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ABSTRACT

Title of Thesis: C-Reactive Protein as a Biomarker of Oral Health and Risk of
Cardiovascular Disease in Healthy and CV Disease Subjects
Name of Candidate: Ahmed Alzalzalah, Master of Science, 2017

Thesis Directed by: Timothy Meiller DDS, PhD

Cardiovascular disease (CVD) is a leading global cause of death. Elevated CRP is
considered a biomarker for the development of CVD. CRP is elevated in inflammatory
periodontal diseases considered a co-morbidity of CVD. This project contrasted CRP in
young healthy, elderly healthy and elderly with CVD subjects relating these to gingival
index (GI) and body-mass index (BMI) as parameters of inflammation. The data confirm a
correlation between GI, BMI with CRP levels and in turn the risk of CVD. Selected young
subjects had CRP levels similar to the elderly CVD subjects. This suggests that young
healthy subjects with elevated Gl, coupled with high BMI may be at a higher risk to
develop CVD, as they age. Future studies should focus on these subjects longitudinally to
assess the development of systemic disease, in particular CVD. Modalities to lower risk

factors using CRP as a biomarker of efficacy may be developed.
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Introduction:

A: Cardiovascular Disease Statistics:

Cardiovascular disease (CVD) is the leading global cause of death, accounting for 17.3
million deaths per year, a number that is expected to grow to more than 23.6 million by 2030. In
2008, cardiovascular deaths represented 30 percent of all global deaths, with 80 percent of those
deaths taking place in low- and middle-income countries. Nearly 787,000 people in the U.S. died
from heart disease, stroke and other cardiovascular diseases in 2011. That’s about one of every
three deaths in America. About 2,150 Americans die each day from these diseases, one every 40
seconds. Cardiovascular diseases claim more lives than all forms of cancer combined. About
85.6 million Americans are living with some form of cardiovascular disease or the after-effects
of stroke. Direct and indirect costs of cardiovascular diseases and stroke total more than $320.1
billion. That includes health expenditures and lost productivity. Nearly half of all African-
American adults have some form of cardiovascular disease, 48 percent of women and 46 percent
of men. Heart disease is the leading cause of death in the world and is also the leading cause of
death in the United States, killing over 375,000 Americans a year. Heart disease accounts for 1
in 7 deaths in the U.S. Someone in the U.S. dies from heart disease about once every 90 seconds

(1,3).

B: Cardiovascular Disease:

The term “cardiovascular disease” refers to several types of heart conditions. The most
common type is coronary artery disease, which can cause heart attack. Other kinds of
cardiovascular disease may involve the valves in the heart, or the heart may not pump well and

cause heart failure. Some people are born with heart disease. Anyone, including children, can



develop heart disease. It occurs when a substance called plaque builds up in your arteries. When
this happens, your arteries can narrow over time, reducing blood flow to the heart. Smoking,
eating an unhealthy diet, and not getting enough exercise all increase your risk for having
cardiovascular disease. Having high cholesterol, high blood pressure, or diabetes also can
increase your risk for cardiovascular disease (2,3).

Atherosclerosis is a generalized, chronic, inflammatory vessel disorder leading to
cardiovascular diseases (CVDs) like myocardial infarction and stroke. The inflammation is
initiated by entrance of cholesterol-rich lipoproteins into in the vessel wall of arteries, and
afterwards macrophages absorb these and are transformed into foam cells. This process leads to
higher levels of macrophage produced inflammatory cytokines that subsequently make the liver
produce C-Reactive Protein (CRP). Elevated CRP could directly contribute toward development
of CVD. Elevated CRP concentrations are consistently associated with CVD, indicating that

inflammation is important in CVD risk (4-11).

C. C-Reactive Protein (CRP):

C-reactive protein was discovered in 1930 during a study of patients with
Streptococcus pneumonia infection. CRP is a plasma protein that reflects a measure of the acute
phase response to inflammation and is one of the markers of choice in monitoring this response.
CRP participates in the systemic response to inflammation (12-15). CRP is a systemic marker
for unspecific inflammation. CRP is an acute phase protein produced by the liver under
circumstance of inflammatory diseases. Under normal conditions its serum concentration is very
low. However, after triggering levels may dramatically rise within 24-48 h and induce numerous

immunologic processes, e.g. activation of complement cascade or opsonization of parts of



foreign cells (16-19). Plasma CRP concentrations increase rapidly and dramatically (100-fold or
more) in response to tissue injury or inflammation. High-sensitivity CRP (HS-CRP) is more
precise than standard CRP when measuring baseline (ie, normal) concentrations and enables a
measure of chronic inflammation (20-23). The difference between regular CRP and HS-CRP is
that both tests measure the same molecule in the blood, while the HS-CRP measures CRP in the
range from 0.5 to 10 mg/L. The regular CRP test measures CRP in the range from 10 to 1000
mg/L i.e. HS-CRP Test is more sensitive in nature and can detect fairly lower limits of CRP (20-
23).

C-reactive protein is of great interest in the diagnostics of inflammations. Although CRP
was originally crystallized in 1947, suitable forms for further physiological structure analysis
have only been obtained more recently. The human C-reactive protein belongs to the pentraxin
family. It is composed of five identical nonglycosylated polypeptide subunits (molecular weight
23 kDa), each containing 206 amino acid residues. The protomers are noncovalently associated
in an annular configuration with cyclic pentameric symmetry. CRP was the first acute-phase
protein to be discovered in 1930. It is a sensitive, systemic marker of inflammation, infection and
tissue damage. The production of CRP is part of the nonspecific acute-phase response.
Therefore, it was not considered to provide useful clinical information at first. Although the
discrete CRP values can indeed never deliver complete diagnoses, they are still valuable
supplementary hints in emergency diagnostics. Increased CRP values indicate acute
inflammations, and the HS-CRP is an established indicator for risk of heart disease. The
concentration of CRP in the blood of a young adult is about 1-10 mg L—1, and can rise up to 20—
40 mg L—1 in the case of a viral infection or even up to about 500 mg L—1 in the case of a

bacterial infection. This crude classification and the long plasma half-life of about 19 hours help



one to monitor the progress of diagnosed diseases. Regarding the role of high-sensitivity CRP in
the field of cardiovascular risk assessment, extremely low concentrations have to be detected and
monitored over longer periods. In general, concentrations of < 1 mg L—1 are classified as a low
risk level and concentrations of > 3 mg L—1 as high risk level. In clinical laboratories, CRP is
determined routinely via enzyme-linked immunosorbent assay (ELISA) which is known to be a
highly sensitive method (24-27).

