflammatory responses that occur in RA may be sustained
as a result of periodontal inflammation which could represent a risk factor for RA, altered by treatment.53 Common
genetic and environmental factors could predispose to both
independently. Both RA and periodontal disease have a wide
prevalence amongst inflammatory diseases with several
common mechanisms in their pathogenesis associated with
tissue destruction. Some of the common clinical and biological links between the two disease entities have been reviewed
recently.54 A relatively limited number of studies in this area
make it difficult to provide conclusive evidence.
Juvenile idiopathic arthritis (JIA) is a severe disease of
childhood comprising a diverse group of clinical entities
associated with abnormal function of the immune system
which could result in abnormalities in growth and development, affecting the temporomandibular joint and mandible.55
An increased prevalence in caries and periodontal disease in
JIA patients may be partly attributed to unfavorable dietary
practices, difficulty in maintaining good plaque control and
side effects from long-term medication; and in the case of
periodontal disease progression an association with JIA is
based on a dysregulated inflammatory response relevant
to its pathogenesis. The periodontal condition in children
and adolescents with JIA was compared with age-matched
healthy controls.56 Forty-one JIA patients were compared
with 41 controls. The frequency of sites with plaque,
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calculus, bleeding on probing and probing depth of 2 mm
was significantly greater in JIA patients. There were no sites
with attachment loss or reduced marginal bone levels. It was
concluded that the results were partly explained by joint pain,
making it difficult to perform good oral hygiene procedures,
general disease activity and medication. The association of
the HLA in patients with juvenile idiopathic arthritis, generalized aggressive periodontitis and chronic periodontitis
was evaluated in comparison to healthy controls.57 Females
suffering from JIA and chronic periodontitis demonstrated
HLA-DRB3 to a greater extent than controls, with a greater
likelihood of attachment loss in JIA cases with this configuration. It is possible that JIA and chronic periodontitis among
females pose a common risk factor in HLA-DRB3.

Clinical correlations between RA
and coronary artery disease
The association between RA, coronary artery disease, periodontal disease and systemic inflammatory markers has been evaluated recently.21,58 An accelerated vascular risk in RA leads to
increased prevalence of coronary artery disease with associated
risk of increased morbidity and early mortality. A total of 100
active RA patients of whom 50 showed established coronary
artery disease and the rest with no coronary artery disease,
were assessed for periodontal disease. Clinical, cardiac, dental,
laboratory and radiological evaluation were performed in all
patients. These findings demonstrated an association between
RA, coronary artery disease and periodontal disease. Patients
with RA and coronary artery disease had significantly more
periodontitis than those with RA alone (P , 0.001). There were
raised levels of the inflammatory markers hs-CRP, erythrocyte
sedimentation rate (ESR), white blood cell (WBC), fibrinogen
and TNF-α in all patients but significantly higher in RA patients
with coexisting coronary artery disease and periodontal disease;
correlating with the degree of inflammatory burden likely to
be present in the latter case. Levels of HDL-cholesterol were
significantly lower in RA patients with coexisting coronary
artery disease than in those with RA alone. These findings
highlight the relevance of an inflammatory burden which is
central to the association between RA, coronary artery disease,
periodontal disease.
Mechanisms involved in accelerated atherosclerosis seen
in chronic inflammatory diseases warrant further investigation.
Preclinical atherosclerosis in RA patients was compared with
diabetes mellitus as an established atherosclerotic model.
A group of 84 patients with RA and no cardiovascular disease were examined against age and sex matched healthy
controls for endothelial function, atheromatous plaques,
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carotid intima-media thickness and arterial stiffness; these
comparisons were also made between 48 diabetes patients
and 48 RA patients.59 Arterial stiffening was associated
with duration of RA, while there were correlations between
disease activity and carotid plaque vulnerability. Markers of
preclinical atherosclerosis were significantly worse in RA in
comparison with controls, whereas these findings did not differ in the diabetes group despite a significant cardiovascular
risk profile in diabetics. RA was independently associated
with endothelial dysfunction while both RA and diabetes
showed independent correlations with increased intima-media
thickness. There appears to be equal prevalence and severity
of preclinical atherosclerosis in RA and diabetes of a similar
duration, with differential impact of systemic inflammation
and conventional risk factors.
