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From the Editors

Dear Colleagues:

We are very pleased to have had the privilege of assembling and editing this textbook,
Periodontal Disease and Overall Health: A Clinician’s Guide.

The relationship of oral disease to overall disease is certainly not a new concept. For centuries,
the role of oral infection and inflammation in contributing to diseases elsewhere in the body has
been studied and reported. Going back to ancient times in Greece, we learn that Hippocrates
treated two patients suffering from joint pain by removal of teeth. Clearly, this was an early
example of oral disease being associated with afflictions elsewhere in the body. Then, moving
forward in time from 1912 to around 1950, the era of “focal infection” dominated our thinking.
Reports by individuals such as WD Miller, William Hunter, and Frank Billings noted that in their
opinion many of the diseases of humans could be traced to specific foci of infection elsewhere
in the body, such as the teeth and gums, the tonsils, or the sinuses. While these observations
were not supported by sound scientific evidence, and in fact led to largely incorrect practices,
they nonetheless brought attention to the effect of the mouth on the rest of the body.

Then in 1989, with a series of intriguing reports from Finland, the current interest in the role of
oral health and disease on contributing to general health and systemic conditions was launched.
Kimmo Mattila and his coworkers reported that individuals presenting to the emergency room
with a myocardial infarction were overwhelmingly likely to have periodontal disease. Might
periodontal disease be a risk factor for cardiovascular disease? Since then, a phenomenal body
of work has been directed at understanding how periodontal disease might affect distant sites
and organs, and thus have an effect on overall health. Renowned clinicians and scientists
worldwide have studied the relationship of periodontal disease to overall health and disease,
and along the way several conferences and workshops have been convened to examine the
evidence to date for the relationship between periodontal disease and the risk for systemic
conditions. At one of those conferences, in January 2008, we discussed the need for a textbook
that would summarize and put into context the current information on periodontal disease and
systemic disease together for students of dentistry and medicine. Happily for us, Foti Panagakos,
Sheila Hopkins, and their team at the Colgate-Palmolive Company agreed to support, through
an educational grant to the publisher, the undertaking of this textbook. We were fortunate to
have assembled a group of respected and scholarly clinicians and scientists who, in eighteen
chapters, provide a current and thoughtful perspective on the relationship of periodontal disease
to systemic conditions.

It is a pleasure to present this textbook. We hope you find it useful and that you enjoy it.

Sincerely, % :

Robert J. Genco, DDS, PhD Ray C. Williams, DMD




cp COLGATE-PALMOLIVE COMPANY

Dear Reader:

It is with great pride that we present the textbook Periodontal Disease and Overall Health: A
Clinician’s Guide.

A decade ago, then US Surgeon General C. Everett Koop declared we cannot have good general
health without good oral health.' This book, the result of a two-year process involving three
dozen internationally renowned authors and editors, comprises eighteen chapters of the most
contemporary thinking behind what the dental and medical literature suggest is an association
between oral and systemic diseases. The book delves into the sciences behind diabetes mellitus,
atherosclerosis, adverse pregnancy events, respiratory diseases, osteoporosis, rheumatoid
arthritis, and cancer, looks at risk factors in common with periodontal disease, such as
inflammatory processes, then, logically, follows with a discussion of the steps needed for
comprehensive co-management of the diseases by both dental and medical caregivers.

Periodontal Disease and Overall Health: A Clinician’s Guide has been developed to serve as a
resource for dental students, dental hygiene students, medical students, faculty members of
dental schools, dental hygiene programs, and medical schools, and for practicing dental and
medical professionals. As alliances between the dental and medical professions grow, we believe
this textbook will provide important information to facilitate a more effective collaboration
relative to the patients they treat.

We would like to express our deep appreciation to the book’s Editors, Dr. Robert J. Genco and
Dr. Ray C. Williams. It was through their knowledge of this vitally important subject, their
professional relationships with the key opinion leaders doing research in this field, their
backgrounds as highly regarded researchers and educators in dentistry, and their commitment to
the project that we are able to bring you this significant work.

Since the launch of its first toothpaste in 1873, the Colgate-Palmolive Company has been a world
leader in oral care, both through cutting-edge therapeutics, as well as important educational
services to the dental professions. Periodontal Disease and Overall Health: A Clinician’s Guide,
which has been produced and distributed through an educational grant from the company (by
which the company provided funding to the publisher), is one shining example of our continuing
commitment to ensuring the dental professions' education.

Sincerel

Sheila A. Hopkins Fotinos S. Panagakﬁ, DMD, PhD

Vice President and General Manager Director of Clinical Research
Professional Oral Care Relations and Strategy

1. Oral Health in America: A Report of the Surgeon General. May 2000.

The views expressed in this textbook are those of the authors, not necessarily those of the
Colgate-Palmolive Company.
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CHAPTER 1

Overview

Robert J. Genco, Ray C. Williams

“A person can’t have good general health without good oral health.”
—Former US Surgeon General C. Everett Koop

INTRODUCTION

Periodontal disease is one of the most
common diseases of man and is responsible
for most of the tooth loss in adults. This oral
disease has received considerable attention in
the past several decades and a new under-
standing of it is emerging. The microbial
causes of periodontal disease, the mecha-
nisms through which periodontal tissues are
destroyed, the effect of the host on perio-
dontal disease expression, and the impact
periodontal disease has on overall health
have been subjects of intense study. Under-
standing the complex interaction between
chronic infections, such as periodontal dis-
ease, and systemic conditions such as cardio-
vascular disease, has led to a new way of
thinking about the importance of periodon-
tal disease in overall health.

Periodontal Disease as an
Integral Link to Systemic Disease
According to the National Center for

Health Statistics, the six leading causes of
death in the United States in 2005 were heart
disease (652,091), cancer (559,312), stroke/
cerebrovascular diseases (143,579), chronic
lower respiratory disease (130,933), unin-
tentional accidental injuries (117,809), and
diabetes (75,119).! Five of these chronic dis-
eases are related to periodontal disease. By
successfully meeting the challenge to im-
prove oral health and the management of
periodontal disease, general health will also
be advanced through shared approaches
targeting common risk factors. To best address
the common risk factors and interactions

between oral and systemic disease, it is
important to understand the extent to which
periodontal disease is related to certain
systemic diseases, the historical foundations
of current therapeutic approaches, the role
of inflammation, and the possibilities for
intervention.

THREE HISTORICAL ERAS OF

PERIODONTAL DISEASE RESEARCH

In the last 50 years, there has been con-
siderable progress in understanding the
etiology and pathogenesis of periodontal dis-
ease and its interactions with the host. The
studies and concepts can be described as
having occurred in three phases or eras: the
etiopathologic (or host-parasite) era, the risk
factor era, and most recently, the periodon-
tal disease-systemic disease era.

Etiopathologic Era

The etiopathologic era included land-
mark investigations into the microbial etiol-
ogy and pathogenesis of periodontal disease.
The role of bacteria as a cause of periodontal
disease was demonstrated by a series of
seminal studies conducted from the 1960s to
the 1980s. Classic studies by Loe and col-
leagues clearly demonstrated that microbial
plaque buildup on the teeth was associated
with the onset of gingivitis, and that the re-
moval of microbial plaque resulted in the
resolution of gingivitis.>* These studies pro-
vided unarguable evidence that microbial
dental plaque buildup, rather than other sus-
pected agents such as calculus, was respon-
sible for gingivitis.
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In the 1970s and 1980s, Socransky and
coworkers conducted studies showing that
specific organisms were associated with perio-
dontal disease (for review see Socransky and
Haffajee, 2005).* These studies identified
several categories of organisms, ranging from
early colonizers, which are commensal and
relatively nonvirulent, to moderately virulent
organisms, which bridged the early colonizers
and interconnected them to specific pathogens
such as Porphyromonas gingivalis, Tannerella
Jforsythensis, and Treponema denticola. Re-
search from many investigators found that the
specific pathogens, in combination with the
early colonizers and moderately virulent organ-
isms, form a complex microflora that exists as
a biofilm within the periodontal pocket.

Other investigators began to explain
the pathogenesis of periodontal disease, de-
scribing how the host in fact was responsible
for tissue destruction. We came to under-
stand that the initial response to the bacteria
on the tooth and subgingivally is a series of
immunopathological actions. Antibodies to
these bacteria are formed, which in combi-
nation with neutrophils, provide important
protection.>® It was seen that if neutrophils
are suppressed, more severe periodontal dis-
ease occurs. Soon thereafter the role of the
macrophage was understood. This important
cell invades the gingival tissue and upon
triggering by bacterial products such as
endotoxin, produces pro-inflammatory cyto-
kines and matrix metalloproteinases that
destroy the connective tissues of the perio-
dontium. Inflammatory mediators such as
prostaglandin E, and interleukin-1 induce
alveolar bone resorption. As the role of the
host becomes more understood, it is clear
that inflammation and the inflammatory
response can explain much of the tissue
destruction caused by periodontal disease.”*

Risk Factor Era
The second era of discovery brought the
identification of risk factors which influence

or modulate the expression of periodontal dis-
ease. Epidemiologic studies reported that the
risk factors in and of themselves were not
etiologic, but rather modified or exaggerated
the etiopathologic processes set into motion
by the causative bacteria. These risk factors
were identified in the late 1980s and early
1990s and include genetic elements, behav-
iors such as smoking, and acquired disor-
ders such as diabetes mellitus.”!° The concept
of modifying risk factors as part of the man-
agement of periodontal disease is now well
established.

Periodontal Disease-
Systemic Disease Era

The understanding of periodontal dis-
ease is now focused on the relationship of
periodontal disease as a risk for certain sys-
temic diseases. Robust studies have shown
that periodontal disease is significantly asso-
ciated with certain systemic diseases such
as cardiovascular disease,''? diabetes and
complications of diabetes,'*>!> adverse preg-
nancy outcomes,'®and respiratory infections.!’”
The periodontal disease-systemic disease
concept has amassed enough evidence and
support that it is now believed that findings
about this inter-relationship should be in-
corporated into the curriculum in schools for
health professionals, and should also be made
available to enhance the knowledge base of
currently practicing healthcare professionals.

The association of periodontal disease
with several systemic conditions, such as
diabetes and atherosclerotic disease, is likely
related to the inflammatory response associ-
ated with periodontal disease. C-reactive pro-
tein is an important marker of the inflam-
matory response and is elevated in subjects
with periodontal disease; its levels in periph-
eral blood are reduced when periodontal
disease is treated. Another indication of the
systemic inflammatory response associated
with periodontal disease is the presence of
cytokines, including tumor necrosis factor
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alpha and interleukins 1 and 6, often found
in the circulation of patients with perio-
dontal disease. There are other conditions
that also contribute to a systemic inflamma-
tory response including rheumatoid arthritis,
psoriasis, and obesity. This chronic systemic
inflammatory response in turn increases
the risk for atherosclerotic disease, diabetes
and complications of diabetes, adverse preg-
nancy outcomes, and possibly some cancers.
The research supporting these associations
will be discussed in detail in the following
chapters.

GOALS FOR THIS TEXTBOOK

Much research is focused on under-
standing how periodontal disease increases
the risk for systemic diseases. It is not yet
clear what impact the biofilm in the oral cav-
ity might have on distant sites and organs;
likewise the role of the inflammatory re-
sponse is not fully understood. Some of the
chapters in this textbook will review the bio-
logic plausibility for periodontal disease as a
risk for systemic conditions. Mechanisms
through which periodontal disease can con-
fer this risk will also be presented.

The overall goal of this textbook is to
present the emerging and compelling evi-
dence that periodontal disease is a risk for
several systemic conditions and to look at the
role of oral health in contributing to overall
health. This book also seeks to provide the
reader with a guide to patient management in
which dentistry and medicine work together.

Textbook Organization

The chapters in this book are organized
in the following manner: The initial chapters
following this one outline the basics of un-
derstanding periodontal disease and its inter-
relationship with systemic disease: Chapter
2 discusses the causes and pathogenesis of
periodontal disease; the role of infection and
inflammation in periodontal disease is ex-
amined in Chapter 3; and the history of the

oral disease-systemic disease relationship is
explained in Chapter 4.

An overview of diabetes (Chapter 5)
and atherosclerotic diseases (Chapter 7) are
followed by chapters that describe the rela-
tionship of periodontal disease to these con-
ditions (Chapters 6 and 8, respectively). The
next chapters examine the evidence for perio-
dontal disease as a risk for adverse preg-
nancy outcomes (Chapter 9), respiratory dis-
eases (Chapter 10), osteoporosis (Chapter
11), rheumatoid arthritis (Chapter 12), and
cancer (Chapter 13).

The final section of the textbook dis-
cusses comanagement of periodontal disease
in diabetes (Chapter 14), cardiovascular dis-
ease (Chapter 15), pregnancy (Chapter 16),
and other conditions that are associated with
periodontal disease (Chapter 17). Finally,
Chapter 18 describes the role of dental pro-
fessionals in the education of the public and
other health professionals about the oral
health-general health inter-relationship.

Our Hope for This Textbook

It is the hope of the authors and editors
that this textbook will provide an up-to-date
understanding of the information that details
the relationship of periodontal disease to sys-
temic disease, with each chapter outlining a
state-of-the-art understanding of the optimal
management of patients. This textbook has
been prepared as a resource for dental stu-
dents, dental hygiene students, faculty mem-
bers of dental educational institutions, and
for dental professionals in general. We also
believe this resource will prove valuable to
students as well as practicing members of
other health professions in the medical com-
munity. The integration of medicine and den-
tistry grows daily, and a common resource
such as this textbook could serve as a con-
structive tool to help the two disciplines
work collaboratively.

The editors would like to thank the au-
thors and coauthors for their role in preparing
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and presenting current information in a com-
plete, yet concise and readable manner. We
are hopeful that this textbook will find broad
readership and will be useful to the dental and
medical community.
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CHAPTER 2

Overview of Periodontal Disease:
Causes, Pathogenesis, and

Characteristics

INTRODUCTION

Periodontal diseases are serious chronic
infections that involve destruction of the
tooth-supporting apparatus, including the
gingiva, the periodontal ligament, and alve-
olar bone. These diseases are initiated by a
local accumulation of bacteria adjacent to
the tooth. Periodontal diseases, including
gingivitis and periodontitis, can affect one
tooth or many teeth and, if left untreated,
can lead to tooth loss, particularly in adults.
It is the most common dental condition in
adults, and is also one of the most common
chronic inflammatory diseases affecting a
majority of the population throughout the
world. Although plaque is essential for the
initiation of periodontal diseases, the major-
ity of the destructive processes associated
with these diseases are due to an excessive
host response to the bacterial challenge.
Therefore, periodontal disease is a multifac-
torial, complex disease. The purpose of this
chapter is to provide a general overview of
the types of periodontal disease, risk factors
associated with them, and the etiology,
pathogenesis, and management of periodon-
tal diseases.

TYPES OF PERIODONTAL DISEASE

Periodontal diseases include two general
categories based on whether there is attach-
ment or bone loss: gingivitis and periodon-
titis. Gingivitis is considered a reversible
form of the disease, and generally involves
inflammation of the gingival tissues with-
out loss of connective tissue attachment.'

Ying Gu, Maria E. Ryan

Periodontitis has been defined as the pres-
ence of gingival inflammation at sites where
there has been a pathological detachment of
collagen fibers from cementum, the junc-
tional epithelium has migrated apically, and
bone loss can be detected radiographically.
The inflammatory events associated with
connective tissue attachment loss lead to
the resorption of coronal portions of tooth
supporting alveolar bone.? The understand-
ing of periodontal disease is continuously
changing as new research evidence emerges.
Therefore, the classification of periodontal
disease has changed since the system devel-
oped at the 1989 World Workshop in Clini-
cal Periodontics. The classification presented
in this chapter is based on the results devel-
oped at the 1999 International Workshop or-
ganized by the American Academy of Perio-
dontology (AAP).

The classification of periodontal dis-
eases now includes eight general types?:

1. Gingivitis

2. Chronic periodontitis

3. Aggressive periodontitis

4. Periodontitis as a manifestation of

systemic diseases

. Necrotizing periodontal diseases
. Abscesses of the periodontium

7. Periodontitis associated with endo-

dontic lesions
8. Developmental or acquired deformi-
ties and conditions

The overall classification system is
presented in Table 1.3 In addition, the above
classification is different from case types

AN D
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Table 1. Periodontal Diseases

1. Gingival Diseases
Dental plaque-induced gingival diseases
Nonplaque-induced gingival lesions

II. Chronic Periodontitis
Localized
Generalized

II1. Aggressive Periodontitis
Localized
Generalized

IV. Periodontitis as a Manifestation of
Systemic Diseases

V. Necrotizing Periodontal Diseases
Necrotizing ulcerative gingivitis
Necrotizing ulcerative periodontitis

VI. Abscesses of the Periodontium
Gingival abscess

Periodonal abscess
Pericoronal abscess

VII. Periodontitis Associated with
Endodontic Lesions

VIII. Developmental or Acquired Deformities
and Conditions

Adapted from: Ann Periodontol 1999;4:1-6.3

previously developed by the AAP.*> The
current case types for periodontal diseases
include:
* Gingivitis (Case Type I)
» Mild periodontitis (Case Type II)
* Moderate periodontitis (Case Type I1I)
* Advanced periodontitis (Case Type IV)
* Refractory periodontitis (Case Type V)

Gingival Diseases
Gingival disease is further characterized
into plaque-induced and nonplaque-induced
categories.’

Plaque-Induced Gingival Diseases
Gingivitis is gingival inflammation as-
sociated with plaque and calculus accumu-
lation. It is the most common form of gin-
gival disease. Gingivitis may or may not
progress to periodontitis, in which clinical
attachment and alveolar bone loss will

develop. Gingivitis can occur on teeth with
no attachment loss; it also occurs in the gin-
giva of teeth previously treated for peri-
odontitis with no further attachment loss.

Dental Plaque Only: Gingivitis is ini-
tiated by local accumulation of bacteria (i.e.,
dental plaque) adjacent to the tooth.® The
bacterial antigens and their metabolic prod-
ucts (e.g., endotoxin) stimulate epithelial and
connective tissue cells to produce inflam-
matory mediators that result in a localized
inflammatory response recruiting polymor-
phonuclear leukocytes (PMNLs or neutro-
phils) to the site. An antibody response to
these bacterial antigens is also mounted. In-
flammatory cells and their products (e.g.,
cytokines, enzymes, and antigens) are pres-
ent at the site of inflammation. Thus, a host
immuno-inflammatory response is estab-
lished in the gingival tissues and the clinical
signs of gingivitis develop, including red-
ness, swelling, and bleeding. The plaque-
host interaction can be altered by the effects
of local factors, systemic factors, or both.

Systemic Factors: Systemic hormonal
changes associated with puberty, menstrual
cycle, or pregnancy, as well as with chronic
diseases such as diabetes, can alter the host
response to dental plaque.'” Hormonal
changes and certain diseases can upregulate
systemic cellular and immunologic function
resulting in local severe gingival inflamma-
tion, even in the presence of minimal plaque
or with an equivalent bacterial bioburden to
a person who does not have these systemic
challenges. This is commonly seen in preg-
nant women who have not had adequate oral
hygiene before becoming pregnant. Blood
dyscrasias such as leukemia may also alter
immune function by decreasing normal im-
munological function. Patients usually pres-
ent with gingival enlargement and bleeding
associated with spongy gingival tissues and
excessive vascularity.

Medications: Medications such as an-
ticonvulsant drugs (e.g., dilantin), immuno-
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suppressive drugs (e.g., cyclosporine), and
calcium channel blockers (e.g., diltiazem)
can cause severe gingival enlargement and
pseudo-periodontal pocketing (i.e., increased
probing depths with no associated attach-
ment or bone loss).> Medication-associated
gingival conditions are often reversed after
discontinuation of the offending agents.
Malnutrition: The host immune sys-
tem can be diminished when malnutrition
develops, resulting in excessive gingival in-
flammation. Severe ascorbic acid (vitamin C)
deficiencies (i.e., scurvy) can produce bright
red, swollen, and bleeding gingival tissues.! In
the case of vitamin C deficiency, gingivitis is
associated with a suppressed synthesis of
both connective tissue collagens (e.g., Types
I and IIT) and basement membrane collagen
(Type 1V). Treatment with vitamin C sup-
plements can reverse this condition.

Nonplaque-Induced Gingival Lesions
These types of lesions usually are rare
and mainly due to systemic conditions. Bac-
teria, viruses, or fungi can cause these types
of gingival lesions. Sexually transmitted dis-
eases such as gonorrhea (Neisseria gonor-
rhoeae) and syphilis (Treponema pallidum)
can cause lesions in the tissues of the peri-
odontium.’ Primary streptococcal gingivitis
is an acute inflammation of the oral mucosa.
It is associated with pain and fever, as well
as red swollen gingival tissues with bleeding
or abscess formation, and can be treated with
routine periodontal scaling and root planing
in addition to antibiotic therapy. Herpes
simplex virus Type I is a common virus that
can cause gingival lesions.!* In children and
young adults, herpes infections can be pri-
mary and usually without symptoms, but in
some cases pain and fever are reported. In
these cases, the gingival tissues appear red
and swollen, and are followed by the for-
mation of small blisters, which eventually
break down to form shallow, painful ulcers.
These lesions are usually self-limiting and

heal within one to two weeks. After a pri-
mary infection, the herpes virus becomes la-
tent and will be preserved in the ganglion of
the trigeminal nerve. The virus may be re-
activated later in life by reduced immune
function or stress, resulting in recurrent her-
pes labialis, gingivitis, and stomatitis. Gin-
gival lesions of fungal origin usually occur in
people with diabetes or other immunocom-
promised states. A shift in the normal oral
flora related to the long-term use of system-
ically administered antibiotics can also lead
to lesions of fungal origin." The most com-
mon fungal infection is candidiasis, caused
by Candida albicans, often seen in patients
wearing removable prosthetic devices (e.g.,
dentures) and in patients with dry mouth
due to multiple medications or salivary gland
dysfunction. Clinical manifestations include
white patches on the gingiva, tongue, or oral
mucous membranes that can be removed
with a cotton swab or gauze, leaving behind
a bright red bleeding surface. Treatment with
antifungal agents is often necessary to re-
solve these conditions.

Gingival lesions can also be caused by
genetic systemic mucocutaneous disorders,
allergic reactions, trauma, or foreign-body
reactions. One of the most common genetic
conditions associated with gingival lesions
is autosomal-dominant hereditary gingival
fibromatosis.'? It is a benign condition af-
fecting both arches. The gingival tissues are
enlarged and asymptomatic. It may be an
isolated finding or associated with other
syndromes. Treatment is gingivectomy and
recurrence is possible. Systemic conditions
such as pemphigoid, pemphigus vulgaris,
erythema multiforma, and lupus erythe-
matosus can cause desquamative lesions and
ulceration.'™!® Gingival changes due to al-
lergic reactions to certain restorative ma-
terials, dentifrices, or mouthrinses are rare,
but have been observed.!? Traumatic lesions
are usually produced unintentionally.'* Ag-
gressive tooth brushing and flossing can
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cause gingival damage. Hot foods and drinks
can cause minor burns of the gingival tissues.
Traumatic lesions can also be iatrogenically
induced by healthcare professionals during
oral examinations or dental care. Eating
crunchy foods or foods with small particles
that can be lodged in the interproximal areas
and directly into the gingival tissues can
cause these types of lesions as well. Gin-
gival tissues can also develop localized in-
flammation when exposed to foreign ma-
terials. The most common example is the
amalgam remaining in gingival tissues dur-
ing the placement of restorations or surgical
procedures, eventually producing amalgam
tattoos.'”

PERIODONTITIS

Periodontitis is a chronic infection in-
volving destruction of the tooth-supporting
apparatus, including the periodontal ligament
and alveolar socket support of the teeth.

Gingivitis may or may not progress to
periodontitis, which is associated with at-
tachment and alveolar bone loss. Periodon-
tal disease is initiated by a local accumula-
tion of bacteria (i.c., dental plaque adjacent
to the tooth) and their metabolic products
(e.g., endotoxin), that stimulate the junc-
tional epithelium to proliferate and produce
tissue-destructive proteinases that degrade
the basement membrane and allow for the
apical migration of the junctional epithelium
along the root surface of the tooth, thus deep-
ening the gingival crevice to produce peri-
odontal pockets and associated attachment
loss, which is the hallmark lesion of peri-
odontal disease. Some of the clinical signs
include bleeding on probing, deep pockets,
recession, and tooth mobility. Often, this de-
structive process is silent and continues for
long periods of time without being identified.
Eventually, teeth can become loose and may
be lost on their own or deemed hopeless,
requiring extraction. There are many forms
of periodontitis.

Chronic Periodontitis

Chronic periodontitis (CP) is the most
common form of periodontitis and is char-
acterized by pockets with associated attach-
ment loss and/or recession of the gingival tis-
sues. It is common in adults but can occur at
any age. Progression of attachment loss usu-
ally occurs slowly, but periods of exacerba-
tion with rapid progression, or periods of re-
mission can occur. Several studies have
addressed the “episodic” nature of perio-
dontitis.'"* The rate of disease progression
may be influenced by local and/or systemic
conditions that alter the normal host response
to bacterial plaque. Local factors such as
subgingivally placed fillings or crowns that
violate biological width can promote gingi-
val inflammation and clinical attachment
loss. Systemic factors such as diabetes can
decrease host defenses to bacterial infection.
Environmental factors such as smoking and
stress can also decrease host immune func-
tion, resulting in increased susceptibility to
disease. CP can occur as a localized form in
which < 30% of the sites are involved, or as
a more generalized form in which >30% of
existing sites demonstrate increased pocket
depth, attachment and bone loss.* As men-
tioned previously, the severity of disease can
be described as slight, moderate, or severe,
based on the level of destruction.

Aggressive Periodontitis

This form of periodontitis was previ-
ously categorized as Juvenile Periodontitis.
Common features include rapid attachment
loss and bone destruction in the absence of
significant accumulations of plaque and cal-
culus.' These forms of periodontitis usually
affect young individuals, often during pu-
berty, from 10 to 30 years of age, with a ge-
netic predisposition. The bacteria most often
associated with aggressive periodontitis are
Aggregatibacter actinomycetemcomitans
(previously Actinobacillus actinomycetem-
comitans). Individuals present with hyper-
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active inflammatory cells producing high
levels of cytokines and enzymes causing
rapid, aggressive destruction of periodontal
tissues. Aggressive periodontitis can be fur-
ther characterized as localized and general-
ized forms. The localized form usually
affects first molar and incisor sites. The gen-
eralized form usually involves at least three
teeth other than first molars and incisors.

Periodontitis as a Manifestation
of Systemic Diseases

Systemic conditions such as diabetes
are associated with this form of periodonti-
tis.!® Several hematologic and genetic disor-
ders have also been associated with the de-
velopment of periodontitis such as acquired,
familial, and cyclic neutropenias, leukemias,
Down’s syndrome, certain types of Ehlers-
Danlos syndrome, Papillon-Lefevre syn-
drome, Cohen syndrome, and hypophospha-
tasia. The mechanisms by which all of these
disorders affect the health of the periodon-
tium are not fully understood and continue to
be investigated by many basic and clinical re-
searchers. It is speculated that these diseases
can alter host defense mechanisms and up-
regulate inflammatory responses, resulting
in progressive periodontal destruction.

Necrotizing Periodontal Diseases

These lesions are most commonly ob-
served in individuals with systemic condi-
tions, such as human immunodeficiency virus
infection, malnutrition, and immunosup-
pression. Necrotizing periodontal diseases
are further divided into two forms: necrotiz-
ing ulcerative gingivitis (NUG) and necro-
tizing ulcerative periodontitis (NUP). These
two diseases have the same etiology and
clinical signs, except NUP involves clinical
attachment and alveolar bone loss."”

Abscesses of the Periodontium
Periodontal abscess is a localized puru-
lent infection of the periodontal tissues.'®

Periodontal abscesses usually develop in
periodontitis patients who may have food
debris lodged in a pocket, or deep deposits
of calculus where drainage from a pocket
becomes blocked. Iatrogenic abscess forma-
tion can be precipitated after inadequate scal-
ing and root planing, leading to a tightening
of the coronal epithelial cuff with continued
subgingival calculus driving inflammation.
Abscesses can also occur in healthy peri-
odontal tissues due to the presence of foreign
objects lodged in the gingival crevice, such
as a toothbrush bristle or a popcorn kernel
being tightly packed into the interproximal
spaces or between the tooth and the tissues.
A pericoronal abscess is an infection of the
gingiva around a partially erupted tooth lead-
ing to pericoronitis. A small flap of tissue
may cover a partially erupted tooth surface,
serving as a nidus for food and debris to ac-
cumulate and become trapped beneath the
tissue flap. Patients usually find it very dif-
ficult to keep these areas clean, and can de-
velop inflammation and infection. In addi-
tion, trauma due to constant contact between
the tissue flap and a tooth in the opposing
arch can also lead to a pericoronal abscess.
The areas most commonly affected are as-
sociated with mandibular third molars. Pain,
swelling, redness, and suppuration are asso-
ciated with periodontal abscess. Treatment
may include incision and drainage, use of
antibiotics, and removal of the offending
source.

EPIDEMIOLOGY AND
RISK FACTORS
Epidemiology of Gingivitis
Gingivitis can occur in early childhood,
becomes more prevalent during teenage
years, and decreases in older individuals.!’ In
1986-1987, the National Institute of Dental
Research conducted a nationwide survey of
oral health in US school children? and
reported that approximately 60% of chil-
dren 14 to 17 years of age were found to
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have gingivitis. In 1960-1962, the first US
national survey of periodontal disease in
adults reported that 85% of men and 79% of
women have some degree of gingivitis.?! In
the most recent National Health and Nutri-
tion Examination Survey (NHANES III)
conducted from 1988 to 1994,%> more than
50% of adults had gingivitis on an average of
three or four teeth, while 63% of 13- to 17-
year-old teenagers had gingival bleeding.
Both surveys assessed gingival bleeding by
a gingival sweep method.?!"??

Epidemiology of Periodontitis

Basic clinical measurements for perio-
dontitis are gingival bleeding on probing,
clinical attachment loss, and pocket depths
accompanied by radiographic bone loss.
These types of clinical measurements may
be somewhat subjective. As our knowledge
of the pathogenesis of periodontitis im-
proves, new diagnostic markers for the dis-
ease may emerge to help better diagnose it.
Inflammatory cytokines, enzymes, and bone
breakdown products released into gingival
crevicular fluid reflect the host response to
the bacterial challenge. These biochemical
markers may be good candidates for new
diagnostic or prognostic markers of disease.
A number of cytokines have been associated
with active disease, including prostaglandin
E2 (PGE2), tumor necrosis factor-alpha
(TNF-a), interleukin-1 beta (IL-1B), and
others.”*?* Enzymes such as matrix metal-
loproteinases (MMPs) and breakdown prod-
ucts such as the collagen telopeptide have
been studied as well. To date, these bio-
chemical markers in gingival crevicular
fluid are still being investigated. It will be
helpful to both clinicians and researchers
if one or more of these markers can be de-
veloped as a more objective chairside tool to
measure active periodontitis. The devel-
opment of these markers will also help
to facilitate screening for periodontal
diseases by medical professionals or even

self-assessment by patients, thereby prompt-
ing referrals to the dental office for clinical
assessment.

The national data suggest that the milder
forms of periodontitis are close to uni-
versal.”> The more severe forms are less
prevalent. According to a review of the lit-
erature by Brown and L6e?® focused on a
number of epidemiologic studies resulting
from a 1981 national probability survey, the
prevalence of CP is about 36% for the adult
US population as assessed by pocket depth
measurements. The prevalence of periodon-
titis increases with age; 29% in those aged 19
to 44 had CP; this rate increased to 50% for
people 45 years or older. In general, moder-
ate periodontitis occurred in 28% of all peo-
ple while 8% had advanced disease. How-
ever, the prevalence of moderate and severe
periodontitis increased to 44% in the popu-
lation older than 45. Based on the presence
of periodontal pockets > 4 mm, it was de-
termined that 30% of the population has
periodontitis on an average of three or four
teeth. Severe pockets of > 6 mm were found
in less than 5% of the population.?? The
prevalence of aggressive periodontitis was
low with less than 1%.2 More recently,
NHANES III (1988-1994) reported the
prevalence of periodontitis for adults 30 to
90 years old.?® Attachment loss and probing
depths were assessed at two sites per tooth.
When assessed by the level of attachment
loss, 53% of the population was found to
have > 3 mm attachment loss. The preva-
lence of attachment loss increased with age,
from approximately 35% for the 30-year-
old participants to 89% for the 80-year-old
participants. When assessed by probing
depth, approximately 64% of the population
had probing depths of > 3 mm. The preva-
lence of periodontitis increases with age and
was found to be more prevalent in males
than females, and in African-Americans and
Mexican-Americans than in non-Hispanic
Caucasians.
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Risk Factors

There are a number of risk factors asso-
ciated with periodontal diseases.?** Deter-
mining risk is helpful in developing recom-
mendations for prevention and in
determining strategies for the overall man-
agement of periodontitis. It has been recog-
nized that the severity and progression of
periodontal disease varies from individual
to individual. Bacteria are essential for the
initiation of the disease, but it is the host re-
sponse to the bacterial challenge that deter-
mines the severity and rate of progression of
the periodontitis. Therefore, it is the host’s
immunologic reaction that determines sus-
ceptibility to the disease.

General categories of risk factors asso-
ciated with the development of periodontitis
include genetic, environmental (e.g., tobacco

Table 2. Risk Assessment for Periodontitis

use), and acquired risk factors (e.g., systemic
disease). Risk factors (Table 2) and risk
reduction strategies (Table 3) should be con-
sidered when assessing each patient.® Some
risk factors can be modified to reduce a
patient’s susceptibility. Environmental fac-
tors such as tobacco use and stress can be
managed with smoking cessation and stress
management; for acquired factors such as
systemic diseases, medications usually
prescribed by the physician can be used to
help in the management and control of
chronic disorders (Table 3). The use of
chemotherapeutic agents specifically de-
signed to improve the clinical outcomes of
mechanical treatments for periodontal dis-
eases may be particularly useful in the man-
agement of those individuals with single or
multiple risk factors. Risk assessment can

3. Hormonal variations such as those seen in:

4. Systemic diseases such as:

b. Osteoporosis
c. Immune system disorders such as HIV

5. Stress as reported by the patient

7. Medications such as:
a. Calcium channel blockers
b. Immunomodulatory agents
¢. Anticonvulsants

10. History of periodontal disease

1. Heredity as determined by genetic testing and family history

2. Smoking, including frequency, current use, and history

a. Pregnancy, in which there are increased levels of estradiol and progesterone that may change the
environment and permit virulent organisms to become more destructive
b. Menopause, in which the reduction in estrogen levels leads to osteopenia and eventually osteoporosis

a. Diabetes (the duration and level of control are important)

d. Hematologic disorders such as neutropenias
e. Connective tissue disorders such as Marfan’s and Ehlers-Danlos syndromes

6. Nutritional deficiencies and obesity that may require a dietary analysis

d. Those known to cause dry mouth or xerostomia
8. Faulty dentistry such as overhangs and subgingival margins

9. Poor oral hygiene resulting in excessive plaque and calculus

Sources: J Periodontol 1994;65:260-267.% J Periodontol 1995;66:23-29.3° J Periodontol 1999;70:711-723.3!
J Periodontol 2000;71:1057-1066.32 J Periodontol 2000;71:1215-1223.% J Periodontol 2000;71:1492-1498 3*



12 Periodontal Disease and Overall Health: A Clinician's Guide

Table 3. Risk Reduction Strategies

management of periodontitis

counseling to achieve success)

3. Hormonal variations such as those seen in:

a. Diabetes (for improved glycemic control)

c. Immune system and hematologic disorders
d. Connective tissue disorders

. Corrective dentistry

O 0 9 N W

10. Occlusal adjustments

1. More frequent visits for those with a genetic predisposition; use of pharmacotherapeutics for the

2. Smoking cessation using one or more of the six approved regimens; these regimens are rarely
successful as sole therapies (multiple forms of therapy often are used in combination with

a. Pregnancy, which requires good oral care before conception to prevent complications during
pregnancy; treatment during pregnancy may be necessary to prevent adverse pregnancy outcomes

b. Menopause, which may require hormonal supplements, calcium, and other medications and
supplements prescribed by the physician to prevent osteopenia

4. Systemic diseases that require consultation with the physician include:

b. Osteoporosis (requiring calcium supplements, bisphosphonates)

. Stress management; possible referral to a psychologist or psychiatrist
. Nutritional supplementation and weight reduction; possible referral to a nutritionist

. Medications can be changed in consultation with the physician

. Improved oral hygiene (brushing, flossing, use of antiseptics)

Source: Dent Clin North Am 2005;49:611-636.%

help the practitioner to establish an accurate
diagnosis, provide an optimal treatment plan,
and determine appropriate maintenance pro-
grams. In patients with multiple risk factors,
the practitioner may aggressively use phar-
macologic adjuncts such as antimicrobials
and host-modulatory therapy in addition to
mechanical therapy. It is also important to
update and assess risk factors for each patient
on a regular basis as some of these factors
are subject to change throughout life.