CRP is produced in response to many forms of injury such as periodontitis, infections,
trauma and hypoxia, and it is regulated by diverse cytokines. CRP levels have an association
with smoking, obesity, triglycerides, diabetes, and periodontal disease. Changes in peripheral
blood cellular and molecular components can be found in patients with periodontitis due to
inflammatory changes of the periodontal tissues. Plasma levels of CRP rise rapidly and markedly
as much as 100-fold or more within 72 hours following tissue injury and may increase as much
as 1000-fold or more within a longer period after an acute inflammatory stimulus; therefore,
CRP is a sensitive marker to evaluate the inflammatory status (12,15,28-30). C-reactive protein
is a marker of nonspecific inflammation, which has been found to predict cardiovascular events.
To date, it is known that factors such as stress, inflammatory diseases, smoking, diet, lack of

physical exercise, obesity and atherosclerotic lesions increase CRP levels (31-33).

D. Gingivitis:

Healthy pink gingiva end at tooth bases in epithelium-covered connective tissue,
detached from teeth for 0.15 to 0.30 millimeter. This free gingiva is demarcated from the next
gingival portion, attached gingiva, by a gingival groove. The space between free gingiva and a

tooth is the gingival sulcus. Attached gingiva is bound to the bone that it covers and is 3 to 6



millimeters deep. Free gingiva between teeth, interdental papillae, extend upward in the front of
teeth and make the gingiva look scalloped. All gingival epithelium covers connective tissue
holding collagen fibers. Gingival sulcus epithelium holds oral crevicular and junctional
epithelium. Junctional epithelium forms a tooth collar, which is joined to tooth surfaces. Each
collar girdles the neck of a tooth and prevents marginal gingivitis and periodontitis (34-41).

Gingivitis begins when plaque and calculus irritate free gingiva, causing inflammation
and bleeding. Unchecked, it leads to the more serious periodontitis, which can result in tooth
loss, cardiovascular disease, and diabetes. Plaque starts as aggregates of bacteria and their
capsules on tooth surfaces. It forms in a protein film deposited on the surfaces and thickens as
bacteria become established in a growing matrix of protein and capsule polysaccharide,
extending into attached gingiva. Plague and bacterial toxins damage tissue, producing gingivitis
by irritating free gingiva, loosening collars around teeth, and causing the detachment of attached
gingiva. Many view it as the main factor in initial gingival inflammation. Plaque calcification
produces calculus, which is most problematic when it causes irritation if gingiva push up against
it (34-41).

Acute gingivitis of several types is short term and of minor interest. Nonspecific acute
gingivitis occurs with colds and influenza. It causes diffuse redness, swelling, and discomfort but
resolves quickly upon recovery. Localized acute gingivitis arises from gingival trauma (such as
hard food). Removing its causes promotes rapid healing. Ulcerative acute gingivitis, called
trench mouth, occurs widely, mostly in one's teens or twenties. Patients report soreness,
difficulty eating, facile gum bleeds, and headache. It also occurs in heavy smokers as a result of

chemical and thermal irritation (34-41).



Chronic marginal gingivitis, which accounts for most cases, begins with the reddening
and swelling of interdental papilla and/or the gingival margin. Attempts to explore a sulcus cause
bleeding. Enlargement, as a result of edema or hyperplasia, may be extensive and followed, after
years of disease, by chronic periodontitis where supporting bone is lost. The initial symptoms of
chronic marginal gingivitis reported most often are gingival bleeding, either spontaneous or
caused by brushing or chewing; gingival margin recession; gingiva coming away from teeth;

gingival enlargement; and color change to red or reddish-purple (34-41).

E. Periodontitis:

Periodontitis is an inflammatory disease of the supporting tissues of the teeth
which is caused by specific microorganisms and characterized by extensive destruction of
periodontal ligament and alveolar bone with pocket formation, gingival recession or both.
Gingivitis is a gum inflammatory disease and clinically the presence of identifiable attachment
loss in periodontitis makes it be distinguishable from gingivitis. Host immune response to
pathogens such as bacteria in the teeth plaque biofilm is as cooperation of innate and acquired
immune system. Although periodontitis is a chronic inflammatory disease but the agents of the
acute phase of inflammation which belong to the innate immune system are involved in the
disease. These agents may cause the activation of complement system, neutralization of
pathogenesis agents, stimulation of repair systems and degeneration of different tissues. CRP,
plasminogen-activator inhibitor 1 (PAI-1) and fibrinogens are the most important factors in the
acute phase. CRP is the major protein of plasma. Its half-life is approximately 6-4 hours. The
serum levels of this protein increase rapidly within 24 to 72 hours in conditions of inflammation

or tissue damage and will subside after the removal of inflammation or infection. CRP has given



much attention due to its key role in atherosclerosis. So, that if it increases by more than 0.5
milligrams per liter, the risk of cardiovascular diseases increases (42-45)

Several studies have also suggested a correlation between periodontitis and
cardiovascular diseases. In some studies, it has even been claimed that there are some
correlations between periodontal disease and atherosclerotic heart disease and heart attacks and
strokes. Although their cause and effect relationship has not been established, but it is likely that
elevation of CRP levels in periodontitis may help to understand the relationship between
cardiovascular diseases and periodontitis. Several investigations regarding the relationship
between salivary CRP levels and periodontal disease have also been done. Among these
researches, one can refer to the study of Giannobile et al. in 2009 who demonstrated that the
saliva and serum CRP levels were elevated in patients with chronic and aggressive periodontitis
(42-45). Scientists and the university of North Carolina at chapel Hill have found strong new
evidence that gingival disease effects the entire body and appears to contribute to dangerous
hardening of the arteries. The study demonstrated that people with severe gingival disease had a
high level of CRP in their blood. It was also demonstrated that the effects of periodontal disease
are about the same as being severely obese, and that there seems to be a link between the two
risk factors for atherosclerosis. Researchers found both gingival disease and BMI were linked to

increase CRP (46).

F. BMI:
Obesity has reached epidemic proportions globally, with more than 1 billion adults
overweight - at least 300 million of them clinically obese - and is a major contributor to the

global burden of chronic disease and disability. Often coexisting in developing countries with



under-nutrition, obesity is a complex condition, with serious social and psychological
dimensions, affecting virtually all ages and socioeconomic groups. Increased consumption of
more energy-dense, nutrient poor foods with high levels of sugar and saturated fats, combined
with reduced physical activity, have led to obesity rates that have risen three-fold or more since
1980 in some areas of North America, the United Kingdom, Eastern Europe, the Middle East, the
Pacific Islands, Australasia and China. The obesity epidemic is not restricted to industrialized
societies; this increase is often faster in developing countries than in the developed world.
Obesity and overweight pose a major risk for serious diet-related chronic diseases, including type
2 diabetes, cardiovascular disease, hypertension and stroke, and certain forms of cancer. The
health consequences range from increased risk of premature death, to serious chronic conditions
that reduce the overall quality of life. Of especial concern is the increasing incidence of child
obesity (47)

The prevalence of being overweight and obesity is commonly assessed by using body
mass index (BMI), defined as the weight in kilograms divided by the square of the height in
meters (kg/m2). A BMI over 25 kg/m2 is defined as overweight, and a BMI of over 30 kg/m2 as
obese. These markers provide common benchmarks for assessment, but the risks of disease in
all populations can increase progressively from lower BMI levels. Adult mean BMI levels of 22-
23 kg/m2 are found in Africa and Asia, while levels of 25-27 kg/m2 are prevalent across North
America, Europe, and in some Latin American, North African and Pacific Island countries. BMI
increases amongst middle-aged elderly people, who are at the greatest risk of health
complications. People with a BMI below 18.5 kg/m2 tend to be underweight. The distribution of
BMI is shifting upwards in many populations. And recent studies have demonstrated that people

who were undernourished in early life and then become obese in adulthood, tend to develop



conditions such as high blood pressure, heart disease and diabetes at an earlier age and in more
severe form than those who were never undernourished (47).