Adipose tissue functions as an active endocrine organ,
producing adipokines. Adiponectin and leptin concentrations were evaluated in 80 RA patients in relation to disease
activity and duration.60 There were significant negative
correlations between levels of adipokines and lipid profile
components such as adiponectin and HDL-cholesterol; and
positive correlations between leptin and total cholesterol as
well as LDL-cholesterol. A negative correlation between
adiponectin levels and the number of swollen, tender joints;
and a positive correlation between disease activity and leptin
levels have been demonstrated. These findings confirm the
role of adipokines in the inflammatory process and atherosclerosis demonstrating the anti-inflammatory protective
role of adiponectin and the proinflammatory, proatherogenic
role of leptin.
Arterial calcification in patients with RA has been evaluated in view of the fact that subjects with arthritis are prone
to premature atherosclerosis;61 however, the prevalence and
degree of calcification in different vascular beds and their
interrelationship requires clarification. The distribution and
extent of arterial calcification was determined in 85 patients
with RA and an equal number of age- and sex-matched
controls.62 Arterial calcification was determined by a calcium
score using computer tomography in the thoracic aorta,
coronary and carotid arteries. The calcium score was significantly higher in RA patients with a greater risk of developing
calcification in the aorta, followed by carotid, coronary and
arteries overall, when compared with controls. Diffuse arterial calcification was detected in 90% of RA patients over 60
years of age, especially in the thoracic aorta, compared with
55% of controls who showed arterial calcification clustered in
the coronary arteries. When arterial calcification was present
in RA patients, they were older with higher levels of urea
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and CRP than those with no arterial calcification. Patients
with RA had an earlier onset of arterial calcification, which
was more diffuse over multiple sites, with a preferential
distribution in the thoracic aorta than in the coronary artery
compared with controls.
There has been recent documentation of the large spectrum
of disease pathology affecting patients with RA including
rheumatoid vasculitis to atherosclerotic lesions. The relevance
of rheumatoid vascular disease and atherosclerosis relevant
to cardiovascular morbidity and global mortality has received
attention in recent literature.63 The management of cardiovascular risk in RA patients has become increasingly important
in view of the consequences of its inflammatory pathogenesis
leading to endothelial dysfunction and atherosclerotic risk.

Clinical correlations between coronary
artery disease and chronic periodontitis
There are multifactorial diseases which could present primarily with atherosclerotic lesions. Considering global morbidity
and mortality from cardiovascular diseases, it is relevant that
inflammatory periodontitis affecting supporting structures of
the teeth is a risk factor for cardiovascular disease and is also
prevalent globally. The pathogenesis of atheroma formation
in periodontal patients is a progression of a host-mediated
inflammatory response to periodontal pathogens and their
components mediated by the release of matrix metalloproteinases and alteration in lipoprotein metabolism. It follows
that treatment of periodontal disease along with adoption of
preventive measures against recognized risk factors such as
smoking, hypertension, dyslipidemia, diabetes and obesity
could reduce morbidity and mortality of cardiovascular
diseases.64 Recent documentation supports these concepts.65
Further large, controlled clinical trials are required to reinforce these findings.
The association between chronic periodontitis and cardiovascular risk markers has been investigated.66 The levels
of triglycerides were significantly elevated in periodontitis
patients, while HDL-cholesterol levels were significantly
lower in comparison with controls. Total cholesterol, LDLcholesterol and lipid peroxide levels were the same in both
groups, while levels of IL-6, IL8, antibodies against oxidized
LDL, leukocyte and neutrophil counts were significantly
higher in periodontitis patients, thus reinforcing documented
associations.
As hyperlipidemia is a major risk factor for cardiovascular
disease, a possible association between periodontitis and
hyperlipidemia was investigated.67 Fifty-one hyperlipidemic
and 47 normolipidemic subjects were investigated for plasma
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triglyceride, both HDL- and LDL-cholesterol, total cholesterol
and periodontal parameters, including sites that bled on probing. The mean values for periodontal parameters such as
plaque index, probing depths, clinical attachment levels and
bleeding on probing showed significant and positive correlations in hyperlipidemic subjects compared with controls.
Plasma triglyceride, total cholesterol, and LDL-cholesterol
levels demonstrated a significant positive association with
periodontal parameters, while HDL-cholesterol showed a significant negative correlation with clinical attachment levels
of tooth support. Plasma triglyceride levels showed significant association with periodontitis and bleeding on probing.