ETIOLOGY AND PATHOGENESIS
OF PERIODONTAL DISEASE
Initially, periodontal disease was
thought to be related to aging and was there-
fore uniformly distributed in the population,
with disease severity being directly corre-
lated with plaque levels. Now as a result of
extensive research, it has been shown that
periodontal disease is initiated by plaque,

but the severity and progression of the dis-
ease is determined by the host response to
the bacterial biofilm. People with severe
plaque and calculus accumulation will have
gingivitis, but not necessarily periodontitis.
On the other hand, certain individuals, de-
spite maintaining adequate oral hygiene, find
themselves susceptible to aggressive forms
of periodontitis, with deep pocketing, tooth
mobility, and early tooth loss. Clearly, the re-
sponse of the periodontal tissues to plaque is
different in these two different scenarios. Pe-
riodontal disease does not appear to behave
as a classic infection, but more as an oppor-
tunistic infection.® These observations led
researchers to realize that the host response
to the bacterial challenge, presented by sub-
gingival plaque, is the important determinant
of disease severity. Although plaque bacteria
are capable of causing direct damage to the
periodontal tissues, it is now recognized that
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the host immuno-inflammatory response to
plaque bacteria produces destructive cy-
tokines and enzymes resulting in periodon-
tal tissue destruction. The host response is es-
sentially protective by intent but can also
result in tissue damage, including the break-
down of connective tissue fibers in the peri-
odontal ligament and the resorption of alve-
olar bone. The host response to the plaque
biofilm is modified by genetic factors (help-
ing to explain why aggressive periodontitis
tends to have a familial aggregation), as well
as systemic and environmental factors (e.g.,
diabetes, stress, smoking).

To better treat and manage periodontal
diseases, we need a more detailed under-
standing of periodontal pathogenesis (Figure
1).3537 The bacteria and their metabolic prod-
ucts (e.g., endotoxin) stimulate the junctional
epithelium to proliferate, and to produce tis-
sue-destructive proteinases. This infection

also increases the permeability of the junc-
tional epithelium that allows microbes and
their products to gain access to the subep-
ithelial connective tissue. Epithelial and con-
nective tissue cells are thus stimulated to
produce inflammatory mediators that result
in an inflammatory response within the tis-
sues. Microbial products also chemotacti-
cally attract a constant flux of pro-inflamma-
tory cells migrating from the circulation to
the gingival crevice. Neutrophils, or PMNLs,
are predominant in the early stages of gingi-
val inflammation. Thus, an immune response
is generated in the periodontal tissues and
pro-inflammatory cytokines such as IL-1p,
TNF-a, and MMPs are produced by inflam-
matory cells recruited to the lesion site. The
functions of PMNLSs include phagocytosis
and destruction of bacteria. Initially the clin-
ical signs of gingivitis are evident. This re-
sponse is essentially protective in nature to

Figure 1. Schematic Illustration of the Pathogenesis of Periodontitis
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control bacterial infection. In persons who
are not susceptible to periodontitis, the pri-
mary defense mechanisms control the infec-
tion, and chronic inflammation (i.e., chronic
gingivitis) may persist. However, in indi-
viduals susceptible to periodontitis, the
above inflammatory process will eventually
extend apically and laterally to involve
deeper connective tissues and alveolar bone,
recruiting monocytes and lymphocytes to
the site of infection at these later stages.
These monocytes and macrophages are
activated by the bacterial endotoxins lead-
ing to the production of high levels of
prostaglandins (e.g., PGE,), interleukins
(e.g., IL-10, IL-1B, IL-6), TNF-a, and MMPs
by the host cells. The MMPs break down
collagen fibers, disrupting the normal
anatomy of the gingival tissues, resulting in
destruction of the periodontal apparatus. If
left untreated, the inflammation continues
to extend apically, and osteoclasts are stim-
ulated to resorb alveolar bone triggered by

Figure 2. The Periodontal Balance

the high levels of PGs, ILs, and TNF-a in the
tissues. The elevated levels of pro-inflam-
matory mediators and MMPs are counter-
balanced by a protective response in the host
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continues and extends further apically, more
bone is resorbed, and more periodontal tissue
is broken down, leading to deeper and deeper
pockets and associated attachment and bone
loss revealed as the clinical and radiographic
signs of periodontitis. In people with peri-
odontitis, these inflammatory mediators
(e.g., prostanoids and cytokines) and local
oral bacteria will eventually enter into the
circulation, stimulating the liver to produce
acute-phase proteins (notably C-reactive pro-
tein, but also fibrinogen, haptoglobin, etc.)
which are “biomarkers” of a systemic in-
flammatory response. The ever-expanding
data supporting the fact that this systemic
inflammatory response driven by the chronic
infection and inflammation associated with
periodontitis will eventually increase an in-
dividual’s risk for developing a number of
systemic diseases, including cardiovascular
diseases, adverse pregnancy outcomes, and
diabetic complications.

MANAGEMENT OF
PERIODONTAL DISEASES

Periodontal management includes a
complete assessment of each individual pa-
tient. Medical and dental history, clinical and
radiographic examination, as well as an as-
sessment of risk factors are all important to
making an accurate diagnosis, prognosis,
and developing an optimal treatment plan.
There are many treatment options available
for the management of periodontal diseases,
and review of treatment outcomes or re-eval-
uation is key to successful management and
long-term maintenance. In the past, treat-
ments that focused on reduction of the mi-
crobial load were basically the sole consid-
eration for all periodontal therapy. Currently,
due to a better understanding of the host re-
sponse, host-modulation therapies have been
used as adjunctive approaches to both non-
surgical and surgical treatments to aid in
reducing probing depths, increasing clinical
attachment levels, and in regeneration of

the lost attachment apparatus. It is likely that
the most effective therapeutic approaches
will include multiple, synergistic host-
modulation therapies combined with treat-
ments that target the microbial etiology.

In addition to reducing the bacterial
challenge and modulating the host response,
reduction of risk is also a key treatment
strategy when managing periodontitis. For
example, it is known that smoking can
contribute to the development of periodontal
disease and make management of the dis-
ease more difficult;*®* therefore smoking
cessation would benefit all patients with
periodontitis. Smoking cessation can be
undertaken in the dental office (if staff
is appropriately trained) or in a medical
setting. There are a variety of medications to
aid with smoking cessation, counseling is
important as well, and alternative medicine
such as acupuncture may be used. Systemic
diseases such as diabetes will increase pa-
tients’ risk for periodontitis when poorly
controlled.*” When treating people with dia-
betes, knowing the patient’s level of diabetic
control is important to assessing risk, and
collaborating with medical colleagues to
improve control of diabetes is essential to
assure successful periodontal treatment.
Periodontitis is also prevalent in patients
with cardiovascular disease, and periodontal
therapy may have a positive impact on the
overall health status of these individuals.

The management of patients with peri-
odontitis can therefore involve the following
complementary treatment strategies:*!

* Patient education, including oral hy-
giene instruction and explanation of
the rationale for any adjunctive treat-
ments

 Risk factor modification and risk re-
duction

* Reduction of bacterial burden with
traditional scaling and root planing

* Intensive periodontal treatment with
local delivery systems or general



16 Periodontal Disease and Overall Health: A Clinician's Guide

antimicrobial therapy with oral ad-
ministration of antibiotics
* Host-modulation therapy
* Periodontal surgery
It is the responsibility of the dentist to
provide appropriate treatments on an indi-
vidualized basis. A combination of treatment
approaches (discussed below) for each pa-
tient as listed in Figure 3 will provide the
ultimate periodontal treatment and result in
a better prognosis.*!

The Antimicrobial Approach
Traditional periodontal therapy based
on the antimicrobial approach consists of
mechanical nonsurgical and surgical thera-
pies that may or may not be supplemented by
local antiseptics and/or local or systemic
antibiotics.

Mechanical Therapy

A regimen of brushing and flossing,
combined with the use of dentifrices and/or
mouthrinses containing antiseptics is the
most basic approach to microbial reduction
and control. Good oral hygiene can effec-
tively reduce bacterial loads to prevent gin-
givitis and aid in the treatment and manage-
ment of periodontitis. This simple approach
relies on an individual’s knowledge of the
correct techniques and compliance with home
care instructions. Unfortunately, many patients
are not compliant, lose motivation, and do not
spend a sufficient amount of time brushing or
flossing on a daily basis.* It is for this reason
that dentifrices and mouthrinses containing
antiseptics have been developed. Antiseptics
have been found to improve plaque reduc-
tion, as well as reduce gingival inflammation

Figure 3. Complementary Treatment Strategies in Periodontitis

Reduction of
bacterial burden:

SRP, local or

systemic antimicrobials
surgical pocket

Risk factor

modification:
cessation therapy,
Diabetes control

Best chance
for clinical
improvement

reduction

Host modulation therapy:
subantimicrobial dose therapy,
enamel matrix proteins, thPDGF, BMP-2

Adapted from: Carranza’s Clinical Periodontology, 10th Ed. WB Saunders Company; 2006:813-827.4' Reproduced
with permission.
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seen with brushing and flossing alone. There-
fore, antiseptic-containing dentifrices and
mouthrinses have been accepted as adjuncts
to the mechanical approach of brushing and
flossing.

Routine tooth scaling every six months
by the dental care provider is also a key com-
ponent in treating and preventing gingivitis.
Scaling and root planing is the traditional
nonsurgical treatment of periodontitis, with
multiple clinical studies demonstrating that
it effectively reduces the microbial load and
leads to reductions in bleeding on probing
and probing depths, and allows for gains in
clinical attachment.** However, this proce-
dure can be very time-consuming and is op-
erator-dependent.* Surgical procedures can
be used to visualize the remaining subgingival
calculus, and through resective or regenerative
procedures will also lead to decreased prob-
ing depths that are more manageable for the
long-term maintenance of patients with peri-
odontitis. Although nonsurgical and surgical
procedures aimed at reducing the bacterial
load and restoring the attachment apparatus
continue to be the most widely used methods
of treating periodontitis, these strategies alone
may be insufficient at reducing the bacterial
load as significant numbers of micro-organ-
isms may be left behind. In addition, many of
the putative pathogens will remain within the
oral cavity at distant sites allowing for re-
population in the future. Therefore, the need
for the development of chemotherapeutic
agents as adjuncts to mechanical debride-
ment was deemed necessary.

Mouthrinses and Dentifrices

Antiseptic Mouthrinses

Antiseptic mouthrinses have been used to
reduce plaque levels and gingivitis. Two clin-
ically proven American Dental Association-
accepted antiseptic mouthrinses are chlorhex-
idine gluconate (Peridex®) and the four
essential oils in Listerine®. An association

between oral conditions such as periodontal
disease and several respiratory conditions
such as pneumonia and chronic obstructive
pulmonary disease has been noted. The
plaque surrounding the teeth is an excellent
harbor for respiratory pathogens. Studies have
shown that using a chlorhexidine oral rinse
can reduce the risk of pneumonia in institu-
tionalized patients with poor oral hygiene.*

Locally Applied Antiseptics

Periochip® contains the active ingredi-
ent chlorhexidine gluconate (2.5 mg) that is
released into the pocket over a period of
seven to 10 days. It has been found to sup-
press the bacteria in the pocket for up to 11
weeks post-application.* Periochip is the
only locally applied antiseptic that is ap-
proved by the Food and Drug Administration
(FDA) for use as an adjunct to scaling and
root planing procedures to aid in the reduc-
tion of pocket depths. Other locally applied
antimicrobials are antibiotics.

Dentifrices

Major improvements in the oral health
of populations in developed countries have
been seen over the last 50 years. Most of this
resulted from the reduction in the caries rate
of about 50%, and the principle reason for
this is thought to be the addition of fluoride
to dentifrices. Modern, commercially avail-
able dentifrices, in addition to providing anti-
caries effects of fluoride, also contribute to
the reduction of plaque, gingivitis, calculus
formation, relief of dentin hypersenitivity,
and tooth stain. They also reduce halitosis and
result in a clean, fresh mouth feel. Two denti-
frices available in the US that are approved by
the FDA for their effects on reduction of gin-
givitis include a stannous fluoride/sodium
hexametaphosphate dentifrice and a triclosan/
copolymer/sodium fluoride dentifrice.

There is a large amount of literature on
these and other dentifrices containing chlor-
hexidine and other agents in the control of
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gingivitis. A review of the clinical efficacy
and safety of a triclosan/copolymer/sodium
fluoride dentifrice was carried out by Blink-
horn and colleagues.*’ They found about 200
articles dating from 1998 to 2008 relating to
this dentifrice and concluded that twice daily
use of this dentifrice will result in clinically
significant improvement in plaque control
and gingivitis and slower progression of
periodontal disease. Further long-term stud-
ies extending over several years with these
dentifrices are needed to establish whether or
not short-term effects seen will be sustained
over the long term, and indeed result in pre-
venting the initiation of periodontitis and
slowing the progression of already existing
periodontitis.

It should be noted that the antiplaque
and antigingivitis effects of dentifrices during
a tooth brushing regimen are mainly on the
occlusal and smooth surfaces of the teeth,
and that interproximal plaque and gingivitis
control is not optimally reduced with tooth
brushing alone, with or without a dentifrice.
Interproximal aids such as flossing, inter-
proximal brushing, and to some extent, flush-
ing with effective mouthrinses is often needed
for full plaque control on interproximal sur-
faces of the teeth. As periodontal disease is
often initiated and progresses more rapidly in
interproximal spaces, it is clear that inter-
proximal cleansing is an important adjunct to
toothbrushing with dentifrices.

Locally Delivered Antimicrobials

Atridox

Atridox® is an FDA-approved locally
delivered tetracycline system. It comes with
a 10% formulation of doxycycline in a bio-
absorbable, “flowable” poly-DL lactide and
N-methyl-2-pyrrolidone mixture delivery
system that allows for controlled release over
seven days. This system is applied subgin-
givally to the base of the pocket through a
cannula. Atridox is a resorbable site-specific

locally delivered antibiotic proven to promote
clinical attachment gains and reduce pocket
depths, bleeding on probing, and levels of
pathogenic bacteria for up to six months post-
placement.’ Periodontal disease has been
linked to systemic diseases such as diabetes.
Research has shown that periodontal treat-
ment with locally delivered doxycycline 10
mg in periodontal pockets produced favor-
able clinical results in diabetic patients.*®

Arestin

Arestin® is an FDA-approved minocy-
cline microsphere system that is bioadhesive
and bioresorbable, allowing for sustained re-
lease of 1 mg of minocycline up to 19 days.
Arestin can be used as an adjunct to scaling
and root planing procedures for reduction of
pocket depth in patients with adult perio-
dontitis. Arestin is delivered to sites of 5 mm
or greater. Periodontitis has been associated
with increased systemic inflammation, which
is directly linked to diabetes and cardiovas-
cular diseases. Recent research has shown
that periodontal therapy with local Arestin
administration resulted in decreased HbAlc
levels in diabetic subjects* and significant
reductions in systemic inflammatory bio-
markers that are risk factors for cardiovas-
cular disease.*

Systemic Antimicrobials

Systemic antimicrobial therapy is usu-
ally reserved for advanced cases of peri-
odontitis: 1) for sites that have not responded
to treatment, so-called “refractory periodon-
titis,” and 2) for patients demonstrating pro-
gressive periodontal destruction.’ Systemic
antibiotics can be used as adjuncts to con-
ventional mechanical therapy as strong evi-
dence for their use as a monotherapy has not
been developed. For these special situations,
randomized double-blinded clinical trials and
longitudinal assessments of patients indicate
that systemic antimicrobials may be useful
in slowing disease progression.’! Metroni-
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dazole can be used to treat acute necrotizing
ulcerative gingivitis (NUG),” and metron-
idazole/amoxicillin combination therapy can
be used to treat aggressive adolescent peri-
odontitis associated with 4. actinomycetem-
comitans.>® Systemic antibiotic therapy has
the advantage of simple, easy administration
of drugs to multiple periodontal sites. How-
ever, patient compliance needs to be consid-
ered, inability to achieve adequate concen-
trations at the site of infection, adverse drug
reactions, and the development of antibiotic
resistance can be issues.* Common antibiotic
therapies for the treatment of periodontitis
include metronidazole, clindamycin, doxy-
cycline or minocycline, ciprofloxacin,
azithromycin, metronidazole/amoxicillin,
and metronidazole/ciprofloxacin.*® For adult
patients with acute periodontal abscesses,
amoxicillin is used as an adjunct to incision
and drainage. For patients with allergies to
beta-lactam drugs (e.g., amoxicillin), azith-
romycin or clindamycin would be the choice.

Researchers have shown that periodon-
tal treatment can benefit some systemic dis-
eases known to be associated with periodon-
titis, such as diabetes and preterm delivery.
Grossi and colleagues reported that diabetic
patients receiving scaling and root planing
with systemic doxycycline showed signifi-
cant reductions in mean HbAlc.*® Effective
treatment of periodontal infection and reduc-
tion of periodontal inflammation is associ-
ated with a reduction in levels of glycated
hemoglobin. Clothier and colleagues also
showed that performing scaling and root plan-
ing in pregnant women with periodontitis
may reduce preterm delivery.”” However, ad-
junctive metronidazole therapy did not im-
prove pregnancy outcomes. Two recent stud-
ies have not shown improvements in adverse
pregnancy outcomes with scaling and root
planing.*® However, the level of periodontal
treatment provided may have been very
inadequate. More studies are needed in this
field to determine the effect of periodontal

treatment on the outcomes of adverse preg-
nancy and the extent of therapy that may
need to be provided in order to have a sig-
nificant impact.

Host-Modulation Therapy

Bacteria and the host are two essential
factors to the development of periodontitis.
Reduction of bacterial load is the con-
ventional approach for the management of
periodontal diseases. More recently, peri-
odontal treatment strategies have included
host-modulation therapy as an adjunctive
treatment option. Host-modulation therapy is
treating the host response to either reduce the
excess production of cytokines and destruc-
tive enzymes so there is less damage to the
periodontal tissues, or to stimulate the re-
generative process, allowing for the restora-
tion of connective tissue attachment and
bone formation to occur.

Host modulation was first introduced to
dentistry by Williams*® and Golub and col-
leagues.® Williams stated: “There are com-
pelling data from studies in animals and hu-
man trials indicating that pharmacologic
agents that modulate the host responses be-
lieved to be involved in the pathogenesis of
periodontal destruction may be efficacious in
slowing the progression of periodontitis.”
Golub and colleagues discussed “host mod-
ulation with tetracyclines and their chemi-
cally modified analogues.”® A variety of dif-
ferent drug classes have been evaluated as
host-modulation agents, including the non-
steroidal anti-inflammatory drugs, bisphos-
phonates, tetracyclines (Figure 4),3¢ enamel
matrix proteins, growth factors, and bone
morphogenetic proteins.

Systemically Administered Agents

Subantimicrobial-Dose Doxycycline
Subantimicrobial-dose doxycycline (SDD)

is the only FDA-approved MMP inhibitor

and systemic host-modulation therapy for the
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Figure 4. Potential Adjunctive Therapeutic Approaches
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Source: Carranza’s Clinical Periodontology, 10th Ed
with permission.

management of periodontitis. SDD is a 20-mg
dose of doxycycline (Periostat®) taken twice
daily for three months and used in multicen-
ter clinical trials for up to a maximum of 24
months of continuous dosing. SDD is used as
an adjunct to scaling and root planing in the
treatment of CP. The host-modulation effects
of SDD include enzyme inhibition, cytokine
reductions, and effects on osteoclast function.
Since periodontitis is associated with many
systemic diseases (e.g., osteoporosis, diabetes,
cardiovascular disease), researchers have in-
vestigated the effect of SDD on these system-
ic conditions. Studies have shown that SDD:
* Can effectively reduce the levels of
localized and systemic inflammatory
mediators in osteopenic patients, in
addition to improving on the clinical
measurements of periodontitis®
Has been shown to reduce systemic
inflammatory biomarkers in CVD
patients®?
Decreases HbAlc in patients who
are taking normally prescribed hypo-
glycemic agents®

. WB Saunders Company; 2006:275-282.3¢ Reproduced

The impact of SDD therapy on peri-
odontitis may be amplified by an independ-
ent benefit for other inflammatory diseases;
additional studies are being conducted to in-
vestigate the impact of this host-modulation
therapy.

Locally Administered Agents

Enamel Matrix Proteins, Growth Factors,
and Bone Morphogenetic Proteins

A number of local host-modulation
agents have been investigated for potential
use as adjuncts to surgical procedures to im-
prove periodontal health. These have in-
cluded enamel matrix proteins (Emdogain®),
bone morphogenetic proteins, and platelet-
derived growth factors (PDGF). The initial
local host-modulation agent approved by the
FDA for adjunctive use during surgery to
assist with clinical attachment gain and
wound healing was Emdogain; this has been
followed by PDGF combined with a re-
sorbable synthetic bone matrix growth-fac-
tor enhanced matrix (GEM 21S) to assist in
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regenerative procedures approved recently
by the FDA, as well as recombinant human
bone morphogenetic protein-2 (rhBMP-2)
contained within an absorbable collagen
sponge to assist with ridge and sinus aug-
mentation. The technology behind GEM 21S
has already been marketed for use in wound
healing, particularly in people with diabetes,
and rhBMP-2 has been used for quite some
time by the orthopedic community for the
healing of fractures.

The findings discussed with regard to the
use of host-modulation therapy to better man-
age chronic periodontal disease may have ap-
plications to other chronic systemic diseases
such as arthritis, diabetes, osteoporosis, and
cardiovascular disease. In addition, studies
utilizing locally delivered antimicrobials as
part of an intensive periodontal therapy reg-
imen have shown very promising results.
Future studies may demonstrate that in ad-
dition to our current standard therapies, in-
tensive periodontal therapy with adjunctive
antibiotics and/or host modulation for the
management of periodontal disease may
have profound positive effects on the over-
all health status of high-risk patients. The
proper management of local infection and
inflammation (periodontitis) will have a sig-
nificant impact on general overall health of
the population.
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CHAPTER 3

Infection and Inflammation

Phoebus N. Madianos, Yiorgos A. Bobetsis, Thomas E. Van Dyke

INTRODUCTION

Periodontal diseases (gingivitis and perio-
dontitis) are destructive inflammatory diseases
of the gingiva and the supporting structures of
the teeth, induced by a microbial biofilm
commonly called dental plaque. The funda-
mental principle of the bacterial etiology of
gingivitis was first established in a landmark
study by Loe et al. in 1965.! Using a novel,
now classic, experimental design, it was
demonstrated that when students with
healthy gingiva abstained from oral hygiene
practices for 10-21 days, marginal inflam-
mation of the gingiva (gingivitis) developed
as a result of plaque accumulation. Once
oral hygiene was reinstated, gingival health
returned. Today, in vitro and in vivo experi-
ments, along with histological assessments
of inflamed and healthy gingiva, have pro-
vided a clearer understanding of the nature of
the interactions between bacteria and host
cells. However, current understanding of the
etiology and pathogenesis of the periodontal
diseases is far from complete.

Periodontal bacteria possess a plethora
of virulence factors that, upon interaction
with host cells, induce production of in-
flammatory mediators at the gingival level.
These mediators are thought to be important
for the initiation and progression of an in-
flammatory response, which although in-
tended to eliminate the bacterial challenge,
inevitably results in tissue damage when the
bacterial challenge persists. It is also impor-
tant to note that inflammation is not confined
only to periodontal tissues. Bacteria and in-
flammatory mediators may enter blood circu-
lation to induce systemic inflammation. There
is increasing evidence that cardiovascular
disease,? adverse pregnancy outcomes,® and

diabetes mellitus* are associated with elevated
systemic inflammation, suggesting a common
pathway in the pathogenesis of a number of
inflammatory diseases.

Depending upon the effectiveness of
the innate immune response, bacterial infec-
tion may persist and lead to perpetuation of
inflammation, which may become chronic
with development of acquired immunity.
However, if the infection is cleared, then res-
olution of inflammation occurs with the re-
turn of tissue homeostasis without perma-
nent damage. Recent discoveries have altered
our understanding of inflammation resolu-
tion and return of tissue homeostasis. We
now understand that resolution of inflam-
mation is an active process, not the passive
decrease of pro-inflammatory signals as once
thought. The ability to manipulate these
processes may provide a new treatment par-
adigm for both local and systemic inflam-
matory diseases (see Serhan et al.).’

Chapter Goals

This chapter is structured to: (a) provide
background information regarding the initi-
ation and orchestration of inflammation at
the gingival level after the interaction of the
biofilm with host cells; (b) examine the evi-
dence for periodontal disease influencing
systemic inflammation and describe the pos-
sible biological pathways, as well as the cel-
lular and molecular events that may occur;
(c) explore the idea that systemic inflamma-
tion may be the link that associates peri-
odontal with other systemic diseases focus-
ing on the potential mechanisms of action;
(d) address the role of resolution of inflam-
mation in the pathogenesis of inflammatory
diseases; and (e) introduce new strategies
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directed at mechanisms of inflammation
resolution that may be used in treating in-
flammatory diseases.

PART I: INFLAMMATION
AT THE GINGIVAL LEVEL
Periodontal disease is an inflammatory
disorder of the gingiva initiated by bacteria
that leads to the destruction of the supporting
tissues of the teeth in a susceptible host. Bac-
teria in the oral cavity colonize the teeth, the
gingival sulcus, and eventually the perio-
dontal pocket, forming an organized biofilm.
Depending upon the stage of maturation, the
biofilm may consist of several hundred dif-
ferent bacterial species, many of which have
yet to be identified.® Some of these species
are associated with health, whereas others
are associated with pathology.” However,
which organisms actually initiate disease re-
mains unknown.

Bacterial Components

The formation of organized biofilms
enhances the ability of bacteria to survive.
Bacteria have also evolved a variety of viru-
lence factors to further enhance their sur-
vival, such as toxins, proteases, and glyco-
sidases. Virulence factors are presumably
intended to hide the bacteria from host de-
tection as well as to provide essential mole-
cules for nourishment. Conversely, the host
has evolved mechanisms for detection of
bacteria through the recognition of structural
components of the bacterial surface, such as
lipopolysaccharide (LPS), peptidoglycan
(PGN), and other cell surface components
such as fimbriae that perform essential phys-
iologic functions for the bacteria. Variations
of these bacterial components may be seen
between various species, or even between
different strains of the same species. Despite
their structural heterogeneity, most of these
molecules have conserved motifs known as
pathogen-associated molecular patterns
(PAMPs) that are recognized by host cell

receptors called pattern recognition receptors
(PRRs). These highly conserved innate im-
mune receptors evolved for detection of in-
vading bacteria. Binding of PAMPs by PRRs
activates specific signaling pathways in host
cells that are important for the initiation of an
inflammatory response. Although this re-
sponse is intended to eliminate the microbial
challenge, the inflammatory mediators that
are secreted may lead to further tissue damage
if bacterial clearance is not achieved.

Today, the most studied bacterial factors
include LPS, PGN, lipoteichoic acids (LTAs),
fimbriae, proteases, heat-shock proteins
(HSPs), formyl-methionyl-leucyl-phenyl-
alanine (fMLP) and toxins. Host PRRs in-
clude the Toll-like receptors (TLRs) and the
G-protein-coupled receptors (GPCRs). Table
1 presents a summary of the results by ac-
tions of various bacterial factors after inter-
action with specific host cells.?

Bacteria and GI Equilibrium

The oral cavity, as part of the gastro-
intestinal tract, is naturally colonized by a
wide variety of bacteria. This is a physiologic
situation that does not always result in
pathology. The tooth-gingival interface is the
site of a variety of natural, innate host defense
mechanisms, including the regular shedding
of epithelial cells, the washing effect of the
saliva and the gingival crevicular fluid (GCF),
and most importantly, the phagocytic action
of neutrophils that migrate continuously
through the junctional epithelium into the
gingival sulcus. However, if this equilibrium
is disturbed, pathogenic bacteria may over-
grow, initiating the pathogenesis of gingivi-
tis and possibly periodontitis. Current under-
standing of the steps leading to overgrowth
of pathogens includes periodontal bacteria
attaching to epithelial cells using their fim-
briae and PRR recognition of PAMPs, in-
ducing epithelial cell secretion of pro-in-
flammatory cytokines (TNF-o., IL-1f, IL-6)
and the chemokine IL-8 in the connective



26

Periodontal Disease and Overall Health: A Clinician's Guide

Table 1. Summary of Main Effects of Bacterial Virulence Factors on Host Cells

Responses of Host Cells

Bacterial
Factor

Epithelial
Cells

Monocytes/
Macrophages

Endothelial
Cells

Fibroblast
Cells

Mast Cells

LPS

IL-8

IL-1B

TNF-a

TFN-y

1L-6

1L-12

1P-10

MCP-5

1L-8

MIP-1a, MIP-2
PGE,

NO

L-selectin
CD11a/CDI8,
CDI11p/CD18

E-, P-selectin
MCP-1

MCP-1
IL-1B
IL-6
IL-8
ICAM-1

IL-1B
TNF-a
IFN-y
1L-6
1IL-12
IP-10

PGN

IL-8

IL-1B
TNF-a
IL-6
1L-8
MIP-1a
NO

ICAM-1
IL-8

IL-8

Histamine
TNF-a
Prostaglandins
IL-4

IL-5

IL-10

LTA

IL-8

IL-1B
TNF-a
IFN-y
IL-6
IL-8
IL-10
NO

1L-6
1L-8
E-selectin

Fimbriae

IL-1B
TNF-a
IL-6
IL-8

IL-1B
TNF-a
IL-6

MCP-1

IL-8
ICAM-1,
VCAM-1

P-, E-selectin

IL-1B
TNF-a
IL-6

Proteases

1IL-6
B-defensins

HSP

IL-6

IL-6
IL-8

fMLP

TNF-a
CD110/CD18
CDI11p/CDI18

Toxins

IL-1B
TFN-y
IL-6
IL-8
IL-10

Adapted from J Clin Periodontol 2005;32(Suppl 6):57-71.%
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tissue. Normally, the intact sulcular and junc-
tional epithelium serves as an effective nat-
ural barrier that keeps the bacteria from en-
tering host tissues. However, several
periodontopathogens (e.g., P. gingivalis, A.
actinomycetemcomitans) have been shown
to invade and transverse epithelial cells to
gain access to the connective tissue. More-
over, bacterial components (e.g., LPS, PGN)
and products (e.g., proteases, toxins) that are
either shed or secreted can also diffuse
through the epithelial junctions to the con-
nective tissue.’

Bacteria in Connective Tissue

Bacteria and/or their virulence factors
found in the connective tissue directly stim-
ulate host cells residing in this area, includ-
ing leukocytes, fibroblasts, mast cells, endo-
thelial cells, dendritic cells and lymphocytes.
Neutrophils, macrophages, fibroblasts and
mast cells release more proinflammatory cy-
tokines (TNF-q, IL-1p, IL-6, IL-12), chemo-
attractants (IL-8, MIP-1-a. , MIP-2, MCP-1,
MCP-5) and PGE, in the connective tissue.
In addition, degranulation of mast cells re-
sults in the secretion of histamine and
leukotrienes further amplifying the inflam-
matory cascade.'%!!

Mediators that are secreted from acti-
vated host cells (e.g., IL-13, TNF-a, PGE,,
and histamine) will further assist bacterial
virulence factors in the activation of endo-
thelial cells. This leads to secretion of more
chemokines (IL-8, MCP-1) and expression
of adhesion molecules on the surface of en-
dothelial cells, which are important for
leukocyte extravasation (P- and E-selectins
as wells as ICAM-1 and -2).'? Specifically,
P- and E-selectins interact with glycoproteins
on leukocytes allowing the cells to adhere re-
versibly to the vessel wall, causing circulat-
ing leukocytes to appear to “roll” along the
activated endothelium. Then, IL-8 and other
chemokines, bound to proteoglycans on the
surface of leukocytes, trigger a conforma-

tional change of integrins (LFA-1, CDI11b:
CD18). As a result, adhesive properties in-
crease dramatically and leukocytes attach
firmly to ICAM-1 expressed on endothelial
cells. TNF-a,, PGE, and histamine increase
vascular permeability, allowing leukocytes
to squeeze between the endothelial cells,
thereby entering the connective tissue in
a process known as diapedesis. Finally,
chemokines, such as IL-8 that are produced
at the site of infection and bind to proteo-
glycans of the extracellular matrix, along
with bacterial chemo-attractants (fMLP,
fimbriae) form a concentration gradient that
guides the leukocytes to migrate to the focus
of infection.

The Inflammatory Cascade

Neutrophils are the first leukocytes to
arrive followed by mononuclear phagocytes
that subsequently differentiate into macro-
phages. The interaction of these cells with
bacterial virulence factors induces further ac-
tivation, which enhances their phagocytic ac-
tivity by increasing the production of nitric
oxide (NO) and the expression of comple-
ment receptors (CR3). If the innate immune
response is successful, the bacteria are elim-
inated and resolution of inflammation fol-
lows. However, persistence of bacteria leads
to a chronic response characterized by extra-
celluar release of neutrophil granule contents,
including degradative enzymes and reactive
oxygen species that spill into the extracellular
milieu, leading to local tissue damage and
amplification of acute inflammatory signals.'?

Pro-inflammatory cytokines (TNF-a.,
IL-1B, IL-6) from the site of inflammation
enter the circulation and reach the liver
where they activate hepatocytes. This leads,
among other events, to the synthesis of
plasma proteins known as acute-phase pro-
teins, including LPS binding protein (LBP)
and CD14, which are important for the
recognition of bacterial virulence factors.
Complement proteins and C-reactive protein
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(CRP), contribute by opsonizing bacteria,
thereby aiding in recognition for phagocyto-
sis. These products enter the circulation and
because of increased vascular permeability,
diffuse into the inflamed gingival tissues.
Figure 1 illustrates the initiation of inflam-
mation at the gingiva.

The Immune Response
If the infection persists, the acquired
immune response is initiated and the “es-

Page and Schroeder.'* Briefly, dendritic cells
within the epithelium take up bacterial anti-
gens and migrate to the peripheral lymph
nodes. The antigens are processed into a
form that is recognizable by the immune sys-
tem, i.e., the antigenic peptide binds to a
Class II major histocompatibility complex
(MHC) receptor, and consequently “present”
the antigen. As a result, antigen-specific ef-
fector T cells and antibody-secreting B cells
are generated by clonal expansion and dif-

tablished lesion” is created as described by ferentiation over the course of several days,

Figure 1. Initiation of Inflammation at the Gingival Level
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Neutrophils in the GCF and epithelial cells comprise the first line of defense to prevent bacteria from invading the
host. The interaction of the bacterial biofilm with epithelial cells leads to activation and secretion of pro-inflam-
matory cytokines (green). Bacteria and their virulence factors (red) may penetrate the epithelial lining and enter
the connective tissue. In this compartment they may interact with host cells, such as macrophages, fibroblasts, and
mast cells to stimulate these cells to release more pro-inflammatory mediators such as TNF-a, IL-1p, IL-8,
LTB-4, and histamine. These mediators, along with bacteria/virulence factors, may activate endothelial cells to attract
circulating leukocytes in the connective tissues. In this compartment, phagocytic cells take up bacteria and their
antigenic molecules. This process, if further enhanced by acute-phase response proteins, such as CRP, that are
produced from activated hepatocytes, enter the connective tissue via circulation due to increased vascular
permeability. If the noxious agents are eliminated, resolution of inflammation follows. However, if the bacterial
challenge persists, the more efficient adaptive immune response takes over.

Adapted from J Clin Periodontol 2005;32(Suppl 6):57-71.%
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during which time the induced responses of
innate immunity continue to function. Even-
tually, antigen-specific T cells and then an-
tibodies are released into the blood to target
the infection site.!> Macrophages that engulf
bacteria at the site of infection express co-
stimulatory molecules (MHC-II) and present
bacterial antigens on their surface. Antigen-
specific T cells “see” the antigens and acti-
vate the macrophages, enabling them to de-
stroy intracellular bacteria more efficiently.
In addition, secreted antibodies protect the
host from infection by: (a) inhibiting the
toxic effects or infectivity of pathogens by
binding (neutralization); (b) opsonizing the
pathogens and promoting phagocytosis; and
(c) activating the complement system. Failure
to clear the infection at this point leads to fur-
ther tissue damage. Activated macrophages
produce oxygen radicals, NO, and proteases
in the gingival tissues that are toxic to the
host cells. Moreover, recent work on a mouse
model revealed that the induction of an
adaptive immune response to colonizing
pathogens results in receptor activator of nu-
clear factor-kappaB ligand-dependent perio-
dontal bone loss.!®

Summary of Part I

The trigger that causes the shift from
tissue homeostasis to pathology remains un-
clear. The logical extension of Loe’s obser-
vation is that this is caused by specific bac-
teria and indeed, a large body of evidence
suggests that certain bacteria are associated
with progressive disease. However, studies of
the microbiota of the periodontal lesion are
cross-sectional and definitive cause/effect
relationships have not been demonstrated.
Recently, a longitudinal study of periodontal
disease progression failed to implicate any
single organism or group of organisms in
the initiation of periodontal attachment
loss.!” In addition, recent animal studies sug-
gest that the level of host inflammation has
a major impact on the composition of the

biofilm. Interestingly, inflammation is a
stronger predictor of periodontal attachment
loss than the composition or quantity of the
oral biofilm.'” Clearly, the etiology and
pathogenesis of periodontitis requires fur-
ther study. It is also apparent that “tradi-
tional” periodontal pathogens (Socransky’s
“red complex”) contribute to and accelerate
disease when they overgrow in the perio-
dontal environment. However, the role of in-
flammation and the host immune response
has taken on a new perspective, potentially
determining susceptibility and providing a
novel therapeutic target.

PART II: SYSTEMIC INFLAMMATION
DUE TO PERIODONTAL INFECTION

Despite the localized nature of perio-
dontal disease, infection of the sulcus/perio-
dontal pocket with periodontopathogens may
be responsible for inflammatory responses
that develop beyond the periodontium. To
date, several biological pathways have been
recognized that present reasonable hypothe-
ses for periodontal disease induction of sys-
temic inflammation.