Currently more than 1 billion adults are overweight — and at least 300 million of them are
clinically obese. Current obesity levels range from below 5% in China, Japan and certain African
nations, to over 75% in urban Samoa. But even in relatively low prevalence countries like China,
rates are almost 20% in some cities. Childhood obesity is already epidemic in some areas and on
the rise in others. An estimated 17.6 million children under five are estimated to be overweight
worldwide. According to the US Surgeon General, in the USA the number of overweight
children has doubled and the number of overweight adolescents has trebled since 1980. The
prevalence of obese children aged 6-to-11 years has more than doubled since the 1960s. Obesity
prevalence in youths aged 12-17 has increased dramatically from 5% to 13% in boys and from
5% to 9% in girls between 1966-70 and 1988-91 in the USA. Obesity accounts for 2-6% of total
health care costs in several developed countries; some estimates put the figure as high as 7%.
The true costs are undoubtedly much greater as not all obesity-related conditions are included in
the calculations. Overweight and obesity lead to adverse metabolic effects on blood pressure,
cholesterol, triglycerides and insulin resistance. Some confusion of the consequences of obesity
arise because researchers have used different BMI cut-offs, and because the presence of many
medical conditions involved in the development of obesity may confuse the effects of obesity
itself. The non-fatal, but debilitating health problems associated with obesity include respiratory
difficulties, chronic musculoskeletal problems, skin problems and infertility. The more life-
threatening problems fall into four main areas: CVD problems; conditions associated with insulin
resistance such as type 2 diabetes; certain types of cancers, especially the hormonally related and

large-bowel cancers; and gallbladder disease (47)



G. Using Elisa to Measure CRP:
In an ELISA assay, the antigen is bound to the immobilized capture antibody at

one epitope, and is detected using the fluorescently labelled detection antibody binding to a
second epitope. In medical diagnostics, ELISA is a sandwich assay format. However, a relatively
large antigen is needed containing at least two epitopes for antibody binding. In contrast, using
the binding inhibition assay, the sample containing the analyte is preincubated with detection
antibody and only antibodies with free binding sites can bind to the surface and can thus be
detected. Therefore, the measurements must be fully automated ensuring constant time steps and
thus the reproducibility of the obtained results. A considerable advantage of this format is that it
is not restricted to large antigens, but can also be used for small analytes with only one epitope,
such as hormones and other small organic molecules. As the application of both assay types is
highly promising, the sandwich and the binding inhibition assay were developed, and their
results presented and compared regarding their role in inflammation and cardiovascular disease
diagnostics (24,48-50).

It was possible to establish assay procedures for two different assay formats to measure
CRP in human serum using a fully automated immunoassay system. A threefold calibration was
carried out with the sandwich and the binding inhibition assays. Both assays can detect HS-CRP
for cardiovascular risk assessment. There are some differences between the results of the two
formats concerning standard deviations and working range. Nevertheless, for both assays the

reliability is high enough to provide a valuable contribution to the diagnostic procedure (24).

H. The Gingival Index:
The main purpose of creating the Gingival Index system was to introduce a system for

the assessment of the gingival condition which clearly distinguished between the quality of the
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gingiva (the severity of the lesion) and the location (quantity) as related to the four (buccal,
mesial, distal, lingual) areas which make up the total circumference of the marginal gingiva. The
Gingival Index does not consider periodontal pocket depth, degrees of bone loss or any other
quantitative change of the periodontium. The criteria are entirely confined to qualitative changes
in the gingival soft tissue (51-58).

Each of the four gingival areas of the tooth is given a score from 0 to 3; this is the Gl for
the area. The scores from the four areas of the tooth may be added and divided by four to give
the Gl for the tooth. The scores for individual teeth (incisors, premolars and molars) may be
grouped to designate the GI for the group of teeth. Finally, by adding the indices for the teeth and
dividing by the total number of teeth examined, the Gl for the individual is obtained. The index
for the subject is thus an average score for the areas examined. GI = 0 is given to the gingiva the
color of which is pale pink to pink. The surface after drying is matt. The degree of stippling may
vary. The gingival margin may be located on the enamel or at various levels apical to the
cemento-enamel junction. Although the margin should be thin, the buccal and lingual gingiva
may present a rounded termination against the tooth, thereby forming the entrance or orifice of
the gingival crevice. The form of the interdental gingiva depends on the shape and size of the
interdental areas. The tip of the papilla should be the most incisally or occlusally located part of
the gingiva. On palpation with a blunt instrument (pocket probe) the gingiva should be firm (51-
58).

Gl =1 is the score given when the gingiva is subject to mild inflammation. The
gingival margin is slightly more reddish or bluish-reddish than normal and there is
slight edema of the margin. A colorless gingival exudate may be observed or

collected at the entrance of the crevice. Bleeding is not provoked when a blunt
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instrument (pocket probe) is run along the soft tissue wall of the entrance of the

gingival crevice.

Gl =2 This is the score for a moderately inflamed gingiva. The gingiva is red or

reddish-blue and glazy. There is enlargement of the margin due to edema.

Bleeding is provoked when a blunt instrument (pocket probe) is run along the soft

tissue wall of the entrance of the gingival crevice.

Gl = 3 is the score for severe inflammation. The gingiva is markedly red or

reddish-blue and enlarged. Tendency to spontaneous bleeding. Ulceration.

As seen (Figure 1), the decisive criterion in the differentiation between the GI = scores 1,

2 and 3 is the various tendencies of the gingiva to bleeding: GI = 1 is the score for the slight
change from normal, but the change is not of the order that bleeding may be provoked by gentle
probing. G | = 2 represents the stage where bleeding may be initiated by probingand G 1 =3
demonstrates tendency to spontaneous bleeding. Scoring according to this system requires light,
drying of the teeth and gingivae, mirror and a probe. If the gingival condition of mesial, buccal
and lingual surfaces of a full set of teeth (28) are to be examined, scoring according to the
Gingival Index System requires from 2-5 minutes, if chairside assistance and optimal conditions

are otherwise provided (51-58).
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Figure 1Criteria For The Gingival Index

CRITERIA FOR THE GINGIVAL INDEX SYSTEM

0 = Normal gingiva

1 = Mild inflammation — slight change in
color, slight oedema. No bleeding on
probing

2 = Moderate inflammation—redness, oede-
ma and glazing. Bleeding on probing

3 = Severe inflammation — marked redness
and oedema. Ulceration. Tendency to
spontaneous bleeding.

