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Abstract

The premature morbidity and mortality of cardiovascular disease (CVD) is claiming
the lives and independence of millions of Americans. The key to CVD prevention is
to determine if an atheroma is present in the vascular tree and minimize any opportunity for thrombus development through rupture or erosion. This is accomplished
by mitigating the risk of any vascular inflammation, including the systemic impact
of periodontal disease (PD). Evidence supports inflammation as a key player in
the development and progression of atherosclerosis. In addition, inflammation is
involved in destabilizing the plaque and in promoting thrombosis. A meta-analysis
from the AHA Journal reviewed the prevalence and incidence of coronary heart
disease (CHD) as being significantly increased in subjects with periodontitis and
confirmed an independent association between PD and CVD with Level A evidence.
Current genetic research indicates that inflammation appears to be causal for CVD,
which intensifies the importance on the oral-systemic inflammatory link. Proving
direct causality between oral health and vascular events proves challenging due to
lack of uniformity in clinical diagnostic criteria and clinical treatment guidelines for
PD. Unequivocal evidence of causality is not necessary to address PD in efforts to
minimize cardiovascular (CV) risk. Any modifiable CV risk factor should be addressed
in a holistic approach to lessen the impact of CVD. The plethora of evidence
supporting the systemic inflammatory link with PD along with its independent
association with CAD makes it imperative that efforts to enhance cardiovascular
wellness incorporate PD evaluations and therapies., Guidelines should call for the
assessment and treatment of PD not only for the patient’s oral health, but also as
one of many comprehensive measures that may help maintain CV health.
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Learning Objectives:

The participants will appreciate the catastrophic economic and health
expenditures associated with cardiovascular disease.
1. The learners will synthesize the value of educating patients on the
pathophysiology of arterial disease.
2. The student will understand that it is inflammation that can trigger a
plaque rupture and potential thrombus that could block the flow of blood.
3. The learner will recognize that the current health-care platform is based
on a risk factor paradigm rather than a disease treatment paradigm.
4. The reader will appreciate the inflammatory link between periodontal
disease and vascular disease.
5. The learner will articulate the opportunity to identify silent atherosclerosis
in the artery wall using carotid intima media thickness testing.
6. The student will appreciate that periodontal disease is associated
with many vascular inflammatory markers such as hsCRP, fibrinogen,
microalbumin, and Lp-PLA2.
7. The participant will elucidate the value of objectifying the clinical
diagnosis of periodontal disease by using oral pathogen burden evaluation
rather than simply relying on clinical symptoms.
8. The learner will recognize that the dental provider plays an essential role
in the prevention of heart attacks and ischemic strokes.
9. The reader will understand the merit of Level A evidence that connects
periodontal disease with arterial disease.
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Educational Objectives

Impact of CVD

The participants will appreciate the catastrophic economic and
health expenditures associated with cardiovascular disease.

Cardiovascular disease (CVD) is bankrupting our health-care
system. We currently spend approximately $300 billion annually
with direct and indirect costs of CVD. This figure is projected to
triple in the next two decades.1 The life expectancy for Americans
is now 78 years of age. Amazingly, one-third of all cardiovascular
(CV) deaths occur in individuals younger than 75 years old and
more than 150,000 CV deaths are in people less than 65 years
old.2 If we continue to allocate these resources for the treatment
of end-stage effects of CVD, our country will suffer further
financial bankruptcy. Additionally, the premature morbidity
and mortality of CVD is claiming the lives and independence
of millions of Americans. Rather than continuing to feed this
imbalance of resources, it is reported that we can realign financial
attention to prevention efforts, which will save billions of dollars
in medical expenditures. Every $1 spent in wellness programs
would save $3.27 in medical costs and $2.73 in absenteeism
costs. “What we spend on CVD is not sustainable. But, we can
afford to prevent it.” — cardiologist, Dr. William S. Weintraub. 3

