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PREFACE

A dentist is obliged to ask patients about their medical and dental
anamnestic history of past and current diseases, medicine use, former dental
treatment, and current oral health problems. That there may be a linkage
between oral health and systemic disease has been considered by several
researchers over the years, including the interest in infections being a cause
of myocardial infarction.

Several conditions have been studied regarding a link to oral infections from
a causal perspective. Diseases with some evidence of association with
periodontal disease/periodontitis include cardiovascular diseases, cancer,
diabetes, pneumonia, chronic obstructive lung disease, and pregnancy.
More than 700 bacteria have been identified in the oral cavity, and this
source of infection needs to be further explored. The main oral infections
(such as gingivitis, periodontitis, and caries) have been thoroughly
investigated and well described, and treatment options are available.
However, little is known of their linkage to systemic disease. The aim of
this book is to describe oral infections, such as dental and periodontal
infections, and their consequences for general health using research
information within the framework of the science of epidemiology. An
epidemiologic approach is used to understand and explore the connection
between health and disease, cause and disease outcome. The knowledge is
built on studies of different designs providing evidence from different
angles. The aim of this book is to provide an overview of the current
scientific evidence.

To produce an updated knowledge of the scientific literature, subject items
were searched systematically in PubMed. However, the number of scientific
publications is large, and consequently, the risk remains that some
publications known to others have not been identified and reported here.
The focus was on recent literature from the last 20-30 years, as well as some
well-known older publications to provide historic insight. The global
interest in oral infections and systemic diseases among scientists has
expanded greatly in the last 20-30 years. Initially, in the 19th century,
infections were suggested to be related to and causal to heart disease. More
recently, oral infections have been related to several diseases and
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conditions, and this book seeks to cover a range of these medical conditions.
This knowledge may lead to improved understanding and preventive
measures from a public health perspective.

It is fascinating to perform research in this field, as it associates oral health
with systemic diseases. The importance of significant findings is of great
value to improving an individual’s health and public health from a wider
public health perspective. Through this approach, I seek to explore the
association between and causal aspects of oral infections and systemic
diseases.

I'am in debt and deeply grateful to Berit Morland, Helle-Vibeke Wetterstad,
Dag S Thelle, and Eiliv Lund for reading specific chapters and giving me
their most valuable comments from their different professional positions. |
am most grateful to my husband — Birger Haheim, who read the chapters
and offered his comments to make the text more readable (as this is not his
subject).

This book connects several research fields. The combined and broad
scientific knowledge here is needed to understand if and how oral infections
are associated or causal to different systemic diseases.

I hope this book inspires the reader.

Lise Lund Haheim
University of Oslo, Norway
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CHAPTER 1

THE EPIDEMIOLOGIC PERSPECTIVE

Epidemiologic research is to build stone upon stone —
evidence upon evidence

Epidemiology provides a methodological framework to advance research in
search of explanations and an understanding of the causes and extent of
diseases. Studying oral infections and systemic disease is no exception. The
aim is to better understand and support disease prevention and strengthen
public health knowledge. This scientific knowledge is the basis for health
promotion for the individual, as well as at the group and population levels.

Epidemiologic research includes a descriptive phase and an analytic phase.
Studies have to be performed to collect data on individuals and populations
and include several descriptive factors to untangle complicated questions on
disease occurrence and consequence. It is clearly an area of research that
includes different qualifications in medicine, dentistry, microbiology,
statistics, or other fields. In-depth analyses and an understanding of often
complicated biological processes are required, including bias analysis in
study results.

The WHO website provides the established knowledge of oral health and
what impact it makes on the world population (https://www.who.int/health-
topics/oral-health/#tab=tab_1). The WHO state in May 2021, ‘Oral health
is a key indicator of overall health, well-being and quality of life’.
(https://www.who.int/news/item/27-05-2021-world-health-assembly-
resolution-paves-the-way-for-better-oral-health-care)

Oral health includes varied forms of diseases — for example, dental caries,
periodontal infections (gum disease), other infections and autoimmune
disorders, HIV symptoms, cancer, oro-dental trauma, noma (cancrum oris),
and birth defects such as cleft lip and palate. Many of these diseases can
require extensive treatment over several years. Teeth are important for
eating, speech, support of facial structures, and appearance. It is therefore
disturbing to read that the assessment of the Global Burden of Disease Study
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2017 estimated that, ‘3.5 billion people are affected by oral disease
worldwide’. Cancers of the lip and oral cavity, as reported by the
International Agency for Research on Cancer, are among, ‘the top 15 most
common cancers, and about 180,000 die from oral cancer annually’.
Further, the WHO acknowledge that, ‘oral diseases and conditions share
common risk factors with other diseases (noncommunicable diseases,
including cardiovascular diseases [CVDs], cancer, diabetes, and chronic
respiratory diseases)’. The WHO focus on three main factors to fight against
— namely, ‘tobacco use, high sugar intake and alcohol abuse — and claim
diabetes is linked to the development of periodontitis progression. A causal
link has been found between high sugar consumption and diabetes, obesity,
and dental caries’.

More details about oral health can be found on the WHO fact sheet
(https://www.who.int/news-room/fact-sheets/detail/oral-health). =~ The
importance of good oral health is obvious, as the WHO rightfully claims
that, ‘oral disease is a major health burden due to pain, discomfort,
disfigurement, and even death. Tooth decay/caries is the most common
health condition, and about 530 million children suffer from caries in their
primary teeth. Adults suffer not infrequently from infection in the
supporting tissues of the teeth, which may be the reason for tooth
extraction’. The positive situation is that oral infections, to a great degree,
are preventable and treatable in the early development of disease
progression.

Why is the oral microbiome important, and what are its health functions?
Deo and Deshmukh state that the oral microbiome plays a crucial role in
maintaining oral homeostasis, protecting the oral cavity, and preventing
disease development (1). They further summarize the functions of the
different human biomes as follows: *The microbial communities present in
the human body play a role in critical, physiological, metabolic, and
immunological functions, which include digestion of food and nutrition;
generation of energy, differentiation and maturation of the host mucosa and
its immune system; control of fat storage and metabolic regulation;
processing and detoxification of environmental chemicals; barrier function
of skin and mucosa; maintenance of the immune system and the balance
between pro-inflammatory and anti-inflammatory processes; promoting
microorganisms (colonization resistance) and prevention of invasion and
growth of disease’.

Oral health matters to general health, as well as a healthy dentition and the
oral cavity in general. The fact that oral infections and dental health affect
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general health has been discussed over the years. As dental diseases are
common in the world population, associations with systemic diseases are of
great importance. The degree of causality is more demanding to establish,
but oral infections have been found to be linked to increased morbidity and
to predicting mortality, which is of concern to the health service and public
health efforts for populations. These associations include systemic diseases
such as CVD, cancer, pregnancy, respiratory diseases, diabetes, rheumatoid
arthritis (RA), and increased all-cause mortality. Other diseases will also be
presented and discussed.

The relation between these different diseases may be due to infections
where different factors are of importance, and not all have been clarified.
Bacteraemia includes the spread of endotoxins, cytokines, and other
products of bacterial activity during the infection process directly or
indirectly, and the immune system responds accordingly (2). Oral microbiology
is a complex subject. It is important to apply high-quality studies, and
relevant covariates need to be considered, measured, and adjusted for in
statistical analyses.

Humans need healthy teeth and gums for eating, speaking, the presentation
of a smile, and well-functioning supporting structures of the head and neck.
Bacterial infection either in the gum or as tooth decay are the main sources
of bacterial infectious diseases of the mouth. In addition to an individual’s
immunologic response, research have shown that daily prophylactic
measures are important to contain periodontal disease (PD) and caries. The
control of tooth decay and healthy gums require daily cleaning of the teeth,
sensible nutrition and eating habits, and fluoride to strengthen the enamel.

This book uses an epidemiologic approach to understanding associations
between oral health and systemic diseases, including disease causes. In
epidemiology, scientific methodology is used to study how risk factors can
cause a disease in the short and long term and explore the prevalence,
incidence, and mortality of the disease in question, considering other factors
of individual risk or population characteristics. Epidemiology includes the
individual perspective to understanding diseases. It forms the scientific
basis for public health work in disease prevention and provides the scientific
basis for good healthcare work.

Oral health affects many functions, specific diseases, and even total
mortality. An early overview was given in Stones’ Oral and Dental
Diseases (3). In the chapter “Chronic Oral Sepsis and Its Relation to
Systemic Diseases, Focal Infection”, the authors cover this aspect in a
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modest way —the evidence ranged from early observations to more tangible
evidence. The author briefly discussed the extension of oral infection into
the alimentary tract, as bacteria are swallowed all the time. It was expected
that some survive the acidic environment of the stomach (normal pH 1.5—
3.5). Later research showed that the bacterium Helicobacter pylori indeed
survives and causes stomach ulcers. A focal infection is a secondary
infection that has its origin in other parts of the body. The bacteria and/or
bacterial products may be transmitted in the bloodstream and/or by the
lymphatics. At the time of Farmer and Lawton’s book, concern had been
raised and assessed for several conditions (including CVDs and RA), but
less was known of diseases of the nervous system, skin, and kidneys and
possibly diabetes mellitus (DM).

Bacteraemia has been associated with atherosclerosis, diabetes, endocarditis,
preterm birth, and other systemic diseases (2, 4, 5). In 1998, the American
Academy of Periodontology (AAP) wrote a position paper on the role of PD
in systemic diseases (4). The systemic diseases were bacteraemia, infective
endocarditis (IE), CVD and atherosclerosis, prosthetic device infection,
DM, respiratory diseases, and adverse pregnancy outcomes. In 2000,
Joshipura, Ritchie, and Douglass considered there was enough causal
evidence for chronic PD and tooth loss with risk for CVD, bacterial
endocarditis, pregnancy outcomes, and all-cause mortality (5). More recent
studies, including systematic reviews (SRs) of similar studies of different
populations, have demonstrated that oral bacteria are associated with CVDs,
RA, Alzheimer’s disease (AD) or cognitive impairment, respiratory disease,
chronic kidney disease, obesity, metabolic syndrome, cancer, and total
mortality (6). Kane elaborated on oral health and the impact on atherosclerotic
disease, pulmonary disease, diabetes, pregnancy, birthweight, osteoporosis,
and kidney disease (7).

Some systemic diseases have oral symptoms such as ulcerations. These are
prone to secondary infections by oral bacteria. This is well known, and the
infections need to be treated appropriately. As dentists often see their
patients regularly for oral health examinations, they are in a position to
observe and assist in the early diagnosis of these diseases in cooperation
with medical doctors. These diseases may include severe conditions such as
leukaemia, scurvy, and syphilis (8). Dahlén, Fichn, Olsen, and Dahlgren
investigated oral symptoms of anaemia, benign mucous membrane
pemphigoid, pemphigus vulgaris, Crohn’s disease, Addison’s disease,
Behget’s syndrome, HIV, thrombocytopenia, and leukaemia (2). Other
systemic diseases may cause other signs and symptoms, such as swelling of
the salivary glands, bone lesions, afflictions of the tongue, and cancers of
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distant origin. Extensive scientific literature can be found in standard
textbooks, on PubMed, and on other relevant trusted sites. Many disorders
have been associated with oral infections, and this review will examine the
current evidence of these conditions in separate chapters.

In 1965, Bradford Hill discussed cause and effect using principles of
epidemiological evidence (9). He defined nine conditions that need to be
explored before concluding on causality:

a) Strength of the association
b) Consistency

¢) Specificity

d) Temporal relationship

e) Biologic gradient

f) Plausibility

g) Coherence

h) Experiment

i) Analogy

These conditions have caused debate and are still of great value in
discussing principles and evidence. Kenneth Rothman, amongst others,
argued that temporality (cause precedes consequence) is the main element
to be fulfilled in deciding whether a risk factor is causal (10). However, the
other elements on this list are highly relevant in a discussion on causality.

Different methods of registration of oral health in studies have been used.
Regarding tooth health, caries status and causes and number of tooth
extractions are mapped. Restorative treatment may include a crown, bridge,
implant, and partial or full denture. Periodontal status is measured by
gingival bleeding, pocket depth, number of affected sites, periodontal
surgery, and alveolar bone loss. These measurements require clinical
examination, X-rays, and self-reported dental disease history. Humans have
teeth from the early days of life — named deciduous teeth/primary dentition.
Later, the permanent dentition develops and replaces the primary dentition,
and all, some, or a few are kept throughout life. The diverse measurements
used in this research complicate this field regarding the comparisons of
studies and their results (more information is given in Chapter 2). Moreover,
there are several covariates/confounding factors that influence study results,
and it is important to have knowledge and include measurements of these
factors. Several textbooks on epidemiology are available for further
methodological studies (10-12).
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Concluding remarks

Prospectively following a cohort of people exposed to risk factors and
unexposed people for a substantial length of time provides important
information on the prediction of risk factors for disease outcomes.
Intervention studies/randomized controlled trials (RCTs) that prove disease
reversal are important. Retrospective case-control studies can be used to
study rare conditions or as preliminary studies, but they are sensitive to
information bias.

The oral cavity is not an isolated entity of the body; it has a mutual
relationship with different organs of the body. More research is needed, and
this book provides some insight and an overview.

References

1. Deo, PN, and Deshmukh, R. 2019. “Oral Microbiome: Unveiling the
Fundamentals.” Journal of Oral and Maxillofacial Pathology, No.
23: 122-128. https://doi.org/10.4103/jomfp. JOMFP_304 18

2. Dahlén, G, Fiehn, N-E, Olsen, I, and Dahlgren, U. 2012. Oral
Microbiology and Immunology. Kebenhavn: Munksgaard.

3. Farmer and Lawton eds. 1966. Stones’ Oral and Dental Diseases.
5th ed. Edinburgh: E. & S. Livingstone.
4, Scannapieco, FA. 1998. “Position Paper of the American Academy

of Periodontology: Periodontal Disease as a Potential Risk Factor for
Systemic Diseases.” Journal of Periodontology, No. 69: 841-850.

5. Joshipura, K, Ritchie, C, and Douglass, C. 2000. “Strength of
Evidence Linking Oral Conditions and Systemic Disease.”
Compendium of Continuing Education in Dentistry — Supplement,
No. 30: 12-23; quiz 65.

6. Linden, GJ, and Herzberg, MC, and Working Group 4 of the Joint
EFP/AAP Workshop. 2013. “Periodontitis and Systemic Diseases:
A Record of Discussions of Working Group 4 of the Joint EFP/AAP
Workshop on Periodontitis and Systemic Diseases.” Journal of
Periodontology, No. 84 (4 Suppl): S20-S23.
https://doi.org/10.1902/jop.2013.1340020

7. Kane, SF. 2017. “The Effects of Oral Health on Systemic Health.”
General Dentistry, No. 65 (6): 30-34.

8. Tyldesley, WR. 1969. Oral Diagnosis. Oxford (Pergamon Press
Series on Dentistry, vol. 7, Oxford).

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

10.

11.

12.

Chapter 1

Hill, AB. 1965. “Environment and Disease: Association and
Causation.” Proceedings of the Royal Society of Medicine, No. 58:
295-300.

Rothman, KJ. 2002. Epidemiology: An Introduction. New York, NY:
Oxford University Press.

Kleinbaum, DG, Kupper, LL, and Morgenstern, H. 1982. Epidemiologic
Research: Principles and Quantitative Methods. New York, NY:
Van Nostrand Reinhold.

Thelle, DS. 2015. Epidemiology: A Basis for Public Health and
Disease Prevention. Oslo: Gyldendal Akademisk.

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

CHAPTER 2

ORAL HEALTH AND DISEASE MEASUREMENTS

This book is about oral infections and systemic diseases, and it covers the
metastatic spread of infections from the oral cavity. It is not a book on how
gingivitis and PD develop or how caries lesions advance from early lesions
to pulpitis. This is well described in the literature. The aim is to explore
current knowledge of why, how, and with what consequence oral infections
can spread to other organs in the body and develop diseases. Research to
map the dynamics of infection spread has not been fully explored. As many
research publications have shown, there is an association, and the
microbiology of invading organisms and immunology of the host need to be
further explored.

The different research studies that have been published are prospective
cohort studies, case-control studies, RCTs, and observational studies, often
including laboratory studies of biological materials from study participants.
The studies have used different measurements and registrations of oral
infections, including different populations as male, female, or both and of
different socioeconomic statuses worldwide. SRs with meta-analyses are
therefore an advantage in finding stable risk estimates, as there are often
large variations between the populations of the included studies, how and
which oral parameters are measured, the comparators of treatments
reported, and the choice of outcome(s). In addition, in recent years, this field
of research has expanded, and a great number of publications is available.

Self-report information

Self-report information is commonly collected in cross-sectional surveys,
prospective cohort studies, case-control studies, and repeated examinations.
The questions need to be in common, clear language, with obvious and
clear-cut response categories. It is advisable to test the questionnaire on
several people in advance to ensure that the language is clear and cannot be
misunderstood and that the response categories are well defined and
relevant. Response categories to graded responses can vary, and the Likert
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scale, with 1-5 or 1-10 categories that may have additional response
categories as ‘not relevant’ or ‘do not know’, is commonly used. The extent
of the use of dental and medical services and drug use can be included. The
number of teeth and reason for extraction, the degree and level of
periodontal infection, other diseases and symptoms, and possibly the history
of disease development are frequent questions. Additionally, questions on
pain, bleeding of the gums, and loose teeth are relevant. Other dental
infections may be pulpitis or apical periodontitis with associated pain as a
consequence of caries. Aetiologically, there is an overlap, partially between
the number of extracted teeth and chronic periodontitis. Extractions can be
seen as a proxy for chronic periodontitis. Tooth extraction categories can,
for example, be sorted by PD, caries with pulpitis, trauma, and orthodontic
treatment.

Examples of questions on PD status used in studies are presented below:

‘Have you had teeth extracted? Give the reason for tooth extraction
(periodontitis, caries with associated pulpitis, trauma, or orthodontic
treatment) and the number of teeth extracted. Do you have periodontitis? Do
you have single-tooth infection? Do you have an oral infection?” (1)

‘Have you had periodontal disease with bone loss?” (2)

‘Have you noticed that some of your own teeth have come loose or fallen
out on their own?’ (3)

‘Has a dentist or dental hygienist ever told you that you have periodontal or
gum disease?’ (4)

‘Have you had periodontal bone loss diagnosed by a physician?’ (5)

‘History of gum disease diagnosed by a dentist?” (6)

Clinical measurements

Clinical measurements range in severity, from gingival bleeding as an initial
symptom occurring due to tooth brushing to tooth extractions and alveolar
bone loss due to chronic infections of the jaw. Table 1 presents a list of
several indices by periobasics.com (https://periobasics.com/gingival-and-
periodontal-indices/). These indices have been developed over many years,
and as studies cover many years, the indices are used to varying degrees in
publications. Other indices include the depth of periodontal pockets after
advancing periodontitis and the extent of bone loss around the teeth,
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measurements of loss of attachment level, radiographic confirmation of
alveolar bone loss, and the start and duration of symptoms.