Figure 1Criteria For The Gingival Index

Four indices (Figure 2) commonly used in recent studies on gingival inflammation in

children and young adults are presented:

Name (abbreviation) Reference
Gingival Index (GI) Loe & Silness 19632
Gingivitis Index Suomi & Barbano 1968°
Suomi 1968

Papillary Bleeding Index (PBI) Saxer & Miihlemann 1975°
Gingival Bleeding Index (GBI) Ainamo & Bay 1976°

Figure 2 Gingival Indecise
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The reliability of gingival indices is a difficult parameter to estimate, since the object
being measured is not constant. One of the only ways of comparing the performance of different
indices is to apply several indices in the same study. The experimental gingivitis model has been
used extensively in studies on the plaque- and gingivitis-preventive effects of a variety agents.
TM Reanalysis of data from one of these trials demonstrates that the Gingival Index developed
by Loe & Silness was more sensitive than the Papillary Bleeding Index developed by

Muhlemann and his co-workers (51-58).

l. Study:

Many studies have been performed to evaluate the affiliation of CRP with Gingivitis
(systemic inflammation). Most of the studies concluded that there is a correlation between the
amount of CRP and the degree of the gingivitis. None of the studies study the correlation of
having high CRP/Gingivitis with other systemic diseases, such as BMI and CVD.

In this study, we will test the hypothesis that CRP levels in young healthy subjects are
lower than subjects with a high gingival index, high body-mass index, and subjects which have
experienced cardiovascular disease. To test this hypothesis, we will determine CRP levels in 3
groups of subjects that have been characterized:

1. Young healthy Subjects (less than 45 years of age with no medical or cardiac
problems)

2. Elderly Healthy Subjects (Older than 45 years of Age with no medical or cardiac
problems)

3. Elderly with CVD Subjects (Older than 45 years of age with ongoing or prior

cardiac episodes)
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METHODS:

The Department of Oncology and Diagnostic Sciences maintains a large tissue and
specimen bank collected over many years in various research projects. These specimens are
available for additional research as the specimens have been characterized in a variety of ways.

In three large series of projects sponsored by Colgate-Palmolive Company, the Maryland
Cancer Registry and NIH, a significant number of blood and plasma specimens have been
collected and characterized over the last decade. The broad goals of these projects included
evaluation of oral and systemic relationships among periodontal diseases, other dental disease,
health, aging and the process of inflammation/biomarker production. In these studies, patients
have been characterized by age, race, sex as well as periodontal indices including plague,
gingivitis, bleeding index, systemic factors, such as body mass index, smoking and other
systemic disease such as diabetes. Not all of the specimens have been characterized in each of
these areas, however since large numbers of normal i.e. lacking a particular disease characteristic
and patients at risk are present in the specimen bank, these specimens are therefore available to
characterize in a sub-cohort fashion for specific analyses of interest to researchers who apply. Dr.
Meiller is in charge of this collection and oversees the Human Research Protections involvement
of any researcher interested in using the specimens. | have been trained in the CITI human
protections research program as well as the advanced HIPAA certifications necessary to be
involved in human research using de-identified specimens for analysis.

By searching the tissue bank records, | was able to identify a broad range of young and
older individuals that possessed characteristics, such as heart disease risk and actual heart disease
occurrence in order to select specimens useful in the analysis of my hypothesis related to C-

Reactive Protein. C-Reactive Protein has been widely used in the literature to cite risk of cardiac
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disease. Therefore, in selecting specimens from our young population as well as using
characteristics of gingival inflammation and body mass index | have been able to create sub-
cohorts of patients that have cardiac risk related to their age as well as in comparison to younger
healthy individuals. The specimens identified were then evaluated for adequate specimen
quantity, history of their maintenance in the -80°C freezers and were submitted to the cytokine

analysis laboratory of the University of Maryland for C-reactive protein analyses.

RATIONALE:

A number of studies suggest a relationship between the systemic chemical marker of
inflammation (C-Reactive Protein [CRP]) and gingivitis in otherwise healthy subjects (1,9). The
long-term effects of this chronic inflammation on the development of more severe periodontal
diseases remains poorly understood, although it is assumed that a subgroup of those with chronic
gingivitis will clearly progress to destructive periodontitis (4,6,8). Reducing the immune
challenge to the tissues as evidenced by decreased levels of known inflammatory mediators is a
logical first step in developing cohorts of patients that may indeed be at lower risk of periodontal
diseases overall and may provide us with a platform from which to study other systemic chronic
diseases that have significant oral health implications (1-9). This proposal therefore sought to
evaluate the inflammatory mediator CRP in healthy young adult subjects, older healthy subjects
at risk for heart disease and subjects with a history of active heart disease that had also been

characterized as demonstrating an oral state ranging from health to gingivitis.
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STUDY DESIGN:
The study design therefore used the retrospective patient characteristics collected in the
previous studies to develop the sub-cohorts and to select their plasma samples from the specimen

bank for the laboratory analysis of CRP.

SUBJECT SELECTION

Inclusion Criteria
*Subjects had to be adult males or females 18 to 85 years old reporting by history to be in
excellent general health, at risk for heart disease or had a positive history of heart disease.
*Adequate plasma specimen, properly maintained had to be available in the specimen
bank.

Exclusion Criteria (determined from the available de-identified data)
*Subjects with gross oral pathology, including widespread caries or chronic neglect,
extensive restoration, pre-existing gross plaque and calculus, or soft or hard tissue tumor
of the oral cavity.
*Subjects with advanced active periodontitis as indicated by gross mobility (>+2) or
suppuration clinically observed. Since gingival indices were assessed at each of the 2
visits use of antibacterial rinses (e.g., chlorhexidine, Listerine® or hydrogen peroxide
products) were NOT allowed during the study period. Subjects refrained from the use of
irrigating devices.
*Subjects under the care of a physician, taking prescription medications other than for
heart disease in the last 3 months or having clinically significant or unstable organic
disease as determined by the complete medical history and assessed by the Periodontal

Index.
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*Female subjects who reported being pregnant or lactating. Subjects diagnosed with
human immunodeficiency virus (HIV) or subjects that were immunocompromised as

determined by the Investigator

STUDY METHODS:
Subject Demographics, Medical History and Vital Signs

At the first visit the subject’s age, gender, ethnic group, smoking status (tobacco product,
frequency and duration of use) and any previous periodontal therapy was recorded. In addition,
the subject’s medical history was reviewed, and concomitant medications were recorded. Subject
height (m) and weight (kg) was measured in order to calculate Body Mass Index (BMI).
Examination of Oral Cavity:

At the 2 study visits an evaluation of the subject’s extra- and intraoral structures was
conducted. Each examination will include a survey of the face, lymph nodes, lips, buccal
mucosa, floor of the mouth, tongue, hard and soft palates, gingiva, edentulous ridges, and teeth.
Findings was recorded as normal or abnormal. Abnormal findings were described with respect to
onset, location, size (severity), and diagnosis. In particular, oral soft tissues were evaluated for
signs of sloughing, erythema, ulceration, or edema as part of safety monitoring.