1. The learners will synthesize the value of educating patients on the
pathophysiology of arterial disease.
2. The student will understand that it is inflammation that can trigger a
plaque rupture and potential thrombus that could block the flow of blood.
3. The learner will recognize that the current health-care platform is based on
a risk factor paradigm rather than a disease treatment paradigm.
4. The reader will appreciate the inflammatory link between periodontal
disease and vascular disease.
5. The learner will articulate the opportunity to identify silent atherosclerosis in the artery wall using carotid intima media thickness testing.
6. The student will appreciate that periodontal disease is associated with
many vascular inflammatory markers such as hsCRP, fibrinogen,
microalbumin, and Lp-PLA2.
7. The participant will elucidate the value of objectifying the clinical
diagnosis of periodontal disease by using oral pathogen burden evaluation rather than simply relying on clinical symptoms.
8. The learner will recognize that the dental provider plays an essential role
in the prevention of heart attacks and ischemic strokes.
9. The reader will understand the merit of Level A evidence that connects
periodontal disease with arterial disease.

Abstract
The premature morbidity and mortality of cardiovascular disease (CVD) is claiming the lives and independence of millions
of Americans. The key to CVD prevention is to determine if
an atheroma is present in the vascular tree and minimize any
opportunity for thrombus development through rupture or erosion. This is accomplished by mitigating the risk of any vascular
inflammation, including the systemic impact of periodontal
disease (PD). Evidence supports inflammation as a key player
in the development and progression of atherosclerosis. In addition, inflammation is involved in destabilizing the plaque
and in promoting thrombosis. A meta-analysis from the AHA
Journal reviewed the prevalence and incidence of coronary
heart disease (CHD) as being significantly increased in subjects
with periodontitis and confirmed an independent association
between PD and CVD with Level A evidence. Current genetic
research indicates that inflammation appears to be causal for
CVD, which intensifies the importance on the oral-systemic
inflammatory link. Proving direct causality between oral health
and vascular events proves challenging due to lack of uniformity
in clinical diagnostic criteria and clinical treatment guidelines
for PD. Unequivocal evidence of causality is not necessary to
address PD in efforts to minimize cardiovascular (CV) risk. Any
modifiable CV risk factor should be addressed in a holistic approach to lessen the impact of CVD. The plethora of evidence
supporting the systemic inflammatory link with PD along with
its independent association with CAD makes it imperative
that efforts to enhance cardiovascular wellness incorporate PD
evaluations and therapies., Guidelines should call for the assessment and treatment of PD not only for the patient’s oral health,
but also as one of many comprehensive measures that may help
maintain CV health.
2
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Event reality:
Understanding the mechanism from which heart attack or ischemic stroke occurs allows for an appreciation of the connection
between periodontal disease (PD) and vascular events. Atherosclerotic plaque lesions develop silently within the artery wall,
often with minimal luminal encroachment. When an artery wall
weakens due to an influx of inflammation, the protective endothelial lining can rupture or erode, thus exposing the plaque to
blood flow, creating the potential for thrombus formation. Not all
plaque ruptures or erosions result in major CV events; some lead
to progression of plaque volume or create microvessel thrombi
that cause microvascular disease states such as silent heart attacks and silent strokes, which contribute to vascular dementia
and peripheral vascular disease. Regardless of the resulting effects of a thrombus, the presence of an atheroma is essentially a
condition sine qua non for an event.6 The key to CVD prevention
is to determine if an atheroma is present in the vascular tree and
minimize any opportunity for thrombus development through
rupture or erosion. This is accomplished by mitigating the risk of
any vascular inflammation, including the systemic impact of PD.

Risk factors for heart attack and stroke:
The INTERHEART study4 and the INTERSTROKE study5
have helped elucidate numerous risk factors and emphasize the
need for a holistic approach to maintain CV wellness. These are
large scale, epidemiological trials that mitigate socioeconomic,
gender, and racial barriers to determine the risk factors for both
heart attacks and strokes. They provide the evidence to support
that a comprehensive approach to treatment is necessary in order
to reduce the morbidity and mortality associated with heart attacks
and strokes. It is now clear that simply treating blood pressure and
cholesterol will not eliminate costly and deadly CV events. Evidence supports inflammation as a key player in the development
and progression of atherosclerosis. In addition, inflammation is

involved in destabilizing the plaque and promoting thrombosis.
Inflammation is a manifestation of underlying pathology, such
as obesity, stress, hypercholesterolemia, diabetes, and infection.6
A comprehensive CV wellness program needs to evaluate each
individual patient for all conditions known to be associated with
CV risk or which can stimulate systemic inflammation.