Inflammatory Pathways

In health, the sulcular epithelium along
with innate immune molecules acts as a nat-
ural barrier system that inhibits and elimi-
nates penetrating bacteria. Hence, only a
small number of bacteria, mostly facultative,
manage to enter the gingival tissues and the
bloodstream. However, in cases of perio-
dontal disease, the inflamed and ulcerated
pocket epithelium is vulnerable to bacterial
penetration and forms an easy port of entry
for the bacteria. This leads to an increase in
the number of periodontopathogens, mainly
anaerobic Gram-negative, in the gingival tis-
sues and consequently in the circulation.
Bacteremia can be initiated after mechanical
irritation of the inflamed gingiva during tooth
brushing, chewing, oral examination, and
scaling and root planing.'® The microorgan-
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isms that gain access to the blood and circu-
late throughout the body are usually elimi-
nated by the reticulo-endothelial system
within minutes (transient bacteremia) and
usually there are no other clinical symptoms
other than possibly a slight increase in body
temperature.'® However, if the disseminated
bacteria find favorable conditions, they may
colonize distant sites and form ectopic foci of
infection. Similarly, bacterial virulence fac-
tors that are secreted or shed in the gingival
tissues may also disseminate via the circula-
tion and stimulate remote tissues.”’ Bacteria
and bacterial antigens that are systemically
dispersed can trigger significant systemic
inflammation. Leukocytes as well as endo-
thelial cells and hepatocytes respond to
bacteria/virulence factors, producing pro-
inflammatory immune mediators. Moreover,
soluble antigens may react with circulating
specific antibodies, forming macromolecular
complexes. These immune complexes may
further amplify inflammatory reactions at
sites of deposition.?!

Pro-Inflammatory Mediators

A different biological pathway that may
explain the systemic inflammation induced
by periodontal disease involves pro-inflamma-
tory mediators, such as IL-1, IL-6, TNF-a
and PGE, that are produced by host cells in
the inflamed gingival tissues. These media-
tors are secreted locally in response to bac-
terial challenge, but may “spill” into the cir-
culation and exert distant or systemic effects.

Specifically, cytokines may reach dis-
tant sites and further activate endothelial
cells leading, in some cases, to endothelial
dysfunction.?> Moreover, the circulating me-
diators, due to the increased vascular per-
meability at the sites of inflammation, may
enter inflamed tissues and exacerbate the in-
flammatory processes. However, the most
important impact of these circulating medi-
ators is systemic. Pro-inflammatory cyto-
kines may induce leukocytosis, which is an

increase in circulating neutrophils. More-
over, IL-1f3, TNF-a, and especially IL-6 may
reach the liver and activate hepatocytes to
produce acute-phase proteins. The most im-
portant acute-phase reactants include CRP,
serum amyloid A (SAA) protein, fibrinogen,
plasminogen activator inhibitor 1 (PAI-1),
complement proteins, LBP, and soluble
CD14. These proteins are released in the
plasma and possess a wide variety of func-
tions, such as multiple pro-inflammatory ac-
tivities and stimulation of tissue repair mech-
anisms. The production of these proteins is
part of an acute-phase response that is char-
acterized by fever, increased vascular per-
meability, and a general elevation of meta-
bolic processes. An acute-phase response
starts within hours or days of most forms of
acute tissue damage or inflammation and de-
spite its name, persists with chronic inflam-
mation. As acute-phase reactants enter the
circulation, they may return to the inflamed
gingival tissues. However, since they circu-
late throughout the body they can affect ec-
topic sites, causing inflammation or exacer-
bation of existing inflammatory processes.
This concept takes on new meaning in light
of the recent implication of CRP in the
pathogenesis of cardiovascular disease.?

Because there is to date no consensus
on the mechanisms that induce systemic in-
flammation from periodontal disease, any of
the above pathways (bacteremia, systemic
spilling of cytokines, and activation of the
acute-phase response) must be considered a
candidate for the generation of systemic in-
flammation. It is also possible that depend-
ing upon the severity of periodontal disease,
any of these mechanisms may occur alone or
in combination, leading to variations of in-
duced systemic inflammation.

Acute-Phase Proteins
CRP is produced mainly by the liver,
but it may also be synthesized locally at sites
of inflammation. CRP opsonizes different
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bacteria by binding to phosphorylcholine
found on the surface, thereby assisting in
bacterial uptake by phagocytes.?* Opsoniza-
tion and phagocytosis are further enhanced
by activation of the complement system by
CRP. Other pro-inflammatory activities of
CRP include the up-regulation of the expres-
sion of adhesion molecules, such as ICAM-
1 and E-selectin on endothelial cells and the
induction of IL-6, IL-1f, and TNF-a., and of
the chemokines IL-8 and MCP-1. Other
properties of CRP that may not be of obvious
importance in periodontal disease but may
significantly affect other systemic inflam-
matory diseases (e.g., atherosclerotic le-
sions), include thrombosis due to the pro-
coagulant activity and reduction of
fibrinolysis by inducing an increase in the
expression of PAI-1, the main inhibitor of
fibrinolysis.? Finally, CRP mediates prolif-
eration and activation of smooth muscle cells
(SMCs) and decreases the expression of en-
dothelial nitric oxide synthase (eNOS). CRP
may also have anti-inflammatory properties
and hence its primary role is likely to be the
regulation of acute inflammation.

SAA

SAA proteins are a family of apolipo-
proteins associated with high-density
lipoprotein in plasma. They have several pro-
inflammatory functions, such as the recruit-
ment of immune cells to inflammatory sites
and the induction of enzymes that degrade
extracellular matrix. Also, SAA proteins
transport cholesterol to the liver for secretion
into the bile.

Fibrinogen

Fibrinogen is a soluble plasma glyco-
protein. Processes in the coagulation cascade
activate prothrombin to thrombin, which is
responsible for converting fibrinogen into fib-
rin. Fibrin is then cross-linked by factor XIII
to form a clot. Thus, fibrinogen is involved in
blood coagulation and platelet activation.

PAI-1

PAI-1 is produced by the liver and en-
dothelial cells. It inhibits the serine proteases
tPA and uPA/urokinase, and therefore is an
inhibitor of fibrinolysis, the physiological
process that degrades blood clots.

Complement Proteins

These proteins take part in a triggered-
enzyme cascade that activates the comple-
ment system. There are three ways by which
complement is involved in inflammatory
processes. First, activated complement pro-
teins may bind covalently to pathogens as
opsonins for engulfment by phagocytes bear-
ing receptors for complement. Second, the
small fragments of some complement pro-
teins act as chemo-attractants to recruit more
leukocytes to the site of complement activa-
tion. Third, terminal complement compo-
nents damage certain bacteria by creating
pores in the bacterial membrane.?

LBP and Soluble CD14

These proteins play an important role in
transferring LPS and PGN to the Toll-like re-
ceptors. Hence, their presence is critical for
initiating and organizing an inflammatory
immune response after bacterial challenge.

Systemic Cellular and Molecular
Markers of Inflammation

Periodontal infection may induce an in-
flammatory response that is not limited to the
tissues surrounding the teeth, but is also ex-
tended systemically. The main cellular and
molecular markers of systemic inflamma-
tion induced by periodontal disease include
the increased number of peripheral leuko-
cytes, the higher concentrations of serum
antibodies against periodontopathogens,
and the elevated levels of circulating pro-
inflammatory cytokines and acute-phase pro-
teins. With the exception of serum antibodies
against periodontopathogens, these markers
are not specific for periodontal disease, but
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could be shared with distant inflammatory
processes that have systemic effects. As such,
these markers can be affected by other in-
flammatory diseases that could occur con-
comitantly. The following systemic markers
have been associated with the presence of pe-
riodontal disease and are usually affected by
the severity of inflammation in the gingiva.

Peripheral Blood Leukocytes

In periodontitis patients, leukocyte
counts have been shown to be slightly ele-
vated compared to healthy subjects, although
not always significantly.?” The elevated level
of circulating leukocytes depends largely on
the extent and severity of periodontal dis-
ease. Periodontal therapy may lead to a re-
duction in the number of peripheral leuko-
cytes.”® PMNs are the main leukocytes that
are increased, and it is possible that these cells
are recruited at higher levels during episodes
of bacteremia and leakage of bacterial viru-
lence factors during periodontal disease.

Serum Antibodies Against
Periodontopathogens

In chronic periodontal disease, in which
the adaptive immune response has been ac-
tivated, local and systemic exposure to peri-
odontopathogens leads to an increase in the
levels of circulating antibodies against the
pathogenic antigens. Treatment of disease is
followed by a reduction in antibody levels.

Serum Pro-Inflammatory Cytokines

In healthy subjects, the levels of circu-
lating pro-inflammatory cytokines are very
low or nondetectable. However, in perio-
dontitis patients, several pro-inflammatory
cytokines may “spill” into the bloodstream
and increase the concentration in the plasma.
Of the pro-inflammatory mediators studied,
only the levels of IL-6 have been consistently
shown to be elevated in the serum. This
increase is related to the extent and severity
of inflammation in periodontal tissues.?

However, controversial reports have been
published on the impact of periodontal ther-
apy on IL-6 levels suggesting the need for
further research on the topic. Finally, most of
the studies looking at the levels of serum
IL-1 and TNF-0 among healthy and perio-
dontitis patients failed to report any differ-
ences, and in most cases cytokine levels were
not measurable.*

Acute-Phase Proteins

The levels of several acute-phase reac-
tants, such as CRP, fibrinogen, LBP and sol-
uble CD14 have been studied and have been
shown to be elevated in patients with perio-
dontal disease. However, the acute-phase
proteins that have received most attention
and are consistent markers of systemic in-
flammation in periodontal disease are CRP
and fibrinogen. A large number of studies,
both in animal models and humans, have re-
vealed a positive association between peri-
odontal disease and circulating CRP levels,
while a recent meta-analysis limited to hu-
man studies has confirmed that plasma CRP
is elevated in patients with periodontitis com-
pared to healthy individuals.’! Moreover, this
increase was proportional to the extent and
severity of the disease. Several studies report
a decrease of plasma CRP after periodontal
intervention, but there is modest evidence
that periodontal therapy lowers the levels of
this protein. Finally, in several studies, the
levels of fibrinogen have also been found to
be elevated in periodontitis patients com-
pared to healthy individuals.> However, to
date there is no available evidence to support
that periodontal therapy actually reduces the
amount of circulating fibrinogen.

Possible Role of Systemic Inflammation
in Various Disorders

During the late nineteenth and early

twentieth centuries, the “focal infection’ the-

ory dominated the medical world.** This the-

ory held that foci of sepsis were responsible
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for the initiation and progression of a variety
of inflammatory diseases, including arthritis,
peptic ulcers, and appendicitis. As a result,
therapeutic full-mouth extractions became a
common dental practice. However, many teeth
were extracted without evidence of infection.
When it was finally realized that there was
no therapeutic benefit, the theory was finally
discredited and the practice abandoned. Dur-
ing the final two decades of the twentieth
century—as our knowledge concerning the
inflammatory component of systemic dis-
eases was enriched and our understanding of
the relationship of periodontal disease to
systemic inflammation increased—the idea
that periodontal infection may affect the
progression of systemic disorders such as
cardiovascular disease, adverse pregnancy
complications, diabetes mellitus, and other
diseases re-emerged.

In this possible association, systemic
inflammation seems to play a key role.
Specifically, on one hand, periodontal dis-
ease may induce systemic inflammation and
on the other, there is increasing evidence
suggesting that elevated levels of the mark-
ers of systemic inflammation are associated
with an increased risk for systemic diseases.

Cardiovascular Disease (CVD)

There is now abundant clinical evidence
demonstrating that many biomarkers of in-
flammation are elevated years in advance of
first-ever myocardial infarction (MI) or
thrombotic stroke, and that these same bio-
markers are highly predictive of recurrent
MI, recurrent stroke, and death due to CVD.?
Moreover, studies demonstrate that serum
IL-6 levels were significantly elevated in
subjects who subsequently experienced an
MI compared to age-matched controls.?*
Similarly, plasma levels of soluble P-selectin,
soluble CD40L, and macrophage-inhibitory
cytokine-1 were all significantly increased in
healthy subjects who subsequently developed
CVD events compared to matched controls.*

Elevated plasma concentrations of TNF-a
have also been associated with CVD, and
specifically with recurrent nonfatal MI or
other CVD events. Moreover, TNF-a levels
were persistently higher among post-MI
patients at increased risk for recurrent coro-
nary events.

Besides these pro-inflammatory cyto-
kines, several acute-phase reactants have also
been associated with CVD. One of the fac-
tors with the strongest evidence as a bio-
marker for predicting CVD events is CRP
(specifically, high sensitivity CRP, hsCRP).
When measured in the blood, hsCRP proved
to be a strong, independent predictor of fu-
ture MI and stroke among apparently healthy
asymptomatic men. Also, the relative risk
for first MI and ischemic stroke increased
significantly with each increasing quartile
of baseline concentrations of CRP.*® As de-
scribed already, CRP may contribute to the
initiation and development of atherothrom-
botic lesions not only by up-regulating the
expression of pro-inflammatory cytokines,
but also by mediating proliferation and acti-
vation of SMCs and by activating the pro-
coagulant system. This last property may be
further enhanced by another acute-phase pro-
tein, fibrinogen, which is often found to be
elevated in CVD patients.

Adverse Pregnancy Outcomes

Systemic inflammation has also been
implicated in adverse pregnancy outcomes,
since elevated concentrations of CRP in early
pregnancy are associated with an increased
risk of preterm birth and very-preterm birth.

Diabetes Mellitus

Finally, systemic inflammation has
been associated with both Type 1 and Type
2 diabetes mellitus. Recent studies suggest
that in Type 1 diabetes, the levels of sys-
temic markers of inflammation, such as CRP,
do not differ between healthy individuals
and subjects for which Type 1 diabetes has
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been just diagnosed. However, the levels of
circulating CRP are significantly higher in
individuals with long-term diabetes.>” It is
also believed that inflammatory processes
may have a more pronounced effect on the
development of complications of Type 1 di-
abetes. Thus, elevated levels of plasma CRP
and of the pro-inflammatory soluble adhe-
sion molecule, vascular cell adhesion mole-
cule-1 (VCAM-1), have been found in pa-
tients with microvascular disease compared
to those without.

In Type 2 diabetes, inflammatory
processes are more strongly associated with
the development of the disease. Systemic
markers of inflammation are found to be in-
creased in healthy individuals who develop
Type 2 diabetes later in their lives. Among
Pima Indians, a population with a high preva-
lence of Type 2 diabetes, subjects with white
blood cell counts within the highest tertile
were more likely to develop Type 2 diabetes
over a period of 20 years compared to those in
the lowest tertile. Moreover, in two other stud-
ies, healthy individuals demonstrating serum
levels of CRP and IL-6 within the highest
quartiles were more likely to develop Type 2
diabetes in the next four to seven years com-
pared to subjects in the lowest quartile.* Sim-
ilar results were found with increased levels
of another acute-phase protein, PAI-1.

Insulin resistance, which is associated
with Type 2 diabetes and usually procedes
the development of frank diabetes, may also
be affected by pre-existing systemic inflam-
mation since several pro-inflammatory and
acute-phase proteins, such as TNF-a, IL-6,
MCP-1, PAI-1, and SAA are associated with
the induction of insulin resistance.

Summary of Part II
Based on available evidence, it is pos-
sible that systemic inflammation may actu-
ally be the link that associates periodontal
disease with other systemic diseases. Details
of the plausible biological mechanisms that

may associate periodontal disease with var-
ious systemic diseases are further analyzed in
other chapters of this book.

PART III: RESOLUTION OF
INFLAMMATION IN PERIODONTITIS
AND OTHER SYSTEMIC DISEASES

Inflammation is thought to play a cen-
tral role in the progression of periodontal
and a number of systemic diseases. Experi-
ments in animal models and in man have
demonstrated that periodontal destruction is
mediated primarily by the inflammatory re-
sponse, although periodontal pathogens are
a necessary etiologic factor.?**#0 Genetic
polymorphisms and other factors may also
be responsible for a “hyperinflammatory
phenotype” that may further affect the sus-
ceptibility of the host to periodontal disease
and tissue destruction. Currently, it is be-
lieved that in chronic periodontal disease, de-
struction does not follow a linear pattern with
time, but occurs in “random bursts” with pe-
riods of remission and exacerbation. How-
ever, the reasons behind this random pro-
gression are not fully understood. Disease
progression becomes even more enigmatic
considering that it is not always clear why a
chronic inflammation of the gingiva may re-
main as gingivitis in some patients and
progress to periodontitis in others. Irrespec-
tive of the nature of periodontal disease pro-
gression, the perpetuation of the inflamma-
tory process in the gingiva may lead to a
chronic low-grade systemic inflammatory re-
sponse, which in turn potentially contributes
to the progression of systemic diseases.

The Process of Inflammatory Resolution

The landmark events during inflamma-
tion include the accumulation of leukocytes
in the infected area and phagocytosis of the
bacteria and/or their virulence factors. As
part of the inflammatory process, activation
of neutrophil lysosomal phospholipase re-
leases free arachidonic acid from membrane
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phospholipids. Once free arachidonic acid
is available, two different pathways can be
initiated: (a) the cyclo-oxygenase (COX)
pathway that leads to the production of
prostaglandins (e.g., PGE,), and (b) the lipoxy-
genase (LO) pathways that lead to the pro-
duction of a series of hydroxyl acids charac-
terized by the 5-LO products, the leukotrienes
(e.g., LTB,). There are three cell type-specific
LOs; the 5-LO from myeloid cells, the 12-LO
from platelets, and the 15-LO of epithelial and
endothelial cells. PGE, is a potent activator of
osteoclast-mediated bone resorption, and with
other eicosanoids mediates inflammation and
periodontal tissue destruction. LTB, attracts
neutrophils, stimulates the release of granule-
associated enzymes from neutrophils, and con-
tributes to pro-inflammatory processes and to
further tissue damage.

Returning to Homeostasis

Once the bacteria have been removed
by phagocytosis, resolution of inflammation
occurs with the reduction or removal of
leukocytes and debris from inflamed sites
with a return to homeostasis.’ Until recently,
resolution of inflammation was considered to
be a passive process in which the lack of
bacterial stimuli decreased the production of
inflammatory mediators, which in turn re-
duced the inflammatory response, thereby
returning to normal function. New data sug-
gest that resolution of inflammation is an ac-
tive biochemical and metabolic process that
is initiated by a newly identified class of re-
ceptor agonists that emerge temporally as
the inflammatory lesion matures.® Although
prostaglandins and leukotrienes secreted by
neutrophils have pro-inflammatory proper-
ties, as inflammation proceeds the same
prostaglandins (PGE, and PGD,) may pro-
mote expression of the 15-LO gene, leading
to a switch in the expression of biosynthetic
enzymes by infiltrating neutrophils (Figure
2). Binding of lipoxin A4 to neutrophils leads
to a phenotypic change, stopping all pro-

inflammatory activity of neutrophils and
leading to apoptosis. As a result, they stop
secreting the chemo-attractant LTB, and
several cellular pathways are activated, pro-
ducing, at a local level, other dual-acting
anti-inflammatory and proresolution lipid
mediators, including resolvins and protectins.

Mechanisms of Inflammation Resolution

Resolvins and protectins provide potent
signals that orchestrate and accelerate mech-
anisms that promote resolution of inflam-
mation and homeostasis. Specifically, as de-
picted in Figure 3, pro-resolution mediators
stop neutrophil infiltration and drive neu-
trophils to apoptosis, while at the same time
attracting monocytes to the lesion.*' Lipoxin-
stimulated monocytes/macrophages obtain
a nonphlogistic phenotype, which results
in phagocytosis of apoptotic neutrophils
and enhanced mucosal clearance of bacteria
without concomitant secretion of pro-inflam-
matory mediators that could contribute to
tissue damage.*> Moreover, pro-resolution
lipid molecules increase the exit of phago-
cytes from the inflamed site through the lym-
phatics. Finally, some of these molecules
may also stimulate the uptake and clearance
of local cytokines by apoptotic neutrophils.
After neutrophils and debris are removed,
homeostasis returns and repair mechanisms
are initiated; lipoxins are antifibrotic and
allow for complete tissue healing without
scarring.

Hence, it can be argued that the per-
sistence of an inflammatory disease, such as
periodontal disease, may be caused by too
much pro-inflammatory signal or not enough
proresolution signal. In other words, a “hy-
perinflammatory phenotype” due to a par-
ticular genetic background of the host may
result in oversecretion of inflammatory me-
diators in response to bacterial stimuli, which
in turn contributes to periodontal disease sus-
ceptibility, or a failure of resolution pathways.
As high levels of inflammatory cytokines are



36 Periodontal Disease and Overall Health: A Clinician's Guide

Figure 2. Progression and Biosynthesis of Lipid Mediators During Inflammation Resolution

( Omega-3 )
Arachidonic Acid Eicosaf ic Acid Docosahexanoic Acid

EPA DHA

AR Cell-Cell
[—'—8—\Lox-|.ox l l
Prostaglandins Lipoxins Resolvin Es Resolvin Ds
Leukotrienes LXs RVEs RvDs
Aspirin-Triggered LXs Neuroprotectins
ATL NPDs

Proinflammatory Lipid Mediators Anti-Inflammatory
Class Switching Proresolving
Progression and Biosynthesis of New Lipid Mediator Families

Inflammation-Resolution (time)

Chemical mediators involved in the initiation of acute inflammation, such as prostaglandins (PGs) and leukotrienes
(LTs), induce “class switching” toward pro-resolving lipid mediators. The pro-resolving mediators include ®-6
PUFAs, AA-derived LXs, ATLs, ®-3 PUFA EPA-derived RvEs, docosahexanoic acid (DHA)-derived RvDs, and
protectins (PDs) (or neuroprotectins in neural tissues).

Reprinted by permission from Wiley-Blackwell: Br J Pharmacol 2008;153(Suppl)S200-S215.
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maintained, tissue destruction continues and
inflammation persists. If pro-resolution sig-
nals are weak, neutrophils are not removed
and monocytes/macrophages maintain a
phlogistic phenotype. This results in further
production of inflammatory cytokines and
perpetuation of the inflamed state.

New Treatment Paradigms

It is reasonable to suggest that the un-
derstanding and ability to manipulate reso-
lution of inflammation may provide a new
treatment paradigm for inflammatory dis-
eases, local and systemic. Although human
data are not yet available, there is a growing
and promising literature from in vitro work
and animal models that supports the bene-
ficial actions of resolution agonists both on
periodontal and other systemic diseases.’

The Role of Pro-Resolution Mediators

Examples of the actions of therapeutic
pro-resolution mediators in periodontal dis-
ease include over-expression of lipoxin A, in
transgenic rabbits protecting against perio-
dontitis and atherosclerosis.* In another
study, topical treatment with resolvins (®-3
fatty acid derived resolution agonists, vide
infra) prevented more than 95% of alveolar
bone destruction in rabbits. Moreover, his-
tological analysis revealed few, if any, neu-
trophils in the tissue and little tissue damage.
At the same time, the numbers of osteoclasts
were also found to be reduced. In addition,
treatment of periodontitis with resolvins sys-
temically reversed the observed increase in
CRP and IL-1 levels. Finally, in established
periodontal disease, resolvins prevented fur-
ther tissue destruction, and both gingival and
osseous tissues that were lost during disease
were regenerated.*

Resolvins, lipoxins, and protectins have
also been shown in animal models to have
beneficial impact on a variety of other in-
flammatory diseases. For example, lipoxins
stopped neutrophil recruitment and promoted

lymphatic removal of phagocytes in perio-
tonitis.* Moreover, in cystic fibrosis, lipoxins
decreased neutrophil inflammation, pulmo-
nary bacterial burden, and disease severity.*
Resolvins in a colitis model in mice decreased
neutrophil recruitment and pro-inflammatory
gene expression, improved survival, and
reduced weight loss.* In addition, resolvins
protected against neovascularization in
retinopathy.*’ Finally, in an asthma model,
protectins protected against lung damage,
airway inflammation, and airway hyper-
responsiveness.* Table 2 lists the impact of
lipoxins, resolvins, and protectins on various
inflammatory disease models.

It is conceivable that the use of pro-
resolution mediators in managing periodon-
tal and other inflammatory diseases may
prove to be beneficial in humans as well.
Mechanical debridement, which aims at the
reduction of the bacterial load in the gingival
pocket, may help the host/patient to clear
the infection. In addition, it is possible that
the use of locally applied pro-resolution me-
diators could prevent further tissue damage,
enhance the resolution of inflammation
(which would lead to healthy gingiva), and
ideally result in periodontal tissue regenera-
tion rather than scarring and repair. More-
over, resolution of inflammation at the gingi-
val level may minimize systemic inflamma-
tion induced by periodontal disease, thereby
attenuating the possible negative effects of
periodontal disease on systemic diseases.

Origins of Pro-Resolution Mediators

In order to manipulate resolution of
inflammation more effectively, it is imperative
to understand the biological origin of the pro-
resolution mediators. Lipoxins (e.g., lipoxin
A)) derive from arachidonic acid after acti-
vation of the 12-/5-LO or the 15-/5-LO path-
ways. Resolvins and protectins are biosynthe-
sized from omega-3 essential poly-unsaturated
fatty acids (o-3 PUFAs), such as eicosapen-
tanoic acid (EPA) and docosahexanoic acid
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Table 2. Impact of Lipoxins, Resolvins, and Protectins on Various Inflammatory Disease Models

Disease Model Species | Action(s)
Lipoxin A4/ATL
Periodontitis Rabbit —Reduces neutrophil infiltration
—Prevents connective tissue and bone loss
Peritonitis Mouse Stops neutrophil recruitment and lymphatic removal of phagocytes
Dorsal air pouch Mouse Stops neutrophil recruitment
Dermal inflammation Mouse Stops neutrophil recruitment and vascular leakage
Colitis Mouse —Attenuates pro-inflammatory gene expression

—Reduces severity of colitis
—Inhibits weight loss, inflammation, pulmonary dysfunction

Asthma Mouse Inhibits airway hyper-responsiveness and pulmonary inflammation
Cystic fibrosis Mouse Decreases neutrophilic inflammation, pulmonary bacterial burden, and disease severity
Ischemia-reperfusion injury | Mouse —Attenuates hind-limb ischemia-reperfusion lung injury

—Causes detachment of adherent leukocytes in mesenteric ischemia-reperfusion injury
Corneal disorders Mouse —Accelerates cornea re-epithilialization

—Limits sequelae of thermal injury (such as neovascularization and opacity)
—Promotes host defense

Angiogenesis Mouse Reduces angiogenic phenotype: endothelial-cell proliferation and migration
Bone-marrow transplant Mouse Protects against bone-marrow-transplant-induced graft-versus-host diseases
Glomerulonephritis Mouse —Reduces leukocyte rolling and adherence
—Decreases neutrophil recruitment
Hyperalgesia Rat —Prolongs paw withdraw latency and reduces hyperalgesic index
—Reduces paw oedema
Pleuritis Rat Shortens the duration of pleural exudation
Resolvin E1
Periodontitis Rabbit —Reduces neutrophil infiltration

—Prevents connective tissue and bone loss
—Promotes healing of diseased tissues
—Regenerates lost soft tissue and bone

Peritonitis Mouse —Stops neutrophil recruitment

—Regulates chemokine and/or cytokine production
—Promotes lymphatic removal of phagocytes

Dorsal air pouch Mouse Stops neutrophil recruitment
Retinopathy Mouse Protects against neovascularization
Colitis Mouse —Decreases neutrophil recruitment and pro-inflammatory gene expression

—Improves survival
—Reduces weight loss

Resolvin D1
Peritonitis Mouse Stops neutrophil recruitment
Dorsal skin air pouch Mouse Stops neutrophil recruitment
Kidney ischemia- Mouse —Protects from ischemia-reperfusion kidney damage and loss of function
reperfusion injury Mouse Regulates macrophage
Retinopathy Mouse Protects against neovascularization
Protectin D1
Peritonitis Mouse —Inhibits neutrophil recruitment
—Regulates chemokine and/or cytokine production
—Promotes lymphatic removal of phagocytes
—Regulates T-cell migration
Asthma Mouse Protects from lung damage, airway inflammation, and airway hyper-responsiveness
Asthma Human | Protectin DI is generated in humans and appears to be diminished in asthmatics
Kidney ischemia- Mouse Protects from ischemia-reperfusion kidney damage and loss of function
reperfusion injury Regulates macrophages function
Retinopathy Mouse Protects against neovascularization
Ischemic stroke Rat —Stops leukocyte infiltration

—Inhibits nuclear factor-kB and cyclo-oxygenase-2 induction
Alzheimer’s disease Human | Diminishes protecting D1 production in human Alzheimer’s disease
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Figure 4. Schematic Illustration of Lipid-Mediated Pro-Inflammatory and

Pro-Resolution Pathways
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(DHA). EPA and DHA can be metabolized
by aspirin-modified COX-2 pathways to
form resolvins, while DHA can be converted
to protectins via an LO-mediated pathway
(Figure 4).

Another aspect of current anti-inflam-
matory strategies was the discovery that dis-
ruption of biosynthesis of these pro-resolu-
tion mediators by either COX-2 or LO
inhibitors may lead to a “resolution deficit”
phenotype, which is characterized by im-
paired phagocyte removal, delayed resolu-
tion, and prolonged inflammation. This may
explain why several anti-inflammatory agents,
such as selective COX-2 inhibitors and cer-
tain LO inhibitors, have been shown to impair
resolution of inflammation and lead to sys-
temic inflammatory complications.

Summary of Part III
Theoretically, combining pro-resolution
mediators and anti-inflammatory agents such
as aspirin and statins—agents that decrease
the extent of inflammation without inter-
fering with the endogenous pro-resolution
processes—may be a useful strategy to control

excessive inflammation and restore homeo-
stasis. More research is necessary to obtain
solid information on the efficacy and safety
of these interventions in humans. However,
it is possible that in the future we can expect
that new treatment strategies will be avail-
able for the treatment of periodontal disease
and its systemic complications.
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CHAPTER 4
History of the

Oral-Systemic Relationship

Noel M. Claffey, loannis N. Polyzois, Ray C. Williams

INTRODUCTION

In the last decade, the possible association
between oral and systemic health has been
highlighted in numerous reports. The focus of
attention is mainly periodontitis and its impact
on certain conditions. Periodontitis is an infec-
tious disease associated with a number of pre-
dominantly gram-negative bacteria, and it is now
recognized that for the initiation and progression
of this disease, a susceptible host is also required.
It is also well documented that certain systemic
conditions can modify the host’s susceptibility to
periodontitis, but it is only recently that evidence
surfaced about the possibility of a two-way rela-
tionship. Specifically, periodontitis has been impli-
cated as a potential risk factor for cardiovascular
diseases, respiratory diseases, diabetes mellitus,
preterm labor, low birth weight, and renal disease.

Interest in the relationship of oral health/
periodontal disease to general health is not new,
but more of a resurgence in the old and discredited
concept of focal infection. Focal infection theory
became popular in the beginning of the twentieth
century because it explained a number of con-
ditions for which there was no scientific explana-
tion at the time. It eventually fell into disrepute
because of a lack of scientific evidence.

This chapter examines the history of the
hypothesis that micro-organisms would localize
from the source focus to the distant, systemic
focus and follows, step by step, concepts of the
oral-systemic relationship that have evolved
over the years.

ANCIENT CIVILIZATIONS
AND THE MIDDLE AGES
Throughout recorded history, many
theories have been put forward to explain

human illness. One area of the body that has
been repeatedly implicated in the origin of
human diseases is the oral cavity. Writings as
far back as from the ancient Egyptians (2100
BC) mention tooth pain associated with
women’s reproductive system diseases.! In
Assyria, the physician of King Ashurbanipal
(669-626 BC) wrote about the troubles of
his king: “The pains in his head, arms, and
feet are caused by his teeth and must be
removed.” In ancient Greece, Hippocrates
(400 BC) recorded two cases in which erad-
ication of the infections of the mouth ap-
peared to relieve patients of rheumatic-like
troubles of the joints.? Aristotle, perhaps the
first dental anatomist—especially from the
standpoint of comparative anatomy—stated
that “those persons who have the most teeth
are the longest lived.” In his book, On Hy-
giene, the Roman physician Galen (166201
AD) emphasized the inter-relationship be-
tween the oral cavity and other illnesses.’
From the end of the Roman Empire
until the middle ages, all sciences fell into
abeyance, and had it not been for the Arabs
(who had access to the learning and science
contained in Greek manuscripts brought to
their country by Nestorian exiles from By-
zantium and Greeks who settled in southern
Italy), the bulk of science and knowledge
accumulated to that date might have been
lost.* The next notable advance in dentistry
probably occurred in Italy in the 1400s when
a physician named Giovanni d’Arcoli began
filling decayed teeth with gold leaf; an
admirably progressive step for that time. He
is further credited with stating that for cases
of severe dental pain, early intervention was
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advisable because “such violent pains are
followed by syncope or epilepsy, through
injury communicated to the heart or brain.”®

In 1548, Ryff wrote a monograph that
dealt exclusively with dental afflictions. In
his pamphlet titled Useful Instructions on
the Way to Keep Healthy, to Strengthen and
Re-invigorate the Eyes and the Sight. With
Further Instructions of the Way of Keeping
the Mouth Fresh, the Teeth Clean and the
Gums Firm he wrote, “The eyes and teeth
have an extraordinary affinity or reciprocal
relation to one another, by which they easily
communicate to each other their defects and
diseases, so that one cannot be perfectly
healthy without the other being so t0o.”

In 1768, Berdmore in 4 Treatise on the
Disorders and Deformities of the Teeth and
Gums described the relationship between
the teeth and the entire body as one leading to
the most “excruciating pains and dangerous
inflammations and sometimes deep seated
abscesses which destroy neighbouring parts
and affect the whole system by sympathy, or
by infecting the blood with corrupted matter.””’
In 1818, one of the most famous physicians in
America, Benjamin Rush, reported the course
of a disease in which a woman who was
suffering from rheumatism of long standing
had an aching tooth extracted and “she re-
covered in just a few days.””

All of these statements over the course
of history were made without sufficient sup-
porting evidence, yet they were current be-
liefs at the time. These conclusions were
usually drawn by repeated observation of a
number of patients with similar symptoms
and outcomes. Today these ancient theories
—especially those related to oral systemic
conditions—cannot be considered to be any-
thing more than guess work based on simple
observation. However, it is of great interest
to see that historically there existed a sus-
picion or hunch that an inter-relationship
existed between oral disease and systemic
conditions.

ORAL SEPSIS AS A
CAUSE FOR DISEASE

The importance of oral hygiene in rela-
tion to bacteriology was first detailed by
Dutch scientist Antonie von Leeuwenhoek in
1683. However, it was with the discoveries
of the late 1800s that the centuries-old debate
about the influence of the mouth on the rest
of the body began. One of the main reasons
for interest in the area was due to strides
made in the study of microbiology. Major
contributors to advances in microbiology in-
cluded Pasteur, Lister, and Koch. Koch was
a physician working as a District Medical
Officer in Wollstein, a small city in what is
now Germany. During the Franco-Prussian
war, he began to study the disease anthrax,
which was prevalent among farm animals
in the community. Earlier, the anthrax bacil-
lus had been discovered by Pollande, Royer,
and Davine. Through a series of experi-
ments, Koch demonstrated that pure cultures
of the anthrax bacillus could cause the
anthrax disease. His work was published
in 1876 and the “germ theory of disease
causation” was introduced to the world.
Soon, scientists around the globe became in-
terested in bacteria and their role in disease
etiology.

An American dentist working at Koch’s
Institute for Infectious Diseases, Miller was
convinced that the bacteria residing in the
mouth could explain most illnesses. In 1880,
to support his theory, Miller published a
book with the title The Microorganisms of
the Human Mouth: The Local and General
Diseases Which are Caused by Them. In
1891, Miller published a classic article in
the Dental Cosmos journal.® The title of the
article was “The Human Mouth as a Focus of
Infection” This article aimed to “call atten-
tion to the various local and general diseases
which have been found to result from the
action of microorganisms which have col-
lected in the mouth and to various channels
through which these microorganisms or their
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waste products may obtain entrance to parts
of the body adjacent to or remote from the
mouth.” It also aimed to “establish the great
importance of thorough understanding on
the part of the physician, no less than of the
dentist, of mouth germs as a factor in the
production of disease.” The article was pre-
sented under three headings/sections:

* Diseases of the human body which have
been traced to the action of mouth
bacteria

* The pathogenic mouth bacteria

* Prophylactic measures

The diseases he felt could be traced to

bacteria colonizing the mouth included osti-
tis, osteomyelitis, septicemia, pyemia menin-
gitis, disturbance of alimentary tract, pneu-
monia, gangrene of the lungs, Ludwig’s
angina, diseases of the maxillary sinus, actin-
omycosis, noma, diphtheria, tuberculosis,
syphilis, and thrush. He described 149 cases,
many of which he ascribed to a dental origin,
such as fistulae that opened on the neck,
shoulder, arm, or breast. Thus was devel-
oped the concept of focus of infection, with
organisms in the oral cavity being implicated
in diseases of the body remote from the
mouth. Although he did not mandate re-
moval of teeth as a method of eradication of
foci of infection, he sometimes suggested
that the “treatment and filling of root canals”
could serve this purpose. In Miller’s opinion,
local collection of disease-producing organ-
isms could produce “a metastic abscess
wherever a point of diminished resistance
existed.” Moreover, he postulated that teeth
were not the only source of aggregation of
such bacteria but that foci in other organs, such
as the tonsils and uterus, could be implicated.>®
The next important figure in the his-
tory of oral sepsis as a cause of disease was
the English physician, Hunter. At the time of
Miller’s paper presentation, which Hunter
attended, he was the senior assistant physi-
cian at the London Fever Hospital and his at-
tention was already drawn to the mouth as a

possible source of infection. In 1900, he
wrote an article titled “Oral Sepsis as a
Cause of Disease,” which was published in
the British Medical Journal.’ Hunter impli-
cated poor oral hygiene, together with iatro-
genic conservative dentistry, as causes of
the multitude of diseases attributed to focal
infection. He advocated oral antisepsis meas-
ures to diseased teeth or inflamed gums, the
removal of “tooth stumps,” the boiling of
every “tooth plate” worn, and the avoidance
of restorations such as bridges, which can’t
be cleanly maintained.>’

In 1900, Godlee described how the
signs and symptoms of other conditions,
such as pleurisy, could be attributed to
pyorrhea alveolaris, and how all the signs
and symptoms disappeared after careful re-
moval of all calculus and regular syringing
of the pockets with a hydrogen peroxide so-
lution.>!% In 1902, Colyer described the res-
olution of irregular heart beat, gastric effects
and “general debility” after the treatment of
any oral sepsis present. He also suggested a
good maxim with which a dentist should work
was “better no teeth than septic ones.”"