While further studies are required to establish the effect of
hyperlipidemia on periodontitis, these results suggest that
hyperlipidemic subjects showed worse disease parameters
for periodontitis than normolipidemic subjects.
The pathological links between periodontitis and coronary
artery disease pose a logical argument for a cause and effect
relationship, although they remain controversial. Investigation
of levels of total cholesterol, triglyceride, glucose and probing
pocket depths in 71 patients suggested that the percentage of
periodontal pockets deeper than 4 mm increased with raised
levels of total blood cholesterol;68 although these trends were
not significant. Further work with larger numbers may be
required in order to establish conclusive links between hypertriglyceridemia, hypercholesterolemia, and periodontitis.

Therapeutic targets
and their implications
Blockade of TNF-α
Several inflammatory cytokines, particularly TNF-α, IL-1,
IL-6, and IL-17 are involved in sequential differentiation,
maturation and activation of osteoblasts and osteoclasts,
thereby influencing a critical balance between bone formation and bone resorption.69 Anti-TNF antibodies such as
infliximab, adalimumab and a TNF receptor Fc-fusion protein
etanercept have had a successful outcome in the treatment of
RA, psoriatic arthritis, ankylosing spondylitis and chronic
inflammatory bowel diseases. TNF blockade is effective in
attenuating the progression of inflammatory joint destruction
and also the clinical symptoms of inflammation.70–71 It also
has applications in suppressing systemic osteoporosis. 72
Treatment may not always be effective and agents could
gradually lose their effect. High-throughput leukocytapheresis has been found to be effective over a period of time in
patients with a reduced response to infliximab.73
In view of the benefits of TNF-α blockade in treating RA,
its efficacy in controlling coexisting periodontal disease was
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investigated, in the context of similarities between the two
disease entities with regard to TNF-α-mediated bone loss in
their pathogeneses.74 Infliximab tended to aggravate gingival
inflammation. It is possible that the persistence of plaque
could have contributed to gingival irritation and inflammation associated with chronically enlarged gingivae, although
infliximab prevented attachment loss and progressive bone
loss in this study, independent of superficial inflammation
of the gingivae. Methotrexate had no impact on periodontal
status. In a further study,75 it was demonstrated that when the
mean plaque score was similar amongst two study groups of
RA patients with or without infliximab infusions and a third
group of healthy controls, gingival inflammation was greater
in the RA group that did not receive infliximab infusions; the
lowest levels of TNF-α in crevicular fluid were detected in
those receiving infliximab. Attachment loss was decreased
after treatment with infliximab in periodontal patients
with RA. It was concluded that TNF-α blockade could be
beneficial in the treatment of periodontitis as an adjunct to
root surface debridement. This concept is emphasized in a
study utilizing 40 patients with moderately severe RA and
severe periodontal disease randomly assigned to receive
thorough nonsurgical periodontal therapy comprising plaque
control, scaling and root surface debridement.76 All patients
received disease-modifying antirheumatic drugs. There
were significant decreases in RA disease activity scores and
serum TNF-α in patients receiving initial phase nonsurgical
periodontal treatment, with a concomitant improvement in
periodontal disease parameters and bone loss. There was no
significant change in those not receiving periodontal care,
regardless of the medication used. This underscores the
importance of adjunctive periodontal care in RA patients
for improvement in the clinical parameters of RA and periodontal disease.
The short-term effect of anti-inflammatory agents
dipyridamole and prednisone on the clinical presentation of
periodontal disease, proinflammatory markers and serum
levels of hs-CRP were investigated in periodontal patients.77
There was a significant reduction in hs-CRP, IFN-γ, and IL-6
in the treated group in response to anti-inflammatory agents.