Association between PD and CVD
Numerous cross-sectional epidemiological studies provide
evidence of an association between periodontitis and elevated
risk for CVD. Some studies have shown that periodontitis is an
independent risk factor for CVD. In addition, there is evidence
that specific periodontopathogenic bacteria may play a role in
atherogenesis. Recent studies have focused on the systemic effect of periodontal intervention on surrogate indicators of CVD,
including serum markers of inflammation, serum lipid levels,
measurements of endothelial function, and hemostatic factors.18
The systemic implications of treating these oral-biofilm infections has supportive evidence of improved glycemic control,
reduction of inflammatory biomarkers, improved surrogate
measures of vascular endothelial function, and reduction of risk
for cardiovascular or cerebrovascular diseases.19
The prevalence and incidence of coronary heart disease
(CHD) is significantly increased in subjects with periodontitis. A
meta-analysis from the American Heart Journal (AHJ) reviewed
the prevalence and incidence of CHD as being significantly
increased in periodontitis subjects. This systematic review of
eligible literature included five prospective cohort studies with
a follow-up for >6 years. Also, five case-control studies and five
cross-sectional studies that were eligible were included in this
analysis. This meta-analysis indicated that both the prevalence
and incidence of CHD are significantly increased in subjects
with periodontitis.20 The authors concluded that PD may be a
risk factor for CHD.

PD as an independent risk factor for CVD
The United States Preventive Services Task Force (USPSTF)
established an exhaustive review to aid in evaluating PD as an independent risk factor for incident CHD. The exhaustive search
of Medline studies from 1966 to 2008 reviewed prior systematic
reviews, reference lists, and consulting experts. Prospective cohort studies, Framingham risk factors, and CHD incidence in
the general adult population without known CHD risk factors
were reviewed and quality rated. Follow-up studies ranged from
five to 21 years. These data concluded that PD is a risk factor and
a marker for CHD that is independent of traditional CHD risk
factors, including socioeconomic status.21

Carotid intima-media thickness testing —
surrogate marker for CAD:
Carotid intima-media thickness (cIMT) testing is a safe, noninvasive, reliable, and reproducible test to clinically assess and
monitor the atherosclerotic disease process. The appropriateuse criteria for the Society for Atherosclerotic Imaging Preven-

tion (SAIP) has been published, and it is recommended that
cIMT be used as a clinical tool for the assessment of vascular
health.25 The Atherosclerosis Risk in Communities study
(ARIC)26 demonstrated that cIMT is a surrogate marker for
CHD. Most recently, cIMT was proven to add significant
improvement in predicting CHD events when it was added to
traditional risk factor models.27 It is imperative to recognize that
emerging evidence indicates PD by the oral pathogen burden
can affect vascular health, as evidenced by cIMT.17
Recent articles take into consideration periodontal bacteria
and their potential influence on vascular injury, including the
trial by Desvarieux et al. (INVEST – The Oral Infections and
Vascular Disease Epidemiology Study).17 This review studied
the influence of specific periodontal microbiota and their
influence on subclinical atherosclerosis using cIMT scans in
657 dentate subjects with no history of stroke or myocardial
infarction (MI) and adjusted for known risk factors including
age, race, gender, education, BMI, smoking, DM, SBP, LDL,
and HDL. The study investigated the relationship between
specific periodontal bacteria [Actinobacillus actinomycetemcomitans (Aa), Porphyromonas gingivalis (Pg),Tannerella forsythensis
(Tf), and Treponema denticola (Td.)], total burden of causative
bacteria, and relative predominance of causative bacteria. Their
findings were that the overall periodontal bacterial burden
was related to cIMT changes. In addition, they found those
changes were clinically relevant and also related to specific
causative periodontal bacteria and the dominance of etiological
bacteria. The conclusion was that this data provides evidence
of a direct relationship between periodontal microbiology and
subclinical atherosclerosis, independent of C-reactive protein.
Furthermore, the IMT changes associated with dominance of
etiologic bacteria represented a 15 mm Hg increase in systolic
blood pressure, a 0.04 mm increase in cIMT thickness, and
was equivalent to a 10-year age difference in subjects without
bulbar plaque.17