In an article published by Wilcox in
1903, antral disease was put forward as an
important sequelae of oral sepsis.'? It was
believed that prolonged antral suppuration
could lead to extreme mental depression, of-
ten ending in suicidal tendency.>'? Other re-
lationships that were put forward were those
between oral sepsis and migraine headaches,
laryngeal pain and spasm (which could in-
duce cough, loss of voice, and wasting),
blindness, and deafness, all of which Wilcox
hypothesized could be cured with treatment
of the oral sepsis.> As the concept of oral
sepsis became more popular, theories were
put forward as to which organs were most
susceptible to different types of oral sepsis,
and how the treatment of oral sepsis could
lead to recovery from tonsillitis, tuberculosis,
and diabetes. It was also believed that oral
sepsis could be transmitted by the licking of
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envelopes, use of contaminated telephone
receivers, and men with beards.

In 1908, Merritt published an article in
Dental Cosmos with the title “Mouth Infec-
tion: the Cause of Systemic Disease.”’® In
this article he stated that “there is a general
disposition on the part of the medical and
dental professions to underestimate the
relations which exist between an unclean
mouth and many local and systemic disorders
of grave nature.” He felt that in many cases
of malnutrition, the sole cause was a “filthy
mouth” and that “no greater good could
come to humanity than the full recognition of
the dangers from this insidious, prolific and
virulent infection in the human mouth.” He
also stated that “the adoption of proper oral
hygiene practices would result in immediate
and marked improvement to general health
and notable increase in the average duration
of human life.”

On October 3, 1910, Hunter was invited
to McGill University in Montreal, Canada, to
give the keynote address at the dedication of
the Strathcona Medical Building. The title
of his address was “The Role of Sepsis and
Antisepsis in Medicine.” In his address, he
blamed “oral sepsis” as the cause of a great
many diseases, and made an attack on con-
servative dentistry, or as he called it “septic
dentistry.” His address was published in
The Lancet, which was the leading British
medical journal at the time, as well as in the
Dental Register.'*"> Hunter is best remem-
bered for the following statement in The
Lancet report: “No one has probably had
more reason than I have had to admire the
sheer ingenuity and mechanical skill con-
stantly displayed by the dental surgeon. And
no one has had more reason to appreciate
the ghastly tragedies of oral sepsis which his
misplaced ingenuity so often carries in its
train. Gold fillings, crowns and bridges,
fixed dentures, built on and about diseased
tooth roots form a veritable mausoleum of
gold over a mass of sepsis to which there is

no parallel in the whole realm of medicine.”
He continued with “The worst cases of
anaemia, gastritis, obscure fever, nervous
disturbances of all kinds from mental
depression to actual lesions of the cord,
chronic rheumatic infections, kidney dis-
eases, all those which owe their origin to, or
are gravely complicated by the oral sepsis
produced by these gold traps of sepsis. Time
and again I have traced the very first onset of
the whole trouble to the period within a
month or two of their insertion.” It appears
that Hunter’s condemnation of conservative
dentistry was based primarily on its poor
standard. It was fashionable in London at the
time to mimic complicated American
dentistry. However, in many cases the results
were often of substandard quality. Some well-
respected dentists at the time, such as Edward
Cameron Kirk, the editor of Dental Cosmos,
recognized the potential systemic effects of
oral sepsis, but felt that Hunter’s criticism of
dentistry was unfair as Hunter’s observations
were primarily based on the disastrous effects
of a very low-standard dentistry.®

In 1911, Billings, the long-serving
Dean of Medicine at the University of
Chicago and head of the focal infection re-
search team at Rush Medical College and
Presbyterian Hospital, replaced the term
“oral sepsis” with “focal infection.” Soon
after that, he was honored with being asked
to give the annual Lane Memorial Lecture
at Stanford University in 1915. There, he
defined a focus of infection as a “circum-
scribed area of tissue infected with patho-
genic organisms” and said that the term focal
infection implied that: (1) such a focus or
lesion of infection existed, (2) the infection
was bacterial in nature, and (3) it was capa-
ble of dissemination, resulting in systemic
infection of other contiguous or noncon-
tiguous parts. The teeth, tonsils, adenoids,
and mastoids were thought to be the usual
sources of bacteremia, and certain bacteria,
such as streptococcus and pneumococcus,
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had special affinities for target organs like
the heart and lungs.>'° Billings advocated
that chronic infectious arthritis was often as-
sociated with remote foci of streptococcus,
gonococcus, or tuberculosis organisms, and
suggested the removal of all foci of infection
and the improvement in patients’ immunity
by absolute rest and improvement of popu-
lation-wide and individual oral hygiene.!”!®
One of the first studies measuring the clini-
cal benefit of removing focal infection in
1917 confirmed his suggestions. The study
was conducted as a retrospective postal sur-
vey, and 23% reported a cure for their arthri-
tis following removal of infective foci. An
additional 46% reported experiencing some
improvement in symptoms.>!”

One of Billings’ research associates was
Rosenow. He was a graduate of the Rush
Medical College where he had been a student
of Billings. He utilized special methods for
culturing material from various foci of
infection. He obtained a number of pathogenic
bacteria from patients, including streptococci
and gonococci, which he injected in animals.
He then tested whether these organisms would
provoke lesions similar to the secondary
manifestations noted in the patients from
whom the foci had been removed. He used the
term “elective localization” to note that certain
strains of pathogenic bacteria (mostly
streptococci) isolated from the oral cavity of
the patients had localized to the joints, cardiac
valves, or other areas of the animals.’

Physicians like Billings and Rosenow
were prominent and convincing. More and more
articles were published and many other physi-
cians, such as Barker and Cecil, embraced the
concept of focal infection. Cecil, best known
for his textbook of medicine, reported in 1933
that “the keystone of the modern treatment of
rheumatoid arthritis is the elimination of the
infected foci.”? In an article in 1938, he quotes
Rosenow who said “the prevention of oral
sepsis in the future, with the view to lessen-
ing the incidence of systemic diseases, should

henceforth take precedence in dental practice
over the preservation of the teeth almost
wholly for mechanical or cosmetic pur-
poses.”! Other leading members of the medical
community, such as Mayo, also advocated the
focal infection theory. He stated that “in
children the tonsils and mouth probably carry
eighty percent of the infective diseases that
cause so much trouble in later life.” He went
on to write “teeth with putrescent pulps may
harbour green-producing streptococci and
even though they show no redness at the gums
they may be very dangerous to keep in the
mouth.”

What followed in dentistry as the result
of the “theory of focal infection” was an un-
precedented wave of tooth extractions and
the avoidance of conservative dentistry.>??
All teeth that were endodontically or peri-
odontally involved were extracted to avoid a
possible focus of infection. This approach
came to be known as the “hundred per-
center.” The leading spokesperson for this
radical approach was the physiologist Fisher.
He regarded a tooth with a root filling as a
dead organ that needed to be extracted.’

As biomedical research evolved in the
early 1930s, it also started evaluating con-
cepts on a scientific basis. It was then that the
strong belief in the theory of focal infection
began to decline. What stimulated this de-
cline was the work of Holman, who noted
that Rosenow’s work was fraught with con-
tamination and that his data were incon-
sistent.?>?3 Others noted that Rosenow
inoculated animals with such high counts
of bacteria that it was inevitable that every
organ or joint would be affected.?* > Gross-
man, in his book Root Canal Therapy, noted
that Rosenow’s technique “so devastates the
laboratory animal that lesions are sometimes
produced in almost every tissue and organ of
the body.” The fact that Rosenow’s work in
animal models could not be reproduced by
other investigators heavily discredited his
theories.”
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Cecil, a great proponent of the focal in-
fection theory, together with the rest of the
medical community, started to re-evaluate
his approach. He and Angevine published
an article in 1938 that reported a follow-up
study of 156 patients with rheumatoid arthri-
tis who had teeth and/or tonsils removed be-
cause of foci of infection. They concluded
that chronic focal infection was relatively
unimportant in rheumatoid arthritis because
of the 52 patients who had teeth removed, 47
did not get any better and three got worse. In
their own words they concluded that “focal
infection is a splendid example of a plausi-
ble medical theory which is in danger of be-
ing converted by its enthusiastic supporters
into the status of an accepted fact.”?!

In 1940, Reiman and Havens wrote a
critical review of the theory of focal infection
in the Journal of the American Medical As-
sociation.*® They reviewed the literature in
detail and ended the report with the follow-
ing paragraph. “It may be said, therefore,
that: (a) The theory of focal infection, in the
sense of the term used here, has not been
proved, (b) the infectious agents involved
are unknown, (c) large groups of persons
whose tonsils are present are no worse than
those whose tonsils are out, (d) patients
whose teeth or tonsils are removed often
continue to suffer from the original disease
for which they were removed, (e) beneficial
effects can seldom be ascribed to surgical
procedures alone, (f) measures are often out-
weighed by harmful effects or no effect at all,
and (g) many suggestive foci of infection
heal after recovery from systemic disease, or
when the general health is improved with
hygienic and dietary measures.”

In 1951, a review by Williams and
Burket?” concluded the following “There is
no good scientific evidence to support the
theory that removal of these infected teeth
would relieve or cure arthritis, rheumatic
heart disease, and kidney, eye, sin, or other
disorders.” The very strongly worded review

by Reiman and Havens, as well as over-
whelming new evidence, brought the “era
of focal infection” to an end.?® An editorial in
the Journal of the American Medical Asso-
ciation in 1952% stated that this happened
because “many patients with diseases pre-
sumably caused by foci of infection have
not been relieved of their symptoms by re-
moval of the foci. Many patients with these
same systemic diseases have no evident fo-
cus of infection, and also foci of infection
are, according to statistical studies, as com-
mon in apparently healthy persons as those
with disease.” In looking back, the theory of
focal infection not only was an easy way to
explain the cause of many diseases, but also
advocated treatment that was available to
the patients at the time.’ According to Gib-
bons,?? the role of economics in the spread-
ing of the focal infection theory should not
be underestimated. It is easy to understand
that as the era of focal infection came to an
end the lucrative business of extracting teeth,
removing tonsils, and treating sinuses as a
way of treating human diseases gradually
diminished. In his article “Germs, Dr. Billings
and the Theory of Focal Infection,” Gibbons
quotes one bacteriologist of the focal infec-
tion period saying “The age of specialization
stimulates surgery. Operations carry the
best fees with them, and without intimating
that economics play a role in the specialist’s
decision, nevertheless it is only reasonable to
regard him as human—if he is the proud
possessor of surgical skill, he is more prone
to use it.”??

In dentistry, for almost 50 years (1940—
1989), there was little interest in the effect
of the mouth on the rest of the body. However,
throughout the second half of the twentieth
century, there were dental scientists who
continued to question whether oral infection
(and inflammation) might in some way
contribute to a person’s overall health, but
the reasons given were mostly speculative.
They continued to suggest that bacteria and
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bacterial products found in the mouth could
enter the bloodstream and could in some way
be harmful to the body as a whole.? It was
not until the last decade of the twentieth cen-
tury that dentistry and medicine started again
to consider the relationship of oral diseases,
such as periodontal disease, as a contributor
to risk factors for certain systemic diseases.

Oral-Systemic Relationship Revisited

The late 1980s saw an increasing num-
ber of publications implicating an association
between periodontopathogenic bacteria and
certain systemic conditions such as coronary
artery disease, stroke, and preterm/low birth
weight babies. Such insinuations had also
been made early in the twentieth century, but
this time reports were judged with a more
measured response.*® According to Barnett*
this response was a result of several factors:
(a) greater analytical and statistical knowl-
edge, and a better understanding of the con-
strains of epidemiological research in “estab-
lishing disease causalty”; (b) increased aware-
ness of the etiology and pathogenesis of oral
diseases; (c) increased awareness of the
etiology and pathogenesis of associated sys-
temic diseases; (d) modern advances in the
treatment of oral conditions; (e) realization
that bacteria could in some way be impli-
cated in the development of diseases that as
yet have an undetermined etiology.

In 1989, Mattila and coworkers®' in
Finland conducted a case-control study on
100 patients who had suffered an acute my-
ocardial infarction. They compared these pa-
tients to 102 control subjects selected from
the community. A full dental examination
was performed on all of the subjects studied.
Additionally, a dental index was computed.
This index computed the sum of scores from
the number of missing teeth, carious lesions,
peri-apical lesions, probing depths, and the
presence or absence of pericoronitis. It was
found that dental health was significantly
worse in patients with a history of acute

myocardial infarction than in control sub-
jects. This association remained valid even
after adjustment for age, social class, smok-
ing, serum lipid concentrations, and the pres-
ence of diabetes. It was mainly this study
that renewed the interest of physicians and
dentists in the relationship of oral to sys-
temic disease.

In retrospect, it is now clear that the
advent of reports by Mattila and colleagues—
followed soon thereafter by DeStefano et
al.’? and Offenbacher et al.>—was the be-
ginning of a new era of understanding the
impact of oral health and disease on overall
health and disease.?>*° By 1996, the term
“periodontal medicine” would emerge as
scientists and clinicians in dentistry and
medicine began to appreciate the tremen-
dous effect that oral disease can have on the
body.**

PERIODONTAL/ORAL DISEASE
AS A RISK FACTOR FOR
SYSTEMIC DISEASE

Despite many years of history demon-
strating the influence of oral status on general
health, recent decades have seen an acceler-
ated effort for the prevention and manage-
ment of these conditions through ground-
breaking advances. Specifically, periodontitis,
a chronic infectious and inflammatory dis-
ease of the gums and supporting tissues, has
been associated with systemic conditions
such as coronary heart disease and stroke,
higher risk for preterm, low-birth-weight
babies, and certain cancers. It has also been
suggested that it might pose threats to those
with chronic disease, e.g., diabetes, respira-
tory diseases, and osteoporosis.***® Perio-
dontal diseases are infections that are caused
by micro-organisms that colonize the tooth
surface at or below the gingival margin.
These infections affect the gingival tissues
and can cause damage to the supporting
connective tissue and bone. Periodontal dis-
ease can be caused by specific bacteria (such
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as Porphyromonas gingivalis) from the bio-
film within the periodontal pocket. Several
different pathways for the passage of perio-
dontal pathogens and their products into the
circulation have been suggested and are cur-
rently the subject of intensive research.

The focal infection theory, as proposed
and defended the first time around, was
mainly based on anecdotal evidence and the
occasional case report. In order for the hy-
pothesis not to fall into disrepute the second
time around, different levels of evidence must
be examined in order to establish a relation-
ship between the periodontal condition and
systemic health of the patient. Since not all
scientific evidence is given the same weight,
the stronger the evidence, the more likely
it is that a true relationship exists between
these conditions.

Case reports provide us with very weak
evidence and can only suggest a link, but
not a relationship. Case-control studies are
mainly used to identify factors that may con-
tribute to a medical condition by comparing
subjects who have the condition with pa-
tients who don’t, but are otherwise similar.
These studies may lead to cross-sectional
analyses. Observational studies are used to
examine associations between exposures and
disease. These are relatively inexpensive and
frequently used for epidemiological studies.
However, the fact that they are retrospective
and not randomized limits their validity.

Cross-sectional analysis studies the rela-
tionship between different variables at a point
in time. These type of data can be used to assess
the prevalence of acute or chronic conditions
in a population. However, since exposure and
disease status are measured at the same point
in time, it may not always be possible to
distinguish whether the exposure preceded or
followed the disease. Stronger evidence is
provided with a longitudinal study, in which
subject populations are examined over time.
A longitudinal study is often undertaken to
obtain evidence to try to refute the existence

of a suspected association between cause
and disease; failure to refute a hypothesis
strengthens confidence in it. Longitudinal
studies with controls are much stronger than
the ones without. The same applies for inter-
vention trials that provide the strongest form of
evidence. Unfortunately, not only are these
difficult to conduct, they are expensive and
involve many ethical considerations.

What Is Risk?

Risk is the statistical likelihood that cer-
tain factors are associated with the develop-
ment of disease. It can be divided into
absolute risk, which is the likelihood of ac-
quiring a certain disease, and relative risk,
which is the likelihood of acquiring a disease
if certain factors are modified, compared to
the same likelihood if they are not. It is easy
to understand that if true risk factors are
identified, then intervention for those at risk
can be planned and implemented.

The strength of association between pu-
tative risk factors and a disease state can be
expressed in odds ratios. An odds ratio of one
indicates an equal chance as to whether or
not an association will occur. An odds ratio
of two indicates a two-fold chance of an as-
sociation being present. Care should be ex-
ercised inferring causation from odds ratios.
Association does not, in itself, infer causa-
tion. In the interpretation of odds ratios, it is
important that the confidence interval of the
odds ratio not traverse one. If it does, the
odds ratio—regardless of magnitude—can-
not be relied upon.

There has long been an interest in the
role of systemic factors as they affect perio-
dontal disease. A series of studies were car-
ried out looking at systemic risk factors for
periodontal disease and were summarized
by Genco in 1996.% In this review, it was
pointed out that in addition to pre-existing
diseases, systemic factors have been identified.
These include reduced neutrophil function,
stress and coping behaviors, osteopenia, age,
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gender (with more disease seen in males),
hereditary factors, infection with periodontal
pathogens, cigarette smoking, and diabetes.
It should be noted that these are risk factors
common to many chronic, noncommunica-
ble diseases, such as heart disease, stroke,
and diabetes, all of which are associated with
periodontitis.*

Periodontitis/Oral Health
as a Risk for Specific Diseases:
Evidence for an Association

Cardiovascular

There are at least three possible mech-
anisms by which oral infections may con-
tribute to cardiovascular disease:*

1. Direct effect of infectious agent in

atheroma formation

2. Indirect or host-mediated responses

3. Common genetic predisposition

Bahekar® and colleagues recently con-
ducted a systematic review of the literature
in order to evaluate if such an association ex-
ists. This review revealed five prospective
cohort studies involving 86,092 patients for
at least six years. The authors considered
that three out of the five prospective studies
were of good quality, and both the incidence
and prevalence of coronary heart disease
were increased in subjects with periodontal
disease after adjustments for other variables
known to increase the risk of coronary heart
disease. Furthermore, five case-control stud-
ies involving 1,423 patients and five cross-
sectional studies involving 17,724 patients
were also evaluated. All supported a sig-
nificant relationship between periodontal
disease and coronary heart disease. More
prospective studies are needed, however, to
prove the assumption that periodontitis may
be arisk factor for coronary heart disease and
to evaluate risk reduction with the treatment
of periodontitis.

In planning prospective studies, it is
important to remember that patients with pe-
riodontal disease share many of the same

risk factors as patients with cardiovascular
disease. These risk factors include age, gen-
der, lower socioeconomic status, stress, and
smoking.*! Additionally, a large number of
patients with periodontal disease also ex-
hibit cardiovascular disease; this could be
an indication that periodontal disease and
atherosclerosis share similar or common eti-
ologic pathways.** The literature also sug-
gests that a number of pathogens, antigens,
endotoxins, and cytokines of periodontitis
might be significant contributing factors.**
According to Williams et al.,* controlling for
such confounding factors when carrying out
epidemiological and observational studies re-
quires large numbers of subjects to be en-
rolled and these subjects need to be followed
over a long period of time. Common perio-
dontal pathogens such as Porphyromonas gingi-
valis and Streptococcus sanguis have been found
in arterial plaques from carotid endarterectomy
samples. Furthermore, periodontal disease has
been associated with elevated levels of in-
flammatory markers, such as C-reactive pro-
tein. Although there is growing evidence to
support a role for C-reactive protein as a pre-
dictive, pathogenic factor for vascular risk, it
is recognized that more research is needed.®

There is a need for large-scale prospec-
tive intervention studies to assess whether or
not periodontitis can be considered an effec-
tive modifiable risk factor in the prevention of
cardiovascular disease.

Adverse Pregnancy Qutcomes

Several studies on laboratory animals that
took place in the 1970s and 1980s revealed
that bacterial endotoxin (a cell wall component
isolated from E. coli) is capable of producing
spontaneous abortion, low fetal weight, and
malformations.*® Collins and colleagues suc-
cessfully demonstrated that oral anaerobes
such as P, gingivalis had similar effects. 748

In 1996, Offenbacher and colleagues
constructed a case-control study with the
title “Periodontal Infection as a Possible Risk
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Factor for Preterm Low Birth Weight.”* In
this investigation, they sought to determine
whether or not the prevalence of maternal
periodontal infection could be associated
with preterm low birth weight, while control-
ling for known risk factors such as smoking
and poor nutrition. Results observed from
the 124 pregnant or postpartum mothers who
took part in this study indicated that perio-
dontal disease represents a clinically signif-
icant risk factor for preterm low birth weight.
This landmark report by Offenbacher and
colleagues was the first of this kind.

In the last seven years, there has been
an explosion of data released from case-
control studies, cohort studies, and clinical
trials, as well as from systematic reviews.
Many studies have reported a positive asso-
ciation, but it must be concluded that due
to different study designs, heterogeneity in
the way adverse pregnancy outcomes were
measured, as well as a lack of adequate analysis
for confounders, there is still no consistent
evidence for or against this association.

There is a need for large-scale prospec-
tive intervention studies in which adverse
pregnancy outcomes and the severity of
periodontal disease can be clearly defined.

Diabetes: A Two-Way Relationship

It is clear from epidemiologic studies
that diabetes mellitus increases the risk for
periodontal disease.*>>* The available litera-
ture highlights the importance of oral health
in subjects with diabetes, and demonstrates
an increased prevalence of periodontitis
among patients with poorly controlled dia-
betes.* Patients with controlled diabetes
show periodontal conditions similar to those
of the healthy population.

The current literature does not provide us
with conclusive evidence to support a causal
relationship between periodontal disease and
risk for Type 2 diabetes. There is evidence
that there is an increased risk of periodontitis
in patients with diabetes, but Taylor and

coworkers also showed that patients with Type
2 diabetes who suffer from periodontitis have
worse glycemic control, suggesting that not
only does diabetes affect periodontitis, but
once a diabetic has periodontitis, it leads to
worsening diabetes or glycemic control.’! This
was followed by a paper by Grossi and Genco
in which periodontal disease and diabetes
mellitus was presented as a two-way relation-
ship.> This began a long line of investigation
in which treatment of periodontal disease in
diabetes was found to contribute to glycemic
control, with one of the first studies reported
by Grossi and colleagues.>* Recently, a meta-
analysis of nine control studies on the subject
confirmed that the reduction of glycated
hemoglobin with periodontal therapy can be
significant, comparable to other attempts to
control glycated hemoglobin.*> Researchers
tried to evaluate the effects of periodontal
therapy on systemic inflammatory markers
and on glycemic control.** Several randomized
control trials and a number of longitudinal and
observational studies provided some evidence
to support the concept that periodontitis can
adversely affect glycemic management.
Overall though, it is inconclusive that
periodontal treatment results in improvement
of metabolic control and of markers of
systemic inflammation.

There is emerging evidence to suggest
that periodontitis predicts the development
of overt nephropathy and endstage renal dis-
ease in patients with Type 2 diabetes.’”5 A
prospective study by Shultis*’ and colleagues
was conducted exclusively in individuals with
diabetes. It also included a proportionally
large number of individuals with kidney dis-
ease. Whether or not treatment of periodon-
titis will reduce the risk of diabetic kidney
disease has not yet been determined, but this
study provides a rationale for further inves-
tigation into the connections between perio-
dontal disease and diabetic progression.

There is a need for large-scale prospec-
tive intervention studies, mainly in specific
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high-risk groups because, according to
Williams* and colleagues, these groups
can provide more immediate answers than
studies with a more heterogeneous diabetic
population.

Respiratory Infections

Scannapieco® describes four possible
mechanisms of the presence of oral bacteria
in the pathogenesis of respiratory infections:

1. The oral cavity might be a reservoir
for micro-organisms that contaminate
saliva and is then aspirated into the
lungs.

2. Periodontal disease-associated en-
zymes in saliva may facilitate the
adherence of respiratory pathogens
in the mucosal surfaces.

3. Periodontal disease-associated en-
zymes may destroy protective sali-
vary pellicles, resulting in fewer
nonspecific host defense mecha-
nisms in high-risk patients.

4. Cytokines and other molecules orig-
inating from untreated periodontal
tissues are continuously released in
saliva. Aspiration of these may alter
respiratory epithelium and promote
respiratory pathogen colonization.

A systematic review published in 2006

by Azarpazhooh and Leake investigated ev-
idence for a possible etiological association
between oral health and pneumonia or other
respiratory diseases.’” They concluded that
there is fair evidence of an association of
pneumonia with oral health, and poor evi-
dence of an association of chronic obstruc-
tive pulmonary disease with oral health.
Additionally, there is good evidence that
implementation of high-quality and frequent
oral healthcare decreases the occurrence and
progression of respiratory diseases among
elderly hospitalized or institutionalized
individuals.”’

There is a need for large-scale prospec-

tive intervention studies targeting high-risk

people of the community, nursing homes,
and intensive care units.

Osteoporosis

Over the last decade, it has been specu-
lated that by decreasing the patient’s alveolar
bone mass, osteoporosis makes teeth more
susceptible to resorption by the periodontal
inflammatory reaction. Human studies have
addressed this relationship, and several large-
scale studies showed there is an association
between osteoporosis and reduced alveolar
crestal height in postmenopausal women.>®
In another study, osteoporosis and perio-
dontal infection were found to be independ-
ent risk factors for oral bone loss.” Other
studies, especially longitudinal studies, are
necessary to determine the temporal nature
of this relationship and to further evaluate it.

Some studies investigated the effect of
hormone replacement therapy or vitamin D
intake on tooth loss.®® In almost all studies,
there was a positive correlation between the
number of teeth retained and medical treat-
ment, but it must be kept in mind that con-
founding factors such as age, smoking, socio-
economic status, and many others may have
affected the results.*

There is a need for large-scale pros-
pective studies with as many confounding
factors as possible to be factored into these
investigations.

CONCLUSIONS

There is a long-standing and well-
accepted principle that good oral health is an
integral component of good general health.
In recent years, there has been an attempt to
tie oral conditions to systemic diseases in a
causal relationship, but existing data support
only an association. Evidence for this rela-
tionship is growing, and a scientifically based
understanding of how oral health may pose
a risk for certain systemic diseases is devel-
oping. Certain linkages are stronger than
others, but until there are a number of well-
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constructed, controlled intervention studies
providing “hard” evidence, treatment rec-
ommendations need to be guarded.
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CHAPTER 5

Diabetes Mellitus: A Medical Overview

Srividya Kidambi, Shailendra B. Patel

INTRODUCTION

Diabetes mellitus (DM) is a quintes-
sential metabolic disease in which the char-
acteristic phenotype is loss of control of glu-
cose homeostasis, but the pathophysiology
also affects fat and protein metabolism. Re-
sulting hyperglycemia is associated with
both short- and long-term complications,
making early diagnosis and treatment of this
condition essential. The key hormonal dis-
turbance causing DM can be either a defect
in insulin secretion, insulin action, or both.
Several pathogenic mechanisms have been
proposed for the disease, and more than one
mechanism may be at play for the disease to
become clinically evident. This chapter
describes the classification, epidemiology,
pathogenesis/pathophysiology, clinical pre-
sentations, complications, and diagnosis of
the disease, as well as a brief overview of
treatment options.

Key educational objectives are to under-
stand that

* diabetes is a true metabolic disorder
caused by disrupting insulin action.
both genetic and environmental fac-
tors are involved in causing diabetes.
there are two main forms, Type 1 and
Type 2, distinguished upon abso-
lute and relative insulin deficiency,
respectively.
insulin action is intimately tied to many
other counter-regulatory actions.
long-term complications of diabetes
affect every organ in the body.
controlling glycemia levels in addi-
tion to cardiovascular risk factors is
important in preventing, delaying, or
ameliorating disabling or life-threaten-
ing complications.

CLASSIFICATION OF

DIABETES MELLITUS
DM is classified into several subtypes,
based upon etiology, which can help explain
clinical manifestations and provide a ration-
ale for various treatments (Table 1). The ma-
jority of patients with DM have Type 2 dis-
ease (85%-90%) marked by defective
insulin action as well as relative deficiency
in insulin secretion. Another 5%—10% of pa-
tients have Type 1 disease (absolute defect in
insulin secretion). The remaining sub-types
are rare (Tablel). This chapter will focus on
the major subgroups: Type 1 DM, Type 2
DM, and gestational DM (GDM); the latter
affects fetal and maternal health and is a risk
factor for later development of Type 2 DM.

EPIDEMIOLOGY

According to 2007 estimates, 23.6 million
people (or 7.8% of the population) in the United
States have DM.! About 6 million of these
individuals do not know they have this dis-
ease and present to healthcare providers after
a point of no return in preventing compli-
cations. Prevalence increases with advancing
age, affecting almost 24% of individuals
over the age of 60. An epidemic of Type 2
DM is underway in both the developed and
developing world, but the brunt is being felt
sharply in developing countries.>* Globally,
the number of people with diabetes is ex-
pected to rise from the current estimate of
150 million to 220 million in 2010 and 300
million in 2025, making the cost of treating
DM and its complications a pressing eco-
nomic as well as clinical concern.’

Patients with DM are at a two- to four-
fold higher risk for developing heart disease
and stroke compared to people without DM.
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Table 1. Etiologic Classification
of Diabetes Mellitus

1. Type I diabetes (B-cell destruction, usually leading

to absolute insulin deficiency)
A. Immune medicated
B. Idiopathic

II. Type 2 diabetes (may range from predominantly
insulin resistance with relative insulin deficiency
to a predominantly secretory defect with insulin
resistance)

III. Other specific types
A. Genetic defects of B-cell function

. Chromosome 20, HNF-4a. (MODY 1)

. Chromosome 7, glucokinase (MODY?2)

. Chromosome 12, HNF-1a (MODY3)

. Chromosome 13, insulin promoter factor-1

(IPF-1; MODY4)

. Chromosome 17, HNF-1 (MODY)

. Chromosome 2, NeuroD1 (MODY6)

. Mitochondrial DNA

. Others

enetic defects in insulin action

. Lipodystrophic syndromes

Type A insulin resistance

. Leprechaunism

. Rabson-Mendenhall syndrome

. Others

iseases of the exocrine pancreas

. Pancreatitis

. Trauma/pancreatectomy

. Neoplasia

. Cystic fibrosis

. Hemochromatosis

. Fibrocalculous pancreatopathy

D. Endocrinopathies
1. Cushing’s syndrome
2. Acromegaly
3. Glucagonoma
4. Pheochromocytoma
5. Others

E. Drug- or chemical-induced

. Glucocorticoids

. Atypical Antipsychotics

. Pentamidine

. Diazoxide

. a-Interferon

. Others

F. Infections
1. Congenital rubella

G. Uncommon forms of immune-mediated diabetes
1. “Stiff-man” syndrome
2. Anti-insulin receptor antibodies
3. Others

H. Other genetic syndromes sometimes associated
with diabetes
1. Down’s syndrome

2. Turner’s syndrome

3. Wolfram’s syndrome

4

5
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. Laurence-Moon-Biedl syndrome
. Prader-Willi syndrome

6. Others
IV. Gestational diabetes mellitus (GDM)

Note: Patients with any form of diabetes may re-
quire insulin treatment at some stage of their disease.
Such use of insulin does not, of itself, classify the patient.
Adapted from the American Diabetes Association.
Diabetes Care 2009;31(Suppl 1).%7

In addition, DM is the leading cause of new
cases of blindness and kidney failure among
adults ages 20 to 74." Gingivitis and perio-
dontitis are also more common in people
with DM. Almost one-third of people with
DM have severe periodontal disease with
loss of attachment of gums to teeth measur-
ing five millimeters or more.'

In addition to enormous morbidity asso-
ciated with DM, this disease was the seventh
leading cause of death listed on US death
certificates in 2006. Overall, the risk for
death among people with DM is about twice
that of people without DM of similar age.'

PATHOPHYSIOLOGY

The pathophysiology of DM revolves
around impairment of insulin secretion, in-
sulin resistance, or both, resulting in reduced
utilization of glucose, hyperglycemia, and
impairment of fatty acid metabolism. Symp-
toms and complications of DM are due to
hyperglycemia as well as lack of adequate
insulin action.

Glucose Metabolism

Carbohydrates, broken down mainly into
glucose, are an important source of energy in
humans. Consideration of glucose and insulin
metabolic pathways is crucial to understand-
ing the pathophysiology of DM (Figure 1).

Glucose is derived from three sources:
intestinal absorption following digestion of
dietary carbohydrates; glycogenolysis, the
breakdown of glycogen, which is the poly-
merized storage form of glucose; and gluco-
neogenesis, the formation of glucose from
precursors including lactate (and pyruvate),
amino acids (especially alanine and gluta-
mine), and to a lesser extent, glycerol.> Only
the liver and kidneys are capable of releasing
glucose into circulation by glycogenolysis
and gluconeogenesis. All tissues can utilize
glucose as a substrate for energy production,
but only the brain is wholly dependent upon
glucose as its main energy source. Thus,
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Figure 1. Action of Insulin & Glucagon Under Feeding & Fasting Conditions
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Feeding, satiety, and the neurohumoral response to feeding are integrated by the brain, especially the hypothal-
amus (1A). This consists of the vagal system, incretin hormone secretion, and gut motility hormones, among other
mechanisms. Upon feeding (1A), the neurohormonal response, as well as direct glucose stimulation of the pancreas,
results in activation of pathways that will lead to efficient insulin secretion as well as a decrease in glucagon secretion
from the Islets of Langerhans in the pancreas into the portal tract. This results in increased liver uptake of glucose,
inhibition of hepatic gluconeogenesis, increased fatty acid synthesis, and VLDL secretion and increased glycogen
storage. Although the majority of insulin is cleared by the liver, it also reaches the central circulation where in the
fat, it increases glucose uptake and triglyceride storage, and inhibits free fatty acid release. In muscle, insulin
increases glucose uptake and glycogen storage; in the kidney it inhibits gluconeogenesis.

Under fasting conditions (1B), the neurohumoral response is switched to maintenance of glucose levels, resulting
in decreased insulin and increased glucagon secretion, with the resultant opposite effects on the above-described
target organs. In the liver, gluconeogenesis, glycogenolysis, and fatty acid breakdown is stimulated. In adipose
tissues, fat is mobilized with increased lipolysis and free-acid release. In muscle, decreased glucose uptake and
increase fatty acid catabolism take place. All of these actions are tightly regulated and coordinated to account for
all physiological processes, ranging from short-term energy expenditure (such as exercise) to both short- and long-
term fasting. In addition, many other hormones (e.g., cortisol, growth hormones, catecholamines) are involved, but
are not described here.

mechanisms to maintain a steady-state supply
of glucose to the central nervous system are
integral to metabolic control.

Both insulin-dependent and non-insulin-
independent pathways can determine whole
body clearance of glucose.® Glucose is trans-
ported into the cells by specific transporters,’
activated by phosphorylation to glucose-6-
phosphate by the tissue-specific enzymes
hexokinase or glucokinase, allowing it to

enter metabolic pathways such as the glycol-
ysis, glycogen synthesis, hexosamine biosyn-
thesis (alternative pathway to glycolysis), or
pentose phosphate pathways.® These path-
ways are subject to regulation by insulin,
as well as glucagon. It is important to note
that entry of glucose into different tissues is
regulated by expression of different glucose
transporters; in muscle and fat, glucose entry
is allowed only via an insulin-dependent
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translocation of the glucose transporter
(GLUT)-4, to the cell surface, whereas in
the brain, GLUT-1 is constitutively active
and not dependent upon insulin action.
Insulin regulates glucose uptake, inhibits
glycogen breakdown and gluconeogenesis,
whereas glucagon has the opposite effects.®
Hence, absolute deficiency of insulin (as in
Type 1 DM), or relative (as in Type 2 DM),
is associated with decreased clearance of
blood glucose from the body and leads to
hyperglycemia (Figure 1).