Table 1. An overview of oral measures used in clinical practice and
research

Registered oral condition  Terms for exposure

Self-assessment History of tooth loss
Diagnosed periodontitis/gingivitis/caries
X-ray

Number of teeth, clinical Tooth loss total

registration Cause as periodontitis,

apical periodontitis, trauma,
orthodontic treatment or

other causes

Decayed, missing, and filled teeth

Gingivitis Gingival index score
Bleeding on probing
PMA index

Periodontitis Russell’s periodontal index

Periodontal disease index
Pocket depth — standardized probe used

X-ray
Periimplantitis Periodontal disease index

Pocket depth — standardized probe used
Alveolar bone loss X-ray
Oral hygiene level Plaque registration

Debris index

Calculus index

Oral hygiene index-simplified

Quigley—Hein plaque index
Other oral infections Current or history of infection

Tooth loss

The number of teeth lost is commonly recorded in research. Teeth
extractions due to infections are mainly due to PD, or pulpitis with
periapical spread of infection through the pulp cavity, through the apical
foramen, and into the surrounding alveolar bone which supports the tooth.
Other main reasons are trauma and orthodontic treatment. The degree of
caries status and other oral infections may be included, depending on the
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research theme. Denture use (full or partial design) and implants may also
be recorded, as they are becoming more common. Concerning single teeth,
tooth extraction can be seen to be the end stage of an oral infection.
Extraction results in a premature loss of part of the permanent dentition and
may include advanced dental treatment to restore oral functions.

Gingivitis and periodontitis

Bacteria, if not cleared away, can expand into the gingival crevice, the area
where the tooth surface and the gingiva meet, and start the detrimental
process of gingivitis and, later, periodontitis (8). This oral biofilm is called
dental plaque and may be soft and colourless or become hard, called
calculus. The plaque may become acidic if the sugar content is high, and
this can initiate caries. Plaque bacterial complexes have been defined as
yellow, violet, green, orange, and red (8, 9). The red complex is especially
associated with aggressive periodontitis, and the anaerobe bacteria involved
are Tannerella forsythia (Tf), Treponema denticola (Td), and Porphyromonas

gingivalis (Pg) (9).

Caries and periapical periodontitis

The caries process is started by bacteria, and Streptococci mutans,
lactobacilli, and actinomycetes are the main ones (8). The bacteria present
also differ between sites such as enamel fissures, root surfaces, and dentinal
caries. As more modern technologies are being used, especially 16S rRNA-
based molecular methods, the spectrum of bacteria involved in caries has
become greater and more diverse (7). Bacteria ferment the sugar nutrient in
the mouth — producing acid, lactic acid in particular, and causing an acidic
environment whereby calcium in the tooth enamel is released. The critical
balance of demineralization is at pH 5.5. Saliva possesses the ability of
alkalinization, as its pH is above this level. Frequent consumption of food
of high sugar content exposes the teeth to acid for longer periods of time
during the day, leading to caries progressing faster. If left untreated, the
caries process deepens into the pulp and can cause infection with intense
pain, and the tooth becomes painful to bite with. A widening of the
periodontal space and a periapical abscess may be seen on an X-ray,
confirming the diagnosis. This is a different situation from periodontitis —
as there is no space inside the tooth for the infection to expand, except out
of the apex of the tooth and into the jawbone and therefore causing pain.
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Oral bacteriology

Dental plaque

The oral cavity harbours a large number of bacterial species, with different
properties and different growth requirements and other microorganisms
(such as fungi, viruses, and protozoa) (7). They may be common residents
of the oral microbiota or transient microbes. The resident bacteria prevent
the growth of pathogens, as they all fight for space and nutrients. Medicines
or different nutrients may interfere with the growth of the normal oral flora,
and the pathogens may exhibit unique factors allowing them to grow. The
bacteria have different properties, but facultative anaerobes and anaerobes
are the most influential bacteria in periodontitis. The bacteria and nutrients
constitute plaque that adheres to the teeth and gingiva. This exists in the
form of a biofilm — plaque, which is a three-dimensional structure composed
of bacteria in a matrix of biopolymers that are important for binding to the
different surfaces in the oral cavity (8). This matrix mainly consists of
polysaccharides but also contains proteins and nucleic acid from the
bacteria. The biofilm matures with the addition of more bacteria and more
substrate. The biofilm may break off, and new areas of biofilm may be
established. In the mouth, calcium deposits in stable areas of the biofilm;
this is termed calculus. Plaque and calculus need to be removed daily to
avoid disease. A biofilm can also form on other surfaces and cause infection
in other areas of the body and on instruments that need to be frequently
changed, such as catheters.

The oral microbiome

The bacteria in the mouth constitute what is called the oral microbiome, and
over 700 species have been identified (7). With modern technologies such
as new genomic technologies, including next-generation sequencing and
bioinformatic tools, more bacteria have been added to the list (10). Genetic
analyses to identify bacterial components have significantly advanced
microbiology. The component 16S rRNA consists of 1,500 nucleotides and
is part of the 30S subunit of ribosomes. Sequences of the 16S rRNA gene
are important, as they identify both cultivable and non-cultivable bacteria
(7). The component 16S rRNA can be found in all bacteria. The laboratory
procedures are, in short, as follows: 16S rRNA is isolated and then amplified
by polymerase chain reaction (PCR). The presence of bacteria is identified
by species-specific primers. Alternative techniques are DNA-DNA
hybridization for cultivated bacteria and microarray based on 16S rRNA
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identified bacteria, cultivable or non-cultivable. Currently, the Human Oral
Microbiome Database contains 619 taxa and 13 phyla of the oral
microbiome.

The oral microbiome is an integrated part of the human microbiome, which
also consists of microbiomes of the gut, skin, and lungs (11, 12). In addition
to bacteria, other microorganisms (such as fungi, viruses, and protozoa) can
be identified in the mouth. The different areas of the mouth have soft tissues
and hard surfaces of teeth, and these provide different habitats for bacteria
— which, in turn, implies that in some areas, acrobic species dominate but in
others, facultative anaerobes or anaerobes are predominant. Some areas are
exposed to much abrasion by the masticatory apparatus itself, muscle
movement, and the tongue, especially when chewing food and during speech.

The oral microbiome has adapted to the different environments of the
mouth. It is crucial in maintaining oral homeostasis, protecting the oral
cavity from disease development, and maintaining general health (13). The
oral microbiome is easily accessible for investigation and has been much
studied. The advances from standard bacterial culture growth to modern
genetic analyses have facilitated the identification of a vast number of
bacteria (13). The oral microbiome is structured and categorized in a
hierarchy of taxa: phylum (topmost) and then class, order, family, genus,
and species. The oral microbiome has 12 phyla identified: Firmicutes,
Fusobacteria, Proteobacteria, Actinobacteria, Bacteroidetes, Chlamydiae,
Chloroflexi, Spirochaetes, SRI, Synergistetes, Saccharibacteria, and
Gracilibacteria (13). Dahlén, Fiehn, Olsen, and Dahlgren listed the
following main genera occurring in the mouth: Streptococcus, Actinomyces,
Lactobacillus, Porphyromonas, Prevotella, Fusobacterium, Treponema,
Tannerella, and Capnocytophaga (8). There are over 700 bacterial species
in the oral cavity, the lowest level in this hierarchy (9). Oral diseases are
due to infection by bacterial species. Genes can be transferred between
bacteria, making them more resistant to antibiotics and producing increased
virulence.

Bacterial species related to periodontitis have been grouped according to
potential pathogenicity for serious and chronic infections. In the mouth,
anaerobes constitute the bacteria that cause the development of infection by
tissue destruction — progressing from the gingiva to the breakdown of
periodontal fibres that anchor the teeth to the alveolar bone, the breakdown
of alveolar bone, and eventually, the loss of teeth. Bacteria causing caries
also, if untreated, spread to the pulp of the tooth, causing pulpitis, and
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progress to cause apical periodontitis and alveolar bone destruction,
resulting in root canal treatment or tooth extraction.

In 1998, Mattila, Valtonen, Nieminen, and Asikainen wrote a review of the
current knowledge of studies on infection and CVD (14). They described
several studies on bacteria and viruses but concluded that causality had not
been established. Since then, much research has been done to further
explore this area within the field of epidemiology. Socransky, Haffajee,
Cugini, Smith et al. described a group of anaerobic bacteria in the
subgingival plaque found to be causative agents of aggressive chronic
periodontitis and termed them the red complex (9). The agents were Tf, Td,
and Pg, which are found in deep periodontal pockets adjacent to one or more
roots of teeth. Such pockets gradually deepen unless treated. If untreated,
the pockets enlarge, and the teeth become loose. Other bacterial complexes
described are termed yellow, orange, green, and purple and are associated
with periodontal health (8). The orange complex is also associated with the
development of periodontitis and includes the bacteria Fusobacterium
nucleatum (Fn), Campylobacter, and Prevotella species, including
Prevotella intermedia (P1). The initial infection on tooth surfaces starts with
the yellow complex of oral Streptococci (S. mitis, S. oralis, and S. sanguis)
and Actinomyces spp. — followed by the purple and green complexes,
including Eikenella and Capnocytophaga.

Immunologic response to oral infection

It is well established that bacteria are in the oral cavity, always have been,
but how do they function in health and disease? There are some basic and
underlying mechanisms in the interplay between bacteria and the immune
system (15). The metastatic spread of oral bacteria is due to acute or chronic
infections in oral tissues. Bacteria may stimulate the immune system to
produce antibodies. If this is deficient, then the bacteria metastasize more
easily, and inflammation or infection occurs at distant sites in the body.
Bacteria also produce toxins that spread locally and systemically. It is
believed that these mechanisms are the reason for full or partial unwanted
influence in other organs of the body (10).

One bacterium of the red complex — Pg — has been investigated for its part
in developing chronic periodontitis and its possible role in several systemic
diseases (16). Fiorillo, Cervino, Laino, D’Amico et al conducted an SR and
concluded that Pg is involved in the onset of different systemic pathologies,
including RA, cardiovascular pathologies, and neurodegenerative pathologies.
The researchers sought a better understanding of the mechanisms of diffusion
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of this bacterium. In the red complex, there are two other bacteria — Tf and
Td — and they benefit from each other to drive infection, causing tissue
destruction. Haheim, Schwarze, Thelle, Nafstad et al. examined antibody
levels to these three bacteria and Actinomyces actinomycetemcomitans and
found that low antibody levels to Tf increases the risk of CVD mortality in
men with a prior myocardial infarction (MI) (17). Immunological
dysfunction of low levels of IgG antibodies, as observed, may be a reason
for the spread of infection. This could be the missing link in the
understanding of causal aspects of how chronic periodontitis can cause
systemic diseases.

The involvement of other parts of the oral microbiome and the associated
virulence capacity is of importance in the understanding of the link between
oral infections and systemic diseases. Oral microbes, resident or invading
ones, elicit an immunological response as a means of protecting the host,
which eliminates the microbes, and exhibit cell-damaging properties (8).
The microbes have properties to evade the host response. In the mouth, the
microorganisms live in a biofilm of several microorganisms. For this reason,
infections such as periodontitis and caries are chronic in nature and are more
difficult to target and treat than acute infections of single microorganisms.

Serological measurements of inflammation and infection

The normal immune response has various ways of fighting invading
bacterial pathogens. These include intracellular protection, inactivation,
antibody production, inhibition of phagocytosis, inhibition of complement
action, killing of inflammatory cells, or antigenic variation and mimicry.

Relevant bacterial products differ, and immunological response is graded
between individuals. In microbiologic research, some common factors are
analysed to understand the interaction between the oral microbiome and
individuals in order to map causal pathways between infection and disease.
Microbes may have cell- and tissue-destructive properties, such as toxins
and enzymes. Toxins can be endotoxins or exotoxins. Lipopolysaccharide
(LPS) is an endotoxin; lipid A is the main toxic part of the molecule and is
released from Gram-negative bacteria. Pathogenic bacteria (bacteria able to
initiate and cause disease) produce cell-damaging enzymes, including
proteases as metalloproteases. Other cell-damaging enzyme categories are
phospholipases, cytolysins, and streptodornase. High-sensitivity C-reactive
protein (hs-CRP) is an acute-phase protein produced by the liver, is a serum
marker of general inflammation in bacterial infections and cancer, and has
been measured in many studies. Activated T-cells produce proinflammatory
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cytokines, such as interleukin (IL) 1, IL-2, IL-6, IL-10, interferon-y (IFN-
v), and tumour necrosis factor (TNF).

Investigating antibodies to oral bacteria from the perspective of systemic
diseases is uncommon, but a few studies have reported on levels of
antibodies to PD and systemic diseases measured by enzyme-linked
immunosorbent assay (ELISA) in search of a causal pathway from oral
infection to systemic diseases such as CVD (17). Recorded levels may vary
significantly. The presence of antibodies indicates that a person has had
periodontal infection because the body has responded by forming
antibodies. If the levels of some of these antibodies are low, it may indicate
that infection has spread, as there is inadequate resistance by the T-cells of
the immunologic system. This may indicate that some persons are more
vulnerable to the spread of infection locally and systemically. This has been
observed, and more research is needed to explore possible preventive
measures, such as vaccination (17). RCTs using antibiotics to prevent heart
disease could, in terms of this causal model, be too late, as the infection
would have already spread to the circulation due to low levels of antibody
production. Bacterial DNA has been identified in pathologic studies on
aortic aneurysms (18).

Different systemic inflammatory reactions as hs-CRP, IL-6, and soluble E-
selectin and immunological responses as IgG have been investigated.
Intervention studies (RCTs) have shown that serologic measures related to
inflammation are positively affected by treatment of PD (19, 20). Hs-CRP,
IL-6, soluble E-selectin, and TNF-a have also been linked to CVD, obesity,
and metabolic syndrome, and the lowering of elevated levels of these
markers due to oral infection favours a better prognosis for these systemic
diseases.

Concluding remarks

This chapter does not exhaust all issues in bacteriology and immunology of
oral disease but provides some main lines for understanding and inspiration
for further reading. There are many elements to explore to increase the
understanding of these complex mechanisms in bacteriology and
immunology. The factors mentioned show a great degree of potential
heterogeneity when study results are compared. The heterogeneity is
mirrored in potential risk factors investigated, a comparison of populations
under study, interventions examined and comparators, and the consistency
of outcomes between different studies. This is a challenge that needs to be
considered when study results are compared and causality is discussed.
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CHAPTER 3

STUDY DESIGNS AND SYSTEMATIC
LITERATURE SEARCH

Epidemiology is the scientific basis for good public health work. The field
represents a systematic search for disease causes and is used to describe the
extent of mortality, disease, and disease-related factors in the population.
The aim is to contribute to disease prevention and improve public health.
The major aims of epidemiologic studies are to study risk factors to help
predict diseases forward in time, but sometimes retrospective data are found
available and of interest. In epidemiology, it is a major task to map disease
in any population and what factors influence disease prevalence, incidence,
or mortality of selected disease outcomes. The temporal distance between
measuring risk factor levels and outcomes is of major importance in having
faith in study results and in that the results have not been influenced by any
risk factors or other kinds of information. It is vital to have as little bias as
possible in the recording of risk factors and known confounding factors and
the results achieved. Information on outcomes can be found in hospital data,
clinical registries, and mortality registries.

Following persons over time with regard to health factors provides valuable
information. As science progresses, the scope of research changes with new
scientific evidence, adding to the knowledge base for new health issues to
be explored. One of the driving forces in CVD research after World War 11
was the rise in CVD prevalence, which caused great concern, and more
information on treatment and prospective information was needed. Several
approaches are applicable when exploring an association between oral
disease/infection and systemic diseases. In earlier studies, the findings were
sometimes accidental. In Mattila, Valtonen, Nieminen, and Asikainen’s
Finnish case-cohort study, oral infection was associated with MI (1). The
study made a significant impact due to the novelty and quality of the
evidence.

Epidemiologic research projects can broadly be described as being descriptive
and analytic (2, 3). Before research starts, it is important to formulate a
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hypothesis and choose a study design. Common to all studies, it is important
to map and reduce systematic errors in conducting a study. It is often of
interest to describe the occurrence of disease and risk factor exposure. The
aim can be to map health problems or plan health measures and to describe
the characteristics of the actual population. Further analyses as comparing
recorded risk factors relative to disease status, gender, age, geographical
area, and so on to determine the prevalence or incidence of a disease — may
follow.

Study designs

Below are tables presenting different study designs in a hierarchy with
respect to the risk of bias in the results. This is especially important when
studying the temporality of risk factors of disease or the effect of
interventions. Study designs or modifications other than the ones listed here
may be relevant to carry out the intended study. Each study design has its
advantages and disadvantages, and the main study designs are listed in the
following order: prospective cohort study (Table 1), case-control study
(Table 2), case-cohort study (Table 3), RCT (Table 4), and cross-sectional
study (Table 5).
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Table 1. Prospective cohort study

Prospective cohort study

The basis is a health screening, a cross-sectional study where all
factors of interest are recorded using a questionnaire, blood
samples, body measures, or/and other measurements of interest.
The participants are followed prospectively for the outcome of
interest (incidence of or mortality from a certain disease). The
cohort of individuals can, at a later date, have repeated
measurements taken, or the data can be linked to outcome measures
as registered in different registries or hospital records, for example.
Person years of observation are also recorded.

Advantage Disadvantage

Temporal analysis: It can Limitations of which confounding
identify patients with regard to | factors are measured

disease or death in comparison
to risk exposure

Study the effect of risk factors
by graded/dose response on
the outcome

Acquisition of follow-up data
on incidence and mortality of
disease

Comparison of results
between study groups

Explanation of cause of
disease, and mapping of
causes in an etiologic context

The registration of potential
confounding factors is
important for use in statistical
analyses
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Table 2. Case-control study

Chapter 3

Case-control study

The cases are persons with a disease of interest to study. Often, these
are clinical cases. In addition, one or more controls are selected. Both
groups take part in a screening, and data is collected.

Advantage

Disadvantage

The study of rare
conditions/diseases

Recall bias of exposure and
disease information

It is relatively cheap and
simple to perform

Causality cannot be determined

Retrospective assembling of
patient information

Table 3. Case-cohort study

randomly.

Case-cohort study/nested case-control study
In an established prospective cohort, cases are selected (e.g. cases
with a specific mortality diagnosis), and controls are drawn

Advantage

Disadvantage

It can follow/identify
participants with respect to
disease or death through new
data from sources such as
disease registries, hospital
data, or mortality statistics

It is dependent on which data and
biological material were collected
at the initial health survey

Data collection at the initial
screening

If biologic material was
collected at the screening, this
can be used for new analyses
if permission is granted

Testing of new disease
hypotheses

Limited systematic bias
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Table 4. Randomized controlled trial

Randomized controlled trial

A randomized controlled trial consists of two or more groups of
randomized participants to study the effect of a treatment or
intervention. The participants are randomized to be given active
versus placebo or the best available treatment. The randomization
procedure ensures the least biased assessment of the study results
because confounding factors are evenly distributed between the
groups given a sufficiently large sample size. The participants should
be blinded to the treatment, and the investigators blinded to the
treatment group and, preferably, the assessment of results.

Advantage Disadvantage

Gold standard for evaluation Resources (time and cost)
of the effect of an
intervention. Randomization
provides the least bias in study

results
Randomization gives the best | Recruitment of volunteers
distribution of known and (possible selection bias)

unknown confounding factors
between the study groups
given the study has a
sufficient number of
participants

‘Blinding’ is possible and best | Ethical problems — for example,
difficulty in blinding in clinical
studies and hiding knowledge of
treatments being investigated
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Table 5. Cross-sectional study
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Cross-sectional study

a disease.