PD bacteria and its influence on vascular injury
The CORODENT study investigated the role of periodontal
bacteria and the importance of total pathogen burden in coronary
events and PD. The background included the statement that
chronic inflammation from any source is associated with increased
CV risk. In this controlled study of 263 subjects with confirmed
CHD and 526 subjects without a history of CHD, subgingival
samples of biofilm were analyzed for specific periodontal pathogens: including Aa, Pg, Tf, Td, and Prevotella intermedia (Pi).
The results found a statistically significant association between the
periodontal pathogen burden or the number of Aa in periodontal
pockets. The findings suggested an association between periodontitis and presence of CHD.22
In 2010, Desvarieux et al. investigated the relationship between
periodontal microbiota and hypertension in 653 subjects with no
history of stroke or MI (INVEST).24 The findings were adjusted
for the subjects’ risk factors, which included age, race, sex, and
education, BMI, smoking, DM, LDL, and HDL. The results
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were that periodontal etiologic bacterial burden was positively
associated with both BP and prevalent hypertension. Comparing
highest and lowest tertiles of etiologic bacterial burden, SBP was 9
mm Hg higher and DBP was 5 mm Hg higher (P for linear trend,
0.001 in each case). The bacteria considered to be etiological for
PD and used in this investigation included Aa, Pg, Tf, and Td.
The conclusion: “Our data provide evidence of a direct relationship between the levels of these subgingival periodontal bacteria
and both SBP and DBP as well as hypertension prevalence. The
burden of these periodontal pathogens is positively associated
with both BP and prevalent hypertension.17

Endotoxins and vascular injury
Endotoxins and exotoxins of gram-negative bacteria have also
been the subject of investigation for their potential influence on
vascular injury. Porphyromonas gingivalis (Pg) is a gram-negative
bacteria considered to be causative for periodontitis. A specific
toxin of this bacterium, known as lipopolysaccharide endotoxin
(LPS), is similar to the toxins in other known bacterial diseases
such as E. coli and Salmonella infections.
A study in 2011 (Lei et al.) investigated the potential that Pg
LPS was involved in the development of atherosclerosis. They
specifically inquired whether this LPS may alter atheroscleroticrelated gene expression in oxidized low-density lipoproteininduced macrophages during and after the formation of foam
cells, which aggregated in arterial walls to form atherosclerotic
plaques. They found Pg LPS stimulated atherosclerosis-related
gene expression in foam cells and also stimulated transcription
of pro-inflammatory cytokines, adhesion molecules, and growth
factors. The authors concluded that the endotoxins of Pg are
directly involved in the development of ASVD by stimulating
atherosclerosis-related gene expression. This adds more evidence
to the relationship between periodontal pathogens and CVD.23