These markers of inflammation are also relevant to RA and
cardiovascular disease, suggestive of common benefits from
treatment of patients with coexisting diseases. AA-amyloidosis is a form of amyloidosis associated with serum amyloid
A protein (SAA), an acute-phase protein. It causes reactive
systemic amyloidosis. Secondary amyloidosis associated
with SAA could occur in response to chronic inflammatory
diseases such as RA, ankylosing spondylitis, Crohn’s disease
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and ulcerative colitis resulting in extracellular deposits of
amyloid proteins in various organs. The resultant secondary
amyloidosis is associated with persistent levels of TNF-α
leading to accumulation of amyloid in tissues. This amyloid
consists of a serum amyloid P component, SAA, an acute
phase protein and proteoglycans. Blockade of TNF-α with
infliximab is able to overcome the poor prognosis previously
associated with AA-amyloidosis.78
Adalimumab, an anti-TNF-α monoclonal antibody has
been evaluated in several trials in RA, ankylosing spondylitis,
psoriatic arthritis and juvenile idiopathic arthritis. Within a
relatively short framework, these trials have shown improved
disease control and quality of life for the patient with slower
radiographic progression and an acceptable safety profile.79
An adverse side-effect relevant to the entire TNF-α blockade
group is the reactivation of tuberculosis and an unproven putative link with malignant lymphoma. TNF-blockade appears to
be effective in the management of adults with RA, atherosclerosis (AS), prostate-specific antigen (PsA), and children with
JIA. It has been documented that its efficacy and safety profile
are maintained throughout prolonged treatment schedules.
Moreover, modulation of bone formation in inflammatory
arthritis is a novel concept, which could provide new strategies
for protection of bone from inflammation. The Wnt (a major
class of secreted morphogenic ligands) signaling pathway
associated with a network of proteins has emerged as a major
link between inflammation and bone. Therapeutic targeting
of these pathways would lead to more selective intervention
relevant to pathological bone remodeling during inflammation, also relevant to periodontal diseases.

Interaction of RANK–RANKL/
osteoprotegerin: therapeutic
targets
Globally prevalent bone related diseases such as osteoporosis
and RA pose a substantial health care burden. A deeper understanding of the molecular mechanisms of bone metabolism
has generated new strategies for their effective management.80
Coordinated actions of the TNF family of molecules, the
receptor activator for nuclear factor (NF)-κB (RANK), its
ligand RANKL and osteoprotegerin (OPG) the decoy receptor
of RANKL have been the hub of genetic experimentation in
establishing their pivotal role as central regulators of osteoclast development and function. In addition, RANK–RANKL
signaling also triggers crosstalk with other signaling pathways
essential for refining homeostasis of pathophysiological
mechanisms. They also play a vital role in establishing the
thymic microenvironment and development of lymph nodes.
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Drug-targeting of the RANK–RANKL signaling pathways
in osteoclasts would have significant impact on the management of diseases associated with bone loss such as arthritis,
osteoporosis, periodontal diseases and metastases in cancer.
Periodontal disease is characterized by inflammatory bone
loss, common to RA and osteoporotic diseases. Lymphocytes
and the cytokines released by these cells play a vital role in
the etiopathogeneses of autoimmune diseases, due to their
effects on osteoclast differentiation via modulation of the
relative expression RANKL and OPG.81 Improved knowledge
of cytokine interactions and cell signaling associated with
bone loss could result in the development of novel therapeutic
targets for the prevention of progressive bone loss in these
disease entities.
Attenuation of osteoclast formation is a potential approach
for reducing excessive bone resorption during inflammatory
episodes. Osteoclast differentiation is modulated by signals
critical for their differentiation and maturation such as
cytokines, macrophage colony-stimulating factor (M-CSF)
and receptor activator of RANKL. During the maturation
process osteoclasts acquire specific markers, link with
multinucleated giant cells and polarize on contacting bone.82
Several factors including osterix (SP7), a novel zinc-finger
containing transcription factor that is essential for osteoblast
differentiation and bone formation control proliferation and
development of osteoblasts. Osteocytes which are differentiated osteoblasts embedded in bone matrix play an important
role within bone as mechanosensors for the initiation of bone
remodelling83 demonstrating coordinated activity between
osteoblasts and osteoclasts in the turnover of bone. Local bone
destruction is triggered by a common inflammatory pathway
in the progression of inflammatory diseases such as RA,
psoriatic arthritis and periodontal disease. During inflammation, homeostatic mechanisms that control bone turnover are
disturbed resulting in osteoclast mediated bone resorption.84
A significant example of this is seen in RA, where prolonged,
enhanced activity of the immune system results in massive
bone destruction as a result of intense osteoclastic activity.