A group of people is identified, and data is collected in a health
screening. This can be as the first step of a prospective cohort study
or a study to collect information on the prevalence of risk factors or

Advantage

Disadvantage

It is relatively cheap and
simple to perform

It cannot reveal causal
relationships

Collection of different kinds
of data from participants,
including anamnestic
information

It can start screening for a
cohort study

Comparison of groups of
participants and analysis for
associations

Map distribution of relevant
participants — for example,
estimation of prevalence (how
many have a specific
condition in a defined period
[month/year])

Generation of hypotheses
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Systematic literature search

The number of published research papers has increased enormously;
therefore, a systematic approach is of great value for researchers to identify
the studies of greatest relevance to the problem being investigated. A well
described systematic search for scientific literature which has been assessed
in a systematic and reproducible manner is therefore important. The SRs
summarizing the effect across several studies have become important in
supporting decision-making in public health systems worldwide.

Systematic review

A clear description of how the literature search has been performed provides
a transparent information platform of value for other researchers.
Systematic reviews are also termed secondary research and is a worldwide
activity through health technology assessment (HTA), Cochrane, and other
international collaborations (4, 5). HTA started with technology assessment
in the US in 1972 (4). Certain criteria are important in carrying out and
presenting sound scientific evidence. In short, a literature search is defined
and carried out in relevant databases such as PubMed, Embase, or Cinahl.
It must define the population, intervention, comparator, the outcome(s), and
study design; see the text on PICOS below. The result of the literature search
is reviewed independently by two researchers on title level, then on abstract
level, and finally the full text article(s). The effect results of the identified
studies are assembled and a meta-analysis is preferably carried out. Special
to HTA the results of the SR are put in context of other relevant subjects
important to the health issue in question as law, ethics, economics,
personnel, and/or other resources (4, 5). This method of finding the best
available evidence has increased in importance and is used in this work to
establish the best knowledge that can form the foundation in health policy
documents for health authorities.

PICOS

Inclusion and exclusion criteria put limits on the studies included in the
scientific basis of the SRs, and these criteria and other limiting factors must
be reported to provide the necessary methodological transparency. Results
of relevant studies are included only when they fulfil the inclusion criteria
defining the population (P), intervention/risk factor (I), comparator (C),
outcome (O), and study design (S). In short, these are called PICOS. This
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structure is of great use and importance when conducting a literature search
spanning many databases.

++ The population of each study needs to be a sufficient size. However,
an advantage of the meta-analysis strategy is that small, medium, and
large studies can be analysed together, giving a result based on a
more diverse population than in a single study, and for this reason,
the results can be more generalizable.

+« Intervention/risk factors need to be clearly defined in each study
so researchers can be confident that the studies are comparable, with
the same (or very nearly the same) intervention.

+ The comparator is important, as the effect of a measure needs to be
compared to another intervention, the standard treatment, or no
treatment/placebo. A comparison is needed to make valuable
conclusions.

+* The outcome varies in terms of studying oral infections and systemic
diseases. Diagnostic accuracy of the included studies is important.
Validated sources are public registries such as disease-specific
registries, hospital data, cause-of-death registries, cancer registries,
and many others. Registries of specific medical specialities based on
national obligatory reporting provide valid data. In addition, the
careful mapping of disease in hospitals provides coverage of relevant
outcomes.

¢ The study design needs to be the same in each meta-analysis. In the
hierarchy of study designs, RCTs are ranked the highest, as they have
the least bias. SRs of RCTs are highly valued. Ideally, treatment
studies designed as RCTs should be performed and followed
prospectively to learn more about the long-term effects of the
treatment.

Prospective cohorts or case-control studies with clinical or epidemiological
data are good choices. Regarding a temporal relationship, the prospective
follow-up of a cohort study is important, as the risk factor is measured
independently of a later outcome. Case-control studies are important in
studying rare diseases but may suffer from information bias and difficulty
in identifying cases and controls. SRs involve these types of studies as well.
In an SR, the included studies must be of the same study design, as there are
inherent differences between the study designs that may influence the
measured effect.
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Meta-analysis and heterogeneity

Meta-analysis is a statistical method used to summarize results across
several studies in SRs. The effect estimates can be relative risk (RR) or odds
ratios (ORs) with 95% confidence intervals (Cls) for dichotomous
outcomes. For continuous variables, the outcome standardized mean
difference (SMD) or weighted mean difference (WMD) can be used.
Included in the analysis is I — a measure of the heterogeneity of studies. If
I? is approximately 60% or higher, the heterogeneity is high and the studies
need to be reexamined to provide an explanation. A useful supplementary
analysis is the funnel plot to get an indication of publication bias of studies.

Bias

Possible causes of bias need to be explored before and during a study to
minimize risks, but bias cannot always be avoided. The main causes of bias
are as follows:

¢ Information bias due to large error margins in measurements

¢ Selection bias due to errors in the selection process of the study
population

+ Confounding due to a lack of information about factors that influence
the exposure and the health outcome

Confounders

Smoking is the most well-documented risk factor, and stop-smoking
campaigns are successful based on the best scientific evidence. Smoking
causes cancer of the lungs, oral cavity, and urinary tract and is associated
with other cancers and diseases. However, does it affect results when
seemingly competing risk factors are examined? The following is a relevant
example: The relation between smoking and cancer is apparent in the
analyses of The Health Professionals Follow-Up Study (HPFS) (6). All risk
estimates for cancer by history of periodontal disease or tooth extraction in
this prospective study of 17 years follow-up were adjusted for several
confounding factors including smoking. Adding smoking reduced the effect
estimate for total cancer, as well as lung, oropharyngeal, stomach, pancreas,
colorectal, and bladder cancers. No changes were observed for cancer of
haematopoietic tissue, brain cancer, and melanoma. Periodontal infection
was statistically significant when adjusting for smoking and, therefore,
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independent of smoking. This also applied to total cancer, as well as lung,
pancreas, and kidney cancers.

Summary of available studies by study design

Table 6 presents an overview of study types forming the evidence between
cause and disease as presented in the different chapters of this book.

Table 6. Overview of evidence level by different study designs for each
systemic disease

Disease Study design
Syste- | Prospective Case Randomized
matic cohort control controlled
review trial
Mortality + +
Cardiovascular + + + +
disease/myocardial Intermediate
infarction/ischaemic factors
heart disease
Stroke + + +
Infective endocarditis + +
Peripheral arterial + +
disease
Diabetes + + + +
Lung diseases + + + +
Cancer + + +
Rheumatic arthritis + + +
Pregnancy and + + + +
preterm birth
Alzheimer’s disease + +
Gastric ulcer +
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Concluding remarks

The different study designs have their advantages and disadvantages. Some
care should be taken when interpreting the study results, as the differences
observed between studies may be due to different forms of bias and/or
unknown confounding factors. The inherent heterogeneity in populations
and the definition of the included risk factor varies among the studies.
However, the results of the numerous studies, notwithstanding their
differences, may point in the same direction. More research is needed, and
other studies may seek to explore the pathophysiology, microbiology, or
immunology perspective.
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CHAPTER 4

ALL-CAUSE MORTALITY

Is there an association between oral infections and mortality? How is this
possible? What is the modus operandi? How can there be a ‘mechanism’
that transfers a risk factor from one part to the rest of the body that could be
in the causal chain of mortality? Is there more than one factor or even a
chain of pathophysiological events? If this is the case, then can these events
be prevented? What if these results are false or misinterpreted, a result due
to reverse causality or simply chance? Have the right causes or associations
been discovered? Are researchers using the best methods to obtain the best
answer to the research question of how oral health may be a cause of
mortality?

Mortality is reported as total, all cause, or cause specific in official statistics
in every country. Oral health is measured in different ways, and this makes
it difficult to compare studies. However, all studies are important in proving
or discarding the association between oral infections and mortality as more
information that may help to understand the pathologic mechanisms
becomes available.

Some historic references

Oral health is very much linked to infections, how they spread, and how to
limit this spread. The following are the first studies to report on oral health
and total mortality. In 1823, Rayer introduced the infection hypothesis of
the observed thickening with calcification of the arteries (1). He termed it
‘ossification morbide.” This caused stiffening of the arteries and affected
cardiovascular health. The idea was novel and did not bring much attention.
Later, in 1908, Osler described atherosclerosis and causal factors, and he is
considered the first to present the infection hypothesis. The four factors he
described as important were ‘normal wear and tear of life, the acute
infections, the intoxications (including smoking, DM, [and] obesity), and
the combinations of circumstances that keep blood tension high’. Osler also
described fatty streaks in the atheroma. He observed a high prevalence in
children, which was demonstrated in a later autopsy study (1).
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Later in the twentieth century, animal studies were performed to investigate
what could initiate atherosclerosis — for example, a cholesterol-rich diet.
Furthermore, periopathogens were inoculated into rabbits, which caused
changes on the electrocardiogram, and bacteria interacted with platelets in
thrombus formation (1). More circumstantial evidence evolved during
World War II. The dentist Toverud in Norway published how the dental
health in school children improved with a low sugar diet during the war (1).
Many other food items and cigarettes were also scarce during the war, and
there was a decline in CVD that lasted even for some time after the war
ended.

Official statistics are used in research to study risk factors for causes of
mortality. This is common in cardiovascular and cancer research and for
other diseases. Results from large cohort studies show significant trends
between causes and mortality, and oral health is one of these factors. Such
studies form the basis for important public health advice. In the following,
results regarding oral health and its relation to mortality is given. Oral health
is reported mainly by number of tooth extractions or by periodontitis in
studies on mortality.

Scientific evidence

Several researchers have addressed the risk of poor health and mortality (2—
12). In 2003, Tuominen, Reunanen, Paunio, Paunio et al. reported no
association between oral health indicators and coronary heart disease
(CHD) (2). Two years later, a large Chinese cohort study reported that tooth
loss was associated with several outcomes, such as total mortality, cancer
of upper gastrointestinal tract, heart disease, and stroke (3). Soder, Jin,
Klinge, and Soder studied the risk of periodontitis and premature death (4).
Studies geographically far apart (ranging from Scotland, Finland, Japan,
Norway, Korea, Denmark, to Northern Germany) reported the same
association between poor oral health and mortality (5-12). The results point
in the direction of strong and less strong associations. Some studies show a
“dose-response pattern” as the risk increases with an increasing number of
teeth lost.

Tooth loss

Koka and Gupta conducted an SR including 49 studies in 2018 to assess the
association of tooth count and mortality (13). Their aim was to study if
preserving teeth influences mortality. They found a great degree of

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

36 Chapter 4

heterogeneity among the studies with regard to the definition of the tooth
count variable, size of the study population, length of follow-up (from 1 to
56 years), and differences in confounders and mediators included in the
analyses. Given these limitations, the authors concluded there is an
association between reduced tooth count and increased risk of mortality.
The limitations and heterogeneity found in the studies suggest more
research of large, well-designed cohorts is needed.

In 2019, Peng, Song, Han, Chen et al. conducted an SR of 18 prospective
studies involving an association between number of tooth loss and mortality
from all causes, CVDs, or CHD published in the period 2003-2016 (14). Of
all the studies, 15 investigated all-cause mortality (19,577 cases among
306,807 participants), while 7 (1,899 cases among 46,130 participants)
explored CHD mortality and 5 (1,526 cases among 125,716 participants)
focussed on CVD mortality. The included studies were conducted in
Europe, Asia, North America, and Australia. Peng, Song, Han, Chen et al.
found a dose-response relation between number of tooth loss and all-cause
mortality of RR stratified per 10 teeth lost (RR = 1.15 [1.11-1.19]), per 20
teeth lost (RR = 1.33 [1.23—1.29]), and per 32 teeth lost (RR = 1.57 [1.39—
1.51]). These results represent a significant relation for each step, although
the differences between them are not large (linear trend, p = 0.306). The
equivalent RR values for tooth loss for CVD were RR = 1.21 (1.01-1.44),
RR =1.45(1.02-2.07), and RR = 1.83 (1.04-3.21) for 10, 20, and 32 teeth
lost, respectively. The equivalent RR for tooth loss for CHD were RR =1.21
(1.00-1.47), RR = 1.47 (0.99-2.17), and RR = 1.87 (1.01-3.47) for 10, 20,
and 32 teeth lost, respectively. A linear trend for tooth loss was not found
for CHD (p = 0.355) or CVD (p = 0.806). The meta-analyses displayed a
large degree of heterogeneity (above 79%).

These results point in the same direction of a dose-response and temporal
relationship between tooth loss and mortality but do not explain a direct
causal relationship. Still, tooth loss is mainly caused by infections.
Periodontal infection especially has a long and intermittent course through
life unless treated and is further limited and prevented by optimal oral
hygiene measures.

Prevention by oral hygiene measures

In the previous section, tooth loss is found to be a risk factor for mortality.
Tooth loss is mainly due to infections such as gingivitis developing into
periodontitis and caries developing into apical periodontitis. These conditions
are, in general, preventable by standard tooth brushing, interdental cleaning,
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regular dental visits, fluoride usage as by fluoride tooth paste, fluoride
tablets, natural or added drinking water fluoridation, fluoride rinse, or
fluoride gel application. The use of dentures or implants reflects former
tooth extraction. To investigate if these oral care measures are related to
mortality, Hayasaka, Tomata, Aida, Watanabe et al. followed 21,730 persons
aged 65 years or older, in Osaki City, Japan, for four years (2006-2010)
(15). At the baseline survey, the authors collected data on the number of
remaining teeth and on oral care measures. Data on confounding factors
(such as age, gender, smoking, alcohol drinking, medical history, physical
activity, psychological stress, and specific food intake) was registered.
Mortality data was official information. The follow-up analyses by Cox
methodology indicated the number of remaining teeth to be inversely related
to mortality (p trend < 0.001). In participants with 0 to 19 teeth, oral care
was inversely related to mortality. Participants practising the three types of
oral care (tooth brushing, regular dental visit, and the use of dentures) had
a hazard ratio (HR) of 0.54 (95% CI 0.45-0.64), compared to those who did
not perform these oral care measures. A clear inverse relationship was
observed for the benefit of attaining optimal oral care.

Studying participants from different populations within a country, a group
of countries, or continents is useful to determine if a problem is not a local
health problem and can be generalized. To compare to the Japanese study is
an Iranian study by Vogtmann, Etemadi, Kamangar, Islami et al. — the
Golestan Cohort Study (2004—2008) (16). A total of 50,045 persons aged
40 to 75 years took part. They were screened for tooth loss and decayed and
filled teeth (commonly called decayed, missing, and filled teeth [DMFTT).
Self-reported information included frequency of tooth brushing and the use
of dentures. Follow-up on mortality lasted until March 2014. The authors
found that the greatest tooth loss compared to those with least had an HR of
1.43 (95% CI11.28-1.61). A similar HR was found for the DMFT score. The
authors also analysed for cause-specific mortality with regard to tooth loss
and found the following on mortality from CVD (HR =1.33, 95% CI 1.13-
1.56), cancer (HR = 1.30, 95% CI 1.0-1.65), and injuries (HR = 1.99, 95%
CI 1.28-3.09). The result for injuries was attenuated after removing persons
with comorbidity at baseline.

Paganini-Hill, White, and Atchison investigated oral and general health and
mortality in 5,611 elderly persons in the period 1992-2009 (median 9 years)
(19). Cox regression was used to estimate the HR for men and women
separately. The authors found that tooth brushing in the evening, using
dental floss, and visiting the dentist were significant factors for longevity.
Never brushing teeth at night increased risk by 20%-35% compared to
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brushing every day. Never using floss compared to using floss every day
increased risk by 30%. No dental exam by a dentist within the last 12 months
increased risk by 30%—50%. Lastly, edentulous persons even with dentures
had a 30% higher risk of death compared to person with more than 20 teeth.
The results of this study make it apparent that optimal oral health is a large
health advantage measured against mortality.

Concluding remarks

All-cause mortality is the most diverse outcome in epidemiologic research.
As it includes all causes predicting diseases, it is affected by the availability
of health resources of all kinds through an individual’s lifespan; living
conditions, including the availability of a sound diet and smoking; and many
factors influencing the socioeconomic status of individuals in any country.
Therefore, it is important to have well-conducted studies worldwide
identifying the risk posed by poor oral health, tooth extractions, and chronic
periodontitis over and above known risk factors to realise this is a world
health problem.
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CHAPTER 5

CARDIOVASCULAR DISEASES/MYOCARDIAL
INFARCTION/ISCHAEMIC HEART DISEASE

CVDs constitute a range of conditions, and they are dominant causes of
disease and mortality worldwide (https://www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death). CVD is considered to be a
noncommunicable disorder and to be multicausal, as shown in numerous
studies on cause, effect of treatment and prevention, follow-up studies, and
reports from national registry data. Oral infections are not included in the
list of causes for CVD by the WHO, but there is ample scientific evidence
for a change, as reported by the Joint European Federation of
Periodontology (EFP)/AAP Workshop on Periodontitis and atherosclerotic
CVD in 2013 (1). In December 2020, the World Health Assembly (WHA)
suggested including health as part of WHO’s noncommunicable diseases
and universal health coverage agendas. The WHA included oral health as
one of the noncommunicable diseases in May 2021. (https:/www.
who.int/news/item/27-05-2021-world-health-assembly-resolution-paves-
the-way-for-better-oral-health-care)

It has been, and still is, of great importance to study the causes of CVD and
the effect of prophylactic measures and treatment. Primary prevention
includes measures for healthy living shown to reduce the risk, such as
smoking cessation, regular physical exercise, a diet with low levels of
animal fat and sugar, more vegetables, and modest alcohol consumption.
Main pharmacological treatments include blood pressure—lowering drugs,
cholesterol-lowering drugs (e.g. statins), and antithrombotic drugs. Treatment
involves surgery, including inserting stents in the coronary arteries,
performing vascular surgery, changing heart valves, or inserting pacemakers.
Other important factors include a family history of CVD that may indicate
hypercholesterolemia.

CVD causality is a much-studied subject, as it is a widely recurring global
disease with a high mortality. Fortunately, the mortality is decreasing where
modern prevention and treatment options are available. The notion of
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infections being partly or fully to blame was raised many years ago, and oral
infections such as periodontitis, apical periodontitis, and periimplantitis
have been focused on. Tooth extraction has been used as an indicator of
long-standing oral infection. Oral infections are in close proximity to the
circulation, and the oral cavity harbours several anaerobic bacteria.
Facultative bacteria also drive infections.

The epidemiology of CVDs is far more dynamic than that of many other
noncommunicable diseases with considerable social differences and rapidly
changing disease risk. This pattern, which is seen worldwide, suggests that
external and environmental factors play a major role in influencing the
disease risk of CVDs. Low-grade inflammation is considered the most
important part of atherosclerotic pathogenesis, but this concept does not
explain the dynamic of the disorders. Low-grade inflammation is associated
to several well-recognized cardiovascular risk factors, even if the biological
link may seem obscure. What triggers low-grade inflammation? The
chapters on CVDs, including MI, are attempts to link oral health to the
pathogenesis of atherosclerosis. Oral health varies both within and between
populations and over time. It might, therefore, be a potential explanatory
variable when discussing disease variation. One of the pitfalls in medical
science is the compartmentalization of the human body, and the distinction
between dental medicine and that of the rest of the body has probably led to
unnecessary knowledge gaps. The chapters in this book represent up-to-date
knowledge and the current understanding of the atherosclerotic process,
with its detrimental complications, and connects this with inflammatory
processes in the oral cavity. Still, one might ask what else should be
involved in the first line of defence against external factors than the oral
cavity if low-grade inflammation is to be avoided. The area is open for
further research, even if interventional studies with hard endpoints may
seem infeasible or even unethical, but well-controlled longitudinal studies
should be encouraged. There is a large number of studies seeking to firmly
establish an association and possibly causality between PD and MI/CHD.
In recent years, several SRs have been conducted. This chapter presents
much of the evidence by SRs.