Gingival Index (GI)

Degree of gingival inflammation recorded on an ordinal scale of 0-3 as follows

0- Normal gingiva

1- Mild inflammation (slight change in color, slight edema); no bleeding on palpation (i.e.,

sulcular sweep)

18



2- Moderate inflammation (redness, edema, glazing); bleeding on palpation (i.e., sulcular
sweep)
3- Severe inflammation (i.e., marked redness, edema); ulceration, tendency to spontaneous

bleeding

LABORATORY ASSESSMENT:
Plasma CRP Analyses

Whole blood (5 ml) had been collected from subjects at baseline and at the final
subsequent visit for analysis. Following collection, blood samples were centrifuged (20 minutes
at approximately 2000 x g). Plasma was decanted into a sample vials that were pre-labeled with
unique identifiers for study, subject and specimen identifier and maintained in the -80°C
freezers. For this project specimens were selected from this bank. On the selected specimens,
plasma concentrations of CRP were assayed by individual ELISA and reported in picograms per
ml.

BMI was Calculated using: http://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmica
(Figure 3):
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Calculate Your Body Mass Index

Body mass index (BMI) is a measure of body fat based on height and weight that applies to adult men a

¢ Enter your weight and height using standard or metric measures.

e Select "Compute BMI" and your BMI will appear below.

Espariol

BMI Categories:
Underweight = <18.5

STANDARD METRIC Normal weight = 18.5-24.9
Your Overweight = 25-29.9
Height: | | | Obesity = BMI of 30 or greater
(feet) (inches)
Weig:;ﬂ:l:‘rl:l The BMI Tables
(pounds) Aim for a Healthy Weight:
Limitations of the BMI

Assessing Your Risk

Controlling Your Weight
Recipes

Download the BMI calculator app today

Your BMI: (available for iPhone ' and Android).

Figure 3 Calculate Body Mass Index

Briefly, the University of Maryland Cytokine Core Laboratory (CCL) was established
March 31, 1995. The CCL is an academic-based fee-for-service laboratory dedicated to
providing a high quality, low cost cytokine and growth factor measurement service. The CCL
has performed cytokine assay services for many University of Maryland intramural investigators
and many extramural investigators from across the United States, including NIH intramural
investigators, and from several other countries. The CCL’s operating model utilizes ELISA and
multianalyte assays (Luminex technology) that are constructed and optimized in-house using
individual high-quality commercial reagents, rather than pre-packaged kits. The CCL currently

obtains immunologic reagents from five different vendors, which provides the flexibility to
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choose the best performing reagent combinations and optimize each cytokine assay. This
operating model also avoids dependence on a single vendor, should problems with reagent
delivery or quality control arise. Every effort is made to continue using the same reagents for
each assay to provide high inter-assay reproducibility over time. Cross-lot (and if necessary
cross-supplier) validation/calibration of reagents is routinely performed. The use of robotics to

set up assays insures high precision and high throughput.

Data Analysis :
The Data that was obtained using the criteria provided:

1. 122 Young Healthy Patients (<45 y.0.)

2. 23 Elderly Healthy Patients (>45 y.0.)

3. 23 Elderly with CVD Patients (>45y.0.)
The Data obtained was cross referenced and compared where the main protagonist was CRP and
using Age, Sex, Gingival Index, BMI, smoking Habits and cardiac history compared the groups
and the subgroups to have a better understanding of each patients CRP according to each of these

variables.
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Results:

1A- CRP and Sex:

Young Males Vs
Females CRP
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Males Vs Females CRP

12001 10661
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Figure 4 Males VS Females CRP Figure 5 Young Males VS Females CRP

Males have a higher CRP levels than Females ~ Young Males and Females have equal CRP

Elderly with CVD Elderly Healthy Males
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Figure 6 Elderly with CVD Males VS Females CRP Figure 7 Elderly Healthy Males VS Females CRP
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Elderly Males Vs Females CRP

CRP (PICOGRAMS)

Females

Figure 8 Elderly Males VS Females CRP

From Figures 6-8: Males have higher levels of CRP than Females.

1-B. Gingival Index and Sex:
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Figure 9 Males VS Females Gingival Index Figure 10 Young Healthy Males VS Females Gingival Index
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Figure 11 Elderly Healthy Males VS Females Gingival Index

Figure 9-11: Males have a higher Gingival Index Compared to Females in healthy subjects.

Elderly with CVD Elderly Males vs

Males Vs Females GlI . Females GI

2.14 g23

2.5 2.27
2.14

GINGIVAL INDEX

x
w
o
=
-
<
=
]
=
o

Females

Figure 12 Elderly with CVD Males VS Females Gingival Index Figure 13 Elderly Males VS Females Gingival Index

Figure 12 and 13: Females have a higher Gingival Index when Elderly with CVD.
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1-C. Body Mass Index and Sex:

Figure 14 Elderly Healthy Males VS Females BMI

Elderly Healthy Males
vs Females BMI

23.52 23.05

Females

Figure 15 Males VS Females Body Mass Index

Males vs Females BMI
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25.44
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Females

Figure 16 Young Healthy Males VS Females Body Mass
Young Healthy Males vs Index

Females BMI

25.02
Figure 14-16. Healthy Males and Females

have virtually the same Body Mass Index

Females
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Elderly with CVD Elderly Males vs
Males vs Females BMI Females BMI
35 27.16
30

25

20

15

Females Females

Figure 17 Elderly with CVD Males VS Females Body Mass Figure 18 Elderly Males VS Females Body Mass Index
Index

Figure 17 and 18. Elderly with CVD males have a higher BMI than Females.

2-A. Race and CRP:

CRP Difference
Between Races

Healthy Young CRP
Differences

16000 13371.482

14000 54

10597.425
12000 e 10111.340

14

9715.6577

8533.5948 26
94

6125.0687
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Figure 19 CRP Difference Between Races Figure 20 Healthy Young CRP Race
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Healthy CRP

Differences

10703.873
94

Elderly with CVD CRP

Differences
32489.34

35000 417

9014.8287

25 7820.3472
5

30000 23857.29

25000  19987.49 75
733

20000

15000

10000

CRP (PICOGRAMS)

5000

0

White Black

White Black

Figure 21 Healthy CRP Race Figure 22 Elderly with CVD CRP Race

Figure 19-21: African-Americans have higher
CRP levels than Caucasians and Mixed race, except (Figure 21) Elderly Healthy Individuals,

African-Americans have less CRP levels to the rest.