The RANK–RANKL system is a major factor in osteoclast
differentiation.85 Inflammation also disturbs the process of
bone formation. The impact of inflammation on the Wnt
signaling network involving a large number of proteins has
important implications in the regulation of osteoblast differntiation and the subsequent formation of new bone,86 relevant
to the management of RA and periodontitis.
An understanding of the significance of the RANKL–
RANK–osteoprotegerin (OPG) system was an important
development in understanding bone biology. Disruption of
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this axis results in an imbalance between bone resorption and
formation leading to altered homeostasis. RANKL, a member of the TNF superfamily is a surface molecule expressed
on a range of cells, including activated T lymphocytes.
It is induced in osteoblasts in equilibrium, in response to
osteotrophic stimuli.87 RANKL is an essential prerequisite
for osteoclast differentiation and bone resorptive actions.88–89
Proinflammatory cytokines such as IL-1, IL-6, IL-17, and
TNF-α contribute to the initiation and enhancement of
RANKL expression.90–92 An abundance of proinflammatory
stimuli in chronic inflammatory conditions such as RA and
periodontal disease could result in RANKL expression in
activated T cells and synovial tissue components in RA. The
interaction of the RANKL receptor with its ligand RANK is
modulated by a secreted glycoprotein osteoprotegerin which
suppresses osteoclast differentiation.93 OPG is able to inhibit
bone resorption and enhance bone mass by binding via its
TNF receptor (TNFR) domains to TNF binding domains of
its natural ligand RANKL.94 Several animal studies have
demonstrated that recombinant OPG inhibits osteoclastogenesis and reduces bone erosion in treated cases of rodent
arthritis models including TNF-α driven-, collagen inducedand adjuvant-induced arthritis.95–98 This has potential for
therapeutic targeting in RA and adjunctive management of
periodontitis.
It is relevant that the administration of OPG in animal
models of periodontitis overcomes bone destruction.99
Periodontal disease is characterized by inflammation and
bone loss. Proinflammatory molecules and cytokines such
as IL-1 and TNF-α play primary roles in the inflammatory
environment of periodontal lesions and trigger cells in the
vicinity. A cascade of events leads to osteoclastogenesis
and resultant bone loss via the RANK–RANKL–OPG axis.
This process is relevant to pathological lesions driven by
chronic inflammation. Documentation from diverse sources
of experimentation on animal models of periodontitis have
demonstrated that an elevated ratio of RANKL/OPG resulting from an increased RANKL mRNA expression leads to
osteoclastogenesis and the loss of periodontal bone support.
Studies of RANKL and OPG transgenic knockout mice demonstrate the relevance of these molecules in periodontal bone
loss. A reduction in RANKL/OPG ratio and amelioration of
bone loss is a desirable end point of periodontal therapy.83
Regulation of the RANK–RANKL–OPG axis is a realistic
goal for periodontal therapeutic intervention.
A recent study was carried out to explore the mechanism by
which microstructured Ti surfaces mediate stimulatory effects
on OPG expression.100 Human osteoblast-like MG63 cells
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were cultured on sandblasted/acid etched and plasma sprayed
Ti surfaces. Regulation of OPG production was determined
by TGF-b1, protein kinase C and a 2 b1-integrin signaling.
Osteoblasts grown on both Ti surfaces showed increased
protein kinase C and TGF-β1 activity with enhanced production of OPG. These activities were inhibited by a protein
kinase inhibitor and blocking antibodies respectively; reduced
OPG production was also demonstrated in integrin knockout mice. These findings are suggestive of the regulation of
substrate-dependent OPG production by TGF-β1, protein
kinase C and a 2 β1-integrin, via a mechanism by which
protein kinase C is increased by a 2 β1-integrin, resulting
in stimulation of TGF-β1 synthesis which in turn acts on its
receptor to increase transcription of OPG.
Therapeutic targeting of the RANKL–RANK–OPG signaling system in human inflammatory diseases has attracted
considerable interest in view of its central role in mediating bone pathology. The anti-RANKL antibody has shown
potential in reducing post-menopausal bone resorption.101–102
No major adverse side effects have been reported and it has
potential as an effective therapeutic tool in the treatment of
inflammatory bone disease. A recent study on the effects of
denosumab, a monoclonal antibody that specifically targets
RANKL, in local bone erosions in arthritis is suggestive of
the reduction in bone erosions with no significant impact on
disease activity in arthritis.103

The role of interleukin-17 as a
potential therapeutic target
The proinflammatory cytokine IL-17 is secreted by the CD4+
Th17 subset, distinct from the classic Th1 and Th2 lineages.