Role of Insulin in the Body

Insulin is secreted by B-cells of Islets of
Langerhans, an endocrine organ, present in
the pancreas. The pancreatic islet comprises
a group of cells, termed a-, B-, and d-cells,
surrounded by exocrine pancreas. These
islets synthesize and release a number of
hormones, the classic ones being insulin and
amylin from the B-cell, glucagon from the
a-cell, somatostatin from the &-cell, as well
as a number of other bioactive polypeptides.
Insulin is synthesized as a pro-hormone,
transported to granules where it is processed
by a pro-protein convertase, resulting in ma-
ture insulin, C-peptide (by product of pro-
insulin processing), and amylin.*!° These are
stored in these mature granules until released
upon stimulation of the B-cell. Insulin pro-
duction usually exceeds the need, so the un-
released granules are stored or destroyed in
the lysosomal compartment of the B-cell.
Glucose is the primary stimulant of insulin
secretion, and oxidative metabolism of glu-
cose is required for glucose to stimulate
granule exocytosis."""> A number of other
secretagogues, including hormones, gut pep-
tides, and amino acids also have the ability
to provoke insulin secretion.

Insulin’s primary physiologic function
in the body can be described as anabolic, re-
sulting in storage of fuels from ingested car-
bohydrate and fat and regulating catabolism
of stored fuel. Its main target tissues are liver,

skeletal muscle, and adipose tissue and its
action on these tissues (or lack thereof) is re-
sponsible for the systemic effects of insulin.'®
If insulin is the “Yin,” a group of hormones
such as glucagon, cortisol, and growth hor-
mone comprise the “Yang” to counteract and
keep the metabolism in balance for energy
needs. Under feeding conditions, with entry
of nutrients, insulin increases and glucagon
decreases, resulting in storage of the incom-
ing nutrients. Under fasting conditions, in-
sulin decreases, glucagon increases, resulting
in increased lipolysis from fat to allow fatty
acids to be transported to the liver and other
tissues, and increased gluconeogenesis from
the liver (and kidney) to maintain blood glu-
cose, and some glycogenolysis. Under pro-
longed starvation, fatty acids are metabo-
lized to ketone bodies to supply the central
nervous system with fuel, in addition to the
glucose.

Insulin exerts its action by binding to a
cell-surface receptor, the insulin receptor (IR),
which has an extracellular and intracellular
domain.!” Intracellular domain possesses
tyrosine-specific protein kinase activity,
which activated by insulin binding, phospho-
rylates several intra-cellular proteins, specif-
ically insulin receptor substrates (IRS) -1, -2,
-3, and -4 (Figure 2). These phosphorylated
IRSs lead to activation of multiple down-
stream signaling pathways and ultimately to
activation of metabolic pathways, including
increased uptake of glucose by muscle and fat,
activation of glycogen synthesis, and sup-
pression of gluconeogenesis by liver and
lipolysis by fat.'” In addition to carbohydrate
metabolism, insulin has several other actions.
Its principle effect on adipose tissue is to sup-
press lipolysis, increase uptake of fatty acids,
and synthesize triglycerides, thus keeping
circulating free fatty acid levels in check.'®!”
Elevated free fatty acids inhibit glucose uti-
lization by peripheral tissues® and also in-
crease hepatic gluconeogenesis. Disordered
metabolism of fatty acids has been proposed
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Figure 2. Insulin Signaling Pathways
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Insulin signaling occurs via many pathways and leads to the various actions of insulin. These signaling pathways
interact with many other pathways that are not depicted (e.g., cortisol, epinephrine, glucagon) and the concept of
critical nodes has been evoked to explain some key interactions. Critical nodes form an important part of the
signaling network that functions downstream of the insulin receptor (IR—black arrows) and the insulin growth
factor-1 receptor (IGF1R—blue arrows). Signaling pathways that are activated by cytokines such as tumor necro-
sis factor-a (TNF-a), interleukin-6 (IL-6), and leptin interfere with insulin signaling through crosstalk (orange and
red arrows). Three important nodes in the insulin pathway are the IR, the IR substrates (IRS 1-4—Ilight blue box),
the phosphatidylinositol 3-kinase (PI3K) with its several regulatory and catalytic subunits (light green box), and
the three AKT/protein kinase B (PKB) isoforms (pink box). Downstream or intermediate effectors as well as
modulators of these critical nodes include:

o Akt substrate of 160 kDa (AS160)

« atypical protein kinase C (aPKC)

 Cas-Br-M (murine)

* Cbl-associated protein (CAP)

* Cotropic retroviral transforming sequence homologue (Cbl)

¢ Cell-division cycle 42 (CDC42)

¢ c-Jun-N-terminal kinase (JNK)

* Extracellular signal-regulated kinase 1 and 2 (ERK1 and ERK?2)

* Forkhead box O1 (FOXO1)

* Glycogen synthase kinase 3 (GSK3)

« Janus kinase (JAK)

» mammalian target of rapamycin (mTOR)

* p90 ribosomal protein S6 kinase (p9ORSK)

* Phosphatase and tensin homologue (PTEN)

* Phosphoinositide-dependent kinase 1 and 2 (PDK1 and 2)

* Protein tyrosine phosphatase-1B (PTP1B)

* Rac

* Ras

» Ras homologue gene family, member Q (ARHQ; also called TC10)

* Signal transducer and activator of transcription (STAT)

* Src-homology-2-containing protein (Shc)

* Suppressor of cytokine signaling (SOCS)
Note: Dashed arrows represent an activation process with less intensity. Reproduced with permission from Nat Rev
Mol Cell Biol 2006;7:85-96."
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as having a major effect on pathophysiology
in diabetes.?! Insulin’s effect on adipose tis-
sue appears to be as important as its effects
on carbohydrate metabolism.

The development of DM thus involves
not only pancreatic B-islet cell dysfunc-
tion/destruction, but also involves action of
insulin in the periphery. Although attention is
usually focused on insulin, it is important to
acknowledge the role counter-regulatory hor-
mones (the “Yang”) play to fully understand
the pathophysiology of DM.

Type 1 DM

In the majority of patients, Type 1 DM is
an autoimmune disorder with selective de-
struction of the B-cells in the pancreatic islets,
resulting in absolute insulin deficiency.?***
Autoantibodies are detected as epiphenomenon
in 85%-90% of individuals in the beginning
stages of the disease, but the immune dam-
age is cell-mediated, involving CD4+ T cell
dysfunction. Autoantibodies are directed
against insulin, glutamic acid decarboxylase
(GADG65), and tyrosine phosphatases. In a
few patients, autoantibodies may have dissi-
pated by the time of diagnosis, or an alternate
pathway for destruction of pancreatic f3 cells
is present. Although there are no good mark-
ers to predict impending development of
Type I DM, the presence of these auto-
antibodies have been used to identify high-
risk individuals.

Genetics of Type 1

Type 1 DM develops in the background
of genetic susceptibility in the context of
poorly defined environmental factors. Sus-
ceptibility to Type 1 DM seems to be deter-
mined by multiple genetic loci, and recent ad-
vances in genome-wide scanning have begun
to elucidate many of these genes.?*¢ Although
the prevalence of Type 1 DM in Western pop-
ulations is approximately 0.3%,?’ it increases
to 6% if the father is affected and 3% if the
mother is affected.”® Although the risk of DM

is greater for the relatives of patients with
Type 1 DM, > 85% of people who develop
Type 1 DM do not have a first-degree relative
with the disease.”’ The risk for an identical
twin is estimated to be 30%—50%, suggesting
a strong environmental effect.*33 These en-
vironmental factors have not been identified.
There is a robust association between Type 1
DM and the major histocompatibility com-
plex on chromosome 6, especially, with poly-
morphisms in Class II immune response
genes (HLA-DR and HLA-DQ).3*3 Specific
alleles of both HLA-DR and HLA-DQ can
either increase or decrease the risk of Type 1
DM. The function of these HLA molecules is
to present antigens to the immune cells,
specifically T-lymphocytes, thereby sensitiz-
ing them to auto-antigens. Patients with Type
1 DM are also prone to other autoimmune
diseases such as Hashimoto’s thyroiditis
(hypothyroidism), vitiligo (loss of skin
pigmentation), Addison’s disease (cortisol
and aldosterone deficiency), and pernicious
anemia (vitamin B12 deficiency).*

Type 2 DM

Type 2 DM, also known as non-insulin
dependent DM or adult-onset DM, is associ-
ated with impairments in both insulin action
(insulin resistance) and insulin secretion.’’
Insulin resistance requires elevated levels of
insulin for glucose and lipid homeostasis; a
person can maintain normoglycemia as long
as his or her pancreas can increase the pro-
duction of insulin. However, in predisposed
individuals, over time the B-cells are unable
to increase insulin production to the levels re-
quired to compensate for insulin resistance, a
condition occasionally called “B-cell exhaus-
tion,” resulting in increasing hyperglycemia
and finally, diabetes.

Insulin Resistance

It is likely that several processes, such as
elevations in free fatty acid levels, increases in
inflammation of tissues, and rising counter-
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regulatory hormones lead to the development
of insulin resistance.

Obesity can predispose a person to de-
velop insulin resistance, and thereby Type 2
DM, by causing insulin resistance via several
mechanisms, though many of these mecha-
nisms remain to be elucidated.’® One of the
mechanisms attributed to increased insulin
resistance in obesity was decreased insulin
receptor tyrosine kinase activity in the skele-
tal muscle® and possibly other tissues.***!
Weight loss improves the activity of insulin
receptor tyrosine kinase.*> This and other
studies provide evidence that insulin resist-
ance does not always have to be genetically
determined, but can be acquired and reversed
to some extent.**** Another hypothesis posits
that substances secreted by adipose tissue
cause tissues to become insulin resistant.
These substances include fatty acids, as well
as pro- and anti-inflammatory adipocytokines
such as leptin, tumor necrosis factor-o
(TNF-a), adiponectin, etc.* Some products,
such as free fatty acids, may create a vicious
cycle whereby insulin resistance increases
free fatty acid levels, which in turn increase
insulin resistance. A break in the cycle of pro-
gressively increasing free fatty acids, either by
decrease in weight (thus reducing the insulin
resistance) or by treatment with insulin or in-
sulin sensitizer, may alleviate the degree of in-
sulin resistance. At least some of the defects
related to obesity seem to be acquired and
partially reversible.*® Adipose tissue may also
secrete factors that are beneficial for insulin
sensitivity, such as adiponectin, and the fall in
their levels may be contributory.

Glucose toxicity results from chronic
exposure of the pancreatic islet cells to sup-
raphysiological concentrations of glucose in
the blood leading to cellular dysfunction.
B-cell toxicity, which is to some extent
reversible, may become irreversible over
time.*’ In addition, in animals, hyper-
glycemia is also associated with insulin
resistance by decreasing glucose transport

into the cells.*** Thus, high glucose con-
centrations can cause secretory defects as
well as increase insulin resistance, but with
timely treatment, this could be reversible.
The relative secretory defect in Type 2
DM is not associated with immune-medi-
ated destruction of B-cells, but amyloid de-
posits in the islet that are associated with re-
duction in islet cell mass.’>? The protein
component of these deposits was found to be
the B-cell secretory product amylin.>>* How-
ever, the mechanism for the initiation of amy-
loid formation and deposition in the islets is
not yet clear. It may have both genetic and
environmental etiology.>® A number of types
of insulin secretory abnormalities have been
described in Type 2 DM, including the
timing and intensity of response to glucose
challenge and other secretagogues.”-%4

Genetics of Type 2

Type 2 DM has a stronger genetic pre-
disposition than Type I DM,?% with super-
imposed environmental influences.®® Sev-
eral aspects of development of Type 2 DM
are under genetic control, including intra-
abdominal obesity, insulin resistance, and
insulin secretory defects.””’® Studies on
monozygotic twins show an extremely high
concordance rate of close to 90%, which is
much higher than that of Type 1 DM, sug-
gesting higher heritability.” Although envi-
ronmental issues are also important, unlike
Type 1 DM, more information about some of
the environmental influences is available.
These include increased centripetal obesity,
development of hypertension and dyslipi-
demia, and a sedentary lifestyle.

CLINICAL PRESENTATION

In general, Type 1 DM patients present
in a more acute and dramatic fashion than do
Type 2 DM patients, which is usually more
insidious in presentation. In both cases, the
commonest symptoms are polyuria (and
new-onset nocturia), polydypsia, and weight
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loss. However, Type 2 DM is an insidious
disease and may fester for years before a di-
agnosis is made.

Type 1 DM

Type 1 DM, although commonly known
as juvenile diabetes, can occur at any age, but
typically presents around the age of puberty.
There is a short prodromal phase with fatigue,
weight loss, polyuria, and polydipsia. In
young children, new-onset bedwetting may be
a presenting feature. If these symptoms go
unrecognized, this could progress to ketoaci-
dosis with tachypnea, tachycardia, hypoten-
sion—a condition called diabetic ketoacido-
sis (DKA)—and may lead to an altered mental
state and coma. Frequently, an intercurrent
illness or infection may be a trigger event.
Because there is an absolute deficiency of in-
sulin, the presentation is acute (days) and
needs urgent medical attention. In adults who
have autoimmune diseases, or have had dam-
age (typically caused by alcohol) or surgery to
the pancreas gland, a diagnosis of diabetes
should be considered for failure to gain
weight, or unexplained weight loss.

Type 2 DM

Type 2 DM has long been considered
an adult-onset disease, although increasing
numbers of children and young adults are be-
ing diagnosed with this disease. The disease
can evolve over several years and the natural
history may differ between patients. Many
patients with Type 2 DM are older than 40,
overweight or obese, with an increased waist
circumference (a surrogate marker for vis-
ceral fat accumulation).®” The presence of
metabolic syndrome markers (e.g., increased
waist-to-hip ratio, hypertension, low levels
of high-density lipoprotein [HDL] choles-
terol, impaired fasting glucose) is strongly
predictive of development of Type 2 DM.*!
Although insulin resistance is the primary
cause for Type 2 DM, it is not sufficient to
cause DM as long as the pancreas can secrete

enough insulin to compensate. Presentation is
usually insidious and goes unrecognized for
years, since mild-to-moderate hyperglycemia
may not cause noticeable symptoms. How-
ever, this mild hyperglycemia and associated
lipid and blood pressure abnormalities are not
entirely benign as they increase the risk of
macro- and microvascular complications; up
to 20% of newly diagnosed Type 2 DM
patients manifest signs of diabetic complica-
tions. With worsening hyperglycemia, symp-
toms of polyuria, weight loss, etc., may result
in the condition coming to light. It is not un-
common for an intercurrent illness, such as
stroke, myocardial infarction or infection, to
also uncover diabetes. Rarely, acute severe
hyperglycemia (over 1-2 days) can lead to a
hyperosmolar, hyperglycemic, nonketotic
state (HHS), with altered mental state and
coma as an acute presenting feature. Hence,
screening in high-risk individuals is essential
to minimize the risk of these complications.
Presentation with ketoacidosis occurs rarely
but may appear in conjunction with other ill-
nesses, such as acute myocardial infarction.
Type 2 DM could be considered to evolve in
two stages; Stage 1 is development of impaired
glucose tolerance or impaired fasting glucose
(also called as prediabetes) and Stage 2 is the
development of overt diabetes (Table 2).

Gestational Diabetes

GDM is a form of DM that has its ini-
tial onset during the later stage of the second
trimester of pregnancy and resolves at the
end of pregnancy. As many as 4% of preg-
nancies in the United States are complicated
by the development of GDM. During preg-
nancy, GDM increases both fetal growth
(macrosomia) as well as obstetric compli-
cations. Although screening guidelines differ
among various groups of physicians, most
agree that screening between 24 and 28
weeks of pregnancy in women who are obese,
have a first-degree relative with diabetes, are
older than 25, and come from a higher-risk
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Table 2. Diagnostic Criteria for
Diabetes Mellitus

Pre- Overt

Diabetes Diabetes
Test Criteria Mellitus Mellitus
Fasting plasma glucose® >100 mg/dL | > 126 mg/dL
Plasma glucose post 140-199 mg/dL 2 hours:
75 g oral glucose >200 mg/dL
tolerance test®
Random plasma glucose® — >200 mg/dL
with symptoms of
hyperglycemia®

* Fasting defined as no caloric intake for 8 hours.

®Oral glucose tolerance test involves measurement of
plasma glucose at specified time after consuming a
glucose load of 75 or 100 g dissolved in water.

¢ Random plasma glucose defined as any time of the day
without any temporal association to caloric intake.

4 Symptoms of hyperglycemia include polyuria, poly-
phagia, polydypsia, and unexplained weight loss.

ethnic group (Hispanic, African American,
or Native American) should be undertaken.
Many of the risk factors and the pathophysi-
ological processes for GDM are similar to
those of Type 2 DM.# With increase in in-
sulin resistance during the pregnancy, women
who are susceptible to develop Type 2 DM due
to a concomitant secretory defect may develop
Type 2 DM. Although the risk of fetal devel-
opmental abnormalities is higher in women
who are diabetic before becoming pregnant,
with GDM, the diabetes develops at the end
of the second trimester, a time when organo-
genesis has already been completed. Most
women revert to normal glucose tolerance
postpartum. Approximately 50% of patients
who have had GDM will have a recurrence in
future pregnancies, as well as a 30%—60% risk
of developing established diabetes long term.®*
GDM provides a unique opportunity to edu-
cate women about the need for lifestyle
changes (weight loss, exercise, and improved
diet) to prevent overt DM in the future.

Acute Complications
DKA and HHS are potentially fatal, but
largely preventable acute complications of
untreated DM.* DKA is most common in

patients with Type 1 DM, although it can
occur in patients with Type 2 DM as well;
HHS is more common in patients with Type
2 DM. Although these conditions are dis-
cussed as separate entities, they are part of
the same spectrum of diseases characterized
by inadequate insulin. DKA results when
there is absolute insulin deficiency, while
HHS develops with relative insulin defi-
ciency. However, they do differ in the degree
of dehydration, ketosis, and metabolic aci-
dosis. For both disorders, precipitating fac-
tors could be the same, including missed
insulin doses, dehydration, infection, certain
medications, or other major illnesses.?38
However, restricted water intake resulting
from ill health or immobilization, com-
pounded by altered thirst response, may
contribute to dehydration and HHS in elderly
patients with Type 2 DM.

Diabetic Ketoacidosis

DKA is characterized by varying degrees
of hyperglycemia, ketonemia, and metabolic
acidosis.®” When combined, these elements
give rise to the clinical syndrome of DKA,
which is associated with dehydration, elec-
trolyte abnormalities, and altered sensorium.

Due to severe insulin deficiency, there
is unchecked gluconeogenesis, glycogenol-
ysis, and decreased glucose utilization re-
sulting in hyperglycemia.®® Gluconeogenesis
is also fueled by increased availability of
amino acids that are a result of increased
catabolism, again due to decreased insulin.
Elevated blood glucose results in increased
plasma osmolality (hyperosmolar state) lev-
els causing a shift of water from the intra-
cellular space and intracellular dehydration.
Increased plasma osmolality promotes os-
motic diuresis, resulting in net loss of body
water, thus initiating a vicious cycle of in-
creased plasma osmolality and progressive
dehydration. The progressive dehydration also
leads to reduced tissue perfusion, hypoxia,
and thus the generation of lactic acid, which
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will contribute to acidosis. Decreased blood
pH leads to reduced insulin action, setting up
a vicious cycle. Osmotic diuresis also pro-
motes loss of multiple minerals and elec-
trolytes, including sodium, potassium, phos-
phate, calcium, magnesium, and chloride,
all of which need to be replaced.

Loss of insulin action results in an in-
crease in lipolysis and free fatty acid pro-
duction; these fatty acids are metabolized by
the liver into ketone bodies (acetone, ace-
toacetate, and B-hydroxy butyrate, a source
of energy for the heart and brain used during
starvation).® Initially, the ketonemia may be
mild as the body tries to metabolize these
fatty acids.”®' As the acidosis from tissue
hypoxia, with further reduced insulin action
occurs, excessive numbers of ketone bodies
are produced. Acidosis promotes movement
of potassium from intracellular to extracel-
lular space, from where it can be excreted in
urine along with osmotic diuresis, resulting
in hypokalemia. Ketones may be detected
clinically in the breath, as these are volatile.
Laboratory abnormalities helpful in making
the diagnosis are hyperglycemia, an in-
creased anion gap (indicative of acidosis), a
low arterial blood pH (< 7.4 to as low as
6.9), a low bicarbonate level, elevated lactic
acid levels, and increased ketone bodies.
Since ketone body production is part of a
normal response to starvation, their detec-
tion, per se, is not indicative of DKA.

In addition, DKA may be associated
with increased levels of proinflammatory
cytokines and procoagulant factors. These,
along with dehydration, create a fertile
ground for a prothrombotic state.*?

Hyperglycemic, Hyperosmolar,
Nonketotic State

This condition, HHS, is similar to
DKA, but differs due to the presence of suf-
ficient insulin to prevent lipolysis and thus
acidosis is not a major factor. The levels of
insulin required to inhibit lipolysis are much

lower than required to increase tissue up-
take of glucose or inhibit gluconeogenesis.
Since patients with Type 2 DM have this
residual insulin, they are less likely to de-
velop DKA but are prone to develop severe
hyperglycemia and dehydration.”® Other fac-
tors such as diuretic use, febrile illness, di-
arrhea, nausea, and vomiting can contribute
to excessive volume losses. Mortality from
HHS is higher in the presence of older age,
comorbid conditions, and the severity of de-
hydration. While DK A begins rapidly within
a few hours of precipitating events, HHS
can be insidious in onset and may not be ap-
parent until it is very severe.

Laboratory abnormalities include a
significant hyperglycemia (typically > 500
mg/dL), but no significant alteration in blood
pH, increased blood osmolality, and either
normo- or hypernatremia. Hypokalemia may
be less severe and the goals of therapy in
these patients are to restore circulatory vol-
ume and tissue perfusion, gradually reduce
serum glucose (as rapid reduction may result
in cerebral edema), and correction of elec-
trolyte abnormalities. Precipitating causes
such as infection should be identified and
treated. Intravenous fluids and insulin infu-
sion are the mainstay of treatment, along
with frequent monitoring of clinical and
laboratory parameters and adjustment of
treatment.

COMPLICATIONS OF
DIABETES MELLITUS
Diabetes is a true metabolic disease and
can affect many organ systems over the
course of the disease. The following com-
plications are responsible for considerable
morbidity and mortality. These conditions
can be divided into microvascular, macro-
vascular, and nonvascular and are summa-
rized in Table 3. The risk of these complications
increases as a function of hyperglycemia and
duration of DM, and are usually first seen ten
years after diagnosis.
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Table 3. Chronic Complications of Diabetes Mellitus

Chronic Complication

Salient Features

Eye disease:

* Retinopathy

* Macular edema

* Cataracts & glaucoma

Annual screening should begin at the time of diagnosis in patients with
Type 2 DM and 5 years after the onset of Type 1 DM

Retinopathy progresses in two stages: Nonproliferative and proliferative.
Laser photocoagulation of retina is the major modality of treatment to
prevent further loss

These conditions are more common in patients with DM, occurring at a
younger age and progressing faster than usual

Kidney disease:
* Nephropathy
* Renal Failure

Annual screening of urine for microalbumin
Microalbuminuria (30-300 mg/24 hours), potentially reversible

Overt proteinuria (> 300 mg/24 hours) irreversible
Major cause of renal failure and dialysis requirement

Generalized symmetric
neuropathy:

* Acute sensory

* Chronic sensorimotor
* Autonomic

* Cranial, truncal
* Diabetic amyotrophy

Focal or multifocal neuropathy:

Annual screening for neuropathy by examination of feet using
monofilament testing

Podiatry referral for custom footwear should be considered in all
patients with neuropathy

Pharmacotherapy management of pain remains a challenge

Coronary artery,
peripheral arterial, and
cerebrovascular disease

Cardiovascular disease leading cause of premature death in Type 2 DM

Well-developed treatment guidelines and medications for lipid and
blood pressure management

Smoking cessation is vital

Infections

Strict glycemic control reduces the chance for infections

Skin changes

Most are self-limiting
Skin infections can be prevented with good glycemic control
Moisturizing can prevent dryness of the skin

Necrobiosis lipoidica seen occasionally in Type 1 DM patients

Gum and periodontal
disease, tooth loss

Poor oral health associated with increased cardiovascular
morbidity/mortality

Hearing loss

Increased sensorineural hearing loss

Osteoporosis No evidence-based guidelines for management, risk of bone loss
increased by DM

Musculoskeletal Stiff joints and arthralgias much more common than previously

complications suspected

Diabetic cheiro-arthropathy, flexor tenosynovitis, Dupytren’s contracture,
and Charcot’s joints (secondary to neurological deficits) require some
intervention

Microvascular Complications

(DCCT)* and the UK Prospective Diabetes

Large, randomized clinical trials of in- ~ Study (UKPDS),” have conclusively demon-
dividuals with Type 1 or Type 2 DM, such as  strated that reducing chronic hyperglycemia pre-
the Diabetes Control and Complications Trial ~ vents or delays these complications (Table 3).
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It must be noted that not all individuals with
poor glycemic control develop these com-
plications, suggesting that other factors, such
as genetics or environment, may modulate
their development.

Ophthalmic Complications

Diabetic retinopathy is the leading
cause of blindness in individuals between
the ages of 20 and 74. Nonproliferative
retinopathy is characterized by retinal vas-
cular microaneurysms, blot hemorrhages, in-
traretinal microvascular abnormalities with
increased retinal vascular permeability, and
alterations in retinal blood flow, all of which
lead to retinal ischemia. It is present in al-
most all individuals who have had DM for
more than 20 years. Neovascularization in
response to retinal hypoxia is characteristic
of proliferative retinopathy. These newly
formed blood vessels lack sufficient integ-
rity, rupture easily, resulting in intra-vitreous
hemorrhage, and subsequently lead to fibro-
sis and retinal detachment.

Intensive glucose control from the time
of DM diagnosis is necessary for the pre-
vention of onset and progression of retinopa-
thy. An annual exam for early detection and
laser photocoagulation (panretinal or focal)
can delay or prevent blindness.

Renal Complications

DM is the most common cause of renal
failure in United States. The earliest patho-
logical changes alter microcirculation, caus-
ing structural changes in the glomerular ma-
trix, thereby increasing glomerular filtration
rate (GFR). This increases excretion of small
amounts of albumin in the urine (microal-
buminuria 30-300 mg/day). Approximately
50% of these individuals will progress to
overt proteinuria (300 mg to 1 g/day) or
nephrotic syndrome (urine protein > 1 g/day).
Urinary protein excretion is considerably
exacerbated by uncontrolled hypertension,
and the combination of diabetes and hyper-

tension is the most frequent predisposing
factor for endstage renal disease.

In addition to nephropathy, Type IV
renal tubular acidosis (and resulting hyper-
kalemia) and predisposition to radiocontrast-
induced nephrotoxicity are also seen in pa-
tients with DM. Intensive control of blood
glucose, dyslipidemia, and blood pressure is
recommended to prevent the onset of micro-
albuminuria and to prevent progression to
overt proteinuria or renal failure.

Neurological Complications

Approximately half of patients with
Type 1 or Type 2 DM will develop neurop-
athy. It is usually a symmetrical sensory poly-
neuropathy but may also be a focal mono-
neuropathy and/or an autonomic neuropathy,
with loss of both myelinated and unmyeli-
nated nerve fibers. Up to 50% of individuals
with neuropathy may not be symptomatic.”®

Generalized symmetrical polyneuropa-
thy is the most common manifestation and
can involve sensorimotor somatic nerves;
however, distal nerves of hands and feet are
most commonly affected in a “glove-and-
stocking” distribution. Symptoms include
pain, tingling, and numbness, and physical
exam reveals loss of fine touch, vibration,
and position sense. This may later progress
to wasting of small muscles of the hands and
feet, resulting in Charcot’s joints and sensory
ataxia. Mononeuropathy is associated with
pain and weakness in one nerve distribution
that is self-limiting. Diabetic amyotrophy,
seen mainly in elderly Type 2 patients, is
associated with pain in the lower limbs
followed by muscle weakness in major mus-
cles of the buttocks and thighs. It is a self-
limiting condition, resolves in 12 to 24
months, and treatment is supportive. Auto-
nomic neuropathy, though not well diag-
nosed, can affect all the major organ sys-
tems. Multiple cardiovascular abnormalities
are noted, including resting tachycardia, di-
minished heart rate variability, reduced heart
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rate and blood pressure response to exercise,
and development of postural hypotension.
The typical pain response to cardiac is-
chemia is lost, leading to “silent myocardial
ischemia/infarction.” Altered small- and
large-bowel motility (constipation or diar-
rhea) and gastroparesis (anorexia, nausea,
vomiting, and bloating) are frequent mani-
festations of gastrointestinal system involve-
ment. Genitourinary systems are also in-
volved and present with bladder hypotonia
(incomplete emptying, dribbling, and over-
flow incontinence), erectile dysfunction, and
female sexual dysfunction. Abnormal sweat
production may result in xerosis, cracking of
skin, and decreased sweating in response to
hypoglycemia. In addition, entrapment syn-
dromes (e.g., carpal tunnel syndrome) are
also common among diabetics.

Tight glycemic control from the time of
onset of DM is necessary to prevent diabetic
neuropathy. Treatment is difficult once neu-
ropathy affects various organ systems. For
symptomatic treatment of painful neuropa-
thy, several therapies have been tried with
limited efficacy and include tricyclic antide-
pressants, anticonvulsants, selective sero-
tonin and norepinephrine reuptake inhibitors,
and topical therapies. Treatment for organ-
specific complications of autonomic neu-
ropathy is symptomatic.

Macrovascular Complications

Association of macrovascular compli-
cations with hyperglycemia is less conclu-
sive and appears to be related more to co-
existing conditions such as dyslipidemia and
hypertension.

Cardiovascular disease risk is increased
in individuals with Type 2 DM by two-fold
and four-fold in women. It is unclear if pa-
tients with Type 1 DM are also at high risk
of cardiovascular complications. The pres-
ence of Type 2 DM is now counted by the
American Heart Association and the Ameri-
can Diabetes Association as a major cardio-

vascular risk factor, the equivalent of having
had a cardiovascular event in the absence of
diabetes. Additionally, some patients with
DM may suffer silent myocardial ischemia
or infarction, which often does not manifest
itself by chest pain or other symptoms that
are typical of coronary artery disease. The
presence of insulin resistance is associated
with an increased risk of cardiovascular
complications in individuals both with and
without DM. Individuals with insulin resist-
ance and Type 2 DM have elevated levels of
plasminogen activator and fibrinogen, which
enhance the coagulation process and impair
fibrinolysis, thus favoring the development
of thrombosis. Cardiovascular risk is in-
creased when either retinopathy, nephropa-
thy, hypertension, or dyslipidemia coexist
with DM.

Dyslipidemia frequently coexists with
DM, especially Type 2 DM, with a typical
pattern of increased triglycerides, decreased
HDL cholesterol, and increased small-dense
low-density lipoprotein (LDL) cholesterol
particles. The goals of therapy are to reduce
LDL cholesterol to < 100 mg/dL and triglyc-
erides to < 150 mg/dL.

Hypertension is frequently associated
with DM and can hasten the onset of com-
plications, especially for cardiovascular dis-
ease and nephropathy. Management includes
aggressive control of blood pressure and may
require multiple medications.

As a preventive measure, aspirin should
be prescribed for all Type 2 DM patients,
unless contraindicated.

Miscellaneous Complications
Elaborated below are several other
complications of DM.

Infections

DM is associated with greater fre-
quency and severity of common infections;
in addition, some infections are seen exclu-
sively in patients with DM. Hyperglycemia
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results in impaired white blood cell function
and enhances the colonization and growth of
various bacterial and fungal species. Bacterial
infections such as styes, boils, and carbun-
cles are most common. Frequently seen fun-
gal infections include intertrigo caused by
Candida albicans, and ringworm infections.

Dermatologic Manifestations
Dermatologic problems are common in
diabetes, with approximately 30% of patients
experiencing some cutaneous involvement
during the course of illness. Several skin
conditions are more common among patients
with DM, including bacterial infections, fun-
gal infections, and itching, but these are not
exclusive to patients with DM. Skin mani-
festations generally appear during the course
of the disease in patients known to have
diabetes but they may also be the first
presenting sign of diabetes; they may even
precede DM diagnosis by several years.”’
Some conditions occur exclusively in
patients with DM. Diabetic dermopathy is an
asymptomatic, benign condition that arises
due to small vessel changes and presents
as oval or circular pigmented and scaly
patches on the legs. Necrobiosis lipoidica
diabeticorum is another disease caused by
changes in blood vessels. This rare disorder
begins in the pretibial region as painful ery-
thematous papules that enlarge into glossy
plaques with irregular borders and atrophic
centers. These patches are deeper than der-
mopathy, can be itchy and painful, and can
ulcerate. There are no proven treatments, but
occlusive steroid dressings have been used to
prevent ulceration and breakdown of the skin.
Bullous diabeticorum is a condition in which
blisters can occur on the backs of hands and
feet, and are self-limiting. A third of people
who have Type 1 DM can develop tight,
thick, and waxy skin on the backs of their
hands, known as digital sclerosis. No spe-
cific treatment exists for this condition other
than to achieve adequate glycemic control.

Fungal skin infections, as well as vitiligo,
etc., occur more frequently in patients with
diabetes.”’

Complications Related to Bones
Osteoporosis is the most underappre-
ciated complication of DM. The association
of osteoporosis and fracture risk with Type 1
DM is relatively noncontroversial.” For sub-
jects with Type 2 DM, general bone density
seems to be preserved. However, there is an
increased risk of fracture that has been at-
tributed to several causes, including falls fol-
lowing hypoglycemia, poor balance due to
diabetic neuropathy, foot ulcers and ampu-
tations, poor vision due to cataracts and
retinopathy, and orthostatic hypotension.

Periodontal Disease

Oral health is now increasingly recog-
nized as an important part of diabetes man-
agement; there is a mutually reciprocal rela-
tionship between glycemic control and oral
health. Periodontal infection worsens meta-
bolic control of DM while improving oral
hygiene enhances glycemic control.!%%!0!
People with poorly controlled DM are more
likely to develop periodontal disease, dry
mouth, dental abscess and fungal infections,
and slow wound healing.!”

The Diabetic Foot

The key causes of diabetic foot prob-
lems are neuropathy, vasculopathy, or both,
usually on a background of poor glycemic
control. Other factors that exacerbate this
are hypertension and smoking. Approxi-
mately 15% of diabetic patients may experi-
ence foot ulceration in their lifetime. In
addition, foot deformities from muscle
weakness and visual defects add to the pre-
disposing factors for foot injury. Preventive
care is essential and should include not only
professional care (Table 4), but also care by
the individual on a day-to-day basis. Daily
inspection of the feet and wearing clean, soft
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Table 4. Comprehensive Principles for Preventing DM Complications

Lifestyle changes:

* Optimum weight (BMI < 25)
* Smoking cessation

* Diet: Sugar-free diet for Type 2 DM; no restrictions for Type 1 DM
o Fat 20%-35% of total calorie intake; saturated fat < 7% of calories, < 200 mg/dL dietary cholesterol
 Exercise: At least 150 minutes/week of aerobic physical activity

Modifiable risk factors:
* Glycemic control:

in women; triglycerides < 150mg/dL)

o Glycosylated hemoglobin—measured at least twice a year (HbAlc < 7%)

o Self-monitoring of blood glucose (SMBG)—no recommended optimal frequency, but probably should be
measured 3—4 times a day in patients who are insulin-treated (pre-prandial plasma glucose 90-130
mg/dL, 2-hour postprandia plasma glucose of < 180 mg/dL)

* Lipid management (LDL < 100mg/dL, optimal goal < 70mg/dL; HDL > 45mg/dL in men and > 55 mg/dL

* Blood pressure control (< 130/80 mmHg; < 125/75 mmHg preferred in those with nephropathy)
* Aspirin prophylaxis (primary prevention in diabetics over the age of 40)

Preventive care:

* Annual screening
o Screening for microalbuminuria
o Annual eye exam
o Podiatric exam

* Annual influenza vaccination

* Pneumococcal vaccination

socks and properly fitting shoes are among
many precautions one could take to prevent
foot ulceration. Once the ulcer is formed,
antibiotics, relief of pressure to the ulcer-
ated area, control of blood glucose, and
efforts to improve blood flow form the main-
stay of treatment.

At present, there is no unifying mech-
anism to account for the pathogenesis of di-
abetic complications. It seems likely that
several different mechanisms are involved.

DIAGNOSIS OF
DIABETES MELLITUS

Criteria for diagnosis of DM are based
on plasma glucose levels and symptomatol-
ogy. The threshold values for plasma glu-
cose were not chosen arbitrarily, but due to
their ability to predict retinopathy.!%1% The
diagnosis of diabetes is met if fasting plasma
glucose level is > 126 mg/dL, 2-hour post-
oral glucose tolerance test is 200 mg/dL, or
random blood glucose is > 200mg/dL with
clinical symptoms in an otherwise stable

subject. Although these cutoff values are use-
ful for clinical management, it should be
pointed out that there is a continuous pro-
gression in the level of glucose from nor-
mal to impaired glucose to diabetes. Sub-
jects with impaired glucose levels have been
shown to have increased cardiovascular risk,
thus these biochemical definitions are likely
to undergo revision in the future.

MANAGEMENT OF
DIABETES MELLITUS

The goals of managing DM should be
to achieve near-normal glucose homeostasis,
prevent progression of the disease, and avoid
long-term complications. Treatment goals
are listed in Table 4 and require a multidis-
ciplinary approach.