Healthy Elderly CRP Differences
16296.74

13292.46278 13256.76583

Figure 23 Healthy Elderly CRP Race
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2-B. Race and Gingival Index:

Gingival index Healthy

Young

0.8026781 0.8113166
22 71

Gingival Index

Differences
1.3077717
71

1 15

GINGIVAL INDEX
GINGIVAL INDEX

Figure 24 Gingival Index Race Figure 25 Gingival Index Healthy Young Race

Gingival Index Health Gingival Index Elderly
Elderly with CVD
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Figure 26 Gingival Index Healthy Elderly Race Figure 27 Gingival Index Elderly with CVD Race
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Gingival Index
ELDERLY

2.101666 2.162777
667 778 2.19125

Gingival Index Healthy

1.4 1.1782748

09
L7

0.9252724
1 7

0.8711544
68

0.8

0.6

GINGIVAL INDEX

0.4

GINGIVAL INDEX

Figure 28 Gingival Index Elderly Race Figure 29 Gingival Index Healthy Race

From Figure 24-29: African Americans have a higher or equal Gingival Index compared to the

rest of the races.

2-C. Race and Body Mass Index:

BMI ALL BMI Young Healthy
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Figure 30 Body Mass Index All Race Figure 31 Body Mass Index Young Healthy Race
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BMI Elderly Healthy
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BMI Elderly
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BMI Healthy
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Figure 32 Body Mass Index Elderly with CVD Race

Figure 33 Body Mass Index Elderly Healthy Race

Figure 34 Body Mass Index Healthy Race

Figure 35 Body Mass Index Elderly Race

From Figures 30-35: Body Mass Index is
equal between all of the races, except in the
elderly with CVD patients; where African-
Americans have a much higher BMI than

the rest of the Races.



4. Smoking:

Figure 36 Smokers Healthy Young

Smokers Healthy Young

™

Figure 37 Smokers elderly

Smokers Elderly

Figure 38 Smokers Healthy

Smokers Healthy

™
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Figure 39 Smokers All

Smokers ALL

™

Figure 40 Smokers Healthy Elderly

Smokers Healthy Elderly

Figure 41 Smokers Elderly with CVD
Smokers Elderly with
CvD

. From Figures 36-41: The smoking subjects

is less than a quarter of the subject

population available.
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Elderly Healthy
Smokers Vs N-Smokers
CRP

Smokerst N-Smokers

7 9 11 13 15 17 19
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Young Healthy Smokers vs
non smokers CRP

Smokers N-Smokers

1 7 1319253137434955616773798591
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Figure 42 Young Healthy Smokers VS Non-Smokers CRP Figure 43 Elderly Healthy Smokers VS Non-Smokers CRP
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Figure 44 Elderly with CVD Smokers VS Non-Smokers CRP

14

From Figures 42-44: Subjects who are smokers have lower CRP than Non-Smokers.
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Figure 45 Elderly Healthy Smokers VS Non-Smokers
Elderly Healthy Smokers Vs N- Gingival Index
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Figure 46 Young Healthy Smokers VS Non-Smokers
Young Healthy Smokers VS N- Gingival Index
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Figure 47 Elderly with CVD Smokers VS Non-Smokers
Gingival Index

Elderly with CVD Patients
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Figures 45-47: Smokers have a lower

Gl, except in the Elderly with CVD
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4. CRP and Gingival Index Correlation:

This test was performed in order to determine the relationship between CRP and Gingival Index.

CRP/GI ALL

Gingival Index

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
CRP (Picogram)

Figure 48 CRP/Gingival Index All

Elderly Healthy CRP/GI Young Healthy CRP/GI

Gingival Index
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Figure 49 Elderly Healthy CRP/Gingival Index Figure 50 Young Healthy CRP/Gingival Index
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Figure 51 Elderly with CVD CRP/Gingival Index Figure 52 Elderly CRP/Gingival Index
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Figure 53 Healthy CRP/Gingival Index

From Figure 48-53: There is a positive correlation between CRP and Gingival Index.
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5. CRP and BMI Correlation:

This test was performed to determine if being overweight has any effect on CRP.

BMI/CRP ALL

Body Mass Index

10000 15000 20000 25000 30000 35000 40000 45000 50000
CRP (Picograms)

Figure 54 Body Mass Index/CRP All

Elderly Healthy BMI/CRP Healthy Subject BMI/CRP

ELDERLY

10000 20000 R0[00[0) 40000
S10[0]0) 10000 15000 20000 CRP

CRP (Picogram)

Figure 55 Body Mass Index/CRP Elderly Healthy Figure 56 Body Mass Index/CRP Healthy
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Elderly with CVD BMI/CRP Young Healthy BMI/CRP

45
40
35
30
25

20
15

Body Mass Index

10000 20000 30000 40000 50000

CRP (Picogram) CRP (Picogram)

Figure 57 Body Mass Index/CRP Elderly with CVD Figure 58 Body Mass Index/CRP Young Healthy

Elderly Patient BMI/CRP

10000 20000 CRP 30000 40000 50000
Figure 59 Body Mass Index/CRP Elderly

Figures 54-59: There is a positive correlation Between BMI/CRP especially for elderly with

CVD subjects. Healthy subjects demonstrate no correlation between CRP and BMI.
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6. CRP Differences Between Subgroups:

This test was performed in order to compare CRP, BMI and Gingival Index between the 3 main
groups.
6-A. Elderly Healthy VS Elderly with CVD:

Figure 60 Elderly Healthy VS Elderly with CVD CRP

Elderly Healthy VS Elderly
with CVD CRP

Healthy Unhealthy
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Figure 61 Elderly Healthy VS Elderly with CVD Gingival Index

Elderly Healthy VS Elderly
with CVD GI
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GINGIVAL INDEX
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Figure 62 Elderly Healthy VS Elderly with CVD Body Mass

Elderly Healthy Vs Elderly Index
with CVD BMI

Healilg il Figure 60-62; Healthy subjects BMI is

always lower than the Elderly with CVD.
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6-B. Young VS Elderly:

GINGIVAL INDEX
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Figure 63 Young VS Elderly CRP

Selected Young subjects have
similar CRP Values to selected

Elderly subjects.

Figure 64 Young VS Elderly Gingival Index

Young subjects have lower
Gingival Index than Elderly

subjects.

Figure 65 Young VS Elderly Body Mass Index

Selected young subjects have a
higher Body Mass Index than

Elderly subjects.



6-C. Young VS Elderly Healthy:
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Figure 66 Young VS Elderly Healthy CRP

Elderly Healthy subjects have
lower CRP levels then selected

young subjects

Figure 67 Young VS Elderly Healthy Gingival
Index

Gingival Index is mainly lower in
Young subjects than Elderly

healthy subjects

Figure 68 Young VS Elderly Body Mass Index

Elderly Healthy subjects have a
lower Body Mass Index than

selected Young subjects



6-D. Young Healthy VS Elderly with CVD:

Figure 69 Young Healthy VS Elderly with CVD
CRP

Young Healthy vs Elderly with
CVD CRP

Selected Young subjects have the
same CRP level as Elderly with

CVD subjects
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Discussion:

Cardiovascular disease is the leading global cause of death, accounting for 17.3 million
deaths per year, a number that is expected to grow to more than 23.6 million by 2030. In 2008,
cardiovascular deaths represented 30 percent of all global deaths, with 80 percent of those deaths
taking place in low- and middle-income countries. Nearly 787,000 people in the U.S. died from
heart disease, stroke and other cardiovascular diseases in 2011. That’s about one of every three
deaths in America. Nearly half of all African-American adults have some form of cardiovascular
disease, 48 percent of women and 46 percent of men. Heart disease is the No. 1 cause of death
in the world (1,3).