IL-17 is known to contribute to bone loss in RA and severe
periodontal disease, and also plays an essential role in host
defenses against pathogens that are susceptible to polymorphonuclear leukocytes (PMNs). These dual functions are
borne out in its controversial role in the pathogenesis of
chronic periodontal disease, initiated by anaerobic periodontal pathogens such as P. gingivalis. Raised levels of IL-17 are
detected in humans with severe chronic periodontal disease.
Female mice lacking the IL-17 receptor are significantly more
susceptible to periodontal bone loss due to defective actions
in the chemokine-PMN axis. Mice with the targeted deletion
in the IL-17 receptor showed increased alveolar bone destruction on introduction of P. gingivalis in an acute periodontal
infection model.104 It is relevant that female mice were more
susceptible to periodontal bone loss than males in response to
IL-17 and infection with P. gingivalis.105 There appear to be
gender-dependent differences in IL-17 signaling associated
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with variations in chemokine production, IgG formation
against P. gingivalis, and the upregulation of granulocyte
colony stimulating factor between male and female mice,
that account for these differences. This has implications in
testing out anti-IL-17 biological therapies in this context.
It is significant that although IL-17 mediates destructive
inflammation under certain conditions, it could also play a
role in host defense.
A significant impact on bone metabolism and the pattern
of bone loss are seen in chronic inflammatory diseases such
as periodontal disease, RA, and ankylosing spondylitis. The
link between inflammation and bone metabolism are increasingly documented in the literature. A better understanding of
molecular mechanisms involved has lead to the development
of novel therapeutic targets for the management of inflammatory bone loss.106 This approach includes the use of blocking
agents against TNF-α, neutralizing antibodies against proinflammatory cytokines such as IL-6, IL-17, and other targets
that require further research. The roles of IL-6, IL-17, and
TNF-α in chronic inflammation are very closely coordinated
and there is increasing evidence of the role of IL-17 in the
inflammatory pathogenesis of arthritis, atherosclerosis107,108
and periodontitis, which were previously attributed mainly to
excessive levels of TNF-α and IL-6. The role of IL-17 in periodontal and systemic diseases has been reviewed recently109
reinforcing these concepts. Analysis of human synovial and
serum samples show elevated levels of IL-17 in inflammatory
and autoimmune diseases such as periodontitis110–111 RA112
and inflammatory bowel disease.113
There is recent documentation of the bone remodeling
capacity of IL-17, along with other inflammatory cytokines,
thus favoring bone loss. It can modulate the RANKL/OPG
ratio by increasing RANKL expression with a concomitant
decrease in OPG expression in osteoblastic cells both in vivo
and in vitro leading to the increased formation of osteoclasts
and bone erosion in a mouse model of arthritis.114,115 The critical role of IL-17 in infection needs to be borne in mind when
considering IL-17 anticytokine therapy in view of the possible
deleterious consequences related to neutrophil recruitment
and compromised host defenses. Distinct signaling outcomes
may be associated with diverse IL-17 receptor complexes.
Further work is required to determine which receptor complex
isoforms are most relevant to the actions of IL-17. Therapeutic agents that antagonize signaling via the IL-17 receptor
complex may serve as useful treatment options where there
is lack of response to other available regimens.
A hyper-responsive immune status which could result in
unresolved inflammation, characterizes chronic inflammatory
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periodontal disease and RA. Proinflammatory cytokines fuel
inflammation. A novel subset of T-helper cells plays a central
role in inflammation and autoimmune diseases. They release
several cytokines including IL-17. Modulation of the IL-17
signaling complex has potential as a therapeutic target to
attenuate overexuberant inflammation attributed to several
local inflammatory conditions such as periodontitis RA
and critical systemic pathologies such as diabetes, chronic
obstructive pulmonary disease and cardiovascular disease.109
However, all inflammatory conditions may not respond to
this approach. More work in this field needs to identify
means by which therapeutic targets directed at attenuating
inflammation and bone loss relevant to periodontal disease
progression and other systemic diseases would provide a
refined therapeutic strategy for disease control. This could
have wider applications for diseases driven predominantly by
a robust inflammatory response and autoimmunity.