Diabetes Education
Every patient with DM should be
taught diabetes self-management skills.
Education needs to include teaching good
dietary habits and nutrition, weight loss and
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exercise, self-monitoring of blood glucose
(SMBG), awareness of acute and chronic
complications and how to prevent them,
treatment options, and insulin administra-
tion (if applicable). Patients also need to be
taught to recognize and treat hypoglycemia
and modify lifestyle choices, such as smok-
ing cessation.

Lifestyle Modification

Medical nutrition therapy (MNT) and
exercise are central components to the man-
agement of DM. Patient education regarding
these aspects should be continuous and re-
inforced at every healthcare visit. Although
the role of diet in managing Type 1 DM is
not as critical as it is for Type 2 DM, atten-
tion to calorie intake and a heart-healthy diet
is still important.

MNT is important to prevent onset of
Type 2 DM by promoting healthy eating
habits and weight loss in those with obesity
and prediabetes (primary prevention), man-
aging existing Type 1 and Type 2 DM (sec-
ondary prevention), and preventing compli-
cations of DM (tertiary prevention). Goals of
MNT should be individualized, and diets
should be balanced with respect to fat, protein,
and carbohydrate content, and should include
fruits, vegetables, and fiber. For Type 2 DM
patients, avoidance of dietary sugar is manda-
tory, whereas for Type 1, this needs to be tem-
pered as well as matched with insulin deliv-
ery. Monitoring carbohydrate intake, through
carbohydrate counting or food exchanges, is
essential for achieving glycemic control. Mixed
meals (those with protein/carbohydrate/fat
combination) decrease postprandial excursion
of blood glucoses; low-glycemic index foods
(associated with lower postprandial rise in
blood glucoses) may improve glycemic con-
trol. Patients who are on insulin should learn
to estimate carbohydrates in their diet and
match insulin dose to carbohydrates.

In overweight and obese individuals,
even modest weight loss of 5%—-10% is

associated with improvement in insulin re-
sistance, and will prevent development of DM
in individuals with prediabetes or improve
treatment requirements in those who already
have DM. Increase in physical activity is
also an essential component, especially to
maintain the weight loss achieved by dietary
modification. Weight loss medications may
be considered as these can help achieve
weight loss of 5%—-10% as recommended,
but the effects may be short-lived, especially
if lifestyle changes are not implemented.
Exercise is essential to maintain weight loss,
improve physical fitness, and reduce plasma
glucose concentrations. Bariatric surgery is
growing as a choice and has some scientific
support for efficacy.!®> Older diabetics start-
ing a new exercise program may need to have
medical clearance due to a high prevalence
of asymptomatic cardiovascular disease.
Certain dietary restrictions may be nec-
essary once complications set in (e.g., limit-
ing protein intake to 0.8 g/kg of body weight
per day may be essential in patients with overt
diabetic nephropathy with proteinuria).

Monitoring the Level
of Glycemic Control

Long-term assessment (every three
months) of glycemic control is made by
measuring levels of glycosylated hemoglobin
(HbAlc) in a clinical setting. Blood glucose
leads to a nonenzymatic glycosylation of
hemoglobin. There is a relationship between
HbA1c and average blood glucose levels that
allows for the overall level of glycemic con-
trol to be assessed clinically. Since the mean
erythrocyte (and its hemoglobin) life span is
120 days, HbAlc levels are taken to represent
the mean glycemic control over the past three
months. In general, target HbAlc should be
< 7% (mean blood glucose of ~150 mg/dL),
but it may be individualized with both lower
and higher goals being acceptable in some
patients. SMBG with the help of glucometers
(long the standard of care for Type 1 DM
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patients) is important when insulin is used
as daily treatment to help with insulin dosing
and to prevent hypoglycemia. Continuous
glucose monitoring systems are a new method
that can be used to monitor glycemic control.
These systems measure glucose in intersti-
tial fluid that is in equilibrium with blood
glucose.

Pharmacologic Treatment

Insulin is the required treatment for
Type 1 DM (oral agents are not indicated
for Type 1 DM), whereas patients with Type
2 DM can be managed with diet alone or
may require oral hypoglycemic agents and/or
insulin. For the latter, multiple-agent use is
common and includes pharmacotherapy for
cardiovascular risk factor management. Oral
agents, summarized in Table 5, can work to
stimulate B-cells to secrete insulin (sulfo-
nylureas, miglinitides); sensitize response to
insulin (thiazolidinediones, biguanides); in-
hibit intestinal glucose absorption (alpha-
glucosidase inhibitors); or improve incretin
function that results in increased insulin and
decreased glucagon secretion (gliptins or
incretin-mimetics). These agents and their
major effects can have other benefits as dis-
cussed below. For insulin therapy, there are
now many types of insulins that allow dif-
fering onset, peak, and duration-of-action
times as well as delivery systems. All of
the insulins used currently are synthetic with
animal-derived insulins being rarely used.

Oral Antidiabetic Agents

Sulfonylureas: These time-honored
drugs have been available since the 1950s,
and although some older-generation agents
(e.g., glyburide) continue to be used, the
more common first-line agents are glipizide
and glimepiride. Unlike glyburide, which is
excreted primarily via the kidneys, glipizide
and glimepiride are metabolized in the liver
and are safer for patients with deteriorating
renal function. The sulfonylureas, dosed

once or twice a day, result in increased insulin
secretion from B-cells by binding to the
sulfonylurea receptor. The major side effect
of these agents is hypoglycemia, especially
when used in combination with other agents,
or if there is extant renal or liver disease.
These agents (along with metformin, see
below) are the most frequently prescribed
agents for Type 2 DM and are now generic.

Miglitinides: These agents (repaglin-
ide, nateglinide) also stimulate the sulfo-
nylurea receptor, but have very different
pharmacokinetics; they bind, stimulate, and
have a very short action time, allowing these
agents to be used as “real-time” agents.
These drugs are particularly useful in the
elderly or in subjects for whom inconsistent
eating patterns are an issue.

Insulin Sensitizers: These drugs act
by improving the action of insulin on target
tissues (e.g., liver, skeletal muscle, adipose
tissues). This group includes the biguanide
metformin (the action of which is to inhibit
hepatic gluconeogenesis, along with im-
proving skeletal muscle uptake of glucose)
as well as the thiazolidinediones pioglita-
zone and rosiglitazone (which act primarily
on adipose and skeletal muscle to improve
insulin action). Metformin is one of the most
commonly used oral agents because it pro-
motes weight loss or weight maintenance
(an issue for most Type 2 DM patients).
However, the major side effect of GI upset
(pain and/or diarrhea) can limit its use. Ad-
ditionally, a potential side effect is lactic aci-
dosis, an effect that can occur in the context
of significant major organ (kidney, liver or
heart) failure. These adverse effects, how-
ever, are almost negligible when metformin
is used per prescribing guidelines. Because
metformin is excreted via the kidneys, it is
not used in subjects with renal impairment.
Its use is suspended when intravenous-
contrast agents need to be used for radio-
logic purposes as contrast nephropathy can
result.
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Table 5. Oral Hypoglycemic Agents

Agent Characteristics Adverse Effects
Insulin Secretagogues

Sulfonylureas: * Bind and activate the sulfonylurea receptor on fB-cells * Hypoglycemia
—Glipizide * Duration of action and daily doses vary by agent * Weight gain
—Glyburide » May be excreted by liver (glimepiride, glipizide)
—Glimepiride or kidneys (glyburide)
Meglitinides: * Bind and activate the sulfonylurea receptor on B-cells * Generally none, but
—Repaglinide « Short duration of action, quick onset of action, can be possible hypoglycemia
—Nateglinide taken 15 min before meals to target postprandial

hyperglycemia

 Contraindicated in those with gastroparesis and chronic
renal insufficiency
Insulin Sensitizers

Biguanide: » Exact mechanism not characterized, likely is a low- * GI distress with diarrhea,
—Metformin grade mitochondrial poison and leads to activation nausea, crampy abdominal

of AMP kinase

Decreases hepatic gluconeogenesis and increases
peripheral glucose uptake

Contraindicated in renal insufficiency

(GFR <40 mL/min), age over 80, heart failure,

pains, and dysgeusia
Rarely, lactic acidosis
can develop in patients
with renal insufficiency
Can cause contrast

hepatic failure, alcohol abuse, acute illness nephropathy
* Promotes modest weight loss and has a low risk
for hypoglycemia
Thiazolidinediones:| * Activate nuclear transcription factor peroxisome * Weight gain

—Pioglitazone
—Rosiglitazone

proliferator-activated receptor-gamma (PPAR-y)
Improve peripheral glucose uptake in skeletal muscle
and fat and reduce free fatty acid levels thus reducing
insulin resistance

Take up to 612 weeks to attain optimal therapeutic effect
Contraindicated in those with heart failure

No significant risk of hypoglycemia

Fluid retention, may
precipitate congestive
heart failure in susceptible
individuals

Possible increase in risk
of bone loss

Agents that Decrease Glucose Absorption

Alpha-glucosidase

Inhibit alpha-glucosidase in the gut and thus prevent

Bloating, diarrhea, and

inhibitors: breakdown of some complex carbohydrates into simple flatulence due to action

—Acarbose sugars, which then cannot be absorbed of colonic bacteria on

—Miglitol * Prevent post-prandial glucose excursions undigested carbohydrates
* Possible angioedema in

in rare cases
Agents that Augment Incretin Pathways

Dipeptidyl * Inhibit degradation of native GLP-1 and GIP, enhancing | « Well tolerated and safe

peptidase incretin effect in renal failure

IV inhibitor: * Clinical experience with this agent is limited * Possible angioedema

—Sitagliptin

GLP-receptor * Injectable only * Rash, skin reactions

agonist:  Acts by mimicking incretins » Nausea

—Exenatide * Can act centrally as well as peripherally * Pancreatitis has been

Causes satiety and leads to weight loss

reported
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Thiazolidinediones act in adipose and
muscle tissues to sensitize the action of in-
sulin. Like metformin, these agents have
been shown to delay and/or prevent the on-
set of diabetes when used in prediabetic sub-
jects in clinical trials (thiazolidinediones are
not indicated for this use). The main side ef-
fect of these agents is weight gain (due to
fluid retention as well as adipose tissue in-
crease), and they have been associated with
potential bone loss, limiting widespread use.
However, in subjects with considerable in-
sulin resistance, they are particularly useful
in limiting the need for insulin therapy.

Alpha-Glucosidase Inhibitors: These
act by decreasing glucose absorption from
the intestine. Major side effects include in-
testinal upset (e.g., diarrhea and flatulence);
high cost also limits their use.

Incretins and Incretin-Mimetics: In-
cretins are hormones that upon dietary chal-
lenge, amplify glucose-stimulated insulin
secretion, decrease glucagon action, and may
improve islet cell health (the latter has been
demonstrated only in animal models).!%
There are two known incretins; glucagon-like-
peptide-1 (GLP-1) and gastric-inhibitory-
peptide (GIP). Incretins are produced in
intestinal L cells (GLP-1) or K cells. In re-
sponse to nutrients, these stimulate insulin
secretion in a glucose-dependent fashion,
thereby inhibiting glucagon secretion, slow-
ing gastric emptying, reducing appetite, and
improving satiety. They act by binding to
their cognate receptors and are inactivated
in the blood stream by dipeptidyl peptidase
IV (DPP-1V). One FDA-approved inhibitor
to DDP-IV activity is the drug sitagliptin;
others (e.g., vildagliptin, alogliptin) are likely
to be approved in the near future. Because
the mechanism of action is related, one
injectable agent, exenatide, is discussed here
because it also uses the incretin pathway.
This drug was identified as the active ingre-
dient that causes hypoglycemia in the saliva
of the Gila monster. Exenatide binds and

activates the GLP-1 receptor in the hypo-
thalamus to suppress feeding and increase
satiety, in addition to action in the periphery.
Sitagliptin is generally well tolerated but has
not been on the market long enough to con-
clude it is generally safe. Exenatide is also
generally well tolerated; nausea, vomiting,
and diarrhea are common but may be transi-
tory with continued use. Rarely, pancreatitis
has been reported with exenatide.

Combination Therapy: It is common
(often necessary) to use combination therapy
in the management of Type 2 DM. Using
combination therapy is predicated on ensur-
ing that each of the components acts in a
different pathway, thereby ensuring syner-
gism of action. The most common combi-
nations are a sulfonylurea agent and an
insulin sensitizer, but triple therapies with
a sulfonylurea, insulin sensitizer, and DDP-
IV inhibitor are used. Metformin and
thiazolidinediones can be used together as
they target different tissues to improve in-
sulin sensitivity and act via different path-
ways. With all combination therapies, the
risk of hypoglycemia is increased and may
require appropriate dose titration. In gen-
eral, once insulin therapy is initiated, most
oral agents, except for insulin sensitizers,
are discontinued.

Insulin Therapy

For Type 1 DM patients, insulin is the
mainstay and in the majority of patients,
frequent multiple dosing (basal and bolus) is
common. Insulin should also be considered
as the initial therapy in certain individuals
with Type 2 DM, such as those with renal or
hepatic disease, and any acute illness; it can
also be used as the sole therapy for Type 2
DM patients. Many patients with Type 2 DM
will need insulin as the disease progresses
and the oral hypoglycemic agents fail to
achieve good control of blood sugars. Al-
though early insulins were extracted from
bovine or ovine pancreata, all of the currently
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used insulins are recombinant and range
from generic regular and isophane (NPH), to
the more expensive analogs (Table 6). Each
of these insulins has a relatively predictable
onset, peak, and duration of action. The
choice of insulin and method of administra-
tion is based on patient characteristics, costs,
and health insurance. The type and regimen
used is individualized to control blood sugar
and minimize hypoglycemia. No currently
available insulin regimen can mimic the way
the endogenous pancreas releases insulin. A
favored regimen is a basal insulin, supple-
mented with bolus insulin, to cover meals.
The newer long-acting insulins, such as
once-daily administered glargine and de-
temir, allow for a basal profile, though NPH
given twice a day can also accomplish this
task. Mealtime insulins are given with each
meal and typically use the newer analogs
(aspart, lispro or glulisine), which are fast-
acting and have a short duration of action
(< 3 hrs), but regular insulin can also be
used. Insulins are self-administered with a

calibrated syringe and ultra-fine needles, al-
though devices, such as a pen or continuous
pump are available. Continuous subcuta-
neous insulin infusion (also known as in-
sulin pump therapy) delivers insulin through
a tiny, soft tube attached to a cannula that is
implanted under the skin through a needle
stick (infusion set). The tubing on the other
end is connected to an external device con-
taining a computer chip, an insulin reservoir
that can hold up to 300 units of rapid-acting
insulin, and a pumping system. The infusion
set needs to be changed once every three
days. This system is probably the closest of
all available technologies to mimicking the
secretion of insulin by the pancreas. The rate
of infusion can be set automatically for
several segments throughout the day, and
the pump can be programmed for multiple
basal rates during the 24-hour cycle, based
on exercise and activity level. The pump is
an open-loop system, requiring the pump-
wearer to decide how much basal or bolus
dose to be given. In addition to eliminating

Table 6. Different Types of Insulin and Their Profiles

Type of Insulin

Characteristics

Action in Hours

—Lispro
—Aspart
—Glulisine

Rapid-acting insulin:

.

Analog insulins

Altered amino acid sequence promotes insulin
monomers that are rapidly absorbed

Injected shortly before meals

Shorter duration of action results in fewer
hypoglycemic episodes

Onset of action: < 1 hr
Peak action: 1-2 hrs
Duration of action: 2-3 hrs

Short-acting insulin:
—Regular

Soluble human insulin, generic

Injected 30-60 minutes before meals for optimal action,
failing to do so results in postprandial hyperglycemia
Less convenient than rapid-acting analogs

Onset of action: 0.50—1 hr
Peak action: 2-4 hrs
Duration of action: 46 hrs

Intermediate-acting

insulin:

—NPH (isophane
suspension

Formed by adding protamine to human insulin, generic
Acts as both basal and bolus insulin due to a peak at
4-6 hrs

Hypoglycemia a problem due to these peaks

Onset of action: 2— 3 hrs
Peak action: 4-6 hrs
Duration of action: 6-8 hrs

Long-acting insulin:
—Glargine
—Detemir

Insulin analogs

Lesser incidence of hypoglycemia than NPH insulin
Glargine: Provides consistent level in plasma over
long duration

Detemir: Binds to albumin via fatty acid chain, hence
slower absorption and consistent levels, shorter
duration than glargine

Onset of action: 1—4 hrs
Peak action: none
Duration of action: up to
22 hrs
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multiple daily injections, it can deliver small
amounts of insulin with great accuracy,
thereby reducing the risk of hypoglycemia.
However, like all regimens, its success is
user-dependent and requires some self-
discipline.

Other Therapies

Pramlintide: Amylin is a hormone that
is usually cosecreted with insulin in response
to glucose by pancreatic beta cells. Its effects
are mostly on the gut and include suppres-
sion of glucagon secretion, slowing of gas-
tric emptying, and promotion of satiety, com-
plementing insulin’s action in establishing
glucose homeostasis. Patients with Type 1
and Type 2 DM have been shown to have a
deficiency of amylin as well as insulin.
Pramlintide, a synthetic amylin analogue, is
currently approved for use along with in-
sulin in patients with Type 1 and Type 2 DM.
It is given before meals, usually in conjunc-
tion with prandial insulin, but in a separate
subcutaneous injection. Side effects include
nausea and vomiting, especially at higher
doses. A frequent dosing schedule (3 times
daily) also makes it inconvenient for many
patients. Because of its effect on promoting
weight loss, pramlintide seems to be most at-
tractive for patients who are overweight. In-
sulin dose may need to be reduced due to in-
creased risk of hypoglycemia.

Exenatide: See Incretins, above.

Transplantation: Transplanting the
whole pancreas (common) or isolated islet
cells (experimental) is a treatment option for
patients with Type 1 DM. Solid-organ pan-
creas transplantation is usually carried out in
conjunction with renal transplant (thus most
patients are those who have renal failure), as
the treatment necessitates taking antirejection
medications that have potential side effects.
Both forms of transplantation eliminate or
reduce the need for intensive insulin therapy,
which has been associated with severe hy-
poglycemia, to attain near normal glycemic

control.'”” Whole pancreas transplantation,
either performed alone or in combination
with kidney transplantation, is limited by or-
gan availability, graft failure, surgical com-
plications, and morbidity associated with im-
munosuppressive therapy.'® Improvements
in surgical techniques and immunosuppres-
sive therapy regimens have helped reduce
morbidity and mortality, making this a viable
therapeutic alternative for treating DM.!%

The greatest promise of islet cell trans-
plantation is the possibility of immuno-
suppression-free transplantation, allowing
patients to avoid the high side effects asso-
ciated with antirejection medications. Cur-
rently, this procedure is experimental. Major
potential adverse effects from islet cell trans-
plantation include failure from rejection, as
well as side effects associated with anti-
rejection drugs (e.g., increased risk of long-
term immune suppression, steroid-induced
bone and skin changes, certain malignancies,
atherosclerotic disease).

Pregnancy and DM

Maternal hyperglycemia at the time of
conception from either Type 1 or Type 2 DM
greatly increases the risk of spontaneous
miscarriage and elevates risk or morbidity
and mortality to both mother and fetus.!%!!!
In addition, DM in pregnancy is an inde-
pendent risk factor for pregnancy-induced
hypertension and pre-eclampsia.®> Uncon-
trolled blood glucose in the last trimester is
associated with fetal macrosomia (due to
high blood glucoses reaching the fetus and
stimulating fetal insulin production, which
increases fetal growth), polyhydramnios
(increased amniotic fluid due to high blood
glucoses), and sudden fetal death. Intensive
control of DM from the prepregnancy period
throughout the pregnancy, along with ag-
gressive fetal surveillance and perinatal care
can improve outcomes.® Control of blood
glucose during this period is now regarded
as a standard of care. Insulin is the preferred
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treatment for managing DM during preg-
nancy, not only in Type 1 DM, but also in
those with Type 2 DM or GDM in which
diet therapy alone does not result in good
control. Insulin requirements drop precipi-
tously in the immediate postpartum period,
so necessary adjustments should be made.
Although there is evidence from clinical tri-
als that oral hypoglycemic agents may be
used under some circumstances in pregnant
women with Type 2 DM, these are not FDA-
approved at this time.

Hypoglycemia

This is the most common daily compli-
cation that can occur in patients with Type 1
or Type 2 diabetes. Hypoglycemia results
when blood glucose levels fall below 65
mg/dL, though the onset of symptoms can
vary. Almost all hypoglycemia events in a di-
abetic subject are a result of medication; rel-
ative nondeliberate insulin overdose is the
most frequently cited reason. For example,
taking the morning breakfast-time insulin
but not eating enough carbohydrates can re-
sult in a falling blood glucose within 1 or 2
hours. For Type 2 DM patients, the medica-
tions most commonly associated with hypo-
glycemia are sulfonylurea agents. In a well-
controlled patient, an event such as skip-
ping a meal or over-exercising are common
reasons. Another iatrogenic cause sometimes
occurs when patients who are on insulin are
asked to fast (usually for laboratory tests),
but nonetheless take their usual insulin
doses.

Other risk factors for hypoglycemia in-
clude exercise (causing increased utilization
of glucose), alcoholism (which interferes
with gluconeogenesis), and renal failure (de-
creased insulin clearance). All subjects are
educated to recognize these symptoms, con-
firm with a glucometer, if available, and to
treat promptly with an appropriate snack.

When blood glucose levels reach a
threshold of approximately 70—-80 mg/dL,

counter-regulatory hormones such as glu-
cagon, epinephrine, growth hormone, and
cortisol increase. These hormones stimulate
glycogenolysis and gluconeogenesis (Figure
1). In individuals with DM, these thresholds
may not be the same as for healthy individ-
uals. Blood glucose levels at which counter-
regulatory mechanisms get initiated change
to a higher level in those with poorly con-
trolled DM (who often have symptoms of
hypoglycemia at normal glucose levels)
and to lower levels in people with recurrent
hypoglycemia. Hypoglycemia is “sensed”
centrally, resulting in activation of the sym-
pathetic nervous system, as well as release of
catecholamines from the adrenal glands.
Autonomic symptoms and signs include pal-
pitations, tremors, anxiety, sweating, intense
craving for food, and a rise in blood pressure
and pulse rate. With continued glucose,
neuroglycopenic symptoms can result in
behavioral changes, confusion, fatigue or
weakness, visual changes, seizure, loss of
consciousness, and rarely—if hypoglycemia
is severe and prolonged—permanent neuro-
logical damage or death. Once neurogly-
copenia (otherwise known as severe hypo-
glycemia) develops, patients are no longer
able to take care of themselves and need
assistance. It is important to minimize the
frequency of hypoglycemic reactions be-
cause glucose can drop significantly close to
levels that can compromise mental function
without the person being aware. While in-
tensive control of DM is recommended to
prevent microvascular complications, it is
important to recognize the limitations of
such intensive therapy. Goals of treatment
should be individualized based on age, co-
morbidities, and financial restrictions. Most
episodes are mild to moderate (with or with-
out symptoms) and can be effectively treated
by oral glucose supplementation and par-
enteral treatment if necessary in patients who
are unwilling or unable to take oral carbo-
hydrates (Table 7).
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CONCLUSION

DM is an ancient disease that is be-
coming more prevalent throughout the
world. Although there is a strong genetic
predisposition toward developing Type 1 or
Type 2 diabetes, environmental factors are a
critical component because the rise in inci-
dence is occurring at a much faster pace than
genetics alone can produce. The key patho-
physiologic disturbance is centered on in-
sulin action, which is intimately involved
with almost every metabolic process and en-
docrine pathway. Understanding the patho-
physiology necessitates a comprehension of
all disrupted metabolic pathways. For ex-
ample, insulin regulates not only glucose
metabolism, but also fatty acid, cholesterol,

and amino acid metabolism in cell growth
and cell division, acting as a balance to other
hormones that perform the opposite function.

Long-term disturbances of these path-
ways are responsible for devastating com-
plications: diabetes is a major cause of
retinopathy and blindness, renal failure and
dialysis-requirement, premature cardio-
vascular disease (heart attacks, stroke and
peripheral vascular disease), and loss of limbs.
Many other organs or systems are also now
recognized to be affected by diabetes, such
as all aspects of oral health. Although dia-
betes is diagnosed with well-defined bio-
chemical criteria, it is increasingly appreci-
ated that any level of elevated glycemia (an
indication of reduced insulin action) leads to

Table 7. Identification and Treatment of Hypoglycemia

* Increased sweating

Symptoms of Hypoglycemia Signs of Hypoglycemia
* Shakiness * Tremors

* Anxiety * Tachycardia

« Palpitations * Sweating

 Confusion, inappropriate behavior

General Principles:
* Treatment should be initiated as soon as possible

glucose levels

 All patients should be given instructions as to how to treat hypoglycemia

* When in a healthcare institution, staff should not wait for lab results or wait for response from a physician

* If blood glucose is extremely low on the glucometer, e.g., <40 mg/dL, blood should be drawn and sent to
the lab for accurate blood glucose level as the precision of glucometers is low at extremely low blood

Treating the Conscious Hypoglycemic Patient:

* Treat with ~15 gm of simple carbohydrates orally
o Y can of regular soda
o 4 oz of regular fruit juice, or
o 3—4 glucose tablets

» Repeat finger stick glucose in 15 minutes

or her physician

« If blood glucose is < 60 mg/dL, repeat 15 gm of simple carbohydrates and check blood glucose in
15 minutes; continue this protocol until blood glucose is > 60 and then follow with a mixed snack
« Ascertain cause and if hypoglycemia not likely to recur, ask patient to discuss the hypoglycemia with his

* With IV access:

* Without IV access:

in 15 to 20 minutes.
o Repeat the blood glucose in 15 minutes

Treating the Unconscious Hypoglycemic Patient or Otherwise Unable to Consume Oral Carbohydrate:
o 25to 50 gm of 50% dextrose can be given immediately

o Glucose gel can be applied to the mouth or the rectum in the semi-obtunded patient
o Treat with 1 mg of glucagon intramuscularly or subcutaneously; patient should regain consciousness
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greater cardiovascular morbidity and mor-
tality. An increasingly sophisticated group
of therapies are available to manage this dis-
order to improve the health of the patient.
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CHAPTER 6

Association Between Periodontal
Diseases and Diabetes Mellitus

George W. Taylor, Wenche S. Borgnakke, Dana T. Graves

INTRODUCTION

Both diabetes and periodontal diseases
are common chronic disorders in many parts
of the world. This chapter will provide a
description of the evidence supporting a bi-
directional relationship between diabetes and
periodontal disease. This bi-directional rela-
tionship is one in which we recognize that dia-
betes adversely affects periodontal health, and
periodontal infection (or periodontal disease)
adversely affects diabetes by contributing to
poorer glycemic control, increasing the risk for
certain diabetes complications, and possibly
increasing the risk for the development of dia-
betes. It is important for not only dental health
professionals, but for all healthcare profes-
sionals, to understand the role and importance
of oral health in managing diabetes patients.
With a relatively small but concerted effort,
a potentially large gain might be obtained in
improving the quality of life for individuals
with diabetes, while reducing the immense bur-
den of diabetes on the patients, their families
and employers, and on society as a whole.

The following educational objectives

provide an overview of the topics in this chapter:
1. Effect of Diabetes on Periodontal Health

* Describe in general terms the types
and strength of empirical evidence,
e.g., studies conducted on humans,
that support the concept that diabetes
has an adverse effect on periodontal
health.

* Describe the mechanisms by which
diabetes is thought to contribute to
poorer periodontal health, e.g., tissue,
cellular, and molecular dynamics or
interactions.

2. Effect of Periodontal Infection on Gly-
cemic Control in Diabetes
* Describe the mechanisms by which

periodontal infection is thought to
contribute to poorer glycemic control
in people with diabetes.

* Describe the current state of empirical
evidence derived from observational
studies regarding periodontal infection
having an adverse effect on glycemic
control.

* Describe the current state of empirical
evidence from treatment studies that
show periodontal therapy has a bene-
ficial effect on improving glycemic
control.

3. Periodontal Infection and Development
of Complications of Diabetes and Possi-
bly Diabetes Itself
* Describe the role blood glucose con-

trol plays in preventing the occurrence
and/or progression of diabetes com-
plications and the definitive evidence
from clinical trials supporting this
concept.

* Describe the current state of the evi-
dence regarding the effect of severe
periodontal disease on the risk of
diabetes complications and the de-
velopment of Type 2 diabetes.

ADVERSE EFFECTS OF DIABETES
ON PERIODONTAL HEALTH

Evidence from Epidemiologic and
Other Clinical Studies
The evidence that diabetes adversely
affects periodontal health comes from studies
conducted in different parts of the world.
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Figure 1 shows the countries from which
published reports investigating the role of
diabetes on periodontal health originate.
Only studies that include people both with
and without diabetes are displayed. The
colors represent the relative number of
reports coming from each of the countries
shown globally.

The variety in the body of evidence
comes not only from the geographic origins
of the reports, but is also determined by the
designs and methods of conducting the stud-
ies because these factors help determine con-
clusions about causality that can be inferred
from the results. Causality factors relevant in
human health issues can be defined as follows:
a factor is a cause of a disease or health-
related condition if its operation increases
the frequency of the disease or condition.!

In studying inter-relationships between
diabetes and periodontal disease, our princi-
pal interests are determining whether diabetes

causes (or contributes to) poorer periodontal
health, whether periodontal infection con-
tributes to poorer glycemic control or com-
plications of diabetes, and finally, whether
periodontal infection contributes to the de-
velopment or pathogenesis of Type 2 dia-
betes. Because the inter-relationship between
diabetes and periodontal disease is being
evaluated in both directions, it is called a bi-
directional (two-way) relationship. Depend-
ing on the type of question asked, the causal
factor can be related to either diabetes or
periodontal disease.

Research Study Designs and Evidence
to Support Causal Relationships
Research study designs differ in the
strength with which they support causal re-
lationships. The following section about
study designs and causal relationships draws
from a clear and comprehensive treatment of
these topics by Elwood.! The simplest, most

Figure 1. Effect of Diabetes on Periodontal Health

Number of Reports
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The 89 studies, which include a nondiabetes control group (Table 1), were conducted in 30 countries from six

continents.



Chapter 6 Association Between Periodontal Disease and Diabetes Mellitus 85

direct test of causation in health is an exper-
imental study in which there are two groups
of people who are as similar as possible in all
of their relevant characteristics, but the sus-
pected (i.e., putative) causal factor is applied
to only one group. Relevant characteristics
are those factors, other than the one being
studied, that could affect the frequency or
severity of occurrence of the disease or con-
dition. In studies of human health, this type
of experiment is called a randomized con-
trolled trial (RCT). The RCT has been used
most extensively in comparing methods of
treatment, in which groups receiving differ-
ent treatments are selected by chance as-
signment (i.e., random allocation) and, when
possible, neither the participants nor the in-
vestigators are aware of which treatment is
given (double-blinding or masking). By
“blinding” both the investigators and the
study participants, the observations of the
outcomes can be made the same way for all
study participants, without knowledge of the
treatment affecting the assessment by the in-
vestigators or perception of the effects by
the study participants. The double-blind RCT
is the most definitive way to test a causal re-
lationship in human health. In appropriate
circumstances, RCTs are considered the
“gold standard” or best possible method for
causal evidence.

However, for practical and ethical rea-
sons, RCTs are not always appropriate. RCTs
can be used only to assess methods of treat-
ment that are likely to be beneficial. In
studies of human health, many important re-
lationships are those in which we are con-
cerned about harmful, rather than beneficial,
effects or exposures. This is the case in con-
ducting studies to establish whether diabetes
has an adverse effect on periodontal health.
On the other hand, RCTs involving perio-
dontal treatment are appropriate in providing
evidence to demonstrate that treating peri-
odontal infection contributes to improved
glycemic control or perhaps reduces the risk

of development of diabetes or its compli-
cations. However, in studying the role of
periodontal disease in the pathogenesis of
diabetes or its complications, the RCT might
be impractical because of the length of time
required to observe complications or to
diagnose diabetes, or the large number of
participants required to demonstrate such a
causal relationship.

Analytical Observational Study Designs:
Cohort, Case-Control, and
Cross-Sectional Studies

Because of the ethical, methodological,
and practical limitations of experimental stud-
ies (i.e., RCTs) for answering questions about
causation for many types of health-related is-
sues, other study designs are also used. The
three main types of analytical, nonexperi-
mental study designs used to support or ex-
plore causal relationships in human health are
the cohort, case-control, and cross-sectional
study designs. These three study designs are
considered “observational” studies that dif-
fer in the way study participants are chosen
and the relationship in time between the oc-
currence of exposure to the putative causal
factor and the occurrence of the disease or
condition, referred to as the “outcome.”

Cohort Studies

These studies compare groups of peo-
ple exposed to a putative causal factor with
those who are not exposed. The exposures
are identified at a point in time when none of
the people in either group have the outcome
of interest. The groups are observed over a
period of time to compare differences be-
tween the groups in the occurrence of the
outcome. If a greater number of people in the
group exposed to the putative causal factor
develop the outcome, and other relevant
characteristics have been considered, then it
can be inferred that the putative causal fac-
tor is likely to be a cause or risk factor for the
outcome.
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Case-Control Studies

These studies compare a group of peo-
ple who have already experienced the out-
come (cases) with a group of similar people
without the outcome (controls). Investiga-
tors then look backward in time, or retro-
spectively, to assess the frequency with which
the cases and controls were exposed to the
putative causal factor in the time period prior
to the diagnosis of the outcome. If the cases
had a higher frequency of exposure to the pu-
tative causal factor, then one can make an in-
ference about causality after accounting for
other relevant characteristics.

Cross-Sectional Studies

This study design selects participants
who comprise a population or are consid-
ered a sample of people representative of a
population. All data on the putative causal
factor (or exposure) and the outcome are col-
lected at the same point in time, i.e., a cross-
section in time. One is able to assess whether
there is an association between the putative
causal factor and the outcome by comparing
differences in the frequency of the outcome
in those who have the putative causal factor
with people who do not. Although a greater
frequency of the outcome may be observed
in the people exposed to the putative causal
factor, the ability to make causal inferences
about the relationship is limited because the
time sequence of events cannot be estab-
lished. That is to say it cannot be determined
if the exposure to the putative causal factor
occurred before the disease or condition or
vice versa. The cross-sectional study design
does allow testing hypotheses regarding how
strongly associated a putative causal factor
may be with an outcome.

To address the question of whether
diabetes adversely affects periodontal health,
it is not ethical to use an RCT in humans, be-
cause doing so would require researchers to
cause some individuals to develop diabetes.
(However, a section later in this chapter will

describe experimental evidence in rodent
models). Therefore, the evidence about
whether or not diabetes adversely affects pe-
riodontal health must come from observa-
tional studies.

Adverse Effects of Diabetes on
Periodontal Health: Evidence from
Observational Studies

As might be expected, reports in the
literature provide answers to different kinds
of questions and vary in their ability to help
us understand how diabetes can be consid-
ered a cause of poorer periodontal health
and establish how strong that relationship
is. The majority of the reports are cross-sec-
tional studies that provide information about
the association between diabetes and the
prevalence of periodontal diseases. Studies
of prevalence allow us to compare the dif-
ferences in percentages or proportions of in-
dividuals with periodontal disease between
those with and without diabetes. The vast
majority of studies reporting on the preva-
lence of periodontal disease conclude that
the prevalence is greater in people who have
diabetes.

Some of the studies provide informa-
tion about the extent or severity of peri-
odontal disease in people with diabetes. The
studies reporting on the extent of periodon-
tal disease assess the number of teeth or sites
affected, while studies of severity assess the
amount of periodontal destruction by con-
sidering the extent of pocket depth or at-
tachment loss. People with diabetes are more
likely to have deeper periodontal pockets
and greater attachment loss than people who
do not have diabetes.

The strongest type of evidence sup-
porting the role of diabetes contributing to
poorer periodontal health comes from stud-
ies of incidence and progression of perio-
dontal disease. These types of studies must
follow people over time and hence can allow
for conclusions to contribute to establishing
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a causal relationship between diabetes and
poorer periodontal health. Incidence is a
measure of the rate of new cases of peri-
odontal disease over time. Progression of
periodontal disease is a measure of the wors-
ening of periodontal status over time.

Cross-sectional studies provide infor-
mation on the prevalence, extent, and sever-
ity of periodontal disease in people with di-
abetes at a single point in time. Studies
following individuals with diabetes over
time (i.e., prospective, cohort, or longitudi-
nal studies) allow quantification of the de-
gree to which diabetes increases the risk for
periodontal disease incidence, severity, or
progression.

Table 1 summarizes the conclusions of
studies reported in the literature that address
the question of whether or not diabetes ad-
versely affects periodontal health. To inter-
pret the contents of Table 1, first look at the
column headings and then the row headings.
The column headings indicate the type of
diabetes included in the study and the row
headings indicate the type of study. Notice
that there are both cohort and cross-sectional
studies that have addressed the question of
whether diabetes has an adverse effect on
periodontal health. It is important to keep in
mind that RCTs would not be appropriate
for addressing the question summarized
in Table 1, i.e., if diabetes adversely affects
periodontal health, because it would be
unethical to use an intervention in humans

that caused diabetes in an experimental
group. Therefore, the highest level of evi-
dence useful in addressing this question
would come from the results of cohort
studies.