Oral infections and causal mechanisms for cardiovascular
disease

How can oral bacteria be part of a causal mechanism for CVD? Buhlin
explored this hypothesis in his doctoral thesis, where data from
questionnaires and blood samples were used to study a wide range of
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characteristics of the participants (2). One analysis specifically concerned
CVD in women as CVD is not common in young and middle-aged women.
The analyses of the validity of self-report and self-assessment of oral health
was found to be adequate and important.

Two main possible pathologic mechanisms — atherosclerosis and thrombosis
— are described below. Atherosclerosis is considered to be an inflammatory
disecase of the arterial wall (3). Oral anaerobic bacteria and bacterial
products such as LPSs have access to the circulation, which transports the
bacteria and bacterial products to distant sites. The bacteria can dislodge
and enter arterial walls, and bacterial DNA have been found in specimens
of heart valves, arterial walls, and aortic aneurysms. Moreover, viable
bacteria have been found in arterial walls. Bacterial DNA of different
sources, such as the oral cavity, the gut, the environment, and the skin, have
been identified in serum. The question arises as to why the immune system
does not manage to stop this bacterial intrusion from the oral cavity and
other infections. Studies have analysed and found antibodies to oral bacteria
in the serum, which indicates oral infections have occurred. Antibodies to
bacteria and viruses are the body’s main defence against infections.
Antibody production varies in individuals, and some produce little amounts.
These people are at increased risk — as shown in the Oslo II Study, where a
low level of the oral anaerobe bacterium Tannerella forsythia predicted
CVD mortality in men with a history of MI (4).

Atherosclerosis

Atherosclerosis is a disease of the arteries. It is an inflammatory condition
that gradually develops with deposits in the wall and lumen of the arteries
at different stages. Tuomainen’s 2009 doctoral thesis provides an overview
of the pathology of atherosclerosis induced by bacteria (3). The author
offers a complex pathway with several mechanisms, and possibly more have
been revealed in more recent research.

The arterial wall consists of three layers (Figure 1): The first is the inner
layer — intima. It is next to the lumen and is a layer of endothelial cells with
an internal elastic lamina. It consists mainly of extracellular matrix
components, collagen, and proteoglycans. The middle layer — media —
contains smooth muscle cells. The third layer — adventitia — is composed of
connective tissues, as well as fibroblasts and smooth muscle cells.
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Figure 1. Schematic presentation of the development of atherosclerosis if
uninterrupted. The figure presents the common nomenclature and is an illustrative
presentation to identify the different pathological stages of atherosclerosis. Source:
https://en.wikipedia.org/wiki/Atherosclerosis

The initial formation of atherosclerosis can be divided into five stages:

¢ The first stage involves the adhesion of monocytes to the arterial
wall. Normally, vessels can resist this adhesion, but monocytes may
adhere due to lipid accumulation, smoking, microbes, insulin
resistance, hypertension, proinflammatory cytokines such as TNF-a
and IL-1 beta, and endothelial cells expressing adhesion molecules.
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After the endothelial binding, monocytes are recruited into the
intima media of the arterial wall and accumulate.

Monocytes mature to macrophages and proliferate.

Macrophages accumulate cholesterol ester and develop into cells
termed foam cells.

The foam cells transform into fatty streaks. The development may
stop here or progress to advanced lesions of atherosclerosis.
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Atherosclerosis progress with the accumulation of lipid and immune cells
in the intima layer forming “fatty streaks” (Figure 1). These can be
identified in young and old people, indicating an early start in life for
atherosclerosis in susceptible individuals. In fatty streaks, foam cells which
are lipid-laden macrophages develop. The fatty streaks may develop further
to atheroma with more foam cells, fibroblasts, and lipid droplets. As
atheroma develops, a fibrous cap forms towards the lumen, which consists
of fibroblasts and smooth muscle cells. The lesion grows towards adventitia
and towards the arterial lumen. Monocytes can enter the atheroma, and cell
proliferation causes increasing sizes of the atherosclerotic lesions. The
atheroma can grow until it causes the obstruction of the artery. These lesions
can also rupture and release their content into the bloodstream. The
circulating elements contribute to thrombus formation, clot formation, and
emboli being lodged in distant arteries, causing infarcts.

Central to the understanding of the development of atherosclerosis is the
knowledge of lipid transport and metabolism. Different lipoproteins,
consisting of lipids and apolipoproteins, transport cholesterol. There are five
different categories: chylomicrons, very low density lipoproteins, intermediate
density lipoproteins, low density lipoproteins (LDLs), and high density
lipoproteins (HDLs). Cholesterol comes with diet, exogenously, and is also
synthesized, endogenously. About two thirds of available cholesterol is
carried by LDLs and is the source of steroidogenesis and cellular
membranes. The liver clears LDLs, but if the level is high, LDLs remain in
the circulation. Some cell types, such as macrophages, can take up
cholesterol, causing an accumulation in arterial walls. An additional
mechanism is the transport of cholesterol by HDLs from peripheral tissues
to the liver. This process is called reverse cholesterol transport.

Atherosclerosis in arterial vessel walls is a persistent inflammation. In the
atheroma, further biological processes, including calcification, may occur,
and the fibrous cap may rupture and become an emboli, as mentioned earlier

Q).
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As fibrous material deposits and calcification occur, the lumen of the
arteries gradually gets narrower as the arterial wall thickens, and the
atheroma stage develops. A thrombus can form, and at some point, the
lesion may burst. This can have serious consequences in the form of
resultant emboli being transported by the bloodstream and deposited in
smaller arteries, causing infarcts at distant sites. Occlusion of these arteries
can occur due to the gradual build-up of atherosclerosis in the vessel wall
and the added thrombosis from a distant site. The coronary arteries are prone
to atherosclerosis, causing MI. In addition, major sites such as the
descending aorta is prone to developing aneurysm and the bifurcation of the
external carotid artery is a site prone to obstruction and emboli causing
stroke.

Thrombosis

Thrombus formation is dependent on platelets and protein clotting factors.
When blood vessels are damaged, the body immediately responds by
constricting vessels, fibrin is formed at the injured site to stop bleeding, and
platelets accumulate at the injured site to aid the healing of the injury.
Thrombosis consists of platelets that adhere to each other, and later, fibrous
materials hold them together.

Thrombosis mainly occurs in veins but also occurs in arteries. If the leg
muscles do not pump blood through the veins, thrombi may slowly form in
the deep veins of the legs. The blood flow changes, and platelets accumulate.
The platelets form thrombi, which may release smaller parts as emboli that
may get lodged in the lungs. Damaged heart valves, septal foramen, or other
heart deformations can be sites for thrombus formation and become the
source of emboli that dislodge and may cause cerebral infarction. Bacteria
are known to influence this process and have been shown to influence the
adherence of platelets in the formation of thrombi (5).

Immunity

Immunity is involved by both innate and adaptive processes in atherosclerosis.
The innate immune response is nonspecific and identifies pathogen-
associated molecular patterns such as LPSs and modified LDLs.
Macrophages have toll-like receptors and scavenger receptors and release
cytokines and adhesion molecules, which affect the inflammatory status of
arterial walls. The adaptive immunity system is slower, as it involves T- and
B-cells, and requires antigen-presenting cells (such as dendritic cells and
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macrophages) that present antigens to T-cells, which then initiate a response
to the antigens. The cytotoxic T-cells can then attack any cell with
presenting antigens. The T-cell reaction is an early immunological response
but not necessarily an early stage in atherosclerosis.

Results from epidemiologic studies on cardiovascular
disease risk

Single studies (cross-sectional or prospective)

Beck, Garcia, Heiss, Vokonas et al. wanted to study if there was an
association between an underlying immune trait in persons with chronic PD
and the development of atherosclerosis (10). In addition to the infection, the
body produces several inflammatory and immunological substances as
endotoxin (LPS) and inflammatory cytokines (especially Thromboxane A2
(TXA2), IL-1B, prostaglandin E2, and TNF-a), which serve to initiate and
exacerbate atherogenesis and thromboembolic events. The authors used the
combined data from the Normative Aging Study and the Dental Longitudinal
Study, sponsored by the U.S. Department of Veterans Affairs. Periodontal
measurements were mean bone loss scores, and worst probing pocket depth
scores per tooth were measured in 1,147 men between 1968 and 1971.
During the follow-up, 207 men developed CHD, 59 died of CHD, and 40
had strokes. Adjusted for CVD risk factors, the ORs were 1.5, 1.9, and 2.8
for bone loss and total CHD, fatal CHD, and stroke, respectively.

The Oral Infections and Vascular Disease Epidemiology Study was a study
on the association between periodontal status and CVD with a broad
approach (15-17). In the first publication, the researchers presented results
on the relationship between PD, tooth loss, and carotid artery plaque. They
enrolled 711 persons (mean age 66 +/- 9 years) with no history of stroke or
MI. As expected, periodontitis was more severe with increasing tooth loss.
Prevalence of carotid artery plaque was 60% among those with > 10 missing
teeth versus 46% for those with 0—9 missing teeth. In the second publication
of the Oral Infections and Vascular Disease Epidemiology Study, periodontal
pathogens and hypertension is reported for 653 dentate men and women.
Hypertension was considered as systolic blood pressure (SBP) > 140 mmHg
and diastolic blood pressure (DBP) > 90 mmHg, or taking antihypertensive
medication, or through self-reported history. The researchers found that the
etiologic bacterial burden was positively associated with both blood
pressure and prevalent hypertension. The third publication that reported on
the relationship of periodontal bacteria and subclinical atherosclerosis
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involved a cross-sectional study design (15—17). In all, 1,056 persons (mean
age 69 years +/- 9 years) were included. The examination included bacterial
analyses of subgingival plaque by DNA-DNA checkerboard hybridization
of 11 known periodontal bacteria. Subclinical atherosclerosis was estimated
by a carotid scan with high-resolution B-mode ultrasound to estimate
intima-media thickness (IMT). White blood cell count and C-reactive
protein (CRP) values, as well as other known risk factors for CVD, were
obtained. An analysis of mean carotid artery IMT across three levels of
periodontal bacterial burden was modelled. The significant association of
overall bacterial burden with IMT was independent of CRP. The authors
concluded from the results that their study provides evidence of a direct
relationship between periodontal microbiology and subclinical atherosclerosis.

Yu, Chasman, Buring, Rose et al. conducted a large prospective cohort
study (18). They studied if incident periodontitis influences future risk of
vascular diseases. The researchers compared cardiovascular risk of
prevalent PD with new incident cases. The outcomes were major CVDs,
M1, ischaemic stroke, and total CVD. A total 0f 39,863 predominantly white
women (age > 45 years) who did not report CVD at the screening were
included in the study. The cohort was followed for 15.7 years on average.
Prevalent cases were 18%, incident cases were 7.3%, and never cases were
74.7%. Incidence rates of all CVD outcomes were higher in women with
prevalent or incident PD. For women with incident PD, risk factor—adjusted
HRs were 1.42 (95% CI 1.14-1.77) for major CVD, 1.72 (1.25-2.38) for
MI, 1.41 (1.02—1.95) for ischaemic stroke, and 1.27 (1.06—1.52) for total
CVD compared to never PD. The same was observed for women with
prevalent PD: adjusted HRs were 1.14 (1.00-1.31) for major CVD, 1.27
(1.04-1.56) for MI, 1.12 (0.91-1.37) for ischaemic stroke, and 1.15 (1.03—
1.28) for total CVD.

A Finnish study investigated the prediction of serum matrix metalloproteinase
(MMP) 8 concentration in 1,018 men with no CVD in a 10-year follow-up
(19). MMP-8 is involved in not only the breakdown of extracellular matrix
during tissue repair but also pathogenic situations of RA, periodontitis, and
atherosclerosis. It is also involved in immune response. Elevated MMP-8 in
men with no CVD at baseline had elevated risk for fatal CVD outcomes as
CHD, CVD, and all-cause mortality.

The Scottish Health Survey was a population-based survey that included
11,869 men and women (mean age 50 years) (20, 21). The survey data were
linked to clinical hospital records for CVD events and death over an eight-year
follow-up. The researchers examined whether tooth brushing was associated
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with CVDs. Measurements of fibrinogen (a coagulation marker) and CRP (an
inflammation marker) were included. The researchers found a risk fora CVD
event in a fully adjusted model (HR = 1.7, 95% CI 1.3-2.3, p < 0.001).

The National FINRISK Study (1997) included 8,446 persons in a
population-based study with a 13-year follow-up (22). Screening data
included missing teeth as part of a dental status, and data on all-cause death,
CVD events, and diabetes was obtained from official registries. In the
follow-up analyses, the researchers found that having > five teeth missing
was associated with 60% to 140% increased hazard for incident CHD events
(P <0.020) and acute MI (P < 0.010). Incident CVD (P < 0.043), diabetes
(P <0.040), and death of any cause (P < 0.019) were associated with > nine
missing teeth. No association with stroke was observed.”

In the Women’s Health Initiative Observational Study (US), LaMonte,
Genco, Hovey, Wallace et al. investigated the association of periodontitis
and edentulism with risk of CVD events in 57,001 postmenopausal women
aged 55 to 89 years (23). They were enrolled during the years 1993—1998
and asked about their oral health. The mean follow-up for CVD events was
6.7 years. During follow-up 3,589 CVD events occurred, and 3,816 women
died. Periodontitis was not associated with CVD events but with total
mortality (HR = 1.12, 95% CI 1.05-1.21). Edentulism was associated with
risk of CVD and mortality in age- and smoking-adjusted analyses. With
further adjustments for covariates, the CVD association was no longer
significant, but was for mortality, HR was 1.17 (95% CI 1.02-1.33).

Several inflammatory factors are activated by inflammation and infections.
Hs-CRP is considered a nonspecific inflammation indicator, indicating that
it is elevated not only during infections but also in other disorders. This was
explored by Haheim, Nafstad, Olsen, Schwarze et al. In their study, hs-CRP
levels were compared in a range of self-reported chronic health disorders:
osteoporosis, asthma, diabetes, chronic bronchitis/emphysema, MI, current
oral infections, stroke, angina pectoris, hay fever, and fibromyalgia/chronic
pain syndrome (24). The researchers found that men with osteoporosis
presented the highest mean values (6.53 mg/l) then asthma presented an
increased mean hs-CRP level of 5.01 mg/l, chronic bronchitis/emphysema
4.42 mg/l, diabetes 4.53 mg/l, men with M1 4.27 mg/l, fibromyalgia/chronic
pain syndrome 4.79 mg/l. Non-cases varied between 3.53 and 3.60 mmol/I.
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Systematic reviews

In 2002, Genco, Offenbacher, and Beck published a review of the
epidemiology of PD and CVD, exploring the literature up to date (6). The
authors included nine prospective cohort studies and found that six did show
an association (Table 1) and three did not (Table 2). The studies were
performed in the US, Finland, and Canada, with follow-up ranging from 6
to 23 years. Not all the studies used the same measures of PD status and
development, which is a problem recognized by the researchers.

Table 1. Genco, Offenbacher, and Beck included the following studies

and their statistically significant main results

First Country, Periodontal | Outcome Risk,
author, years of disease adjusted
year follow-up | measure
(reference)
De Stefano, | US, Russell’s Death RR=1.7
1993 (7) 15 years periodontal from CVD
index
Mattila, Finland, Total dental | New Ml or | RR=1.2
1995 (8) 7 years index death from
CHD
Joshipura, us, Reported Fatal M1, RR=1.7
1996 (9) 6 years tooth loss nonfatal
due to MI,
periodontitis | sudden
death
Beck, Us, Whole New CHD | OR=1.5
1996 (10) 12 years mouth bone | Fatal CHD | OR=1.9
level Stroke OR =28
Morrison, Canada, Mild Fatal CHD | RR=3.6
1999 (11) 23 years gingivitis and fatal RR=6.9
Severe stroke RR=34
gingivitis
Periodontitis
Wu, Us, Gingivitis Incidental | RR=1.2
2000 (12) 21 years and nonhae- gingivitis
periodontitis | morrhagic | RR=2.1
(>4 mm stroke periodontitis
pockets)
edentulous

- printed on 2/10/2023 7:30 PMvia . All use subject

to https://ww. ebsco. cont terns-of - use




EBSCChost -

Cardiovascular diseases/myocardial infarction/ischaemic heart disease 51

Table 2. Genco, Offenbacher, and Beck included the following studies
and their statistically nonsignificant main results

First author, | Country, Periodontal | Outcome Risk,
year years of disease adjusted
(reference) follow-up measure
Joshipura, Us, Reported Fatal MI, RR =
1996 (9) 6 years history of nonfatal 1.04
periodontitis | MI, sudden
death
Hujoel, Us, Gingivitis Death or HR = ns*
2000 (13) 21 years and hospitali- gingivitis
periodontitis | zation due | RR=
(> 1 mm to CHD 1.14
pockets) perio-
by Russell’s dontitis
periodontal
index
Howell, Us, Reported Death from | RR =
2001 (14) 12.3 years | history of CHD, 1.01
periodontal nonfatal
disease MI, or
stroke

*ns=nonsignificant

Genco, Offenbacher, and Beck also reported on evidence of case-control
studies that showed periodontitis to be associated with MI and pathologic
studies that showed oral bacteria present in atheroma and that some oral
bacteria are associated with platelet aggregation important in thrombus
formation (6).

Almeida, Fagundes, Maia, Lima et al. conducted an SR of studies focussing
on Gram-negative bacteria in the oral cavity and the association with
atherosclerosis in adults (25). The studies compared groups with or without
periodontitis. In all, 2,138 studies were identified, and 4 cohort studies were
included. The authors concluded that an association between the two
disorders was observed with elevated levels of inflammatory markers,
mainly CRP and IL-6. An important finding is the identification of bacteria
in arterial tissue, proving the ability of bacteria to spread via the circulation,
attach to the arterial wall, and penetrate the arterial walls (as in an aneurysm)
and heart valves. Examples of such pathologic studies have shown oral and
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other bacteria can be found in stenosed cardiac valves and aneurysm of
descending aorta (26, 27).

In 2002, Miiller published an SR on studies exploring if chronic
periodontitis played a role in the pathology of CVD and cerebrovascular
diseases (28). In the abstract, the author reported on the meta-analyses of
prospective studies that showed RR values of periodontitis for CHD and
ischaemic stroke to be 1.12 (95% CI 0.95-1.33) and 1.73 (95% CI 0.89—
3.34), respectively. These results did not indicate any positive associations
between chronic periodontitis and CVD disease.

Later SRs contradicted these early results. In 2009, results from an SR of
cohort, case-control, and cross-sectional studies was published, including
47 studies of 215 identified studies (29). From these epidemiological
studies, Blaizot, Vergnes, Nuwwareh, Amar et al. investigated PD and CVD
events; 47 studies were observational, of which 29 studies were included in
the analyses. Seven studies were prospective cohorts, and 22 were case-
control and cross-sectional studies. The risk estimate of the prospective
studies comparing participants with PD versus those without PD was a
pooled RR of 1.34, (95% CI 1.27-1.42, p <0.0001). The combined estimate
for the 22 case-control and cross-sectional studies was 2.35 (95% CI 1.87—
2.96, p <0.0001). The risk estimates of the case-control and cross-sectional
studies being higher than those of the prospective studies can be due to these
study designs having a higher risk of information bias in both exposure and
outcome registration.