Recent AHA statement — Level A evidence
Recently, after an extensive search that produced 537 peerreviewed medical and dental publications, it was concluded that
periodontal disease is associated with CVD independent of known
confounders. This conclusion was supported by Level A evidence.7
This level of evidence is extremely difficult to obtain and vitally
important. The USASTF states that Level A evidence means that
the data improves important health outcomes and that the benefits
of the treatment substantially outweigh the risk of harm. They go
on to state that the net benefit of the recommendation is substantial
and should be provided to eligible patients.29 Many CV treatment
guidelines are not established with Level A evidence. Because of
this, clinicians were warned to use caution when embracing guidelines less than Level A. Lockhart et al. pointed out that less than
20% of the American College of Cardiology and American Heart
Association guidelines were based upon Level A evidence. Many
recommendations were derived from Level C evidence or simply
expert opinion.8 Furthermore, a benefit of periodontal intervention in decreasing local periodontal inflammation is also supported
by Level A evidence.7
4
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PD and related biomarkers for CVD
MACR
The conclusion of an independent association between PD and
CVD continues to be supported by recent publications.9 The
Framingham study found UACR to be one of only two independent biomarkers for CV event risk.10 A very recent study added to
the evidence that changes even within the normal UACR range
are independently associated with adverse CV outcomes. It was
concluded that there is a continuous association between UACR
and CV outcomes, starting as low as 4.4 mg/g.11 PD was shown
to be associated with increased microalbumin-creatinine ratios
(UACR). The amount of albumin that gets into the urine is
strongly influenced by the health and permeability of the endothelium. PD is known to facilitate endothelial permeability. The
biochemical mechanism by which the PD pathogen Fusobacterium
nucleatum (Fn) can produce increased endothelial permeability
was recently discovered.28 Fn contains a molecule FadA adhesion,
which binds to vascular endothelial (VE)-cadherin, a member of
the cadherin family and a cell-cell junction molecule. This causes
relocation of VE-cadherin away from the endothelial cell-cell junctions and results in increased endothelial permeability.12 It should
be no surprise that Fn, a frequent pathogen in periodontal infections, is frequently found in carotid atheromas.13
Lp-PLA2
Lipoprotein-associated phospholipase A-2 (Lp-PLA2) is an
enzyme that was FDA approved for coronary heart disease assessment in 2003 and stroke risk assessment in 2005. It is now
emerging not only as a marker of arterial wall inflammation, but
also as a direct player in the atherosclerotic disease process. A
recently published study suggests Lp-PLA2 plays a key role in
cholesterol plaque inflammation and vulnerability. The authors
note that this supports Lp-PLA2 inhibition as a strategy for the
prevention of CVD.15 PD has been associated with elevated levels of Lp-PLA2.14 With the above evidence, it is not surprising
that a sophisticated look at the degree of inflammation utilizing
F-fluorodeoxyglucose (FDG)-PET imaging showed a strong
relationship between the degree of periodontal inflammation and
carotid inflammation. This same study also correlated the amount
of carotid inflammation found histologically from 16 endarterectomy specimens with FDG-PET periodontal inflammation and
found an extremely strong relationship with an R value =0.81, p
<0.001.16 These important data support PD being independently
associated with CVD. PD is a CVD risk factor.

Inflammation is causal of atherosclerosis
Current genetic research indicates that Inflammation appears to
be causal for CHD.28 Prior to this data, the hypothesis existed that
persistent inflammation was a contributor to the various stages
of the pathogenesis of CVD; however, causality had not been
established. Sarwar’s recent genetic work demonstrated via the
Interleukin-6 receptor (IL-6R) signaling pathway that inflammation has a causal role in the development of CVD. Furthermore,

this research can be “used to validate and prioritize novel therapeutic opportunities to treat CVD.” This research has tremendous
impact on the connection between PD and CHD. The associated
link between PD and CVD involves systemic inflammation. We
now have the opportunity to further investigate this relationship
as a possible causal role by investigating effects of PD on IL6R in
randomized trials.

PD and CVD causal — obstacles to overcome
The recent AHA publication regarding PD and CVD highlighted
the difficulty in proving a cause and effect relationship. One of
the largest hurdles is that there is substantial variation in a clinical diagnosis of PD. It remains a research and clinical challenge to
establish a causal association between the two conditions when the
definition involves subjective clinical measurements. Concluding
causality should demand a very objective definition of PD. A publication that helps elucidate the differences between defining PD
by “clinical signs” (subjective factors) vs. defining PD by specific
periodontal bacteria (objective factors) and looking for a relationship with atherosclerosis was done by Beck et al., Circulation,
2005.26 Of the 15,792 subjects aged 45 to 64 in the ARIC study,
6,793 underwent a complete periodontal examination. The ARIC
clinical evaluation included anthropometry including waistto-hip ratio, BP, cognitive function, ECG, clinical chemistries,
plasma lipids, medications listed, and health questionnaires. The
periodontal examination included periodontal status as measured
by probing depth and cementoenamel junction measures relative
to the gingival margin on six sites for all teeth. They also utilized
clinical attachment level by calculating the sum of probing depth
and cementoenamel junction scores. A more objective assessment
of PD was also used. This was done by measuring serum IgG
antibody levels to 17 high-risk periodontitis organisms known as
risk organisms for periodontitis. The results of this multivariable
analysis indicated the subjective PD status was not significantly
associated with CHD in either ever-smokers or never-smokers. In
contrast, the objective assessment of PD status demonstrated high
antibodies above the median to Td, Pi, Capnocytophaga ochracea
(Co), Aa, and the combination of A. Actinomycetemcomitans with
Capnocytophaga ochracea were associated with CHD among never-smokers. The odds ratio (OR) varied based on the prevalence of
specific bacteria or combinations from 2.0 to 1.5.
The conclusions were as follows: “Clinical signs of PD were
not associated with CHD. The more objective assessment of PD
status via systemic antibody response to specific PD bacteria was
associated with CHD in ever-smokers and never-smokers. These
findings indicate that the quality and quantity of the host response
to oral bacteria may be an exposure more relevant to systemic
atherothrombotic coronary events than clinical measures. These
findings are relevant in that they indicate that the subjective clinical definition of periodontitis may not adequately represent the
systemic burden of PD.”24
Furthermore, “effective treatment” of periodontal disease
must include more definitive pre- and postbiological parameters
to offset the variability associated with traditional clinical mea-