In cardiovascular disease, the inflammation is initiated by entrance of cholesterol-rich
lipoproteins into in the vessel wall of arteries, and afterwards macrophages absorb these and are
transformed into foam cells. This process leads to higher levels of macrophage produced
inflammatory cytokines that subsequently make the liver produce CRP. Elevated CRP could
directly contribute toward development of CVD. Elevated CRP concentrations are consistently
associated with CVD, indicating that inflammation is important in CVD risk (4-11).

CRP is produced in response to many forms of injury such as periodontitis, infections,
trauma and hypoxia, and it is regulated by diverse cytokines. CRP levels have an association
with smoking, obesity, triglycerides, diabetes, and periodontal disease. Changes in peripheral
blood cellular and molecular components can be found in subjects with periodontitis due to
inflammatory changes of the periodontal tissues. Plasma levels of CRP rise rapidly and markedly
as much as 100-fold or more within 72 hours following tissue injury and may increase as much
as 1000-fold or more within a longer period after an acute inflammatory stimulus; therefore,

CRP is a sensitive marker to evaluate the inflammatory status (12,15,28-30). C-reactive protein
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(CRP) is a marker of unspecific inflammation, which has been found to predict cardiovascular
events. To date, it is known that factors such as stress, inflammatory diseases, smoking, diet, lack
of physical exercise, obesity and atherosclerotic lesions increase CRP levels (31-33).

Periodontitis is an inflammatory disease of the supporting tissues of the teeth which is
caused by specific microorganisms and characterized by extensive destruction of periodontal
ligament and alveolar bone with pocket formation, gingival recession or both. Gingivitis is a gum
inflammatory disease and clinically the presence of identifiable attachment loss in periodontitis
makes it be distinguishable from gingivitis. Host immune response to pathogens such as bacteria
in the teeth plaque biofilm is a combination of innate and acquired immune system. Although
periodontitis is a chronic inflammatory disease but the agents of the acute phase of inflammation
which belong to the innate immune system are involved in the disease. These agents may cause
the activation of complement system, neutralization of pathogenesis agents, stimulation of repair
systems and degeneration of different tissues. CRP, plasminogen-activator inhibitor 1 (PAI-1)
and fibrinogens are the most crucial factors in the acute phase. CRP is the major protein of
plasma. Its half-life is approximately 4-6 hours. The serum levels of this protein increase rapidly
within 24 to 72 hours in conditions of inflammation or tissue damage and will subside after the
removal of inflammation or infection. CRP has given much attention due to its key role in
atherosclerosis. So, that if it increases by more than 0.5 milligrams per liter, the risk of
cardiovascular diseases increases (42-45).

Several studies have also suggested a correlation between periodontitis and
cardiovascular diseases. In some studies, it has even been claimed that there are some
correlations between periodontal disease and atherosclerotic heart disease and heart attacks and

strokes. Although their cause and effect relationship has not been established, it is likely that
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elevation of CRP levels in periodontitis may help to understand the relationship between
cardiovascular diseases and periodontitis. Several investigations regarding the relationship
between salivary CRP levels and periodontal disease have also been done. Among these
researches, one can refer to the study of Giannobile et al. in 2009 who showed that the saliva and
serum CRP levels were elevated in subjects with chronic and aggressive periodontitis (42-45).
Scientists and the university of North Carolina at chapel Hill have found strong new evidence
that gingival disease effects the entire body and appears to contribute to dangerous hardening of
the arteries The study demonstrated that people with severe gingival disease had a high level of
CRP in their blood. It was also demonstrated that the effects of periodontal disease are about the
same as being severely obese, and that there seems to be a link between the two risk factors for
atherosclerosis. Researchers found both gingival disease and BMI were linked to increase CRP
(46).

Obesity and being overweight pose a major risk for serious diet-related chronic diseases,
including type 2 diabetes, cardiovascular disease, hypertension and stroke, and certain forms of
cancer. The health consequences range from increased risk of premature death, to serious chronic
conditions that reduce the overall quality of life. Of especial concern is the increasing incidence
of childhood obesity. Being overweight and obesity lead to adverse metabolic effects on blood
pressure, cholesterol, triglycerides and insulin resistance. Some confusion of the consequences of
obesity arise because researchers have used different BMI cut-offs, and because the presence of
many medical conditions involved in the development of obesity may confuse the effects of
obesity itself. The non-fatal, but debilitating health problems associated with obesity include
respiratory difficulties, chronic musculoskeletal problems, skin problems and infertility. The

more life-threatening problems fall into four main areas: CVD problems; conditions associated
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with insulin resistance such as type 2 diabetes; certain types of cancers, especially the
hormonally related and large-bowel cancers; and gallbladder disease (47).

CRP is a sensitive bio-marker to evaluate the inflammatory status. C-reactive protein is a
marker of nonspecific inflammation, which has been found to predict cardiovascular events
(12,15). Where many occurrences can account for a high CRP level, some of the most important
ones are gingival index and obesity. In the study, comparisons of CRP levels between different
groups, such as gender, age, cardiovascular health, race and smokers were made. CRP could be
an important biomarker in predicting cardiovascular disease; the study sought to measure the
different CRP levels in subjects to determine which subjects are at risk to develop cardiovascular
disease and if gender, age, cardiovascular health, race and smoking have any influence on CRP
levels. The results of the study could affirm the hypothesis to the susceptibility of developing
cardiovascular disease due to the increased CRP levels from specific lifestyle choices such as
obesity, bad oral hygiene, etc. Therefore, subjects might be willing to consider different
therapeutic modalities in order to lower their CRP levels to avoid systemic disease, such as
cardiovascular disease.

The first test performed was with sex, to determine if there is a difference between males
and females. Males displayed a higher CRP level than females (Figure 4-8), around 7% more,
except in young and healthy subjects, where they are equal. As males get older, something is
occurring where CRP levels are getting higher than females. When it comes to Gingival Index
(figure 9-13), the results demonstrate that males demonstrate a higher Gingival Index than
females, around 6% more, except when it comes to elderly with CVD females. The results
demonstrated could be due to females reaching past the age of menopause (61). BMI (figure 14-

18) demonstrates that healthy, males and females have equal BMI; but in elderly with CVD,
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males have a much higher BMI than the females, around 10% higher. These results could be
indicating that elderly with CVVD males are not getting the proper exercise or diet, the older the
males are getting the more careless they are about their health.