A recent review by Larvin, Kang, Aggarwal, Pavitt et al. in 2021 concerned
studies of incident CVD in people with PD compared to periodontal healthy
ones (30). The authors searched for prospective cohorts and RCTs for their
meta-analyses. CVD outcomes included any CVD, MI, CHD, and stroke.
PD status was either self-reported or clinically recorded. Diagnostic
methods and severity of PD were measured either clinically or by self-
report. The authors identified 32 studies, and 30 studies were included in
the meta-analyses. The results were as follows:

o The risk of CVD was significantly higher in PD compared to non-
PD (RR =1.20, 95% CI 1.14-1.26).

= CVD risk did not differ between clinical and self-reported PD
diagnosis (RR =0.97, 95% CI 0.87—-1.07).

= CVD risk was higher in men (RR=1.16, 95% CI 1.08-1.25) and in
severe PD cases (RR = 1.25, 95% CI 1.15-1.35).
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= The risk of stroke was highest of all types of CVD (RR = 1.24, 95%
CI 1.12-1.38).

= CHD risk was also increased among all types of CVD (RR = 1.14,
95% CI 1.08-1.21).

The results show consistent results of increased CVD risk by periodontal
disease, whether recorded by clinical analyses or self-reported. Regarding
the result on the risk of stroke being high in men, this is an indication of
who will benefit the most from treatment and follow-up of periodontal
treatment.

Joshi, Bapat, Anderson, Dawson et al. explored studies on the reported
prevalence of periodontal microorganisms in coronary atheroma and reported
on clot samples collected from patients with MI and PD (31). The researchers
identified 14 eligible studies from the period 2007-2017, of which 12 reported
on DNA of periodontal bacteria present in coronary atherosclerotic plaque
specimens. The most frequent periodontal microbes were Porphyromonas
gingivalis (Pg) and Aggregatibacter actinomycetemcomitans (Aa), with Pg
significantly more than Aa. Other microbes identified include Pseudomonas
fluorescens, Streptococcus spp., and Chlamydia pneumoniae. The presence
of oral bacterial DNA in arterial wall specimens is a clear indication of a
link between oral infections and CVD. This knowledge is important in
studying causality of CVD by oral infections. This confirmative evidence
indicates that oral bacteria metastasize to distant organs.

Apical periodontitis is the result of caries advancing into the pulp of a tooth
and spreading through the apical foramen and into the surrounding alveolar
bone/the jaw. Berlin-Broner, Febbraio, and Levin explored observational
studies published until 2015 on apical periodontitis and CVD risk (32). The
systematic literature search identified 19 eligible studies with different
study designs: 10 case-control studies, 5 cross-sectional studies, and 4
cohort studies. The quality of the study designs varied with regard to
assessing causality, and prospective cohorts are considered to be the best to
study the risk of future events. RCTs are best in terms of studying the effect
of a treatment but are rarely followed up prospectively for a long time. The
researchers report this heterogenic variation in evidence. Thirteen of the
studies reported a positive association. However, five did not, and one was
negative.
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Periodontal disease intervention

Studies have been performed to estimate the effect of interventions by
treatment of PD on CVD parameters. Those mentioned here do not represent
all intervention studies. From a causal perspective, such studies, in addition
to prospective cohorts especially, are important.

In 2004, D’Aiuto, Ready, and Tonetti published their study involving 94
systemically healthy persons who suffered from severe generalized
periodontitis (33). At baseline, it was observed that those with the most
severe periodontitis had a higher CVD risk of elevated CRP (OR=5.6 [1.2—
27.4]). After treatment, the follow-up revealed a significant decrease in CRP
risk.

Since then, more studies have been published. A SR by Sharma, Sridhar,
Mclntosh, Messow et al. in 2021 presents results of PD treatment by
intensive periodontal treatment (IPT), which included supra- and
subgingival instrumentation (34). The researchers explored eight studies
comparing the effects of IPT or conventional periodontal treatment on
arterial blood pressure, endothelial function, and inflammatory/metabolic
biomarkers (such as CRP, IL-6, IL-10, IFN-y) and metabolic biomarkers
(HDL, LDL, and triglycerides (TGs)). The results of the meta-analysis for
the overall IPT effect estimates (pooled WMD) on the primary outcome for
SBP and DBP was -4.3 mmHg (95% CI -9.10-0.48, p = 0.08) and -3.16
mmHg (95% CI -6.51-0.19, p = 0.06), respectively. Subgroup analyses of
normotensive persons were nonsignificant. Analyses of prehypertensive/
hypertensive participants strengthened the association; SBP reduction was
-11.41 mmHg (95% CI -13.66-9.15). The DBP reduction was -8.43 mmHg
(95% CI -10.96 to -5.91). Improvements were observed for significant
modest reduction in CRP and improvement of endothelial function
following IPT at all analysed timepoints. No significant change was found
for IL-6, IL-10, IFN-y, HDL, LDL, or TGs. The authors suggest in their
conclusion that periodontal treatment should be accepted as part of
hypertension treatment. Lowered blood pressure reduces CVD risk.

International Classification of Diseases

The International List of Causes of Death specifies different disorders and
was adopted by the International Statistical Institute in 1893. Since then,
several revisions of the International Classification of Diseases (ICD)
framework have been published, and current version in use is the 10th
revision. In 1948, the WHO was entrusted with the registry. From the sixth
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revision in 1948, morbidity was included. From 2022, the 11th revision will
be used. The codes are used when diagnosing information of cases in
hospital journals, different specific disease registries, and mortality registers
(https://www.who.int/standards/classifications/classification-of-diseases).
The framework serves to assure quality of the data used in general
population statistics and research. ICD-10 has been cited by 20,000
researchers, and it is accepted and used in more than 150 countries. It has
been translated to more than 40 languages for ease of use and serves to
obtain reliable statistics worldwide that are suitable for important
comparisons and ranking for important policy knowledge and decision-
making.

SCORE chart and risk of cardiovascular disease issued by
the European Society of Cardiology

To assist clinicians and health authorities, risk scores have been established.
The Systematic Coronary Risk Evaluation (SCORE) chart, the European
High Risk Chart has been developed by the European Society of Cardiology
(ESC) (Figure 2) (35). (https://www.escardio.org/static-file/Escardio/About
%20the%20ESC/Annual-Reports/ESCAnnualReport2020-BD.pdf)

The chart gives the 10-year risk for fatal CVD in populations in Europe
based on 12 European cohort studies, 250,000 patient data sets, three million
person years of observation, and 7,000 fatal cardiovascular events. SCORE
separately combines these data into a high-risk score and a low-risk score,
depending on the risk pattern of European countries for men and women.
The factors involved are age, blood pressure, cholesterol level, and
smoking. Oral infections are not included, as there are few epidemiologic
studies that combine oral infections and CVD.

The ESC wrote in their 2020 report that CVD costs are enormous,
amounting to an estimated €210 billion annually in the EU. A staggering
19.9 million new cases of CVD occur in the 54 ESC member countries.
Prevention and treatment of heart disease is important and will be so for
many years to come.

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



56 Chapter 5

---I
= m) o _.__._.|| WEN |
e T e

1]
[T ]
L]
LEC I I |

LB O |
ey oz

|13

i -
L] S xra
m TR A v op
v I J-'I:J

A El;ﬂ}.

Figure 2. SCORE chart: 10-year risk of fatal cardiovascular disease in populations
of countries at high cardiovascular risk based on the following risk factors: age,
sex, smoking, systolic blood pressure, total cholesterol. SCORE = Systematic
Coronary Risk Estimation.

Source:
https://www.google.com/search?q=score+chart+cardiovascular+risk&sxsrf=AOae
mvKCooOMm15svhMuRBJ KO4nw7SopA:1631694567988&tbm=isch&source
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The WHO and cardiovascular disease

The WHO focuses its efforts on prevention strategies against cardiovascular
disease to protect people from tobacco smoking, maintain a healthy diet, be
physically active, and avoid harmful use of alcohol (Figure 3).

CARDIOVASCULAR DISEASE
RISK is reduced through:

© e

PROTEGTING PEOPLE FROM HEALTHY DIETS
TOBACCO SMOKE

00O

PHYSICAL ACTIVITY AVOIDING HARMFUL USE OF ALCOHOL

@ World Health
-#¢ Organization

www.who.int/global_hearts

Figure 3. The four main preventive actions advocated by the WHO to reduce CVD
risk. Source: https://www.who.int/news-room/fact-sheets/detail/cardiovascular-
diseases-(cvds)

What are cardiovascular diseases?
Information by the WHO

‘Cardiovascular diseases (CVDs) are a group of disorders of the heart and
blood vessels and they include:

e coronary heart disease — disease of the blood vessels supplying the
heart muscle

e cerebrovascular disease — disease of the blood vessels supplying the
brain

e peripheral arterial disease — disease of blood vessels supplying the
arms and legs
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e rheumatic heart disease — damage to the heart muscle and heart
valves from rheumatic fever, caused by streptococcal bacteria

e congenital heart disease — malformations of heart structure existing
at birth

e deep vein thrombosis and pulmonary embolism — blood clots in the
leg veins, which can dislodge and move to the brain, heart and lungs

Heart attacks and strokes are usually acute events and are mainly caused by
a blockage that prevents blood from flowing to the heart or brain. The most
common reason for this is a build-up of fatty deposits on the inner walls of
the blood vessels that supply the heart or brain. Strokes can also be caused
by bleeding from a blood vessel in the brain or from blood clots.’
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-
diseases-(cvds)

What are the risk factors for cardiovascular disease?

The most important behavioural risk factors of heart disease and stroke are
unhealthy diet, physical inactivity, tobacco use, and harmful use of alcohol.
The effects of behavioural risk factors may show up in individuals as raised
blood pressure, raised blood glucose, raised blood lipids, and overweight
and obesity. These intermediate risks factors can be measured in primary
care facilities and indicate an increased risk of developing a heart attack,
stroke, heart failure, and other complications.

Cessation of tobacco use, reduction of salt in the diet, increased consumption
of fruits and vegetables, regular physical activity, and avoidance of harmful
use of alcohol have been shown to reduce the risk of CVD. In addition, drug
treatment of diabetes, hypertension, and high blood lipids may be necessary
to reduce cardiovascular risk and prevent heart attacks and strokes. Health
policies that create conducive environments for making healthy choices
affordable and available are important in motivating people to adopt and
sustain healthy behaviours.

There are also several underlying determinants of CVDs or the causes of the
causes. These are a reflection of the major forces driving social, economic
and cultural change — globalization, urbanization, and population ageing.
Other determinants of CVDs include poverty, stress, and hereditary factors.
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Concluding remarks

A large number of studies exploring the CVD risk by oral infections have
been performed worldwide. Most of these studies indicate an increased risk.
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CHAPTER 6

STROKE

Stroke is a rare disease in the young. However, the incidence increases with
age, and it is common worldwide. The main specific diagnoses are cerebral
infarct, cerebral haemorrhage, cerebral aneurysm, or subarachnoid
haemorrhage. The specific diagnosis is best made by imaging techniques
(such as MRI or CT scan), in addition to clinical signs and symptoms.
Treatment is urgent to prevent further damage to brain functions. The
sequela after stroke varies from mild to debilitating paralyses. Because
stroke may occur in different areas of the cerebral circulation, the effect on
blood flow and the consequences of reduced blood flow presents different
symptoms with accompanying paralysis of muscles and organs. Depending
on the location of the obstruction in the brain, there is a range of symptoms.
One side of the body is suddenly afflicted with loss of motor function of
muscles of the face and arm, speech impediment, memory loss, and/or
reduced ability to perform daily activities and walking.

The obstruction of cerebral vessels may occur for different reasons, and
stroke is a serious disease of the vascular system. A consequence of
atherosclerosis is the narrowing of the vessel lumen, causing blood flow
obstruction. A common cause of stroke are emboli transported by the
circulation. This may be due to heart conditions such as atrial fibrillation
(AF), congenital malformations, infectious endocarditis (IE), or
dysfunctional valves that form sites were thrombosis may develop and later
are released into the circulation and transported to distant sites as emboli.
Obstruction of the ascending external carotid artery is a common cause of
stroke symptoms and stroke, as well as emboli from the venous part of the
circulation.

The WHO reports stroke to be the second most common cause of death in
the world after ischaemic heart disease (https://www.who.int/news-room/
fact-sheets/detail/the-top-10-causes-of-death) and estimates that about 10%
of the world population have chronic periodontitis (https:/www.
who.int/news-room/fact-sheets/detail/oral-health). It is estimated that oral
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diseases affect nearly 3.5 billion people. Untreated dental caries (tooth
decay) in permanent teeth is the most common health condition, according
to the Global Burden of Disease Study 2017 (https://www.who.int/news-
room/fact-sheets/detail/oral-health).

According to the WHO, a verified stroke has symptoms lasting more than
24 hours. A stroke that presents with varying intensity of symptoms from a
transient paralysis that subsides within 24 hours is called transient ischaemic
attack and, according to the WHO definition, is not a stroke. https://
www.who.int/healthinfo/statistics/bod cerebrovasculardiseasestroke.pdf

If oral infections should be associated with or even causal for stroke, is there
enough information to explain how this may occur? If there are indications
of an association, then treatment of oral infections would be an important
prophylactic measure. The high incidence and mortality of stroke has led to
many hypotheses regarding causal factors, resultant symptoms, and how to
treat them to improve the health of people globally. There are two biologic
circulatory mechanisms that are of importance to explore with regard to oral
infections — namely, atherosclerosis and thrombosis/emboli.

Epidemiologic research

Oral bacteria in periodontitis are in close proximity to the circulation in the
jaw. The bacteria in deep infections are anaerobic, and as they are tissue
destructing, they are able to enter the bloodstream and into the vessel walls.
The immune system produces antibodies and anti-inflammatory factors
(such as CRP and IL-6) to protect against the spread of infection. The level
of antibodies varies between individuals, and bacterial products in the
circulation may contribute to atherosclerosis and thrombosis. Emboli are
formed by the thrombotic effect of blood platelets adhering to each other.
Bacteria in the circulation may contribute to the formation of emboli, as they
adhere to the platelets. These mechanisms appear to be the main ones and
have been explained in Chapter 5.

Several studies have explored the prediction of stroke by examining oral
health, including number of remaining teeth, alveolar bone loss, gingivitis,
and periodontitis. The number of tooth extractions indicates a high, maybe
intermittent, level of dental and/or periodontal infection.

One of the early studies was the first National Health and Nutrition
Examination Survey and its follow-up study (1). The study cohort
comprised 9,962 participating adults aged 25 to 74 years. The follow-up
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study concentrated on cerebrovascular accidents. The researchers stratified
oral health according to no PD, gingivitis, periodontitis, and edentulousness.
ICD-9 codes 430438 were used to identify nonfatal cases in relevant
hospital records and fatal cases by death certificates. In short, the
researchers found significant associations between periodontitis, but not
gingivitis or edentulousness, and total cerebrovascular accidents (HR =
1.66, 95% CI 1.15-2.39) and nonhaemorrhagic cerebral stroke (HR = 2.11,
95% CI 1.30-3.42). Similar risk levels were seen in the results for White
men, White women, and African Americans.

In 2003, results from the large Health Professional Follow-up Study (HPFS)
were published about PD and tooth loss as risk factors for ischaemic stroke
(2). The participants (N = 51,529) were male health professionals, including
dentists, veterinarians, pharmacists, optometrists, osteopaths, and
podiatrists. In 1986, they were 40 to 75 years of age. Participants completed
mailed questionnaires every two years in a regular follow-up to gain
information on changes in medical history, health behaviour, and the
occurrence of CVDs and other outcomes. A total of 41,380 men with no
history of CVD or diabetes were considered eligible. During the 12 years of
follow-up, 349 incident cases of ischaemic stroke identified. Several
confounding variables were used in these adjusted analyses, including age,
number of cigarettes smoked, obesity, alcohol, exercise, a family history of
CVD, multivitamin use, vitamin E use, profession, baseline-reported
hypertension, hypercholesterolemia, gender, and socioeconomic status. The
researchers found that men with < 25 teeth at the baseline screening had
elevated risk compared to men with > 25 teeth (HR = 1.57, 95% CI 1.24—
1.98). The association between a history of PD and ischaemic stroke was an
HR of 1.33 (95% CI 1.03-1.71).

Another large study is the 14-year prospective follow-up of 867,256 Korean
men and women who received health insurance from the National Health
Insurance Corporation (3). The participants were medically evaluated
between 1992 and 1995, and tooth loss, diabetes, hypertension, and smoking
were registered with the aim of studying their independent effects on and
interactions with stroke. In that study period, the individuals were aged 30—
95 years. The overall prevalence of having one tooth lost was 29.8%, 31.9%
for men and 22.3% for women. In the cohort, 28,258 strokes were
registered, of which 5,105 were fatal ones. The risk assessed for total stroke
in a multivariate model for > 7 teeth lost versus none lost was an HR of 1.3
(95% CI 1.2-1.4) for men and an HR of 1.2 (95% CI 1.0-1.3) for women.
For ischaemic and haemorrhagic strokes, the HR values were similar for
men and women.
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Included in the Physicians’ Health Study (N = 22,071) was an RCT of
aspirin and beta-carotene, along with a prospective follow-up analysis of
22,037 physicians on the risk of self-reported PD (4). In over 12 years of
follow-up, self-reported PD was not found to be an independent predictor
for nonfatal stroke, nonfatal MI, or CVD death.

A more precise measure of PD was used in the Veterans Affairs Normative
Aging and Dental Longitudinal Study (5). The researchers used radiographs
to measure alveolar bone loss and cumulative periodontal probing depth.
Data was available for 1,137 dentate men who had dental/medical triannual
examinations for up to 34 years (mean 24 years). The researchers found that
men aged < 65 years had an increased risk of incident stroke by alveolar
bone loss (HR = 5.81, 95% CI 1.63-20.7) but not by probing depth. This
association was not observed in older men.

The prospective follow-up of the Oslo II study supports the hypothesis of
an association between oral health and the risk of stroke (6, 7). In 2000,
12,764 men were invited for screening, and 6,530 men attended. Oral health
data as tooth extraction was self-reported information. Mortality information
was given by linkage to the national mortality register. The statistical
analyses indicated that for number of tooth extractions > 10, the risk
adjusted for known CVD risk factors for cerebral infarct was an HR of 2.92
(95% CI 1.24-6.89). This was independent of the following factors: HDL
cholesterol (inversely) (HR = 0.21, 95% CI 0.06-0.76), frequent alcohol
consumption (drinking four to seven times per week) (HR = 3.58, 95% CI
1.40-9.13), and diabetes (HR = 4.28, 95% CI 1.68-10.89). The risk factors
of mortality for cerebral haemorrhage were age, hs-CRP, and body mass
index (BMI) (inversely). For unspecified stroke, age and total cholesterol
(inversely) were predictors. Of interest was the observation that the risk
factor pattern varied between the specific stroke diagnoses.