sures usually associated with this term. There are several ways
of obtaining this information today: subgingival microbial colonization by certain pathogens; analyzing levels of IgG or IgA for
selected organisms; and identification and relative concentrations
of specified pathogens through salivary DNA analysis. Studies
such as INVEST17 indicate that PD would be better defined by the
concentrations or burden of various pathogens known to drive CV
risk than the more subjective definitions.
Another barrier to demonstrating causation is the myriad of
other known CV risk factors. A definitive study will need a control
group and a PD group with statistically matched CV risk factors
ranging from psychosocial to medications. In addition, those risk
factors will need to be controlled in a static and controlled manner throughout the trial. This task is not impossible, but it is very
difficult and will require a substantial number of subjects due to
attrition and potential exclusion during the trial period. There is
another hurdle to overcome when establishing causality that was
not mentioned in the AHA paper. It involves the recent discovery
that many plaque rupture/erosions do not result in a symptomatic event. As discussed previously in this article, there are three
common scenarios. The scenarios range from a symptomatic heart
attack or stroke, the “silent” damage to the heart or brain from the
assault of tiny thrombi, which can embolize in the distal vessels
and, lastly, a “healing” of the injury, which causes progressive
enlargement of the plaque.6 Therefore, research designed to investigate a cause and effect will have to incorporate a way to measure
for the silent events and the increased plaque burden. These issues
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of definition, effective treatment protocols, confounding comorbidities, and comprehensive event endpoints are not impossible to
overcome, but they create challenges for a quick definitive study
for PD being causal of CVD.

Why CV and PD providers need to communicate
In light of the intolerable burden of CVD, the Level A evidence
that PD is independently associated with CVD, and the recently
published data indicating a cause and effect relationship of inflammation to CVD, it is imperative that efforts to enhance CV wellness
incorporate PD evaluations and therapies. Any modifiable CV risk
factor should be addressed in a holistic approach to lessen the impact
of CVD. Unequivocal evidence that PD is causal of CVD is not
necessary. Guidelines should recognize the significant association
between the two conditions and call for the assessment and treatment of PD not only for the patient’s oral health, but also as one of
many comprehensive measures that may help maintain CV health.
The medical community must value the dental role in managing the modifiable disease state of PD as it relates to CVD. The
dental community should remain steadfast and stand proud of
its vigilance with PD. The American Journal of Cardiology and
Journal of Periodontology editors’ consensus paper in 2009 called
for the collaboration between medicine and dentistry to improve
patient care. We are long overdue to make their joint statement a
reality for our patients. There is a sense of urgency for medicine
and dentistry to join together to improve the lives of our patients
by reducing the morbidity and mortality associated with vascular
disease. The consistent association between periodontal infections
and vascular inflammation demands that dental professionals
begin a mindset of systemic health management through CV
wellness optimization. Knowing that the morbidity and mortality associated with vascular disease is catastrophic, the dental
profession must be recognized by the medical community as true
partners in cardiovascular prevention efforts. Dental professionals
have a responsibility to recognize risk and celebrate that their work
has systemic merit. Bridges of communication must be established
between the medical and dental communities with the intention of
decreasing the morbidity and mortality associated with vascular
disease. Indeed, dentists play a key role in the prevention of heart
attacks and ischemic strokes through appropriate screening efforts
and optimization of oral health.
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Questions
1. Studies that provide evidence of the association between periodontitis and CVD include:
a. Those that show periodontitis as an independent risk
factor for CVD
b. Those that provide evidence of periodontopathogenic
bacteria in atherogenesis
c. Those that focus on the systemic effect of periodontal
intervention
d. All of the above