In each category (group of studies)
within Table 1, the numerator is the number
of studies confirming that diabetes adversely
affects one or more of several measures of
periodontal health (e.g., gingivitis, probing
pocket depth, attachment loss, radiographic
bone loss). The denominator represents the
total number of studies of that particular kind
(e.g., cross-sectional studies with participants
having Type 2 diabetes). For example, all
four of the reports from cohort studies that
included people with Type 2 diabetes con-
cluded that periodontal health was worse in
people who had diabetes than in those with-
out diabetes. Similarly, all three of the re-
ports investigating gestational diabetes mel-
litus (GDM) concluded that women with
GDM were more likely to have poorer perio-
dontal health than pregnant women without
GDM. In the bottom row there are roughly
equal numbers of studies reporting on Type
1 diabetes (26) and Type 2 diabetes (27),
exclusively; only three reports address
GDM. From the information presented in
Table 1 we can see the vast majority of re-
ports, namely 79 of 89 studies as shown in
the extreme bottom right corner, provide evi-
dence that diabetes adversely affects perio-
dontal health.

Table 1. Effects of Diabetes on Periodontal Health: Conclusions of the 89 Studies that
Include a Nondiabetes Control Group (Figure 1)

Diabetes Mellitus Type
Type 1 Gestational Type Not Total Number of Studies
Study Design Type 1 Type 2 or2 (GDM) Reported (# with Effect/# All Studies)
Cohort 3/3 4/4 0/0 0/0 0/0 77
Cross-sectional, )3 2003 1518 3/3 1/15 72/83
Descriptive
Total: 25/26 24/27 15/18 3/3 11/15 79/89

Note: The numerator represents the number of studies reporting diabetes having an adverse effect on periodontal
health; the denominator represents the total number of studies in each group: # Studies with Effect/Total # Studies.
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Another set of studies in the literature
addresses the question of whether the de-
gree of glycemic control of diabetes is asso-
ciated with poorer periodontal health. The
degree to which diabetes is controlled or
managed is usually assessed by measuring
the amount of hemoglobin Alc (HbAlc) in
the blood, called glycosylated (or glycated)
hemoglobin. HbAlc is a measure of how
much glucose has been present in the blood
and has bound to the hemoglobin in the red
blood cells over the lifetime of those cells.
Blood from a simple finger stick can be an-
alyzed, and the result indicates the level of
control of glycemia for the previous 60 to
90 days, measured as a percent of HbAlc.
The current therapeutic target for HbAlc is to
achieve a level less than 7%. People without
diabetes usually have a level of 4.5%—6%.

Table 2 summarizes the conclusions of
studies that provided information compar-
ing the effects of better or poorer glycemic
control on periodontal health in people with
diabetes. Similarly to Table 1, the evidence
comes from both cohort and cross-sectional
studies, as indicated in the row titles of the
table; the column headings indicate the type
of diabetes of the participants in the studies.
The majority of the studies in Table 2 con-
cluded that people with poorer glycemic con-
trol had worse periodontal health than those
with better glycemic control (42 of the 61
studies). The stronger evidence comes from

the set of cohort studies that followed people
over time, allowing for more definitive con-
clusions regarding causality. Eight of the 10
cohort studies supported the conclusion that
poorer glycemic control leads to poorer pe-
riodontal health over time.

Although the majority of studies re-
porting on the adverse effects of diabetes are
cross-sectional and involve convenience
samples of patients, principally from hospi-
tals and clinics, a smaller subset of longitu-
dinal and population-based studies provide
additional support for the association be-
tween diabetes and periodontal disease. The
studies were conducted in different settings
and different countries, with different ethnic
populations and age mixes, and with a vari-
ety of measures of periodontal disease status
(e.g., gingival inflammation, pathologic
probing pocket depth, loss of periodontal
attachment, or radiographic evidence of
alveolar bone loss). The studies used differ-
ent parameters to assess periodontal disease
occurrence (e.g., prevalence, incidence, ex-
tent, severity, or progression). This inevitable
variation in methodology and study popula-
tions limits the possibility that the same
biases or confounding factors apply in all
the studies and provides support for con-
cluding that diabetes is a risk factor for perio-
dontal disease incidence, progression, and
severity. In addition, there is substantial evi-
dence to support a “dose-response” relation-

Table 2. Effects of Degree of Glycemic Control on Periodontal Health:

Conclusions of the Studies

Diabetes Mellitus Type
Type Not Total Number of Studies
Study Design Type 1 Type 2 Type 1 or 2 Reported (# with Effect/# All Studies)
Cohort 4/4 3/3 1/3 0/0 8/10
Cross-sectional, 1118 15/17 7/ 1/5 34/61
Descriptive
Total: 15/22 18/20 8/14 1/5 42/61

Note: The numerator represents the number of studies reporting increasing degree of glycemic control having
decreasing adverse effect on periodontal health; the denominator represents the total number of studies in each group:
# Studies with Effect/Total # Studies.
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ship, i.e., as glycemic control worsens, the
adverse effects of diabetes on periodontal
health become greater. Finally, there are no
studies with superior design features to refute
this conclusion. Examples of comprehensive
reviews of the studies in this body of litera-
ture are presented in articles by Mealey and
Ocampo,? Lamster et al.,* and Taylor and
Borgnakke.*>

ADVERSE EFFECTS OF DIABETES
ON PERIODONTAL HEALTH:
EVIDENCE FROM IN VITRO
AND ANIMAL STUDIES

This next section provides insight into
mechanisms of diabetes-enhanced peri-
odontal disease from animal and in vitro
studies. Studies in people with diabetes
clearly indicate that diabetes causes an in-
crease in the inflammatory response. This
has significant impact on periodontal dis-
eases, which largely result from inflamma-
tory changes triggered by bacterial invasion
into connective tissue.® Diabetic rats have
increased inflammation of the periodontal
epithelium and connective tissues, along
with increased degradation of connective tis-
sue and increased bone loss.”® Similarly,
diabetic mice have been shown to have in-
creased inflammation, oxidative stress, and
bone loss.” Furthermore, diabetes may in-
crease the systemic response to periodontal
bacteria or their products.'”

Heightened Inflammatory Response:
Cellular and Molecular Events
Insight into mechanisms of diabetes-en-

hanced periodontitis come from in vitro and
animal studies that established cause-and-
effect relationships between specific cellu-
lar and molecular events that cannot be per-
formed easily in human studies.! Cell culture
studies have demonstrated that lipopolysac-
charide (LPS)-stimulated monocytes isolated
from individuals with diabetes exhibit greater
production of tumor necrosis factor-alpha

(TNF-a) than in individuals who do not have
diabetes.'? Neutrophils from individuals with
diabetes have increased production of super-
oxides, which enhance oxidative stress.'® In
an animal model, injection of Porphyromonas
gingivalis, an established periodontal pathogen,
into connective tissue was shown to stimulate
more prolonged formation of an inflamma-
tory infiltrate with higher levels of inflam-
matory cytokines.!* This was linked to higher
levels of TNF-a since a specific TNF in-
hibitor reversed the increased inflammation
in the diabetic mice stimulated by P. gingi-
valis.'’ In another animal model, Type 2 dia-
betes was shown to significantly increase pe-
riodontal inflammation induced by the onset
of periodontal disease compared to matched
healthy rats.!® Diabetic rats had significantly
more prolonged gingival inflammation as
well as greater osteoclast numbers and in-
creased bone loss.

Uncoupling of Bone Resorption
and Bone Formation

A second mechanism is proposed to
contribute to greater bone loss in the dia-
betic animals, namely an uncoupling of bone
resorption and bone formation.'® Once bone
is resorbed, it is repaired by new bone for-
mation by a process referred to as coupling.!’
Thus, the amount of bone lost is equal to
the amount of bone resorption minus the
amount of reparative new bone formation.
The diabetic animals had significantly less
coupling so that there was less reparative
bone formation following an episode of re-
sorption, which contributes to the net bone
loss. A potential mechanism was indicated
by decreased numbers of bone-lining and
periodontal ligament cells, which could be
explained by higher levels of cell death
(apoptosis).'® This interpretation is supported
by studies in which a cause-and-effect rela-
tionship between diabetes-enhanced apop-
tosis and the ability to form bone after an
episode of resorption,'® since inhibition of
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apoptosis with a caspase inhibitor signifi-
cantly improves the amount of reparative
bone formation in diabetic animals following
bone resorption induced by P. gingivalis. In-
flammation could also affect bone-lining
cells by reducing proliferation or interfering
with differentiation to osteoblasts.® A
schematic of this process is shown in Figure
2. TNF dysregulation was also suggested as
a mechanism since a TNF inhibitor signifi-
cantly reduced cell death and improved bone
formation.!® Interestingly, TNF inhibition
significantly improved these parameters in
diabetic animals, but not in normal animals,
suggesting that the level of TNF-a in the di-
abetic group is especially problematic.

Advanced Glycation
End-product Formation

Enhanced inflammation through ad-
vanced glycation end-products (AGEs) has
been implicated in P, gingivalis-induced bone
loss in a murine periodontal model.?* AGEs
are long-lived molecules formed by the irre-
versible binding of glucose to protein and
lipids in the plasma and tissues during
persisting hyperglycemia. In these studies, a
soluble receptor for advanced glycation
end-products (SRAGE) was used to prevent
the binding of AGEs to cell surface AGE
receptors in mice. Treatment with SRAGE
decreased the levels of TNF-a and inter-
leukin-6 (IL-6, an inflammatory mediator)

Figure 2. Impact of Diabetes on Periodontal Bone Loss
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Diabetes enhances the inflammatory response to oral bacteria. Increased inflammation could affect alveolar bone
by increasing resorption as well as inhibiting bone formation, resulting in uncoupling and greater net bone loss.
One of the mechanisms of diminished bone formation is through reduced numbers of osteoblasts caused by the
impact of inflammation on apoptosis, proliferation, or differentiation of bone-lining cells.
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in gingival tissue and suppressed alveolar
bone loss. These findings link AGEs with
an exaggerated inflammatory response and
increased bone loss in diabetes-enhanced
periodontal disease.

Other Mechanisms

Several other studies have provided
insight into mechanisms by which diabetes
increases periodontal bone loss in animal
models. In one example, treatment with N-
acetylcysteine significantly inhibited al-
veolar bone loss in a murine model.?!' Since
N-acetylcysteine reduces inflammation and
oxidative stress, these studies suggest that ele-
vated levels of inflammation and oxidation
in diabetic animals promote greater perio-
dontal tissue loss. Mahamed and colleagues
have demonstrated that increased produc-
tion of receptor-activator of nuclear factor
kappaB (NF-«xB) ligand (RANKL) occurs
in the periodontium of diabetic mice.?? A
cause-and-effect relationship was shown
between diabetes-increased RANKL and
accelerated bone loss by successful reduc-
tion in bone loss via treatment with a RANKL-
inhibitor, osteoprotegerin.

Increased bone loss in diabetic rats has
also been linked to increased matrix metal-
loproteinase (MMP) activity.”* MMPs are a
group of enzymes that can break down pro-
teins, such as collagen, that are normally
found in the spaces between cells in tissues
(i.e., extracellular matrix proteins). When
MMP activity was inhibited, there was sig-
nificantly reduced bone loss in diabetic rats.?
Paradoxically, an enhanced inflammatory re-
sponse may also be associated with a less ef-
fective reaction that results in deficits in bac-
terial killing.?* Decreased bacterial killing
may potentially enhance the growth of
pathogens and increase the possibility that
opportunistic bacteria will cause periodontal
tissue loss. An altered host response to bac-
teria can lead to greater or prolonged ex-
pression of cytokines that stimulate bone re-

sorption and may limit bone repair. Similar
alterations are noted in other diabetic com-
plications, such as retinopathy, nephropathy,
and impaired fracture healing.

Lipid Dysregulation and
Impaired Wound Healing

Three reviews provide discussion of
investigations providing additional perspec-
tive on metabolic dysregulation in diabetes
and the effects of hyperlipidemia on mono-
cyte/macrophage function in wound signal-
ing.??” The monocyte/macrophage is con-
sidered the major mediator of the inflam-
matory phase in wound healing, having pri-
mary roles in wound signal transduction and
in the initiation of the transition of healing
from the inflammatory to the granulation
phase. One hypothesized effect of hyper-
lipidemia occurs through fatty acid interac-
tion with the monocyte cell membrane, caus-
ing impaired function of membrane-bound
receptors and enzyme systems. This leads to
impaired amplification and transduction of
the wound signal. Another postulated path-
way leading to impaired monocyte function
in diabetes and wound signaling is via the
nonenzymatic glycosylation of lipids and
triglycerides in addition to proteins. These
AGE:s are thought to affect normal differen-
tiation and maturation of specific monocyte
phenotypes throughout the different stages of
wound healing. The net result of both of
these pathways is exacerbated host-mediated
inflammatory responses and tissue de-
struction. In impairing monocyte function,
diabetes-associated lipid dysregulation, lead-
ing to high levels of low-density lipopro-
teins and triglycerides, may be a major factor
in the incidence and severity of periodontal
disease.

Molecular Dysregulation in Diabetes
that Enhances Inflammation
A number of metabolic pathways are
affected by diabetes. In many cases they
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have been linked to hyperglycemia, although
the potential contribution of hypoinsulinemia
should also be considered. One of the
changes that occurs is increased shunting
through the polyol pathway that leads to en-
hanced aldose reductase activity and greater
production of the sugars sorbitol and fruc-
tose. As a result, there is increased formation
of AGEs and enhanced formation of reactive
oxygen species (ROS) and nitric oxide (NO).
AGEs, ROS, and NO are pro-inflammatory.
That this pathway is important in diabetes
has been shown by the use of aldose reduc-
tase inhibitors. When aldose reductase is
inhibited, there is reduced protein kinase C
(PKC) activation, less nuclear translocation
of NF-kB, and reduced expression of mark-
ers of inflammation.?®?° Inhibiting aldose
reductase also decreases the production of
ROS.?8% In addition, bacterial killing by
neutrophils, which is reduced in individuals
with diabetes, is improved by use of an
aldose reductase inhibitor.*® This may have
implications for periodontal disease as dia-
betes reduces the capacity of neutrophils to
kill periodontal pathogens such as P. gingi-
valis.** As indicated above, oxidative stress
is significantly increased by diabetes and is
associated with both enhanced formation of
ROS and decreased antioxidant capacity.®’
One of the mechanisms by which this occurs
is through overloading the electron transport
chains in mitochondria, which leads to es-
cape of electrons that react with oxygen-pro-
ducing superoxides. ROS cause cell dam-
age and also stimulate the production of
inflammatory cytokines. The importance of
oxidative stress in diabetic conditions has been
demonstrated by improvements of diabetic
complications by treatment of diabetic ani-
mals with antioxidants.?!

Diabetic complications have been linked
to elevated activation of PKC. Diabetes
increases glycolysis, which in turn causes
increased levels of dihydroxyacetone phos-
phate that may be converted to diacylglyc-

erol. PKC is activated by diacylglycerol and
by an increased ratio of nicotinamide ade-
nine dinucleotide (reduced form) to nico-
tinamide adenine dinucleotide NADH/NAD+
ratio) associated with diabetes.’? Increased
PKC activity then stimulates formation of
ROS and inflammation. PKC-a/PKC-f
inhibitors reverse this increase. Hyperglyce-
mia is also linked to increased formation of
advanced glycation end-products, which are
pro-inflammatory.?3° AGEs also possess
pro-apoptotic activity.>*” Inhibition of one
of'the receptors for AGEs, RAGE, reduces in-
flammation that is enhanced by diabetes.?*
The use of a RAGE inhibitor in a periodontal
model was discussed in a previous section.

ADVERSE EFFECTS OF

PERIODONTAL INFECTION

ON GLYCEMIC CONTROL

This next section assesses the evidence
for an effect going in the opposite direc-
tion, namely periodontal infection adversely
affecting glycemic control in people with
diabetes.

In addition to the substantial evidence
demonstrating diabetes as a risk factor for
poorer periodontal health, there is a growing
body of evidence supporting the long-held
clinical observation that periodontal infec-
tion adversely affects glycemic control.
There is also increasing evidence that peri-
odontal infection contributes to greater risk
for diabetes complications. Diabetes compli-
cations are the conditions or diseases that
people with diabetes often develop due to
their diabetic status, such as increased risk
of coronary heart disease (CHD), stroke,
myocardial infarction, and other cardio-
vascular events; nephropathy (diseases of the
kidney, ultimately leading to end-stage renal
disease [ESRD], requiring renal dialysis for
the patient to survive); neuropathy (diseases
of the peripheral and autonomic nerves);
retinopathy (diseases of the retina, possibly
leading to blindness); extremely decreased
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wound healing; and amputations due to one
or more of the complications mentioned.

Evidence supporting the biologic plau-
sibility of periodontal infection contributing
to poorer glycemic control, complications
of diabetes, and perhaps the development of
Type 2 diabetes, comes from integrating sev-
eral converging perspectives. This biologic
plausibility is grounded in periodontitis be-
ing a chronic inflammatory response to a
predominantly Gram-negative bacterial in-
fection and the emerging evidence linking
chronic infection and inflammation, insulin
resistance, and the development of diabetes
and its complications.®

Periodontal Infection: Contribution to a
Chronic Systemic Inflammatory Burden

Periodontal infection, if untreated, can
lead to extensive destruction of local soft
connective tissue and alveolar bone, and is a
major cause of tooth loss.* Periodontal
infection elicits a local chronic inflammatory
response and is considered a contributing
source for the total chronic, systemic,
inflammatory burden.*' The highly vascular,
inflamed, and ulcerated periodontal pocket
epithelium provides a ready portal of entry
for periodontal pathogens from the dental
plaque biofilm, many of which are Gram-
negative and obligate anaerobes. Bacteremia,
a situation in which bacteria have penetrated
into the blood stream and therefore are
circulated throughout the body, is recognized
to occur in periodontitis. Periodontal patho-
gens have been identified in atheromatous
plaques and shown to invade aortic and
coronary endothelial cells.** Bacterial com-
ponents (e.g., LPS) are also disseminated into
the systemic circulation. The bacteremia and
subsequent systemic dispersal of periodontal
pathogens and bacterial components may
relocate antigenic stimuli at sites such as
endothelial cells and hepatocytes, eliciting
their production of pro-inflammatory immune
mediators. Additionally, the pro-inflammatory

mediators, such as IL-1p3, TNF-a, IL-6,
prostaglandins E, (PGE,), and thromboxane
B,, produced locally at the periodontal lesion,
may also enter the systemic circulation and
produce distant systemic pro-inflammatory
effects at target tissues and organs.*'*> Hence,
the inflamed periodontal tissue behaves as a
potential endocrine-like source for increased
chronic systemic inflammatory challenge.

TNF-a, IL-6, and IL-1p, all mediators
important in periodontal inflammation, have
been shown to have important effects on glu-
cose and lipid metabolism as well as insulin
action, following an acute infectious chal-
lenge or trauma.**-*” Additionally, chronic,
low-grade inflammation, in which these
same mediators are involved, has been
shown to be associated with the develop-
ment of insulin resistance, diabetes, and its
complications.?*

The mechanisms by which periodontal
infection could contribute to insulin resist-
ance, poorer glycemic control and compli-
cations of diabetes, and possibly the devel-
opment of Type 2 diabetes, are perhaps best
understood by considering the emerging ev-
idence regarding the systemic effects of obe-
sity. Adipose tissue is now recognized as im-
portant in chronically activating the innate
immune system and contributing to a chronic,
low-grade systemic inflammatory burden.
The adverse effects of obesity-related acti-
vation of systemic inflammation also include
development of insulin resistance, glucose
intolerance, and increased risk for the de-
velopment of Type 2 diabetes.*’

Adipose tissue secretes several bio-
active proteins, known as adipokines, that
have local autocrine/paracrine effects as well
as systemic hormonal effects. Several of the
adipokines are pro-inflammatory mediators
that can contribute to a state of chronic, low-
grade systemic inflammation.®® As previ-
ously mentioned, a subset of the adipokines
produced by the adipose tissue are also
among the set of inflammatory mediators
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produced locally in periodontal tissue as part
of the host response to periodontal infection.
These include TNF-a, IL-1p, and IL-6.
These mediators have direct effects in acti-
vating the innate immune system and its sys-
temic component, the acute-phase response;
inhibiting the action of insulin; and contribut-
ing to insulin resistance; all leading to glucose
dysregulation and hyperglycemia. Figure 3
illustrates a conceptual model integrating the

clinical picture of periodontitis and obesity
with the hypothesized role of inflammation
in the pathogenesis of diabetes, poor glycemic
control, and CHD.

There is a growing body of compelling
evidence from cohort and cross-sectional
epidemiologic studies and experimental
studies in humans and animal models link-
ing obesity, chronic inflammation, insulin
resistance, and the development of Type 2

Figure 3. Conceptual Model Integrating the Clinical Pictures of Periodontitis and Obesity
with the Hypothesized Role of Inflammation in the Pathogenesis of Diabetes,
Poor Glycemic Control, and Coronary Heart Disease
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Adapted from Donahue RP, Wu T. 4nn Periodontol 2001;6:119-124.17 This conceptual model integrates the clinical
pictures of periodontitis and obesity with the hypothesized role of inflammation in the pathogenesis of diabetes, poor
glycemic control, and coronary heart disease (CHD). The model depicts CHD because of the evidence supporting
inflammation as a major factor in the pathogenesis of CHD, and the recognition of diabetes as a risk factor for this
condition. In this model, sources of chronic inflammation, such as periodontitis and visceral obesity, produce a gen-
eralized pro-inflammatory state that includes chronic overexpression of cytokines and other inflammatory mediators.
As shown here, a prevailing linking hypothesis is that the host response to periodontal infection can be an important
site of chronic, low-grade inflammation, and a source for the systemic burden of pro-inflammatory cytokines. How-
ever, it should be noted that the metabolic disorders associated with diabetes affect many pathways, some of which
are linked to inflammation, while others may aggravate pathologic processes in a cytokine-independent manner.

11-6, TNF-a, and I1-1 are among the important pro-inflammatory mediators that are produced in periodontitis. These
mediators have been reported to be important in pathways for the pathogenesis of insulin resistance, CHD, and more
recently, diabetes itself. In one hypothesized pathway, 11-6 and TNF-a stimulate the acute-phase response in the liver,
resulting in the production of acute-phase reactants such as C-reactive protein (CRP), fibrinogen, and plasminogen
activator inhibitor-1 (PAI-1). These acute-phase reactants have been reported to contribute to insulin resistance, as well
as to be risk indicators and risk factors for the prevalence and incidence of both CHD and diabetes in epidemiologic
studies. 11-6, TNF-a, and II-1p have also been shown to disrupt insulin signaling, leading to reduced uptake of glucose
by the cells. Further, insulin resistance, as a component of the metabolic syndrome, is recognized as a risk factor in
the pathogenesis of diabetes and its complications, as well as CHD. Not included in this diagram are all of the
adipokines and other factors that are thought to significantly contribute to insulin resistance.
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diabetes. The epidemiologic studies have
shown markers of inflammation are associ-
ated with Type 2 diabetes and features of
the metabolic syndrome in cross-sectional
studies of individuals without diabetes or
with impaired glucose tolerance or impaired
fasting glucose; markers of inflammation
predict Type 2 diabetes; inflammation is in-
volved in the pathogenesis of atherosclerosis,
a common feature of Type 2 diabetes; anti-
inflammatory agents (e.g., aspirin, statins,
glitazones) decrease the acute-phase re-
sponse and may reduce the risk of develop-
ing Type 2 diabetes and improve glycemic
control in established diabetes; and GDN, a
risk factor for Type 2 diabetes, is associated
with an inflammatory response. The experi-
mental studies have involved pharmacologic,
nutritional, and genetic interventions pro-
viding further understanding of the cell-
ular and molecular mechanisms through
which chronic stressors (e.g., overnutrition,
microbial products, hyperglycemia, hyper-
lipidemia, oxidative stress, and psycho-
logical stress), innate immunity, chronic
systemic inflammation, obesity, insulin
resistance, and metabolic dysregulation are
integrated.*-> Connecting this evidence to
the potential systemic effects of periodontal
infection on chronic inflammation is the
emerging body of evidence linking epi-
demiologic and intervention studies of
periodontal infection to markers of systemic
inflammation and changes in levels of the
inflammatory markers after periodontal
treatment.*! #5658

Periodontal Infection Adversely
Affecting Glycemic Control:
Empirical Evidence from Nonsurgical
Periodontal Treatment Studies

More direct, empirical evidence re-
garding the effects of periodontal infection
on glycemic control of diabetes comes from
treatment studies using nonsurgical perio-
dontal therapy and observational studies. The

treatment studies are a heterogeneous set of
31 reports that include 10 RCTs and 21 non-
randomized clinical treatment studies as dis-
played in Table 3. The RCTs used control
groups that were either nontreated con-
trols,>*% positive controls (i.e., the control
group received a relatively less intense form
of periodontal treatment),®'%¢ or controls ad-
vised to continue their usual dental care.®”” Of
the 10 RCTs reviewed, six reported a bene-
ficial effect of periodontal therapy.60-6%:65:66
Among the set of 21 periodontal treat-
ment studies that were not RCTs, 12 reported
a beneficial effect on glycemic control%-
while nine did not.81* It is remarkable that
only two of these 21 studies included control
or comparison groups.®®#! These studies had
marked variation in the use of adjunctive
antibiotics, with four of the five studies that

Table 3. Effects of Nonsurgical Periodontal
Therapy on Glycemic Control:
Conclusions of the 31 Studies

Number of Studies
with Significant

Study Design Improvement in
Glycemic Control/
All Studies
Randomized Clinical
Trials (RCTs):
Nontreated control group 1/3
Positive (i.e., less intensely
treated) control group 5/6

Usual source of care control group  0/1
Total RCTs 6/10

Nonrandomized Clinical

Trials (Non-RCTs):
Nontreated control group 12
No control group 11/19

Total Non-RCTs 12/21
Total All Nonsurgical
Treatment Studies 18/31

(RCTs + Non-RCTs)

*These 10 RTC studies are further described in Table 4.
Note: The numerator represents the number of studies
reporting nonsurgical therapy being associated with in-
creasing degrees of glycemic control; the denominator
represents the total number of studies in each group: #
Studies with Effect/Total # Studies.



96

Periodontal Disease and Overall Health: A Clinician's Guide

used systemic antibiotics reporting a bene-
ficial effect on glycemic control’*7+76 and
one finding a numerical decrease in the
HbAlc level that did not reach statistical
significance.®!

For the body of literature consisting of
both RCTs and other types of studies, there
is marked hetereogeneity in the studies’
designs, geographic locations, source popu-
lations, conduct, length of follow-up for
glycemic control assessment, types of par-
ticipants and their baseline periodontal dis-
ease and glycemic control status, inclusion
of control groups, periodontal treatment pro-
tocols, sample size and power to detect dif-
ferences in periodontal and metabolic re-
sponse, and specific hypotheses tested.” The
details of the variation in this body of lit-
erature have been extensively described in
several reviews. 39192

Table 4 provides additional informa-
tion about the RCTs summarized in Table 3.
For each study, information on the number of
participants and the type of diabetes included

is given, along with indication of whether
antibiotics were used in conjunction with the
treatment. The types of antibiotics used and
information on their dispensing mode (local,
systemic, rinse) can be seen in the table’s foot-
note marked with one asterisk (*). Finally,
in the far right column is the outcome
achieved, indicating whether the study treat-
ment resulted in improved glycemic control
as measured by a decrease in the level of
HbAlc.

One remarkable observation is the rel-
atively small numbers of participants in
some of the studies. This is mostly due to the
immense resources required for conducting
clinical trials, especially those that have a
long follow-up period. Also, it is difficult to
identify individuals meeting inclusion crite-
ria and those free of exclusion criteria, and to
recruit, enroll, and keep participants return-
ing for all study visits that typically are of
long duration due to their many components
(e.g., interview, clinical examination, blood
draw, radiographic exposure, and initial

Table 4. Effects of Nonsurgical Periodontal Therapy on Glycemic Control (HbAlc):
Descriptions and Conclusions of the 10 Randomized Clinical Trials (RTCs)

Summarized in Table 3

Adjunctive  Statistically Significant
Clinical Study Design by Sample Diabetes Antibiotics Beneficial Effect
Type of Control Group Size Type Used* on HbAlc
RCT with Nontreated Control Group:
Aldridge et al. study 1 (1995)* 31 1 No No
Aldridge et al. study 2 (1995)*° 22 1 No No
Kiran et al. study 1 (2005)%° 44 2 No Yes
RCT with Positive (i.e., Less
Intensely Treated) Control Group:
Grossi et al. (1997)% 113 2 Yes? Yes
Al-Mubarak et al. (2002)% 78 1,2 No No
Rodrigues et al. (2003)% 30 2 Yes® Yes**
Skaleric et al. (2004)% 20 1 Yes® Yes
Yun et al. (2007)% 46 2 Yes® Yes
O’Connell et al. (2008)% 30 2 Yes* Yes
RCT with Usual Source
of Care-Control Group:
Jones et al. (2007)7 165 2 Yes? No

*Adjunctive antibiotic types: a) systemic doxycycline, b) amoxicillin and augmentin, ¢) minocycline, locally delivered.
**The group not receiving antibiotic showed greater improvement.
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therapy and maintenance visits). In addition,
clinical studies typically last several months
or years.

An important source of variation in the
RCTs is the use of adjunctive antibiotics with
the nonsurgical periodontal therapy. Among
the six RCTs that included adjunctive anti-
biotics, five used the antibiotics systemi-
cally®!626567 and one was locally delivered.®
Five of the six RCTs using antibiotics showed
beneficial effects on glycemic control.61-63:65:66
However, it is important to note the signifi-
cant improvement for one study was in the
positive control group that did not receive the
systemic antibiotic.> Also, one of the six
RCTs reporting a beneficial effect did not
use any antibiotics.®® Hence, to date there is
suggestive, but not clear-cut evidence to sup-
port the use of antibiotics in combination
with nonsurgical periodontal treatment in
order to observe an improvement in glycemic
control.

Periodontal Infection Adversely
Affecting Glycemic Control: Empirical
Evidence from Observational Studies

Additional evidence to support the
effect of periodontitis on increased risk for
poorer glycemic control comes from a small
number of observational studies. A longitu-
dinal epidemiologic study of the Pima Indi-
ans in Arizona found at baseline that subjects
who had Type 2 diabetes, that was in good to
moderate control, but also had severe perio-
dontitis, were approximately six times more
likely to have poor glycemic control at a
two-year follow-up than those who did not
have severe periodontitis at baseline.” In an-
other observational study of 25 adults ages
58 to 77 with Type 2 diabetes, Collin et al.
also reported an association between ad-
vanced periodontal disease and impaired
metabolic control.”*

Finally, two cross-sectional studies
report findings consistent with poorer peri-
odontal health associated with poorer

glycemic control. One of these studies,
which included 127 pregnant women with
diabetes, reported that those with perio-
dontitis were more likely to have poorer
glycemic control, after controlling for pres-
ence of a urinary tract infection and/or cer-
vicovaginal infection and a measure of com-
pliance to recommended medical treatment
for the diabetes.”® The other study, analyzing
the association between number of bleed-
ing sites and degree of glycemic control
(HbAlc), reported a statistically significant
association, i.e., the HbAlc values increased
(poorer control with higher HbAlc) as the
number of bleeding sites increased. How-
ever, the authors determined this result
would have no clinical significance®® be-
cause the measure of association between
the number of bleeding sites and glycemic
control was very small.

Periodontal Infection as a Potential Risk
Factor for Diabetes Complications:
Empirical Evidence from
Observational Studies

It is well recognized that poor glycemic
control is a major determinant for the devel-
opment of the chronic complications of dia-
betes. Results from the landmark Diabetes
Control and Complications Trial (involving
Type 1 diabetes) and the UK Prospective Di-
abetes Study (UKPDS, involving Type 2 di-
abetes) demonstrated that attaining and
maintaining good glycemic control could re-
duce the risk for and slow the progression of
microvascular complications in patients with
Type 1 and Type 2 diabetes.””® Additionally,
the UKPDS observed a 16% reduction
(p = 0.052) in the risk of combined fatal or
nonfatal myocardial infarction and sudden
death. Further epidemiologic analysis from
the UKPDS showed a continuous association
between the risk of cardiovascular compli-
cations and glycemia; every percentage point
decrease in HbAlc (e.g., 9% to 8%) was
associated with a 25% reduction in diabetes-
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related deaths, 7% reduction in all-cause
mortality, and 18% reduction in combined
fatal and nonfatal myocardial infarction.!%

There is emerging evidence from ob-
servational studies regarding the association
between periodontal disease and the risk for
diabetes complications. Thorstensson and
colleagues!®! studied 39 case-control pairs
of individuals with Type 1 and Type 2 dia-
betes for six years’ median follow-up time in
Jonkoping, Sweden. In each pair, the cases
had severe alveolar bone loss and controls
had gingivitis or minor alveolar bone loss.
They found that cases were significantly
more likely to have prevalent proteinuria
and cardiovascular complications, including
stroke, transient ischemic attacks, angina,
myocardial infarction, and intermittent clau-
dication than controls at their follow-up
medical assessments.

Two reports from the ongoing longitu-
dinal study of diabetes and its complications
in the Gila River Indian Community in Ari-
zona, conducted by the National Institute of
Diabetes and Digestive and Kidney Dis-
eases, address nephropathy and cardiovas-
cular disease. Saremi and colleagues'® stud-
ied a cohort of 628 individuals for a median
follow-up time of 11 years. Individuals with
severe periodontal disease had 3.2 times
greater risk for cardio-renal mortality (i.e.,
ischemic heart disease and diabetic nephrop-
athy combined) than those with no, mild, or
moderate periodontal disease. This estimate
of significantly greater risk persisted while
controlling for several major risk factors of
cardio-renal mortality, including age, sex,
diabetes duration, HbAlc, body mass index,
hypertension, blood glucose, cholesterol,
electrocardiographic abnormalities, macro-
albuminuria, and smoking.

In the second report, Shultis and col-
leagues'® investigated the effect of perio-
dontitis on risk for development of overt
nephropathy (macroalbuminuria) and ESRD
in a group of 529 Gila River Indian Com-

munity adults with Type 2 diabetes. Their
proportional hazards model analyses, adjusted
for age, sex, diabetes duration, body mass
index, and smoking, indicated periodontitis
and edentulism were significantly associated
with the risk of developing overt nephrop-
athy and ESRD. The incidence of macroal-
buminuria was 2.0, 2.1, and 2.6 times greater
in individuals with moderate or severe perio-
dontitis or in those who were edentulous,
respectively, than those with none/mild perio-
dontitis. The incidence of ESRD was also
2.3, 3.5, and 4.9 times greater for individu-
als with moderate or severe periodontitis or
for those who were edentulous, respectively,
than those with none/mild periodontitis.

Periodontal Infection as a Potential Risk
Factor for Development of Diabetes:
Empirical Evidence from
Observational Studies

In addition to evidence supporting pe-
riodontal disease as a potential risk factor
for developing diabetes complications, there
is also evidence emerging that periodontal
disease may be a risk factor for the develop-
ment of Type 2 diabetes and possibly GDM.
Demmer and colleagues!'™ investigated the
association between periodontal disease and
the development (i.e., incidence) of new di-
abetes cases in a representative sample of
the US population, analyzing data from the
first National Health and Nutrition Exami-
nation Survey (NHANES I) and its Epi-
demiologic Follow-up Study (NHEFS). The
average follow-up period for the 9,296
individuals in the analysis was 17 years, for
the period between 1971 to 1992. The
study used a cohort study design because
information on the presence or absence of
periodontal disease (i.e., the hypothesized
causal factor) was known at the time the
study began, and the outcome (development
of diabetes) was assessed subsequently. This
study concluded that having periodontal
disease was significantly associated with a
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50-100% greater risk for developing Type 2
diabetes, after controlling for other estab-
lished risk factors for diabetes. The greater
risk for diabetes was also consistent with
previous research using NHANES I and
NHEFS, in which risk factors for diabetes
that did not include periodontal disease, for
example, measures of adiposity (body mass
index and subscapular skinfold thickness),
having hypertension, and increased age, were
also statistically significant.!%

Finally, Dasanayake and colleagues!®
investigated whether or not pregnant women
who develop GDM, compared to pregnant
women who do not develop GDM, had
poorer clinical periodontal health and/or
demonstrated higher levels of other bio-
logical markers of periodontal disease ap-
proximately two months before their GDM
diagnosis. The other biological markers
included bacteriological (in dental plaque and
cervicovaginal samples), immunological, and
periodontitis-related inflammatory mediator
analytes. This study found that women who
had higher levels of Tannerella forsythia (T.
forsythia), a recognized periodontal pathogen,
in the vaginal flora were statistically signifi-
cantly more likely to develop GDM than those
women with lower levels. The Dasanayake
et al. study concluded that 7. forsythia in the
vaginal flora is a potential risk factor for GDM.

SUMMARY AND CONCLUSIONS

The evidence reviewed in this chapter
supports the conclusion that a bi-directional
association exists between diabetes mellitus
and periodontal health: Diabetes is associ-
ated with increased development and pro-
gression of periodontitis, and periodontal
infection is associated with poorer glycemic
control in people with diabetes.

There is also evidence emerging that
gestational diabetes may adversely affect
periodontal health.

Additionally, evidence is emerging to
suggest that periodontal disease is associated

with increased risk for diabetes complica-
tions, the development of Type 2 diabetes,
and perhaps the development of GDM.

While treating periodontal infection in
people with diabetes is clearly an important
component in maintaining oral health, it may
also play an important role in establishing
and maintaining glycemic control, and pos-
sibly in delaying the onset or progression of
diabetes and its complications.