Microbiology

Streptococcus mutans is an oral bacterium that causes caries, has a collagen-
binding protein (Cnm), and shows platelet aggregation inhibition and MMP-
9 activation. Inenaga, Hokamura, Nakano, Nomura et al. analysed whole
saliva from 429 hospitalized patients in the period 2010/2011 (8). Included
in the study were 48 patients diagnosed with cardioembolic stroke (CES),
151 with non-CES infarct, 54 with intracerebral haemorrhage (ICH), 43
with ruptured intracranial aneurysm, and 97 with unruptured intracranial
aneurysm. A total of 79 healthy volunteers were included as a control group.
Known CVD risk factors were analysed but not found to be associated with
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Cnm rates. The researchers found significant increased high Cnm rates of
specific types of S. mutans for CES, non-CES, ICH, and ruptured intracranial
aneurysm and concluded that further research is needed.

Dental treatment

Invasive dental treatment can reduce infectious loads but is suspected of
causing stroke or MI. Chen, D’ Aiuto, Yeh, Lai et al. explored this risk using
data from a large Taiwanese cohort study of the Taiwanese National Health
Care Claim database (9). The authors used two study designs: a) a case-
crossover design of 123,819 patients with MI and 327,179 patients with
ischaemic stroke and b) a self-controlled study design of 117,655 patients
with MI and 298,757 patients with ischaemic stroke. MI risk among those
patients without comorbidities was an OR of 1.31 (95% CI 1.08-1.58) for
three days and an OR of 1.15 (95% CI 1.01-1.31) for seven days post
treatment. At 24 weeks after invasive dental treatment, there were no
differences between the groups, and no differences were observed for the
ischaemic stroke studies. However, the authors stated that long-term risk
cannot be excluded.

Another study from Taiwan was published in 2013 (10). The aim of the
study was to investigate if PD treatment would reduce the incidence rate of
stroke. In all, 510,762 cases with PD and 208,674 with no PD were included
in the period 2000-2010. The cases with PD were categorized as receiving
dental prophylaxis, intensive treatment, or no treatment. Ischaemic stroke
incidence rate was recorded for the follow-up period. The Cox regression
analyses were adjusted for known confounders. The results of the group
comparisons for HR of incident stroke risk are as follows:

¢ Dental prophylaxis versus non-PD (HR = 0.78, 95% CI 0.75-0.81)
+ Intensive treatment versus non-PD (HR = 0.95, 95% CI 0.91-0.99)
+« PD without treatment versus non-PD in the age group 2044 years
(HR =1.15,95% CI 1.07-1.24).

PD without treatment versus non-PD (age-stratified analysis) (HR =
2.17,95% CI1 1.64-2.87).

R/
0.0

The authors concluded that maintaining oral health by prophylaxis and
treatment is important to reduce stroke incidence.

Another relevant study is the 45 and Up Study (New South Wales,
Australia) (11). The researchers aimed to investigate oral health and
incident hospitalization for ischaemic heart disease (IHD), heart failure
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(HF), ischaemic stroke, peripheral vascular disease (PVD), and all-cause
mortality. This was a prospective study with a baseline (2006-2009) of
172,630 men of women aged 4575 years and follow-up until 2011. Oral
parameters were tooth loss and self-rated health of teeth and gums. The
median follow-up was 3.9 years. Incident hospitalization for IHD, HF,
ischaemic stroke, and PVD was 3,239, 212, 283, and 359, and there were
1,908 deaths. All causes, except stroke, increased with increasing tooth loss.
Comparing no teeth versus > 20 teeth remaining, the risk for HF was an HR
0f 1.97 (95% CI 1.27-3.07); for PVD, and HR of 2.53 (95% CI 1.81-3.52);
and for all-cause mortality, an HR of 1.60 (95% CI 1.37-1.87).

Atrial fibrillation

Another line of research has been performed in the dental Atherosclerosis
Risk in Communities study (12). The researchers studied the association of
periodontitis level and dental care utilization with atrial fibrillation (AF) and
stroke. At the screening, the degree of periodontitis was stratified as healthy
(reference), mild, moderate, and severe. Further, the participants were
characterized as regular or episodic dental care users. Using Cox analyses,
the researchers tested 17 years of follow-up for AF as a mediator in the
periodontitis and stroke association. In all, 5,958 participants were included
with no prior history of AF, and 754 were found to have AF during follow-
up. Severe PD was found to be associated with AF in the multivariate
analysis (HR = 1.31, 95% CI 1.02-1.62). AF was found to mediate the
association between severe periodontitis and stroke. The authors made the
conclusion that periodontitis is associated with AF and that regular users of
dental care had a significantly lower risk of AF observed in the main
Atherosclerosis Risk in Communities cohort of 9,666 participants, of whom
1,556 experienced AF during follow-up.

Concluding remarks

The association of oral infections such as gingivitis, periodontitis and tooth
loss, or dental treatment with stroke incidence and mortality has been
explored in large prospective cohorts worldwide. The observed association
between PD and AF risk strengthens the hypothesis of an association
between PD and stroke.
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CHAPTER 7

PERIPHERAL ARTERIAL DISEASE

Scientific evidence

Three recent SRs, as well as a large single study, have been identified and
are reported here.

Chinese researchers sought to evaluate the association between PD and
peripheral arterial disease (PAD) (1). Seven studies, including a total of
4,307 participants, were included in the meta-analysis, and the effect
measure was weighted mean difference (WMD) and 95% ClIs. The
researchers compared periodontitis risk in patients diagnosed with PAD
versus patients without PAD. The pooled analysis showed a significant
difference (RR=1.70, 95% CI 1.25-2.29, p=0.01). Number of missing
teeth were significantly different between the two groups (WMD =3.75,
95% CI1.31-6.19, p=0.003) but not for clinical attachment loss (CAL).

German researchers studied the association of PD with peripheral arterial
occlusive disease (PAOD) (2). In their SR, they detected 755 studies, and
17 were included in a qualitative analysis. An association between PD and
PAOD was observed, and two studies reported an association between tooth
loss and PAOD. Six studies examined the pathology involved. None of the
studies were negative for an association. In four large cohorts, the risk
estimates ranged from 1.3 to 3.9, adjusted for known CVD risk factors.

Another Chinese SR investigated the association of PD with specific PAD
disorders (3). The researchers included 25 studies (a total of 22,090
participants). The overall study results of the meta-analysis was
heterogenic, as shown by I>= 80.5% (OR = 1.60, 95% CI 1.41-1.82, p <
0.001). The results of the subgroup analyses were as follows: lower
extremity arterial disease (OR = 3.00, 95% CI 2.23-4.04, p < 0.001, I =
0%) and carotid artery disease (OR = 1.39, 95% CI 1.24-1.56, p <0.001, I
=79.4%).
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A large single study is worth mentioning — the Health Professionals Follow-
up Study (HPFS), an American study published in 2003 (4). This was a
prospective study of 45,136 men free of CVD at baseline. After a 12-year
follow-up, the researchers identified 342 cases of PAD. The researchers
used different oral disease measurements and estimated the PAD risk during
follow-up. Number of teeth at baseline did not predict PAD, but incident
tooth loss did, (RR = 1.39, 95% CI 1.07-1.82). The RR of history of PD
was 1.41 (95% CI 1.12-1.77), with the analyses adjusted for known CVD
risk factors. Tooth loss related to a history of PD was further examined; if a
history of PD was reported, then subsequent tooth loss showed an RR of
1.88 (95% CI 1.27-2.77). No association was observed among men without
prior history of PD. Previous tooth loss two to six years prior to screening
predicted PAD.

Concluding remarks

The studies mentioned in this chapter involved different risks of exposure
from a history of PD, current PD, and tooth extractions before screening or
during follow-up. Although the meta-analyses show heterogeneity, the sum
of the results draw in the same direction of elevated PAD risk due to PD.
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INFECTIVE ENDOCARDITIS

Dental work often involves bleeding as part of the treatment of, for example,
gingivitis and periodontitis; the positioning of implants; tooth extractions;
oral surgery; and examinations. Consequently, dentists are concerned about
the spread of infection to the heart, and one concern is the potential to cause
infective endocarditis (IE) in patients at risk of systemic disease, giving rise
to damage to the heart valves. IE is a rare but serious disease with a high
degree of morbidity, require long courses of antibiotic treatment, and has a
high fatality rate. Direct factors of IE are difficult to establish, but a
vulnerable cardiac lining (endothelium) and a high load of oral bacteria
appear to be part of the causal picture. It has been established that the
microorganisms involved are mainly viridans streptococci, enterococci,
coagulase-positive staphylococci or coagulase-negative staphylococci (1).
Oral streptococci belong to the viridans group of bacteria (Streptococcus
mutans and S. sanguis). These are usually part of the oral microbiome/plaque
attached to the different surfaces in the mouth. As they develop infections,
these bacteria may enter the bloodstream and be dispersed to distant organs,
such as the heart. Tooth brushing with gingival bleeding is believed to be a
part of this process but was not shown in patients with gingivitis compared
to healthy individuals in research study (2, 3).

IE treatment involves systemic antibiotics for four to six weeks and
sometimes replacement of damaged heart valves need to be performed.
Consequently, this has involved giving a short course of prophylactic
antibiotics to patients considered to be at risk for IE. Much concern has also
risen about the possible unnecessary use of antibiotics, as it increases the
risk of infections with antibiotic-resistant bacteria and this limits treatment
options. Extensive research has been performed, but more knowledge is
needed to fully understand the systemic and immunologic pathology of the
spread of infections and the following tissue damage in, for example, IE (4).
Oral bacteria or bacterial DNA have been identified in histopathologic
studies of stenotic heart valves and aneurysms of the descending aorta,
confirming the invasive ability of oral and other bacteria (5, 6).
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Descriptive studies

A retrospective study from Alabama, US, from 1981 provided results of
patients with bacterial endocarditis and their history of dental care and
bacteraemia in the period 1969-1979 (7). The researchers found that 16%
of persons with bacterial endocarditis had a history of recent dental care or
pathology. They also found that Streptococcus viridans was the predominant
bacterium of bacterial endocarditis. Patients with prosthetic heart valves had
the highest mortality rate. Chronic heart valve disease posed a high risk, as
well as dental infections such as PD and teeth abscesses.

A particular vulnerable group is children with congenital heart disease (8).
Nosrati, Eckert, Kowolik, Ho et al. showed in a case-control study that
children with cardiac conditions have a higher prevalence of PD, evidenced
by gingivitis, plaque, and calculus. These children need a regular follow-up
on their periodontal status.

A Brazilian study investigated if there was an increased risk for pregnant
women with rheumatic fever versus healthy pregnant women with regard to
oral health (9). Clinical and microbiologic oral health examinations were
performed. The researchers concluded that clinical and microbiological
status was comparable between both groups of women.

Prevalence

Sutej, Pero, Trkulja, RudeZ et al. conducted a retrospective survey of
patients with IE in Croatia to assess to what degree the cases were
odontogenic or not (10). Among 386 patients, 68 cases were confirmed as
odontogenic IE, and 318 patients with IE of other origin. The diagnosis of
odontogenic IE was based on two separate bacterial cultures showing
exclusive oral pathogens of odontogenic bacterial cultures or S. viridans
associated with previous or recent dental treatment. Dental procedure
previous to IE did not occur in 91.2% of the cases. In all, 47.1% had a
previous cardiac condition, increasing their IE risk.

Ninomiya, Hashimoto, Yamanouchi, Fukumura et al. conducted a cross-
sectional study of 119 patients with periodontitis, where 78 had valvular
heart disease (VHD) (11). The researchers found that patients with VHD
had poorer oral health than patients without VHD in terms of number of
tooth extractions and alveolar bone loss. The bacterial status was different,
as Pg IgG titer > 1.68 and Pg fimA type II genotype was highest in patients
with IE.
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From the Italian Registry of Infective Endocarditis, Chirillo, Faggiano,
Cecconi, Moreo et al. reported about patients enrolled between 2007 and
2010 (12). The aim of the researchers was to evaluate the use of prophylactic
antibiotics in patients with a cardiac condition who require an intervention.
They studied 677 patients, mainly men with IE, and half had predisposing
cardiac conditions. The researchers observed that nondental procedures (n
= 139) were performed more often in these patients than dental procedures
(n = 32), and therefore, prophylactic antibiotics for preventing IE would
yield less cases of IE after dental procedures. S. aureus was the most
common causative bacteria for IE. S. viridans was isolated from patients
who had undergone prior dental care. Preoperative prophylactic antibiotics
was given to seven patients. Surgical and hospital mortality was greatest in
the nondental procedures group.

Prophylactic dental treatment

In a study from Taiwan, Chen, Liu, Chao, Wang et al. identified 736 patients
with newly diagnosed IE in the National Health Insurance Research
Database in the period 2000-2009 (13). For each patient, 10 controls were
enrolled in the study. The controls were matched on age, sex, and
underlying diseases. The cases and controls were compared with regard to
dental scaling before being included in the study. The controls had dental
scaling more often than the cases. The researchers found a borderline
significant difference with dental scaling once in two years reducing the risk
by 15% (OR =0.85, 95% CI 0.69-1.01, p = 0.058). Patients who did dental
scaling twice a year had a significant reduced risk (OR =0.70, 95% CI 0.54—
0.89, p = 0.005).

Bratel, Kennergren, Dernevik, and Hakeberg from Sweden sought to
evaluate the importance of prophylactic dental treatment to prevent and
remove infections before heart valve surgery, and they followed participants
for 16 years on the incidence of IE (14). They studied patients with three to
six months of dental treatment (n = 149) versus a control group of no
prophylactic treatment (n = 103), and all patients were to undergo heart
valve surgery. The investigators found that 37% of patients in the study
group survived versus 45% in the control group. The authors concluded that
they did not find that dental treatment before heart valve surgery improved
survival.
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Guidelines for the use of prophylactic antibiotics

Since 1955, the American Heart Association (AHA) has developed
guidelines on antibiotic prophylaxis (AP) to prevent IE, including medical
and dental treatment and other types of interventions. In their 2007 revision,
they decided to limit the conditions for which AP was considered an
important option (15). Research had established that IE could occur after
dental treatment but was less common than previously thought. In addition,
studies on the effect of AP in randomized controlled trials had not been
done, as IE is a rare condition and the studies need a long follow-up. The
AHA concluded as follows:

‘The major changes in the updated recommendations include the following:
(1) The Committee concluded that only an extremely small number of cases
of infective endocarditis might be prevented by antibiotic prophylaxis for
dental procedures, even if such prophylactic therapy were 100% effective.
(2) Infective endocarditis prophylaxis for dental procedures is reasonable
only for patients with underlying cardiac conditions associated with the
highest risk of adverse outcome from infective endocarditis. (3) For patients
with these underlying cardiac conditions, prophylaxis is reasonable for all
dental procedures that involve manipulation of gingival tissue or the
periapical region of teeth or perforation of the oral mucosa. (4) Prophylaxis
is not recommended based solely on an increased lifetime risk of acquisition
of infective endocarditis. (5) Administration of antibiotics solely to prevent
endocarditis is not recommended for patients who undergo a genitourinary
or gastrointestinal tract procedure. These changes are intended to define
more clearly when infective endocarditis prophylaxis is or is not
recommended and to provide more uniform and consistent global
recommendations’.

In 2012, Canadian researchers reported that from 2001 to 2010, there was a
3% yearly decrease in IE in Canada (16). The introduction of the AHA
guidelines in Canada did not make an impact on incidence.

In 2015, the ESC published its revised guidelines for IE management.
Regarding IE prevention as a consequence of dental treatment, their
recommendation was not to use prophylactic antibiotics for a wide range of
dental treatments. The reason being that mild bacteraemia arises after
everyday tooth brushing and the chewing of food. The revised 2015
guideline (Table 3) defines which patients are at risk of bacteraemia in high-
risk procedures and for whom AP can be considered (17):

‘Cardiac conditions at highest risk of infective endocarditis for which
prophylaxis should be considered when a high-risk procedure is performed.
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Recommendations: Antibiotic prophylaxis should be considered for patients
at highest risk for IE:

(1) Patients with any prosthetic valve, including a transcatheter valve, or
those in whom any prosthetic material was used for cardiac valve
repair.

(2) Patients with a previous episode of IE.

(3) Patients with CHD:

(a) Any type of cyanotic CHD.

(b) Any type of CHD repaired with a prosthetic material, whether
placed surgically or by percutaneous techniques, up to 6 months
after the procedure or lifelong if residual shunt or valvular
regurgitation remains.

Antibiotic prophylaxis is not recommended in other forms of valvular or
CHD’.

The UK National Institute for Health and Care Excellence (NICE) issued a
guideline in 2008, with an update in 2016 (18). They conducted an SR of
the literature regarding the effect of AP on IE. As they found no studies
according to their inclusion criteria, they concluded there was no evidence
for AP preventing IE related to interventions, dental or other, and did not
recommend AP. This was controversial in comparison to AHA and ESC
guidelines. The consequence of this practice is later demonstrated in the
reduced prescription of prophylactic antibiotics and, ultimately, a rise of [E
incidence in the UK (19). NICE have not changed their guidance. Data from
English hospitals indicate a large change (86% rise) from the stable
incidence in 1998/1999 to 2009/2010 of 26.6 cases per million inhabitants
to 50.0 cases per million inhabitants in 2018/2019 (20).

Concluding remarks

How does one understand and use the available scientific evidence of all
levels of study designs? Clinical (medical/dental) trials are exposed to
ethical dilemmas. IE is rare, and relevant randomized trials of good quality
have not been performed. It should be noted that there has never been an
RCT on tobacco smoking and the associated risk of cancer or CVD.
Likewise, it would be unethical to perform another randomized study
regarding high sugar levels in the diet and the associated possible risk of
dental caries, as one study has been performed.
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DIABETES MELLITUS

Diabetes, a common disorder among people worldwide, is distinguished as
two types: type 1 (insulin-dependent) DM, which is mostly common in
young persons, and type 2 (noninsulin-dependent) DM, which occurs in
adults. Type 2 DM has become more prevalent and is a major health
problem, as it is associated with obesity, elevated blood pressure, an
unfavourable lipid profile, inactivity, and other factors (including increased
risk of heart disease). Metabolic syndrome is considered a precursor state
of DM and is defined by increased blood pressure, high blood sugar, excess
body fat around the waist, and abnormal cholesterol or triglyceride levels.
There is increasing evidence for type 2 diabetes being a chronic inflammation
of the pancreas (1). Type 1 diabetes is an autoimmune disorder where the
islets of Langerhans in the pancreas are damaged resulting in insulin
deficiency and hyperglycaemia (1). Inflammation is emerging as a
pathogenic factor in diabetes.

A large number of studies on PD and DM have been performed, and the
latest SRs are reported here. Because much has been written about the
association between periodontitis and diabetes, it is of interest to know the
prevalence of undiagnosed diabetes and prediabetes in patients attending
dental clinics. Nine studies were found eligible, and the results showed a
sizeable proportion of patients, depending on the patient population (2).
Patients at risk for hyperglycaemia in dental clinic patients were 32.5% using
a random blood glucose test and 40.1% after a HbAlc test. Undiagnosed
diabetes was estimated to 11.2% and prediabetes 47.4% in the studies.

Oral manifestations

Patients with diabetes may have a specific oral health profile. An SR of the
results from 4 longitudinal studies and 15 cross-sectional studies, including
a total of 3,712 patients (2,084 with diabetes), showed that PD, periapical
lesions, xerostomia (dry mouth), and taste disturbance were more prevalent
among DM patients (3). Mauri-Obradors, Estrugo-Devesa, Jané-Salas,

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

82 Chapter 9

Vifias et al. also found an association between caries and mucosal lesions.
Liu, Gkranias, Farias, Spratt et al. reviewed studies and found differences
in the oral subgingival microbiota in persons with chronic periodontitis,
comparing persons with DM and persons without DM (4). From the five
identified relevant studies, the authors could conclude that a low level of the
bacterium Tannerella forsythia was reported more frequently in persons
with DM than in persons without DM. Weaker associations were found for
Porphyromonas  gingivalis and Actinomyces actinomycetemcomitans.
These and other bacteria are common in chronic periodontitis.