2. The prevalence and incidence of coronary
heart disease in subjects with periodontal
disease is:
a.
b.
c.
d.

Not related
100% related
Significantly increased
Decreased

3. The INVEST study from 2005 examined
the influence of periodontal microbiota on
vascular injury and carotid intima-media
thickness. The findings included:
a. Overall periodontal bacterial burden was related to
CIMT changes
b. Were clinically relevant based on IMT changes
c. Was specific to causative bacterial burden and
dominance of etiological bacteria
d. All of the above

4. The CORODENT study concluded that:

a. Bacteria from PD are not involved in systemic inflammation
b. Bacteria from PD are not related to coronary events
c. A statistically significant association between
periodontal pathogen burden and CHD does exist
d. None of the above

5. Recent literature reveals that LPS, a bacterial
toxin from P. gingivalis, may increase risk for
vascular injury by:
a.
b.
c.
d.

Blocking WBCs
Altering gene expression of macrophages
Mimicking HDL
Doesn’t affect vascular health

6. In the ARIC trial, the results indicated that
clinical parameters of PD were:
a.
b.
c.
d.

Directly involved in ASVD
Indirectly involved in ASVD
Dependent on depth of pockets and BOP
Not significantly associated with CHD

7. In the INVEST study from 2010, the
relationship between periodontal microbiota
and hypertension was reviewed. The findings
include:
a. Periodontal etiological bacterial burden is positively
associated with hypertension
b. SBP was elevated in the highest tertiles by 9mmHg and
DPB by 5 mmHg
c. Etiological bacteria include Aa, Pg, Tf, and Td.
d. The data provides evidence of a direct relationship
between levels of specific subgingival bacteria and both
BP and DBP
e. All of the above
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8. In the ARIC trial, high levels of antibodies
to specific periodontal pathogens above the
medium were:

a. Associated with CHD among never-smokers and
ever-smokers
b. Indicative that the quality and quantity of host response
to oral bacteria is more relevant to coronary events than
clinical measures
c. The odds ratio of total pathogen burden showed a 100%
increase in risk
d. All of the above

9. Our country currently spends annually
approximately ____ on the direct and indirect
costs of cardiovascular disease (CVD)?
a.
b.
c.
d.
e.

$20 billion
$98 billion
$125 billion
$221 billion
$300 billion

10. What percent of CVD deaths occur in
individuals younger than the current life
expectancy age?
a.
b.
c.
d.
e.

5%
12%
25%
33%
45%

11. Every dollar spent on wellness care would
save ____ dollars in direct and indirect illness
expenditures?
a.
b.
c.
d.
e.

$1.85
$2.75
$3.25
$6.00
$8.45

12. Inflammation appears causal for CVD
and can be a manifestation of the following
conditions:
a.
b.
c.
d.
e.

Stress
Hyperlipidemia
Diabetes
Periodontal disease (PD)
All of these conditions

13. Endothelial permeability may be impaired
by the following:
a.
b.
c.
d.
e.

Nitric oxide
Exercise
Fusobacterium nucleatum
Mediterranean diet
Laughter

14. PD has been associated with carotid artery
inflammation by:
a.
b.
c.
d.
e.

Empiric knowledge
Calcification
Carotid IMT
PET imaging
MRI

15. PD has evidence of being associated with the
following biomarkers:
a. Hs-CRP
b. Fibrinogen
c. Microalbuminuria
d. Lp-PLA2
e. All of these biomarkers

16. PD is objectively defined by which of the
following?
a. Pocket depth
b. Attachment loss
c. Salivary DNA
d. None of these
e. All of these

17. Overlapping CVD and PD risk factors
include the following:
a. Diabetes
b. Smoking
c. Hypertension
d. a and b
e. All of these

18. The statement that PD is independently
associated with CVD arises from what level
of evidence?
a. A
b. B
c. C
d. Expert opinion
e. Anecdotal

19. Identifying and treating PD may mitigate
the risk of:
a. Halitosis
b. Bleeding gums
c. Tooth loss
d. Diabetes
e. CVD
f. All of these

20. Programs focused on maintaining wellness
should address the following issues:
a. PD
b. Weight
c. Sleep
d. Anxiety
e. Diet
f. All of these
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