Therefore, dental health professionals
might fulfill an important role in maintaining
or improving the health, and ultimately the
quality of life, of individuals with diabetes
and GDM, as well as aiding in lessening the
immense burden of diabetes and periodontal
diseases on our society in general.
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CHAPTER 7

Atherosclerosis: A Pervasive Disease
Affecting Global Populations

INTRODUCTION

Atherosclerotic disease results from the
pathological formation of plaques in arterial
walls. Plaque development, or atherosclero-
sis, is a complex process with many under-
lying inflammatory molecules participating
in increasingly well-understood pathways.
The consequences include a wide variety
of clinical syndromes involving different or-
gans with a common underlying deficiency
—inadequate blood supply due to reduction
of blood flow to the target organ.

This chapter will review the clinical
manifestations of atherosclerosis and explore
its underlying molecular pathophysiology.
Understanding the underpinnings of athero-
sclerosis is crucial to appreciating the po-
tential interplay between atherosclerosis and
periodontal disease, which is discussed in
the next chapter.

TYPES OF
ATHEROSCLEROTIC DISEASE

Atherosclerosis may occur in any arte-
rial bed with the most clinically relevant
ones being the coronary, cerebrovascular,
and peripheral arterial circulation. Athero-
sclerotic plaques may be stable or unstable,
based on whether or not the plaque has rup-
tured. More recently, studies have shed ad-
ditional light on “vulnerable” atherosclerotic
plaques, which are stable plaques with a
propensity to rupture.

Coronary heart disease is the most clin-
ically evident form of atherosclerotic disease,
affecting over 17 million Americans accord-
ing to the American Heart Association’s
2009 statistical update.! Manifestations of

Stanley S. Wang

coronary atherosclerosis range from stable
angina, resulting from ischemia caused by
stable coronary arterial plaques that reduce
luminal cross-sectional area and restrict
blood flow, to acute coronary syndrome
(ACS) characterized by unstable, ruptured
coronary atherosclerotic plaques. ACS can
be further subdivided into non-ST elevation
ACS—such as unstable angina—or ST-
elevation and non-ST elevation myocardial
infarction, depending on the degree of
luminal occlusion following plaque rupture
and intracoronary thrombosis.

Another location for atherosclerotic
disease is in the cerebrovascular bed. As with
coronary atherosclerosis, clinical manifes-
tations of cerebrovascular atherosclerosis
vary depending on the stability of the arterial
plaques. Stable disease may lead to chronic
symptoms of dementia, whereas unstable
atherosclerosis may lead to transient ischemic
attacks (often called “ministrokes”) and
strokes.

Atherosclerotic disease also occurs in
the aorta, manifesting as aortic atheroscle-
rosis and aneurysms, as well as in the periph-
eral arteries. In addition, atherosclerosis is
thought to contribute to valvular heart dis-
eases such as aortic stenosis.>

MECHANISMS OF
ATHEROMA FORMATION
Atherosclerotic disease is thought to pro-
gress from microscopic endothelial events
that eventually lead to plaque development,
growth, and rupture. Multiple complex mech-
anisms appear to contribute to the formation
of atheromatous plaques. The initiating
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process involves endothelial injury, which may
occur due to mechanical, biochemical, or
immunological factors. At the cellular level,
the process begins with the recruitment of
monocytes into the arterial wall through the
effect of specific molecules, including the
chemo-attractants interleukin (IL)-1 and
tumor necrosis factor-alpha (TNF-a).*
Selectins and antigens on the leukocyte
surface induce movement of the monocytes.’
Endothelial cellular adhesion molecules (es-
pecially vascular cell adhesion molecule 1
and intercellular adhesion molecule 1) in-
teract with leukocyte integrins, causing the
monocytes to adhere to the endothelium and
subsequently migrate across it.° After they
move into in a subendothelial position,
monocytes transform into macrophages and
begin to secrete many inflammatory cyto-
kines, proteases, and metalloproteinases.

Subsequently, the macrophages accu-
mulate and oxidize low-density-lipoprotein
cholesterol (LDLC), becoming the foam
cells that are the precursors of atherosclerotic
plaque.” C-reactive protein (CRP) appears
to stimulate the process of LDLC uptake by
macrophages,’ which may explain why statin
treatment of patients with elevated CRP lev-
els appears to be clinically beneficial.® On-
going LDLC deposition and inflammation
leads to plaque growth, and hemodynamic
mechanisms appear to play an important role
as well.’

Plaque rupture may occur at any point in
the process, producing significant clinical
events. It has been estimated that in about
two-thirds of patients with acute coronary
syndromes, the inciting event is rupture of a
coronary plaque that had been less than
50%-70% occlusive.!” Ruptured plaques
have distinctive histopathological features,
including having a fibrous cap that is defi-
cient in collagen and smooth muscle con-
tent, a rich lipid core, and an inflammatory
infiltrate of macrophages and other inflam-
matory cells."

Role of Inflammation
in Atherosclerotic Disease

Although the precise mechanisms of
atherosclerosis are not completely under-
stood, at the molecular level atherosclerosis
appears to arise from an inflammatory reac-
tion to cardiovascular risk factors.'*!3 Chronic
inflammation underlies the processes of plaque
formation and progression, while acute in-
flammatory processes are likely involved in
plaque rupture.

On a molecular level, many mediators
of inflammation have been identified and
more than 50 have been classified by struc-
ture and function. Some of these cytokines or
“protein cell regulators”'* are pro-inflam-
matory, including IL-1, IL-12, IL-18, inter-
feron gamma, and TNF-a. Others are anti-
inflammatory, including IL-4, IL-10, IL-13,
and transforming growth factor-beta.

In many cellular mediators of athero-
sclerosis, including macrophages and en-
dothelial cells, pro-inflammatory cytokines
stimulate the nuclear factor-kappa-beta (i3)
pathway, leading to the increased produc-
tion of cellular adhesion molecules, chemo-
kines, growth factors, and other enzymes
such as cyclo-oxygenases and nitric oxide
synthase.'> Enhanced activity of the nuclear
factor-k3 pathway appears to correlate with
an increased risk of developing atheroscle-
rotic plaques.

RISK FACTORS FOR
CARDIOVASCULAR AND
CEREBROVASCULAR DISEASES

Traditional risk factors for athero-
sclerotic disease seem to have an associa-
tion with inflammation in common. These
risk factors include dyslipidemia, hyper-
tension, diabetes mellitus, tobacco use, and
adiposity.

Dyslipidemia
Dyslipidemia appears to contribute di-
rectly to atherosclerotic disease, with the risk
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of cardiac events rising in direct proportion
to plasma cholesterol levels,'® especially cho-
lesterol particles containing apolipoprotein 3
(including LDLC)."” The primacy of choles-
terol in initiating atherosclerosis has been
shown in many molecular studies, but may
be most evident in studies of fetal aortas, in
which quantitative and qualitative analyses
of fatty streaks have shown that native
LDLC uptake in the intima precedes LDLC
oxidation and subsequent endothelial acti-
vation and monocyte recruitment.'® Oxidized
LDLC appears to increase endothelial ex-
pression of cellular adhesion molecules, at-
tracting monocytes and promoting their dif-
ferentiation into macrophages. LDLC also
stimulates the release of pro-inflammatory
cytokines from macrophages. Apolipopro-
tein B particles containing the lipoprotein(a)
moiety appear to be particularly athero-
genic.'*? In addition, the ratio of apolipopro-
tein B to apolipoprotein A holds promise in
the prognostication of cardiovascular dis-
ease across multiple populations.?!

Hypertension

Systemic hypertension contributes by
enhancing monocyte preactivation, increas-
ing production of IL-1 and TNF-,* and rais-
ing circulating levels of cellular adhesion
molecules.” Studies have shown a clear re-
lationship between elevated high-sensitivity
CRP levels in normotensive patients and risk
of developing incident hypertension, under-
scoring its inflammatory nature.?*

Diabetes Mellitus

Diabetes mellitus appears to be associ-
ated with inflammation, which may explain
its close relationship to atherosclerosis.
Studies have shown that adipose tissue and
macrophages recruited into adipose tissue
release cytokines, including IL-1, IL-6, and
TNF-a. These cytokines act on: 1) the liver
to promote dyslipidemia and dysfibrinogen-
emia, 2) adipose tissue to stimulate leptin

secretion, and 3) the pituitary gland to in-
crease secretion of adrenocorticotropic hor-
mone.”> Moreover, serum levels of various
inflammatory markers and mediators (CRP,
fibrinogen, IL-6, plasminogen activator in-
hibitor 1, and serum amyloid A) correlate
with the degree of hyperglycemia.?® Evi-
dence is accruing to suggest that the forma-
tion and accumulation of advanced glycation
endproducts (AGEs) may be a pathophys-
iologic link between diabetes and cardio-
vascular disease, mediated in part by the
receptor for AGEs (RAGE).?” RAGE, an
immunoglobulin that binds multiple ligands
and spurs production of toxic reactive
oxygen species, is emerging as a potential
therapeutic target for antagonists designed to
reduce atherosclerosis and ischemia-
reperfusion injury.?® Another potential ther-
apeutic target that is attracting interest is pro-
tein kinase C (PKC) beta, an intracellular
signaling molecule that plays a key role in
the development of diabetic complications.?
Experimental PKC inhibitors have been
shown to delay or even stop the progression
of microvascular complications; one such
agent has been submitted for regulatory
clearance for the treatment of diabetic
retinopathy.>

Tobacco Use

Cigarette smoking contributes to coro-
nary heart disease through at least four
pathophysiological pathways,! including in-
duction of a hypercoagulable state through
increased plasma levels of factor VII and
thromboxane A, reduction in oxygen deliv-
ery as a result of carbon monoxide generation,
vasoconstriction of the coronary arteries
(which is at least partially mediated by alpha-
adrenergic stimulation), and direct hemo-
dynamic effects of nicotine. Cigarette use
has gradually declined in the United States in
the past 40 years, but remains a public health
problem with approximately 20% of the pop-
ulation continuing to smoke.*?
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Of note, cocaine use also causes hemo-
dynamic effects as well as significant in-
flammation. Studies in mice suggest that
cocaine increases the expression of cellular
adhesion molecules and promotes greater
neutrophil adhesion to the coronary endo-
thelium.> In human cells, cocaine exposure
appears to increase the expression of gene
coding for numerous inflammatory markers,
including IL-1, IL-6, and TNF-o..3*

Obesity

Obesity with visceral adiposity is an-
other emerging atherosclerotic risk factor.
Adipose tissue acts as a metabolically ac-
tive and dynamic endocrine organ with pro-
inflammatory actions. Adipocytes secrete
many inflammatory cytokines, including
IL-6 and TNF-a..% Although cytokine levels
vary in proportion to overall adiposity, visceral
adipose tissue appears to contribute to inflam-
mation to a greater degree than subcutaneous
fat.3® There is an inverse relationship between
visceral adiposity and plasma levels of the
anti-inflammatory adipocyte-derived pro-
tein, adiponectin.’’” Lower adiponectin levels
correlate with reduced insulin sensitivity
and a higher risk of having diabetes mellitus,
as well as endothelial dysfunction, increased
inflammation, and clinically significant
atherosclerotic events such as myocardial
infarction.®

EPIDEMIOLOGY OF
HEART DISEASE AND STROKE

Although the overall death rate from
cardiovascular diseases has declined by
29.2% from 1996 to 2006, cardiovascular
diseases remain the number one cause of
mortality in the United States, accounting
for 34.3% of the 2,425,900 deaths (or 1 of
every 2.9 deaths) in the United States in
2006.' Based on 2004 International Classi-
fication of Disease-10 data from the Cen-
ters for Disease Control and Prevention,
cerebrovascular diseases (including stroke)

account for an additional 5.7% of deaths.*’

The American Heart Association esti-
mates that 785,000 Americans will suffer a
new heart attack in 2010 and another 470,000
will experience a recurrent heart attack.!
Furthermore, an additional 195,000 will have
a silent first heart attack. Although less lethal,
strokes are expected to be highly prevalent in
2009, with an anticipated 610,000 new and
185,000 recurrent cases.

Despite these numbers, overall choles-
terol screening and treatment remain sub-
optimal. Data from the 2005-2006 National
Health and Nutrition Examination Survey
suggested that 30% or more adults failed to
undergo cholesterol screening in the prior
five years, and 16% of adults had total cho-
lesterols of 240 mg/dL or greater. Similarly,
achieving adequate blood pressure control
has proven to be challenging. In 2003 and
2004, only 44% of blood pressure recordings
in approximately 176 million individuals
demonstrated readings lower than 140/90
mmHg.*' Almost two-thirds of the popula-
tion in the United States is overweight or
obese, and more than one-fourth of the pop-
ulation meet diagnostic criteria for metabolic
syndrome, a multiplex cardiovascular risk
factor that arises from the interplay between
adiposity and inflammation.*?

TRENDS IN DISEASE PATTERNS
IN DEVELOPED AND
DEVELOPING WORLDS

Globally, cardiovascular disease (pre-
dominantly heart disease and stroke) is the
leading chronic disease, accounting for 17
million deaths.*> More than one billion in-
dividuals meet the medical criteria for being
overweight or obese, but the rates of athero-
sclerotic disease and risk factors vary between
countries.**# Studies have confirmed the con-
sistent impact of established cardiovascular
risk factors (hypertension, dyslipidemia,
obesity, smoking) on the risk of athero-
sclerotic disease across multiple populations.
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The INTERHEART study found that incre-
mental changes in these risk factors, such as
a 5 mm HG elevation of blood pressure or a
10 mg/dL increase in LDLC, raise the risk of
atherosclerotic disease by a similar amount
across people of different nationalities and
ethnicities.* The central implication is that
variations in cardiovascular risk between
populations likely reflect differences in total
exposure to risk factors rather than biological
differences in sensitivity to these risk fac-
tors.*” When comparing developed and
developing worlds, data indicate that low-
income countries have the highest burden of
high blood pressure and related sequelae,*
including stroke mortality and morbidity.*

CONCLUSION
It is clear that more study is needed on
the development, progression, treatment, and
expression of atherosclerotic diseases at all
levels—from molecular to global perspec-
tives. Great opportunity remains to reduce
the impact of atherosclerosis—a largely pre-
ventable disease. Moving forward, interna-
tional coalitions such as that initiated by the
World Heart Federation are likely to play a
crucial role in promoting improvements in
global cardiovascular health.>
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CHAPTER 8

Association Between Periodontal
Disease and Atheromatous Diseases

David W. Paquette, Robert J. Genco

INTRODUCTION

Atheromatous diseases constitute a broad
set of chronic vascular conditions, including
cardiovascular disease (CVD), which en-
compasses coronary artery disease (CAD),
cerebrovascular disease (i.e., stroke), and
peripheral arterial disease (PAD). These dis-
eases are major causes of morbidity and mor-
tality in human populations worldwide. For
example, in the United States, atherosclero-
sis affects one in four persons and contri-
butes to 39% of deaths annually.! CVD
accounts for 29% of deaths worldwide and
ranks as the second leading cause of death
after infectious and parasitic diseases.”

In atherosclerosis, large- to medium-
sized muscular arteries and large elastic
arteries become occluded with fibro-lipid
lesions or “atheromas.” End-stage compli-
cations or events associated with athero-
sclerosis include coronary thrombosis, acute
myocardial infarction (MI) and cerebral vas-
cular accident or stroke. As presented in the
preceding chapter, traditional risk factors re-
lated to behaviors, diet, lifestyle, and family
history do not appear to fully account for
the development of atherosclerosis. Further-
more, despite continued preventive efforts
addressing modifiable risk factors, mortality
rates from CVD have remained virtually un-
changed over the past decade in developed
countries.

The Role of Inflammation
Currently, clinicians and investigators
appreciate that inflammation appears to play
a pivotal role in the pathogenesis of athero-
sclerosis, from the development of the “fatty

streak” to plaque rupture. This appreciation
has intensified the search for chronic expo-
sures or infections that potentially cause
inflammation in vessels. Putative infections
that may at least exacerbate atherosclerosis
include cytomegalovirus, herpes simplex virus,
Chlamydia pneumoniae, Helicobacter pylori,
and periodontal disease.® Over the last two
decades, observational studies in human pop-
ulations have consistently shown a modest,
but significant association between perio-
dontal disease and atheromatous diseases. In
addition, animal models chronically exposed
to periodontal infective agents have demon-
strated more rapid progression of athero-
sclerosis. Lastly, early intervention studies in
human subjects suggest that periodontal dis-
ease treatment may improve surrogate mark-
ers associated with atherosclerosis and CVD.
The objective of this chapter is to provide the
reader with a strong understanding of the
evidence implicating a relationship between
periodontal disease and atheromatous diseases.

EVIDENCE FROM HUMAN

OBSERVATIONAL STUDIES
Patients with periodontal disease share
many of the same risk factors as patients
with atheromatous diseases, including age,
gender (predominantly male), lower socio-
economic status, stress, and smoking.* Ad-
ditionally, a large proportion of patients with
periodontal disease also exhibit atheroscle-
rosis or CVD.? These observations suggest
that periodontal disease and atherosclerosis
share similar or common etiologic pathways.
Several recent systematic reviews of the avail-
able evidence support an association between
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periodontal disease and atheromatous dis-
eases. In one systematic review, Scannapieco
and colleagues asked the focused question,
“Does periodontal disease influence the
initiation/progression of atherosclerosis and
therefore CVD, stroke, and peripheral vas-
cular disease?”® The investigators identified
31 human studies. Although the authors did
not perform a meta-analysis due to differ-
ences in reported outcomes, they noted
relative (not absolute) consistency and con-
cluded, “Periodontal disease may be mod-
estly associated with atherosclerosis, myo-
cardial infarction, and cardiovascular events.”
A recent Editors’ Consensus Report pub-
lished in the American Journal of Cardiology
and the Journal of Periodontology makes
recommendations for patient information,
medical and dental evaluations, and risk fac-
tor treatment for patients with periodontitis
who are at risk for atherosclerotic disease.’

Meta-Analyses

In the interval between this initial review
and the recent consensus report, at least three
other meta-analyses on the atherosclerosis-
periodontal disease association have been con-
ducted and published. Meurman and colleagues
reported a 20% increase in the risk for CVD
among patients with periodontal disease (95%
CI:1.08-1.32), and an even higher risk ratio
for cerebrovascular disease or stroke, varying
from 2.85 (95% CI:1.78-4.56) to 1.74 (95%
CI: 1.08-2.81).% Similarly, Khader et al. and
Vettore reported relative risk estimates of
1.19 (95% CI:1.08-1.32) and 1.15 (95%
CIL:1.06-1.25), respectively.”!® These meta-
analyses of the available observational human
data lend credence to the hypothesis that peri-
odontal and atheromatous diseases are associ-
ated with one another in various populations.

Case-Control Studies
Accordingly, case-control studies, which
select subjects with the dependent disease
and assess exposure (risk), have consistently

supported a positive association between pe-
riodontal disease and atheromatous diseases
(Table 1). Matilla et al. first reported that
poor oral health (including periodontal dis-
ease) was a predictor for MI among a Finnish
population of 100 cases and 102 control sub-
jects.!! Using a Dental Severity Index score
as a measure of periodontal and endodontic
infections as well as dental caries, the in-
vestigators found that individuals with evi-
dence of oral infection were 30% more likely
to present with MI compared to subjects
without oral infections. This association was
significant after adjusting for known risk
factors such as age, total cholesterol levels,
hypertension, body mass index, and cigarette
smoking. In a follow-up publication in the
same population, these investigators docu-
mented a significant and specific associa-
tion between dental infections and severe
coronary atheromatosis in males.'> More
recently, Arbes et al. evaluated available
cross-sectional data from the Third National
Health and Nutrition Survey (NHANES
III)."* Accordingly, for cases with severe clin-
ical attachment loss and periodontitis, the
odds ratio for MI was 3.8 (95% CI:1.5-9.7)
compared to periodontally healthy controls.
In addition, the probability for a coronary
event rose with increasing periodontitis
severity. While the discussed case-control
studies do not provide information on the
chronicity of exposure and disease, they
do indicate that the association has relative
strength, is specific, and follows an exposure-
response relationship.

Cohort Studies

Longitudinal cohort studies, in contrast,
provide a higher level of evidence since they
properly document that the periodontitis
exposure precedes the CVD (Table 2). Beck
and colleagues evaluated 1,147 males ages
21-80 who were participants in the Normative
Aging Study and who were free of CAD at base-
line.'* Periodontal status for this population
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Table 1. Summary of Evidence from Case-Control Studies Investigating an Association
Between Periodontal and Atheromatous Diseases in Human Populations

Matilla et al. 19932

Arbes et al. 1999'3

Soder et al. 200528

Andriankaja et al. 2006%

Andriankaja et al. 2007%

Lu et al. 2008

Chen et al. 2008

Case-control

Case-control

Case-control

Population-
based case-
control

Population-
based case-
control

Case-control

Case-control

100 cases

5,564 subjects
(NHANES III)

82 cases and
31 controls

537 cases and
800 controls

574 cases and
887 controls

3,585 subjects
(NHANES III)

25 PAD cases
32 controls

periodontal disease,
periapical pathosis,
and pericoronitis)

Dental Severity Index

Percent attachment loss
of all teeth (> 3 mm)
and categorized
according to four levels

Clinical periodontitis
defined as having

> 1 site with a pocket
depth > 5 mm

Various including
continuous CAL, PD,
and missing teeth; also
various case definitions

Mean CAL

Percent attachment loss

of all teeth (>3 mm) and
categorized according to
four levels

Clinical periodontitis
defined as having at
least one probing site
with PD >4 mm or
CAL >4 mm in each
quadrant

elevated enzyme
levels (creatinine
phosphokinase
isoenzymes)
Clinical
diagnosis or
radiographically
confirmed MI

Self-reported MI

Carotid IMT
values

Incident MI

Incident MI

PAD defined
ABI<0.9

PAD diagnosed
via clinical
symptoms, ABI,
and angiographic
finding

Periodontal Outcome | Cardiovascular Findings and
Reference Study Design | Population or Exposure Outcome Conclusions
Matilla et al. 1989"! Case-control | 100 cases and | Dental Severity Index Evidence of MI | Dental health signifi-
102 controls | (sum of scores for caries,| from EKG and | cantly worse in patients

with MI versus controls
after adjusting for
smoking, serum lipids,
and diabetes

Significant association
between dental
infections and severe
coronary atheromatosis
in males (but not
females)

Positive association
between periodontal
disease and CHD
(OR= 3.8 for severe
attachment loss) and
after adjusting for age,
gender, race, etc.

Significant association
between periodontal
disease and carotid
atherosclerosis

(OR = 4.64)

Significant association
between periodontal
disease and incident
MI regardless of
measurement or
definition of
periodontal disease
used, after adjusting
for multiple potential
confounders

Significant association
between periodontal
disease and incident
MI in both genders,
and in nonsmokers as
well as smokers, after
adjusting for multiple
potential confounders

Significant association
between periodontal
disease and PAD

(OR = 2.25 for severe
attachment loss) after
adjusting for age,
gender, race, poverty,
and traditional risk
factors for PAD

Significant association
between periodontitis
and PAD (OR = 5.45)
after adjusting for age,
gender, diabetes, and
smoking

ABI = ankle-brachial pressure index; CAL = clinical attachment loss; EKG = electrocardiogram; IMT = intima-media wall thick-
ness; MI = myocardial infarction; NHANES = National Health and Nutrition Survey; OR = odds ratio; PAD = peripheral arterial
disease; PD = probing depth
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Table 2. Summary of Evidence from Cohort Studies Investigating an Association
Between Periodontal and Atheromatous Diseases in Human Populations

DeStefano et al. 1993"

Wu et al. 2000

Hujoel et al. 2000"7

Howell et al. 2001'8

Elter et al. 2004

Beck et al. 2001

Beck et al. 2005%'

Hung et al. 2004%

Joshipura et al. 20042

9,760 subjects
(NHANES I)

9,962 subjects
(NHANES I
and follow-up)

8,032 dentate
adults
(NHANES I)

22,037 male
subjects
(Physician’s
Health Study I)

8,363 subjects
(ARIC Study)

6,017 subjects
(ARIC Study)

15,792 subjects
(ARIC Study)

41,407 males
from the HPFS
and 58,974
females from
the NHS

468 males
from the HPFS

Subjects classified with
no periodontal disease,
with gingivitis,
periodontitis (> 4
probing depth), or
edentulous

Subjects classified with
no periodontal disease,
with gingivitis,
periodontitis (> 4 teeth
with overt pocketing),
or edentulous

Periodontal pocketing
and attachment loss

Self-reported presence
or absence of
periodontal disease

at baseline

Severe periodontitis
defined as clinical
attachment loss > 3 mm
at > 10% of sites or
tooth loss (< 17
remaining teeth)

Severe periodontitis
defined as clinical
attachment loss > 3 mm
at > 30% of sites

Serum antibodies to
periodontal pathogens

Self-reported tooth loss
at baseline

Self-reported
“periodontal disease
with bone loss” at
baseline

Hospital admission or
death due to CAD

Incident cases of
stroke

Death or hospitalization
due to CAD or
revascularization
obtained from medical
records

Incident fatal and
nonfatal MI or stroke

Prevalent CAD

Carotid artery IMT
> 1 mm

IMT > 1 mm

Incident fatal and
nonfatal MI or stroke

Serum CRP, fibrinogen,
factor VII, tPA, LDL
cholesterol, von
Willebrand factor, and
soluble TNF receptors
1 and 2

Periodontal Outcome Cardiovascular
Reference Population or Exposure Outcome Findings and Conclusions
Beck et al. 1996'* 1,147 males Percent radiographic Incidence of total and | Periodontal disease is associated
(Normative alveolar bone loss fatal CAD and stroke | with moderate risk for CAD
Aging Study) (OR = 1.5-1.9) and stroke after

adjusting for age and CVD risk
factors (OR = 2.9)

Periodontitis is associated with
small increased risk for CAD
(RR = 1.7) among males

Compared to periodontal health,
relative risk for stroke with
periodontitis was 2.1 and
significant

Periodontitis was not associated
with a significant risk for CAD

No significant associaton
between self-reported
periodontal disease and CVD
events

Significant associations for
attachment loss (OR = 1.5) with
prevalent CAD

Periodontitis may influence
atheroma formation (OR = 1.3)

Presence of antibody to C. rectus
was associated with carotid
atherosclerosis (OR =2.3)

For males with tooth loss, the
relative risk for coronary heart
disease was 1.36; for females
with bone loss, the relative risk
was 1.64

Self-reported periodontal disease
was associated with significantly
higher levels of CRP, tPA,

and LDL cholesterol after
controlling for age, cigarette
smoking, alcohol intake, physical
activity, and aspirin intake
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Table 2. Cont’d Summary of Evidence from Cohort Studies Investigating an Association
Between Periodontal and Atheromatous Diseases in Human Populations

Reference

Population

Periodontal Outcome
or Exposure

Cardiovascular
Outcome

Findings and Conclusions

Engebretson et al. 20052

Desvarieux et al. 2005

Pussinen et al. 2004%

Pussinen et al. 2005%°

203 subjects
from INVEST

1,056 subjects
from INVEST

6,950 Finnish
subjects in the
Mobile Clinic
Health Survey

1,023 males
in the Kuopio

Radiographic alveolar
bone loss

Subgingival bacterial
burden

Serum antibodies to
P. gingivalis or A.
actinomycetemcomitans

Serum antibodies to 4.
actinomycetemcomitans

Carotid plaque
thickness via
ultrasonography

Carotid artery IMT
> 1 mm

Incident fatal or
nonfatal stroke

Incident MI or CAD
death

Severe periodontal bone loss was
independently associated with
carotid atherosclerosis

(OR =3.64)

Severe periodontal bone loss was
independently associated with
carotid atherosclerosis

(OR =3.64)

Seropositive subjects had an OR
of 2.6 for stroke

Subjects with the highest tertile
of A. actinomycetemcomitans

Ischemic Heart
Disease Study

Abnet et al. 20053! 29,584 rural
Chinese

subjects

Tooth loss

antibodies were two times more
likely to suffer MI or CAD death
(RR =2.0) compared with those
with lowest tertile of antibody
levels

Incidence of fatal MI
or stroke

Tooth loss was associated with an
increased odds for death from MI
(RR =1.29) and stroke (RR = 1.12)

ARIC: Atherosclerosis Risk in Communities; CAD: coronary artery disease; CRP: C-reactive protein; CVD: cardiovascular
disease; HPFS: Health Professional Follow-up Study; IMT: intima-media wall thickness; INVEST: Oral Infections and Vascular
Disease Epidemiology Study; LDL: low density lipoprotein; MI: myocardial infarction; NHANES: National Health and Nutrition
Examination Survey; NHS: Nurses Health Study; OR: odds ratio; RR: relative risk; tPA: tissue plasminogen activator

was assessed via percent alveolar bone loss
using dental radiographs. Over an 18-year
follow-up period, 207 men developed CAD,
59 died from CAD, and 40 experienced
strokes. Odds ratios (OR) adjusted for age
and established cardiovascular risk factors
were 1.5 (95% CI:1.04-2.14), 1.9 (95%
CI:1.10-3.43) and 2.8 (95% CI:1.45-5.48)
for periodontal bone loss and total coronary
heart disease, fatal coronary heart disease,
and stroke, respectively. When Beck and col-
leagues graphed the cumulative incidence
of coronary heart disease or events versus
baseline mean alveolar bone loss, they noted
a linear relationship such that increasing
severities of periodontitis were accom-
panied by increasing occurrences of CVD
(Figure 1).1

Another cohort study conducted by
DeStefano et al. assessed this risk relation-

ship among 9,760 adults followed for 14
years in NHANES L.'° Several potentially
confounding variables were also examined,
including age, gender, race, education, mar-
ital status, systolic blood pressure, total cho-
lesterol levels, body mass index, diabetes,
physical activity, alcohol consumption,
poverty, and cigarette smoking. Accordingly,
individuals with pre-existing clinical signs of
periodontitis were 25% more likely to de-
velop CAD relative to those with minimal
periodontal disease after adjusting for other
known risk factors or confounders. Males
younger than 50 with periodontitis in this
study were 72% more likely to develop CAD
compared to their periodontally healthy
counterparts. Similarly, Wu et al. evaluated
the potential contribution of periodontitis to
stroke risk within this same NHANES I pop-
ulation (n = 9,962 adults).!® The investigators
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Figure 1. Linear Relationship Between Cumulative Coronary Artery Disease (%)
Versus Bone Loss Among Male Participants in the Normative Aging Study

50 ="
40 "
X 30 T
2 I O 4
o 20] 0 T
10 i
0 0 1 2 3 4
none 20% Mean Bone Loss  g0% 80%
N=74 N=812 N=199 N=31 N=

Source: J Periodontol 1996;67:1123-1137.! Reproduced with permission.

reported that the presence of clinical perio-
dontitis significantly increased the risk for
fatal and nonfatal strokes two-fold. Increased
relative risks (RR) for total and nonhem-
orrhagic strokes were observed for both gen-
ders, Caucasians, and African Americans with
periodontitis.

In contrast, two prominent cohort studies
failed to detect any significant association be-
tween periodontitis and atheromatous diseases
in primary or secondary analyses. Hujoel et al.
re-examined data from the NHANES I pop-
ulation over a longer, 21-year follow-up
period, and reported a nonsignificant hazard
ratio of 1.14 (95% CI:0.96—1.36) for perio-
dontitis and CAD.!” In addition, Howell et al.
found no association between self-reported
periodontal disease and CVD events for
22,037 participants in the Physicians’ Health
Study L'* Accordingly, the relative risk for
physicians with self-reported periodontal dis-
ease and subsequent CVD events over a mean
12.3 years was 1.13 (95% CI:0.99-1.28). Op-
ponents have criticized these studies for their
over-adjustment of confounders or misclassi-
fication of exposures with the long follow-up
or with self-reporting methods.

Population Studies

Different findings from several large,
worldwide population studies provide sup-
portive and positive evidence for an associ-
ation. These studies include Atherosclerosis
Risk in Communities Study (ARIC), the
Health Professional Follow-up Study
(HPFS), the Nurses Health Study (NHS), the
Oral Infections and Vascular Disease Epi-
demiology Study (INVEST), and the West-
ern New York MI/Perio Studies conducted in
the United States. Other studies have in-
volved populations from Sweden, Finland,
and China.

Beck and colleagues collected perio-
dontal clinical data on 6,017 persons ages 52—
75, who participated in the ARIC study.'*?!
These investigators assessed both the pres-
ence of clinical CAD (as manifested by MI
or revascularization procedure) and subclin-
ical atherosclerosis (carotid artery intima-
media wall thickness [IMT] using B-mode
ultrasound) as dependent variables in the
population. Individuals with both high at-
tachment loss (> 10% of sites with attach-
ment loss > 3 mm) and high tooth loss (< 17
remaining teeth) exhibited elevated odds of
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prevalent CAD compared to individuals with ~ significant association between severe peri-
low attachment loss and low tooth loss odontitis and thickened carotid arties after
(OR = 1.5, 95% CI:1.1-2.0 and OR=1.8, adjusting for covariates such as age, gender,
CI:1.4-2.4, respectively; Figure 2)."” Asec- diabetes, lipids, hypertension, and smoking
ond logistic regression analysis indicated a  (Figure 3).2° Accordingly, the odds ratio for

Figure 2. Percent of Subjects with Coronary Artery Disease (CAD) Versus Severity of
Clinical Attachment Loss (CAL)
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Note: Prevalent CAD was significantly higher among periodontitis cases versus noncases. Source: J Periodontol
2004;75:782-790." Reproduced with permission.

Figure 3. Percent of Subjects with Carotid Atherosclerosis or Intima-Media Wall
Thickness (IMT) Versus Severity of Clinical Attachment Loss (CAL)
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Note: IMT was significantly higher among periodontitis cases versus noncases. Source: Arterioscler Thromb
Vasc Biol 2001;21:1816-1822.%° Reproduced with permission.
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severe periodontitis (i.e., 30% or more of
sites with > 3 mm clinical attachment loss)
and subclinical carotid atherosclerosis was
1.31 (95% CI:1.03-1.66). In a third report,
these investigators quantified serum IgG
antibody levels specific for 17 periodontal
organisms using a whole bacterial checker-
board immunoblotting technique.?! Analyzing
mean carotid IMT (= 1 mm) as the outcome
and serum antibody levels as exposures for
this same population, the investigators noted
the presence of antibody to Campylobacter
rectus increased the risk for subclinical ath-
erosclerosis two-fold (OR =2.3, 95% CI:1.83,
2.84). In particular, individuals with both high
C. rectus and Peptostreptococcus micros anti-
body titers had almost twice the prevalence of
carotid atherosclerosis than did those with
only a high C. rectus antibody (8.3% versus
16.3%). Stratification by smoking indicated
that all microbial models significant for smok-
ers were also significant for subjects who had
never smoked, except for Porphyromonas gin-
givalis. Thus, clinical signs of periodontitis are
associated with CAD and subclinical athero-
sclerosis in the ARIC population, and expo-
sures to specific periodontal pathogens sig-
nificantly increase the risk for atherosclerosis
in smoking and nonsmoking subjects.

Hung and Joshipura and colleagues as-
sessed self-reported periodontal disease out-
comes and incident CVD in two extant data-
bases, HPFS (n =41,407 males followed for
12 years) and NHS (n = 58,974 females
followed for 6 years).?> After controlling for
important cardiovascular risk factors, males
with a low number of reported teeth (< 10 at
baseline) had a significantly higher risk of
CAD (RR =1.36, 95% CI:1.11-1.67) com-
pared to males with a high number of teeth
(25 or more). For females with the same re-
ported extent of tooth loss, the relative risk
for CAD was 1.64 (95% CI:1.31-2.05) com-
pared to women with at least 25 teeth. The
relative risks for fatal CAD events increased
to 1.79 (95% CI:1.34, 2.40) for males and

1.65 (95% CI:1.11-2.46) for females with
tooth loss, respectively. In a second report,
the investigators evaluated the association
between self-reported periodontal disease
and serum elevations in CVD biomarkers
cross-sectionally in a subset of HPFS par-
ticipants (n = 468 males).* Serum biomark-
ers included C-reactive protein (CRP), fib-
rinogen, factor VII, tissue plasminogen
activator (tPA), low density lipoprotein cho-
lesterol (LDLC), von Willebrand factor, and
soluble tumor necrosis factor receptors 1 and
2. In multivariate regression models con-
trolling for age, cigarette smoking, alcohol
intake, physical activity, and aspirin intake,
self-reported periodontal disease was as-
sociated with significantly higher levels of
CRP (30% higher among periodontal cases
compared with noncases), tPA (11% higher),
and LDLC (11% higher). These analyses re-
veal significant associations between self-
reported number of teeth at baseline and risk
of CAD, and between self-reported perio-
dontal disease and serum biomarkers of
endothelial dysfunction and dyslipidemia.

The INVEST Study

The INVEST population study was
planned a priori and conducted exclusively
to evaluate the association between CVD
and periodontal outcomes in a cohort popu-
lation. Engebretson and colleagues reported
that for a group of 203 stroke-free subjects
(ages 54-94) at baseline, mean carotid plaque
thickness (measured with B-mode ultrasound)
was significantly greater among dentate sub-
jects with severe periodontal bone loss (> 50%
measured radiographically) than among
those with less bone loss (< 50%).2* Indeed,
the group noted a clear dose-response rela-
tionship when they graphed subject tertiles
of periodontal bone loss versus carotid plaque
thickness. The investigators next collected
subgingival plaque from 1,056 subjects and
tested for the presence of 11 known peri-
odontal bacteria using DNA techniques.?