The bidirectional relationship between type 2 diabetes
and periodontitis

In 2013, the EFP and the AAP published an SR, with an update in 2018, on
the association of diabetes with periodontitis (5, 6). Although they report
heterogeneity in this research, they report on a bidirectional relationship.
They observed that healthy persons with periodontitis have poor glycaemic
control and a high risk of developing DM. They also reported that persons
with DM more often have periodontitis and diabetes-related complications.
Despite a high number of studies, there still remains more work to be done
to explore the heterogeneity of the results on the association between
diabetes and periodontitis. The bidirectional relationship between diabetes
and chronic periodontitis has been investigated in several studies of varying
design and study sample size and including different parameters for
periodontitis and diabetes. This has made it difficult to obtain clear and
concise results.

Diabetes — periodontitis

In studying whether poorly controlled diabetes is associated with the onset
or progression of chronic periodontitis, Nascimento, Leite, Vestergaard,
Scheutz et al. investigated the effect of hyperglycaemia and summarised
over 13 studies involving a total of 49,262 individuals, including 3,197
diagnosed with diabetes (7). The adjusted estimates of the meta-analyses
indicated that diabetes increased the risk of incidence or progression of
periodontitis by 86% (RR = 1.86, 95% CI 1.3-2.8). This confirms previous
findings of an earlier SR by Ryan, Carnu, and Kamer in 2003 (8). Wu, Yuan,
Liu, Li et al. studied this bidirectional relationship with 53 observational
studies for meta-analyses of different parameters (9). Among persons with
DM, there was an elevated risk of periodontitis (OR=1.58, p=0.000)
compared to those without DM in 53 observational studies. An elevated
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periodontitis risk of 34% (p = 0.002) was shown in the cohort studies.
Patients with DM had a worse periodontal status, with deeper periodontal
pockets, greater attachment loss, and about two more teeth lost than those
without DM. This difference may be a result of the reduced glycaemic
control of DM.

Periodontitis — diabetes

How common is DM in persons diagnosed with periodontitis? Wu, Yuan,
Liu, Li et al. reported the risk of DM in persons with periodontitis of 4.04
(p =0.000) (9). The researchers showed that severe periodontitis increased
the incidence of DM by 53% (p = 0.000). Mild periodontitis had a lesser
impact of 28% (p = 0.007). Further, Ziukaite, Slot, and Van der Weijden
summarized the results in an SR based on 27 papers (10). The authors found
the prevalence of DM in persons with periodontitis to be 13.1% and 9.6%
in persons without periodontitis. They found differences between
geographical areas as the prevalence of DM in persons with periodontitis
was highest in Asian countries (17.1%) and lowest in European countries
(4.3%). The overall OR for DM in persons with periodontitis as compared
to those without periodontitis was 2.27 (95% CI 1.90-2.72). Due to the
studies being performed in many different countries, there was some
heterogeneity in the results. The authors reported that self-reported diabetes
underestimates the prevalence compared to DM being diagnosed clinically.

An SR of 17 included studies focussed on observational studies such as
prospective cohorts and cross-sectional studies to obtain important
prospective information (11). The authors found “a small body” of evidence
that supports the adverse effect of PD on glycaemic control, diabetes
complications, and the development of type 2 (and possibly gestational)
diabetes. The authors concluded from this limited and heterogenous
evidence that more and larger studies with consistent disease parameters
across the studies are warranted. Tooth extractions, considered an indicator
of advanced periodontitis, and diabetes have been found to be independent
predictors of mortality in men during a 12.5-year follow-up (12).

Periodontal treatment and glycaemic control

Several SRs have been performed, and a chronological presentation is
provided in this section. In their Cochrane review from 2015, Simpson,
Weldon, Worthington, Needleman et al. evaluated RCTs for two
comparisons: 1. Periodontal treatment versus none using 14 studies with
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1,499 participants — mean HbA1c was 0.29% lower (95% CI 0.48 lower to
0.10 lower) three to four months posttreatment but 0.02% lower after six
months (95% CI 0.20% lower to 0.16% higher). 2. One kind of periodontal
treatment compared to different comparative treatments were examined in
21 studies with 920 participants (13). The researchers pooled results of
scaling and root planing (SRP) with or without antibiotics and found no
consistent effect. Periodontal indicators/measurements as bleeding on
probing (BOP), reduction in alveolar height, gingival index (GI), periodontal
index, and progressive PD all improved after three to four months in 12
studies and after six months in five studies.

Antibiotic use in addition to SRP was identified in 18 studies of the SR by
Santos, Lira-Junior, Fischer, Santos et al. (14). The minimum follow-up of
treatment was six months. They found that using systemic antibiotics
supplementing standard treatment in the treatment of periodontitis in
patients with DM gave a small benefit in PD and BOP. There was no
significant effect on clinical attachment level and plaque index (PI)
reduction. None of these studies reported on tooth loss or oral health—related
gain.

Mauri-Obradors, Jané-Salas, Sabater-Recolons Mdel, Viiias et al., in their
SR, investigated the evidence of periodontal treatment lowering HbAlc
(15). In 14 of the 21 studies, there was a significant decrease in HbAlc, but
there was no decrease in the remaining seven studies.

Botero, Rodriguez, and Agudelo-Suarez summarized the results in an
umbrella review of SRs (16). The summary effect over 13 SRs from 1995
to 2015 was a reduction in HbA1lc level at three months after intervention,
significant in 10 of 12 SRs. However, the effect over a longer follow-up was
not shown.

Pérez-Losada, Jané-Salas, Sabater-Recolons, Estrugo-Devesa et al. narrowed
their literature search to the period 2013-2015 and identified 13 relevant
trials with 1,912 participants (17). The periodontal treatment included
radicular curettage and root planing with or without antibiotics. Three of the
studies had less than 40 participants included. Seven of the studies showed
a significant reduction in HbAlc, but the other six studies did not. The
follow-up period after treatment varied between the studies from 3 to 12
months. The authors concluded that treatment improved the periodontal
condition, but not all studies showed an improvement in glycaemic control
in the persons with type 2 diabetes.

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

Diabetes mellitus 85

Baeza Hasuike, Iguchi, Suzuki, Kawano et al. concentrated on the treatment
of periodontitis by SRP (18). They identified 9 RCTs and found that SRP
was statistically significant in reducing HbAlc and CRP. Heterogeneity was
not observed between the studies. The conclusion was that SRP treatment
has an impact on the metabolic control of diabetes and the systematic
inflammation in patients with diabetes.

Adjunctive laser use versus antimicrobial photodynamic therapy (aPDT) to
improve HbAlc was assessed in six studies for the SR by Abduljabbar,
Javed, Shah, Samer et al. (19). They concluded there is weak scientific
evidence for these adjunctive treatments in patients with periodontitis and
DM in improving clinical periodontal and glycaemic control in these
patients.

Cao, Li, Wu, Yao et al. identified 14 RCTs that compared standard SRP
treatment with SRP + additional treatment (20). The authors explored
studies that used antibiotic therapy, aPDT, and doxycycline (Doxy) and
found that the combination of SRP + aPDT and Doxy ranked best in
improving the HbAlc level, but fasting plasma glucose did not improve.
Yap and Pulikkotil examined SRP versus SRP + Doxy and, based on six
studies, found the addition of Doxy to be ineffective in improving glycaemic
control (21).

In 2020, Morales, Cisterna, Cavalla, Jara et al. published an SR with meta-
analyses of RCTs of the association of periodontal treatment as SRP with
glycaemic control in type 2 diabetes by HbAlc and inflammation by CRP
(22). The Medline and Cochrane databases were searched until July 2018,
and 349 titles and abstracts were screened. Nine RCTs were included in the
final synthesis. The effect estimate used was weighted average of mean
difference (WMD). The results of the meta-analyses showed the treatment
was effective in reducing HbAlc¢ in six studies (WMD = 0.56 [0.36-0.75] p
< 0.01) and CRP in three studies (WMD = 1.89 [1.70-2.08] p < 0.01). The
meta-analyses showed no heterogeneity (I>= 0%). Standard treatment of
periodontitis by SRP significantly improved glycaemic control and reduced
systemic inflammation in persons with type 2 diabetes.

Type 1 diabetes

Type 1 diabetes is insulin-dependent diabetes. It mainly affects young
persons. It is believed to be due to immunologic, genetic, and/or environmental
causes. Dicembrini, Serni, Monami, Caliri et al. reported in their SR a
prevalence of PD of 18.5% (varied from 8.0% to 37.1%) in type 1 diabetes
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(23). The OR for PD in type 1 diabetes versus the general population was
2.51(1.32-4.76, p = 0.005) in comparison to the general population without
type 1 diabetes. PD measured by clinical attachment level was more severe
in persons with type 1 diabetes but less severe when the patient had good
hyperglycaemic control. Ismail, McGrath, and You studied the literature on
the oral health of persons with type 1 diabetes (24). In all, 37 studies were
included. The authors found some variation between the studies with regard
to caries. Most studies reported greater plaque level and more gingivitis. In
the cohort studies, no marked differences between children with type 1
diabetes and healthy children with regard to periodontal parameters were
reported. Jensen, Allen, Bednarz, Couper et al. conducted a systematic
literature search and included 23 studies to assess PD differences in type 1
diabetes children and adolescents versus healthy controls (25). From these
studies, the authors reported that children with type 1 diabetes had higher
mean values of PI, GI, pocket depth, BOP, and CAL.

Gestational diabetes

For more information on this subject, see Chapter 13 (Pregnancy and
Preterm Birth). First-time onset of diabetes in pregnancy is termed gestational
diabetes mellitus (GDM). This condition has serious complications for the
mother and the foetus. Although the aetiology is not well understood,
glucose intolerance is an underlying factor. Because periodontitis has
implications for the immune system, a possible association has been
investigated in several studies. Elevated heterogeneity indicates the need for
prospective studies with more homogenous criteria for the diagnoses of
periodontitis and diabetes.

Diabetes and root canal treatment

Diabetes is a contributing factor in root canal treatment and need to be taken
into account in the treatment of patients with diabetes. Nagendrababu,
Segura-Egea, Fouad, Pulikkotil et al. conducted an umbrella review of four
SRs on this issue (27). The authors discussed several factors that may
explain the results of the included SRs, referring to the described
bidirectional relationship between diabetes and periodontitis. Both
conditions are related to inflammatory and immunological factors. The
primary outcome was the prevalence of persistent apical periodontitis
associated with root fillings, which indicates that the endodontic treatment
has not succeeded in removing the infection. The authors defined several
secondary outcomes: extraction after endodontic treatment, rate of healing
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assessed by X-rays posttreatment, signs and symptoms after endodontic
treatment, survival of teeth, persistent apical periodontitis independent of
marginal periodontitis, and level of glycaemia of the patient related to the
periapical infection and posttreatment. The results were as follows: The OR
of diabetes versus nondiabetes and the prevalence of radiolucent periapical
lesions in root filled teeth was 1.44 (1.11-1.80). The risk of diabetes and
extracted teeth in relation to root canal treatment was an OR of 2.44 (1.5—
3.88). These results show the complications and consequences of root canal
treatment in diabetes. This is an important consideration when treating
patients with diabetes, and it emphasizes the importance of prophylactic
treatment to prevent the need for root canal treatment.

Concluding remarks

There are many studies that confirm the bidirectional relationship of
diabetes and periodontitis. There is some heterogeneity between the studies
most likely due to differences in recording PD status, type 2 diabetes risk
level, and study design. The bidirectional relationship is, to a certain degree,
related to both diseases having an important inflammatory component. This
relationship is not confirmed in type 1 diabetes. PD in patients with type 1
diabetes has been studied, and results vary. However, patients with type 1
diabetes appear to be at increased risk of more periodontal symptoms than
controls. There is conflicting evidence regarding caries.
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CHAPTER 10

LUNG DISEASES

Microbes are transported to the upper and lower respiratory airways by
inhalation or mucous transport. A great number of different virulent
organisms cause disease in the airways. Bacterial infections can be acute or
can take a chronic course, some requiring antibiotic treatment. Aspiration
of oral bacteria from oral infection sites, can cause lung abscess. If antibiotic
does not remove the infection, surgery may be required. Viral infections,
such as the yearly influenza, can be prevented by vaccination. Although the
influenza virus mutates every year, the vaccine is adjusted to respond to the
new mutated virus. In December 2019, a new virus was discovered — the
COVID-19 virus, a SARS virus causing a pandemic for which there was no
a vaccine. The pandemic continued into 2020 and 2021 and has caused a
great number of deaths worldwide. Vaccines have been developed, and they
will curb the pandemic when a sufficient number of persons has been
vaccinated. However, mutations of the virus spread around the world.
During the COVID-19 pandemic, the young ones have been spared in
contrast to the fragile elderly. The human body has defence mechanisms,
such as cilia lining the throat. The minute and numerous filaments
continuously move shifting mucous and debris up and out of the throat —
nature’s protection of the airways. As expected, cilia filaments are most
efficient amongst the young and less so through life due to the influence of
smoking, alcohol, and possibly different kinds of food, drink, and
medication (1).

This chapter will explore the evidence for oral infections being associated
with lung diseases. Documentation is available for COVID-19, pneumonia,
asthma, cystic fibrosis (CF), and chronic obstructive lung disease. Cancer
of the lung is described in Chapter 11 (Cancer).

COVID-19

Since the COVID-19 pandemic started fully in early 2020, research has been
(and continues to be) carried out extensively to understand all the elements
of the pandemic and disease development. The virus is called SARS-CoV-
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2, and it belongs to the Corona family of viruses, which are known to cause
respiratory infections leading to light colds or a more serious disease of the
lungs and may have a fatal outcome. Presenting symptoms may be one or
more of these: Fever or chills, cough, shortness of breath or difficulty
breathing, fatigue, muscle or body ache, headache, new loss of taste or
smell, sore throat, congestion or runny nose, nausea or vomiting, and/or
diarrhea. https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/
symptoms.html

Regarding oral health in COVID-19 patients, Marouf, Cai, Said, Daas et al.
provided some early and interesting observations (2). In a study of 568
patients with COVID-19, the authors observed that patients with
periodontitis were 3.5 times more likely to be admitted for intensive care
treatment (OR = 3.54, 95% CI 1.39-9.05), 4.6 times more likely to need
ventilator treatment (OR = 4.57, 95% CI 1.19-17.4), and 8.8 times more
likely to die (OR =8.81, 95% CI 1.00-77.7) than patients without PD. These
results may indicate that the immune system of patients with periodontitis
is already, in a sense, overloaded and struggles to cope with the additional
COVID-19 infection. It is also speculated that the presence of periodontitis
makes the coronavirus more aggressive. The patients in the study with
periodontitis had higher levels of inflammatory markers in their blood than
patients without periodontitis. Undoubtedly, more research results on
COVID-19 will be available in the future.

Pneumonia

Intervention studies studying the effect of removing a risk factor are
important in exploring disease causes. The following results illustrate this
point. The risk of postoperative pneumonia after cardiac surgery increases
the burden of disease for patients. Bardia, Blitz, Dai, Hersey et al. conducted
an SR of interventions by giving preoperative chlorhexidine (CHX) mouth
rinse, which lowers the bacterial burden in the mouth, to patients with
cardiac conditions prior to surgery (3). Eligible literature published until
2017 were included. Five studies (N = 2,284 patients) were included, and
1,125 patients received CHX gluconate as a preoperative mouth rinse (3).
The risk of postoperative pneumonia was reduced significantly in this group
compared to those who did not receive a mouth rinse (RR = 0.52, 95% CI
0.39-0.70, p < 0.001). No adverse effects from CHX gluconate were
reported.

In a Cochrane report, oral hygiene measures such as using a mouth rinse,
gel, or swab; tooth brushing; or a combination, together with suction of

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

Lung diseases 93

secretions, were assessed for reduction in ventilator-associated pneumonia
(VAP) in patients receiving mechanical ventilation for at least 48 hours (4).
In all, 40 RCTs (N = 5,675 participants were included). The studies were
divided into five categories of comparisons of oral care: 1) CHX mouth
rinse or gel versus placebo/usual care; CHX mouth rinse versus other oral
care agents, 2) tooth brushing (+ antiseptics) versus no tooth brushing (+
antiseptics), 3) powered versus manual tooth brushing, and 4) comparisons
of other oral care agents used versus placebo/usual care or 5) head-to-head
comparisons between other oral care agents. The results showed no
differences for mortality, duration of ventilation, or duration of intensive
care unit (ICU) stay. According to five RCTs (n = 910 participants), tooth
brushing (+/- antiseptics) may reduce VAP compared to without (RR=0.61,
95% CI 0.41-0.91, p = 0.01, I = 40%). According to three RCTs, (n = 749
participants), tooth brushing may also reduce ICU stay (WMD -1.89 days,
95% CI -3.52 days — 0.27 days, p = 0.02, I = 0%). The authors concluded
that using CHX mouthwash or gel as part of oral hygiene care is beneficial
and may reduce VAP in critically ill patients.

Sjogren, Wardh, Zimmerman, Almstahl et al. studied oral health care in
hospitals and nursing homes, comparing care given by dental personnel or
general oral care by nursing staff (5). In an SR, the researchers studied the
outcome of mortality from healthcare-associated pneumonia in the elderly
in hospitals or nursing homes. A meta-analysis was performed for five
RCTs, and the dental personnel reduced the risk of mortality (RR = 0.43,
95% CI 0.25-0.76, p = 0.003), whereas oral care interventions given by
nursing personnel did not.

Increased risk for nosocomial pneumonia in patients in the ICU by
periodontitis was investigated by Jerénimo, Abreu, Cunha, and Esteves
Lima (6). They conducted an SR and included 5 case-control studies out of
the identified 560 studies. There was a significant association between
periodontitis and nosocomial pneumonia in the meta-analysis (OR = 2.55,
95% CI 1.68-3.86, 1> = 0%). The result showed that patients with
periodontitis treated in the ICU were at a higher risk of nosocomial
pneumonia than patients without periodontitis.

Another SR was conducted to explore the efficacy of tooth brushing in
reducing the risk of VAP (7). Removal of the dental biofilm, plaque, was
considered important to prevent VAP. The literature search identified 215
articles, of which 12 were included. They found that different strategies of
tooth brushing with or without CHX had been studied, but the pooled
estimate was nonsignificant.

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

94 Chapter 10

Gomes-Filho, Cruz, Trindade, Passos-Soares et al. conducted an SR of
studies regarding the association of periodontitis and the following diseases:
pneumonia, asthma, and chronic obstructive pulmonary disease (COPD)
(8). In all, 10 studies (N = 3,234 participants) were included in the meta-
analyses for the three outcomes. For pneumonia, adjusted OR was 3.21
(95% CI 1.997-5.17, 1> = 0%).