Periodontitis and rheumatoid arthritis

directed against gp130, inhibit IL-6 function. Synthesis of a
recombinant soluble gp130 protein to suppress IL-6 transsignaling would be a novel target for neutralization of the
IL-6 pathway and could well become the next generation of
drug development. A recent study119 demonstrated that when
in vitro monocyte cultures were stimulated with RANKL
or in combination with TNF-α, IL-6 receptor blockade
with a murine anti-IL-6R antibody, directly reduced osteoclast differentiation and bone resorption. In humans IL-6
blockade reduced osteoclast development and bone erosion
without affecting joint inflammation, which is suggestive
of the effects of anti-IL-6 therapy against osteoclasts being
independent of its anti-inflammatory actions. These actions
could potentially control inflammatory bone loss seen in
chronic periodontitis, with a plausible target for atherosclerosis fuelled by cytokines including IL-6.

Recent advances in neutralizing
the IL-6 pathway in arthritis

Emerging roles of ADAMTS-7
and ADAMTS-12 matrix
metalloproteinases

The cytokine IL-6 plays a key role in the induction of CRP.
IL-6 is pivotal in the progression of RA as well as in systemic
bone loss and osteoporosis. A major role for IL-6 as a proinflammatory cytokine driving inflammatory bone loss is well
documented. IL-6 blockade with the IL-6-receptor specific
antibody tocilizumab is effective in blocking inflammatory
bone loss in RA as well as clinical signs and symptoms.116
Potential therapeutic targets for RA in this context are many
considering the coordinated activity between several cytokines. The most promising results have been documented for
inhibition of TNF-α.
The inflammatory component of RA is characterized by
raised serum and synovial fluid levels of IL-6 and increased
IL-6/IL-6R/glycoprotein-130-mediated trans-signaling.117
Results of the neutralization of IL-6-mediated signaling by
using anti-IL-6 antibodies in 4 clinical trials have provided
compelling evidence of the significant clinical benefit to those
who showed limited responses to corticosteroids, diseasemodifying antirheumatic drugs or anti-TNF-therapy. There
are critical issues with regard to the modulation of IL-6targeted therapy in view of the simultaneous blockade of other
members of the IL-6 cytokine family and its consequences.
Upregulation of IL-6 expression has also been reported in
the development of osteoarthritis in animals.
The soluble form of IL-6 receptor acts as an agonist for
signal transmission via interaction with the transmembrane
glycoprotein gp130118 which participates in the formation
of high affinity IL-6 receptors. Monoclonal antibodies

The ADAMTS (a disintegrin and a metalloproteinase domain
with thrombospondin motifs) proteases are of biological relevance in view of their high prevalence at disease targets. They
constitute a disintegrin and zinc matrix metalloproteinases
with thrombospondin motifs endowing them with features
of both proteinases and adhesion molecules. They display a
wide spectrum of biological effects including cell fusion, cell
adhesion, shedding process, cleavage of various substrates
from extracellular matrices, growth factors and cytokines.
Overexpression of these proteases leads to dysregulation of
tissue homeostasis and distinct pathologies, which makes
them a potential therapeutic target for disease control.120,121
ADAMTS-1 could contribute to atherosclerosis by cleaving versican, an extracellular matrix component, and mutations in ADAMTS-1 have been associated with the increased
risk of coronary artery disease.122 Formation of atherosclerotic
plaque and atherothrombotic disease have been attributed to
ADAMTS-4 and -8.123,124 ADAMTS-7 and ADAMTS-12, the
two recently discovered members of the family form a subgroup within the ADAMTS family based on shared domains.