Next experiment performed was to understand if there is a difference in CRP levels when
it comes to race (figure 19-23), African Americans consistently demonstrate that they have a
higher CRP level, around 21% higher, except when it comes to healthy elderly subjects. These
results could be demonstrating that African Americans if not healthy (proper exercise and diet)
could have a higher CRP level, even when young and healthy. Nearly half of African American
men and women have some form of cardiovascular disease (1,3); these results demonstrate that
even at an early age African Americans have a high CRP level which could lead to
cardiovascular disease. African Americans need to consider having higher CRP levels even at a
young age, and try to lower their CRP levels. The biggest difference is in elderly with CVD
subjects where African Americans demonstrate 39% higher CRP levels. Race and Gingival
Index results (figure 24-29) demonstrate that African Americans have a higher gingival index,
around 15% higher, except in healthy young, where they are equal. The higher levels of
Gingival Index in African Americans could be one of the contributing factors to the higher CRP
levels in African Americans. Body Mass index results (figure 30-35) demonstrate that African
Americans have a slightly higher BMI, around 2% higher, except in the elderly healthy subjects.
African Americans demonstrate a drastic increase in BMI with elderly with CVD subjects,
around 14% higher. A high BMI, CRP and Gingival Index could be some of the factors that are
contributing to such high cardiovascular disease in African Americans.

The third test performed was a smoking test to determine how many subjects were

smokers (figures 36-41). Only a small percentage of the subjects are smokers, only around 25%.
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Smokers demonstrate (figure 42-47) lower CRP levels as well as a lower Gingival Index than
non-smokers. The higher Gl scores of non-smokers dependent on this decreased gingival
bleeding in smokers has been explained as being due to nicotine, which causes vasoconstriction
of blood vessels (59-60). The smoking results of the testing was unsatisfactory due to the small
size of the smoker population and the lack of data on smoking history, tobacco type and duration.
Due to these deficiencies, we did not have enough information to come up with a proper
conclusion of the smoking results obtained.

The CRP/Gingival Index correlation test (figure 48-53) demonstrate that there is a
positive correlation between Gingival Index and CRP. This demonstrates that subjects with
gingivitis/periodontitis/bad oral hygiene have a higher chance to develop high CRP level which
could lead to an increased risk of developing CVD. Subjects need to be informed about this
during every dental visit to encourage subjects to start having better dental home care and
professional dental appointments. The BMI/CRP correlation test (Figure 54-59) demonstrated
that younger subjects have no correlation between BMI/CRP, but with the elderly population
there is a clear positive correlation. This demonstrates that the older you get the more significant
your body mass index is in relation to CRP levels. This is demonstrating that subjects need to
consider their weight the older they get, to make sure their BMI does not increase their CRP
levels.

The last tests performed were to analyze the difference between all the groups. The first
test performed was to check the CRP, BMI and GI between Elderly Healthy and Elderly with
CVD subjects (figure 60-62). The results demonstrate that the elderly healthy subjects always
had a lower CRP level, equal or less gingival index and a lower BMI than the elderly with CVD

subjects. This is demonstrating that even at elderly subjects who are healthy have a low CRP
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level. Elderly healthy subjects demonstrate a lower BMI and a lower gingival index than elderly
with CVD subjects.

Comparing young subjects with elderly subjects (figure 63-65), the results demonstrate
that selected young subjects had similar CRP levels to the elderly subjects. Young subjects
demonstrate a lower gingival index, which demonstrates proper dental hygiene and home care.
BMI test demonstrates selected younger subjects had a higher BMI than older subjects. The test
between young subjects and elderly healthy subjects (figure 66-68) demonstrates that selected
young subjects have higher CRP levels than the elderly healthy subjects. Selected young
subjects also have a higher BMI than the elderly healthy subjects. The gingival index of the
younger subjects is lower than the elderly healthy subjects. The last test performed was
comparing young healthy subjects with elderly with CVD subjects (Figure 69-71), the results
indicate that there are selected young healthy subjects that have similar CRP levels to the elderly
with CVD subjects. Also, selected young subjects have a higher BMI than the elderly with CVD
subjects. Looking at gingival index the elderly with CVD subjects have a higher gingival index
than the young healthy subjects.

The main hypothesis was that young subjects would demonstrate lower CRP levels than
elderly with CVD subjects (because these subjects have experienced cardiovascular disease); but
from the results obtained especially figure 69, the results demonstrates that this is not always the
case. Selected young subjects who are healthy but have a high Gl and or a high BMI and have
never experienced a cardiovascular event, demonstrated that they have similar CRP to subjects
who are elderly and have experienced CVD. Young subjects with a high CRP, high Gl and or
high BMI level could be at elevated risk to develop CVD. We do not know whether lowering

CRP by lowering GI and or BMI has any long-term effect on CVD risk but our data suggests that
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possibility. Subjects such as these need to be notified to try their best to lower their CRP levels,
either with changing their life style or trying different therapeutic modalities to lower CRP

levels.
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Conclusion:

CRP is an important biomarker to indicate the risk of developing CVD. The main point
of this study was to determine CRP levels of different subject changes according to age, gender,
race, gingival index and BMI. Males demonstrated a slightly elevated CRP levels than females.
African Americans demonstrate a higher level of CRP even at a young age; and could be
susceptible to cardiovascular disease in the future if lifestyle is not changed to lower CRP levels.
While young healthy and elderly with CVVD African Americans have high CRP levels, elderly
healthy African Americans demonstrate that they have low CRP levels.

There is a positive correlation between BMI and CRP. The more obese the subject is,
even at an early age, the higher the CRP levels. The same positive correlation could be seen with
gingival index and CRP. The higher the gingival index the higher the CRP, where gingival index
is indicating the inflammation in the dental periodontium. The smoking results of the testing was
unsatisfactory due to the small size of the smoker population and incomplete data about complete
smoking history, tobacco type and duration.

The data confirm a correlation between GI, BMI with CRP levels and in turn the risk of
CVD. Selected young subjects had CRP levels similar to the elderly CVD subjects. This suggests
that young healthy subjects with elevated Gl, coupled with high BMI may be at a higher risk to
develop CVD, as they age. Future studies should focus on these subjects longitudinally to assess
the development of systemic disease, in particular CVD. Modalities to lower risk factors using

CRP as a biomarker of efficacy may be developed.
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Future Directions:

Due to the lack of data on smoking in the project, a study should be conducted with better
data about smokers, to have a better understanding of the effect of smoking on CRP levels. Even
though the data collected about CRP levels is very important, it is only taking account the CRP
levels at single point in time. A study over a longer period of time should be performed to
follow the young healthy subjects with high CRP levels; following their health to determine if
they are at risk to develop CVD. Researchers should determine how CRP plays a role in the
young population and determine if this biomarker is a high indicator for the development of
CVD. Ifitis proven that there is strong link between the younger population CRP levels and the
future development of cardiovascular disease, the younger population will take CRP levels into
account, and attempt to determine the best method to lower CRP levels to eventually assess

changes in the pathogenesis of CVD.
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