Recent documentation underscores their importance in the
pathogenesis of arthritis and atherosclerosis.63,125 The key
role of matrix metalloproteinases (MMPs) and ADAMTSs
in osteoarthritis and RA is well established.126–128 It has
been demonstrated in arthritic cartilage and synovium that
ADAMTS-7 is significantly upregulated in comparison with
healthy controls. Several MMPs involved in the initiation
and progression of arthritis are induced by the inflammatory
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cytokines TNF-α and IL-1β129,130 Analysis of cultured human
cartilage implants using real-time polymerase chain reaction (PCR) show significant induction of ADAMTS-7 and
ADAMTS-12 expression by both TNF-α and IL-1β.131
It is relevant that ADAMTS-7 and its ability to interact with
cartilage oligometric matrix protein (COMP), a prominent
noncollagenous component of cartilage extracellular matrix,
also have implications in atherosclerosis and the progression
of vascular diseases, associated with the migration of vascular
smooth muscle cells, requiring protease mediated degradation of extracellular matrix.132,133 The presence of COMP in
atherosclerotic lesions implies its involvement in the process.
ADAMTS-7 and -12 also play an important role in several
other diseases, including arthritis, atherosclerosis and cancer.
Interactive pathways of progression relevant to diverse diseases
could improve our understanding of disease pathogenesis and
also provide effective therapeutic targets which could have a
common benefit when relevant diseases may coexist in the
same individual, including chronic periodontitis.

Potential for simvastatin as an
anti-inflammatory and proanabolic agent
Statins such as simvastatin are 3-hydroxy-3-methylglutaryl
co-enzyme A (HMGCoA) reductase inhibitors that decrease
the synthesis of cholesterol. They exert anti-inflammatory and
immunomodulatory actions independent of cholesterol lowering effects in addition to reducing the risk of cardiovascular
disease in susceptible patients, mainly by lowering plasma
lipid concentration.134,135 They have been shown to be effective in suppressing lipopolysaccharides-stimulated MMP-1,
MMP-8, and MMP-9 in mononuclear cells.136 Simvastatin
has been shown to be protective against periodontal attachment loss and bone loss in ovariectomized rats137 and could
contribute to bone augmentation in an enclosed alveolar environment.138 Simvastatin also stimulates osteoblastic function
and alveolar bone formation when applied topically.139
In view of the association between chronic low grade
inflammatory processes in periodontitis and cardiovascular
disease and in the management of the latter with statins,
the effect of statins on markers of periodontal inflammation
was investigated.140 It is relevant that there was a significant
reduction in periodontal inflammatory damage in statin
users; their anti-inflammatory effects could account for
these findings. Several of these universal anti-inflammatory
effects of statins are mediated via inhibition of isoprenoids
which function as lipid attachments for intracellular
signaling,141,142 improving endothelial function, enhancing
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the stability of atherosclerotic plaque, together with decreasing inflammation and oxidative stress.143 These mechanisms
are of particular importance in preventing the risk of coronary artery disease with implications in the management of
RA and periodontitis.

Summary and conclusions
Our understanding of the pathogenesis of atherosclerosis has
evolved from a lipid deposition disorder to a focal, chronic
inflammatory disease affecting arteries, characterized by
inflammatory plaques susceptible to rupture and thrombosis. Atherogenesis shares certain pathological features with
other inflammatory diseases including autoimmune RA and
chronic periodontitis. Common features include macrophageactivating cytokines such as TNF-α, IL-1 and IL-6, the presence of CD4 + CD28- regulatory T-cells, raised inflammatory
markers including CRP and the enhanced expression of
endothelial adhesion molecules including VCAM-1, providing a common nucleus for disease control with focused
therapeutic targeting. However, the association between
atherosclerosis and RA extends beyond common pathogenic
mechanisms. Standardized mortality ratios for cardiovascular
disease in RA range from 1.2 to 5, and cardiovascular death
accounts for up to 50% of mortality with life expectancy
reduced by 10–15 years. A similar trend observed in SLE,
with a marked increase in stroke and myocardial infarction
has been reported. This outcome data reflects the presence
of increased carotid artery intima thickening, vascular stiffness and impaired flow-mediated vasodilation in RA and
SLE, indicating endothelial dysfunction and subclinical
atherosclerosis. The current challenge to clinicians is the
development of treatment regimens that suppress underlying
RA disease activity, inhibit endothelial dysfunction, retard
the progression of atherosclerosis and effectively control
periodontal disease progression with adjunctive therapies
targeted at inflammatory excess addressed in this review.
These inflammatory processes share common ground, providing targets for therapeutic intervention aimed at controlling
an overexuberant immune response fuelled by cytokines and
the side effects of a progressive pathogenesis.
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