Asthma

In an SR, Gomes-Filho, Cruz, Trindade, Passos-Soares et al. found that
periodontitis was associated with asthma (adjusted OR = 3.54, 95% CI
2.47-5.07, 1> = 0%) (8). Ferreira, Ferreira, Castro, Magno et al. conducted
an SR to study the association between PD and asthma in adults using results
of observational studies (9). Persons with asthma were compared with
persons without asthma. In all, 3,395 studies were identified and reviewed.
Eleven studies were included in the SR, and six were used for quantitative
analyses. The meta-analyses were performed according to the following
clinical parameters: plaque index (PI), gingival index (GI), bleeding on
probing (BOP), papillary bleeding index, calculus index, and clinical
attachment loss (CAL). The results for the calculus index was p <0.00001
and I> = 0% for the papillary bleeding index, p <0.00001 and I* = 0%; and
for the CAL, p=0.03 and 1> = 98%, all significantly higher in persons with
asthmatic disease than in persons without asthma. Nonsignificant
associations were found for BOP, GI, and PI. The results indicate that
persons with asthma have more periodontitis and gingivitis than persons
without asthma.

Similarly, Moraschini, Calasans-Maia, and Calasans-Maia wrote an SR on
the association of PD and asthma (10). They searched for studies of different
designs, including prospective and retrospective cohort studies, case-
controls, and randomized clinical trials, published between 1979 and 2017.
They authors found significant associations for clinical evidence of
gingivitis as gingival bleeding, PI, and GI for participants with asthma (p <
0.001).

Cystic fibrosis

CF is a lung disorder, and more information can be found on the following
website or other websites: https://www.medicalnewstoday.com/articles/
147960. ‘Cystic fibrosis is a hereditary disease that affects the lungs and
digestive system. The body produces thick and sticky mucus that can clog
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the lungs and obstruct the pancreas. Cystic fibrosis (CF) can be life-
threatening’.

In CF, the lung condition presents with thick and sticky mucus. Persons with
CF need close follow-up and antibiotic treatment more often for lung
infections. Coffey, O’Leary, Burke, Roberts et al. (2020) conducted an SR
of studies to assess how the periodontal condition was for persons with CF
(11), evaluating if there was an added risk due to poor oral health. The
authors included 13 studies in a qualitative review. Most of the studies
indicated that cases with CF had better oral hygiene than controls but did
have more calculus. In one study involving children, they found more
gingivitis among the cases, and in another, the cases had more BOP. One
study included adults only, five studies included persons over 18 years, and
most of the studies included children only. In 2019, Pawlaczyk-Kamienska,
Borysewicz-Lewicka, Sniatata, Batura-Gabryel et al. focussed their SR on
dental disease and PD (12). These two reviews overlap in many respects.

Chronic obstructive pulmonary disease

Gomes-Filho, Cruz, Trindade, Passos-Soares et al. conducted an SR of
studies on the association of periodontitis with pneumonia, asthma, and
chronic obstructive pulmonary disease (COPD) (8). The results for COPD
was as follows: adjusted OR = 1.78 (95% CI 1.04-3.05) and I* = 38%.

Concluding remarks

Oral bacteria do get aspired into the bronchi and lungs. This is more serious
for some patient groups than others. The study results presented in this
chapter indicate that persons with asthma have poorer oral health than
persons with CF. Intervention studies involving persons on ventilators have
been carried out, and oral hygiene measures have been shown to be effective
in preventing nosocomial pneumonia in these seriously ill patients.
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CHAPTER 11

CANCER

Oral cancer has been studied for a long time, but how the normal oral
microbiota has been involved in the pathophysiology is less certain, nor is
the pathophysiology of oral disease to cancers originating distant to the oral
cavity fully understood. So far, the link most studied is the pathology related
to immunology and the infection route.

The most common oral infections are gingivitis, periodontitis, and caries;
all start with bacteria forming a biofilm on the tooth and gingival surfaces.
The infections proceed to destroy soft and hard tissues of the jaws due to
anaerobic bacteria; hence, tooth extraction is a measure of this disease.
Bacteria find nutrients in saliva and the food we eat. The biofilm, also
termed plaque, can calcify after adherence to the tooth surface. The progress
of these diseases is well understood, but from there to the initiation of cancer
is a more complex pathology. This does not only apply to the risk of oral
cancers but also applies to cancers of distant sites, making oral infections
and their “components” possible risk factors unless they are prevented
and/or treated. Several risk assessments have been performed in different
studies, depending on the scientific hypotheses, available data, and the
opportunity to design and carry out new research mainly from laboratory
studies, health surveys, clinical examinations, cohort studies, case-control
studies, and/or registry data.

In the following, results will be presented mainly from SRs of scientific
literature with meta-analyses including several studies but also results from
single studies. The included study designs are prospective cohort, case-
control, nested case control, and case-cohort. There is a limited overlap of
some studies regarding the specific cancer diagnoses, as these have been
used in more than one SR. Confounding factors are always an issue. Age
and smoking, in addition to socioeconomic status, are important in both
periodontitis and cancer. Education is a proxy for knowledge on infection
prevention, and frequency of visits to the dentist reflects treatment and
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prophylaxis against the common oral infections and the availability of
dental services and cost.

This chapter starts with the risk posed by specific oral pathogens, following
self-reported PD found to be associated with the overall risk of cancer, and
continues with specific cancer diagnoses. Total cancer reflects different
gender-specific cancer diagnoses, and cancer-specific results are an
advantage. More research is needed to identify serum markers that may help
in developing tests for screening and early diagnosis and possibly be used
in following the prognosis and management of cancers.

Oral pathogens in cancer

Periodontal bacteria are the major pathogens in the oral cavity and the main
cause of adult chronic periodontitis, but their association with incidence and
prognosis in cancer is controversial. The aim of the study by Xiao, Zhang,
Peng, Wang et al. (2020) was to evaluate the effect of periodontal bacterial
infection on the incidence and prognosis of cancer (1). Their research
included 39 studies presented in 18 articles comprising 7,184 participants.
The studies came from different countries: 16 came from Asia, 19 from
North America, and 3 from Europe. The authors found results indicating
that periodontal bacterial infection increases the incidence of cancer (OR =
1.25,95% CI 1.03-1.52, 1>="70%) and is associated with poor overall survival
(HR = 1.75, 95% CI 1.40-2.20), disease-free survival (HR = 2.18, 95% CI
1.24-3.84), and cancer-specific survival (HR = 1.85, 95% CI 1.44-2.39). The
samples were taken from blood, saliva, mouthwash, tissues, or serum, and
detection was by 16S rRNA gene sequencing, quantitative PCR, ELISA, or
droplet digital PCR. Subgroup analysis indicated that cancer risk was
associated with Porphyromonas gingivalis (Pg) infection (OR =2.16, 95% CI
1.34-3.47) (10 studies) and Prevotella intermedia (Pi) infection (OR = 1.28,
95% CI 1.01-1.63) (2 studies) but not Tannerella forsythia (Tf) (OR = 1.06,
95% CI1 0.8-1.41) (5 studies), Treponema denticola (Td) (OR = 1.30, 95% CI

0.99-1.72) (3 studies), Aggregatibacter actinomycetemcomitans (Aa) (OR =

1.00, 95% CI 0.48-2.08) (3 studies) or Fusobacterium nucleatum (Fn)
infections (OR = 0.61, 95% CI 0.32-1.16) (15 studies). The authors
concluded that the meta-analysis revealed that periodontal bacterial
infection increases the incidence of cancer and predicts poor prognosis for
cancer development.

In 2016, Sayehmiri, Sayehmiri, Asadollahi, Soroush et al., in their meta-
analysis, explored studies that had evaluated the prevalence rate of the
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bacterium Pg in patients with gingival cancer (2). From eight studies (2000
2013), the authors noticed a nonsignificant increased risk for cancer (OR=
1.36, 95% CI 0.47-3.97, 1> = 81.5%). Pg prevalence in four case-control
studies was 40.7% (95% CI 19.3-62.1), which indicates the prevalence of
chronic periodontitis in cancer patients. Pg is one of the red complex
bacteria in chronic periodontitis and, as such, is interesting to study in
cancer pathology. The authors listed several potentially carcinogenic
properties of Pg.

In 2017, Bracci wrote a review of epidemiologic studies to evaluate PD,
different oral microbiome parameters, and the risk of pancreatic cancer (3).
The studies showed risk estimates ranging from 1.5 to 2.0, with an overall
RR of 1.74. Antibodies to oral commensal bacteria were analysed from
prediagnostic blood samples to estimate any predictive effect. In conclusion,
Bracci pointed to the complexity of possible pathology by assessing the oral
microbiome, periodontitis, and other risk factors — realizing the involvement
of the immune and inflammatory processes, which needs to be studied
further.

Self-assessed or self-reported periodontitis

Michaud, Fu, Shi, and Chung (2017) wrote an SR of cohort and case-control
studies and conducted a meta-analysis of the risk estimates (4). From 11
former reviews, the authors identified 52 studies, and through a PubMed
search for the period 2011 to 2016, they identified 217 studies and 18
relevant abstracts. Studies were excluded for the following reasons: they
were duplicates, no exposure or outcome was of interest, the study design
was not relevant, no adjustment of the results for confounders, or not all
participants had established periodontitis. Of the finally selected 46 studies,
the authors found risk estimates, enabling them to perform separate meta-
analyses for total cancer and for lung, head and neck, pancreas, stomach and
oesophagus, breast, and colorectal cancers. The authors’ requirements for
studies to be included in the meta-analyses were the risk of having PD or
tooth numbers as a surrogate for PD and that the study estimates had been
adjusted for smoking. In their paper, the authors presented figures of two
meta-analyses, one on results of lung cancer and the other on cancer of the
pancreas (see results in the separate cancer specific paragraphs).

Corbella, Veronesi, Galimberti, Weinstein et al. (2018) adopted another
approach for studying periodontitis and the development of cancer. They
reviewed 490 papers, and after a systematic assessment, 10 papers from 6
studies (prospective cohorts and case-control studies) were included in their
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meta-analyses (5). Corbella, Veronesi, Galimberti, Weinstein et al. assessed
the cancer risk by HRs from Cox proportional hazard regression analyses.
All 10 papers were included in the qualitative synthesis and 8 in the
quantitative synthesis; the eight papers covered six studies. Separate
analyses were performed for any cancer, including cancers of the digestive
tract, pancreatic, prostate, breast, corpus uteri, and lungs; haematological
and oesophagus/oropharyngeal combined cancers; and non-Hodgkin
cancers, and these results are included in the specific cancer paragraphs
below (Table 1).

Table 1. Overview of included studies in the systematic review on cancer
and periodontitis by Corbella, Veronesi, Galimberti, Weinstein et al. (5)

First author, Number of Oral Confounder Cancer
year of participants risk adjusted diagnosis
publication, Men | Women | factors
location,
data source
(reference
no.)
Arora (2010), | 6,900 8,433 Self- Gender, age, Any
Sweden, assessed | education, cancer
Swedish in 1963. | employment, Digestive
Twin Forty- number of tract
Registry (8) one siblings, Colorectal
years of | smoking status, Pancreas
follow- | smoking status Stomach
up of partner, Bladder
alcohol status, Prostate
diabetes, and Breast
body mass index | Corpus
uteri
Lungs
Eliot (2013), 797 283 Self- Age, gender, Oral
US, nine assessed | race, smoking, Pharynx
medical follow- | alcohol status, Larynx
facilities in up education, and
the Boston annual
area (9) household
income
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Mai (2014), 93,676 | Self- Age, smoking, Lungs
uUs, assessed | education, race, Breast
Women’s follow- | BMI, alcohol,
Health up hormone use,
Initiative dental visits,
Observational physical activity,
Study (7) region of
residence, and
aspirin use
Michaud 51,329 Self- Main factors: 2007 —
(2007, 2008, assessed | Age, race, BMI, Pancreas
2016), follow- diabetes, 2008 —
US, Male up profession, Any
Health smoking, cancer
Professionals residence area, 2016 —
Study (7) height, NSAID Any
use, cancer
cholecystectomy,
multivitamin
use, teeth
numbers, diet
elements, and
alcohol
Momen- 77,443 | Self- Age, race, Colorectal
Harevi assessed | smoking, family
(2017), follow- | history of
uUs, up colorectal
Nurse’s cancer, diabetes,
Health Study diet elements,
(13) and alcohol
Mazul (2017) 841 383 Self- Age, race, sex, Head and
uUs, assessed | alcohol use, neck
Carolina follow- | socioeconomic squamous
Head and up status (income, cell
Neck Cancer insurance and carcinoma
Epidemiology education), and
Study (14) HPV status

Total cancer

For total cancer, Michaud, Fu, Shi, and Chung found five prospective
cohorts that investigated PD, but only three studies had adjusted for the
results of smoking (4). They found that total risk ranged from 14% to 20%
in the three studies with analyses controlled for smoking, and the association
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was consistent across the five studies. From two cohort studies among
nonsmokers the results were: In HPFS, a study on men, significant increased
risk for total cancer was observed of a HR=1.21 (95% CI 1.06—1.39) (6). In
a cohort study on women — the Buffalo OsteoPerio Study (15) — no
significant association was found. Missing teeth was not found to be
associated with total cancer risk. Corbella, Veronesi, Galimberti, Weinstein
et al. found a statistically significant association of PD for all cancers (HR
=1.14, 95% CI 1.04-1.24) (5).

Head and neck cancer

Cancer of the lip and oral cavity is the 15th most common cancer in the
world, and the third most common in some Asia Pacific countries
(https://www.who.int/news-room/fact-sheets/detail/oral-health). Survival,
which reflects treatment, has changed over the years. Radiation treatment to
head and neck influences dental status, and patients are, as a rule, treated for
dental diseases before radiation treatment starts. The treatment effect and
survival are also influenced by the cause of the oral cancer. Cancer due to
smoking is more difficult to treat due to the different chemical substances
in tobacco and tobacco smoke. Oral cancer due to human papilloma virus
(HPV), which is on the increase, is easier to treat and has better survival
rates.

As for any cancer, survival the longest is important. Farquhar, Divaris,
Mazul, Weissler et al. (16) investigated whether oral health/oral hygiene
measures have an influence on surviving head and neck cancers. They did
a case-control study of participants of the Carolina Head and Neck Cancer
Epidemiologic Study. Cases (n = 1,381) and controls (n = 1,396) that were
age-, sex-, and race-matched were followed up for mortality for five years.
The oral health indicator was frequency of routine dental examinations and
tooth brushing. The researchers found that more than 10 routine dental visits
in the 10 years preceding the study decreased the mortality risk by 40% (HR
= 0.6 [0.4-0.8]). The reduced risk was strongest for cancers of the oral
cavity (HR = 0.4, 95% CI 0.2-0.9). Dental visits were also positive for
control persons. Frequent dental visits represents a source of detection bias
regarding the results on survival. No other health examinations influenced
survival. The results indicate that oral health may have an influence on these
cancers through bacteriological and/or immunological pathways.

Guntinas-Lichius, Wendt, Kornetzky, Buentzel et al. (2014) presented data
form the Thuringian Cancer Registry, Germany, on the epidemiology and
treatment outcome for head and neck cancers for the period 19962011 (17).
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The authors concluded that overall survival did not improve in this period,
but incidence increased significantly.

Chang, Lee, Hsiao, Ovidrelle et al. investigated the oral hygiene habits of
regular dental visits, frequency of tooth brushing, and use of dental floss
with the aim of removing and controlling the oral microbiome (18). The
researchers followed 740 patients with head and neck cancer and found that
poor oral hygiene was associated with poor overall survival (HR = 1.38,
95% CI: 1.03-1.86). In addition, they found an association with nucleotide
polymorphism (TLR4 rs11536889) and with the CG or CC genotype but not
the GG genotype. Based on these results the authors suggest that poor oral
hygiene may be a prognostic factor for head and neck cancer.

Periodontal infection

Studies on head and neck cancers are heterogeneous, particularly in terms
of risk measurement by extractions or missing teeth, different periodontal
measures of the degree of periodontal infection, periodontal pocket depth,
and bone loss assessed by radiographs (Michaud, Fu, Shi, and Chung 2017)
(4). One cohort study showed a nonsignificant relationship between PD and
head and neck cancers. A strong relationship was observed (HR =2.25,95%
CI 1.30-3.90) of PD for oropharyngeal and oesophageal cancers combined
among nonsmokers. The authors did not perform a meta-analysis due to this
heterogeneity between studies. However, they presented a figure based on
seven case-control studies on the predicted linear dose-response
relationship between tooth number and oral cancer (OR =0.3; 95% CI10.01—
0.05) per tooth lost.

Virus

With smoking cessation taking effect, oral squamous cell carcinoma
(OSCC) was on the decrease, until an increase was observed. This increase
is caused by Human papilloma virus (HPV) as a result of the sexual
behaviour of men in particular. HPV is associated with cancer of the cervix
in women and is a risk factor for this carcinoma independent of tobacco and
alcohol use. Ribeiro, Levi, Pawlita, Koifman et al. (2011) studied HPV
prevalence assessed by HPV DNA in head and neck squamous cell
carcinomas in two comparable studies, one in Europe and one in Latin
America (20). The results of 2,214 cases versus 3,319 controls indicate a
prevalence of HPV E7 DNA (3.1% (6/196) among cases), and serum
antibodies were observed in these studies. Several HPV types have been
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identified in the oral mucosa — including subtypes 1, 2, 6, 7, 11, and 13, as
reported by Dai, Clifford, le Calvez, Castellsagué et al. (2004) regarding the
relationship between HPV and oral cancer (21).

Leung, Chung, Yuen, Ho et al. (1995) examined the Epstein—Barr virus and
salivary duct cancer in 10 cases, 8 cancers of the parotid gland and 2 of the
submandibular gland (19). The authors identified Epstein—Barr virus-
encoded small RNAs (EBERSs) and all specimens were positive.

Bacteriology and immunology

Park, Woo, Lee, Yoon et al. studied antibody levels to Pg, Fn, and IL-6
which were elevated in OSCC (22). Fn had previously been identified as an
emerging factor in colon cancer progression. The authors found Pg and IL-
6 to be significantly higher in oral cancer cases (n = 62) compared to
controls (n = 46). The authors suggested these factors may be used in the
estimation of prognosis.

Lung cancer

The major risk factor for lung cancer is smoking, and the recording of
smoking pattern must be as accurate as possible in research studies.
Michaud, Fu, Shi, and Chung did a systematic review and found the risk
posed by PD in five studies ranging between 1.25 and 4.61, and the pooled
RR was 1.33 (95% CI 1.19-1.49) (4). Two studies were on both sexes, two
on men only, and one on women only. As smoking is associated with PD
and lung cancer, subgroup analyses among nonsmokers were done in the
HPFS on men (HR = 0.92, 95% CI 0.49—-1.71). Moreover, there was no
association with lung cancer in the Women’s Health Initiative Observational
Study. A significantly higher risk was observed for a higher number of
missing teeth after adjusting for smoking dose. A case-cohort study reported
a positive association between number of teeth and lung cancer risk. Two
of the four case-cohort studies showed a modest nonsignificant increase
with a higher number of missing teeth, adjusted for smoking. A large case-
control study showed a positive association with a high number of missing
teeth.

Corbella, Veronesi, Galimberti, Weinstein et al. found three studies with a
risk estimate for periodontitis and associated with lung cancer in their meta-
analysis to be an HR of 1.24 (1.06-1.45, I>= 0%) (5).
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Breast cancer

Breast cancer is the most common cancer among women. It is an endocrinal
disorder, and the use of the birth prevention pill and reproduction history
have been scrutinized in relation to causation. High BMI and physical
activity are other factors that have been studied, but risk factor patterns have
not been clarified. Regarding breast cancer, tumours are analysed for three
receptors — HER2 (a growth-promoting protein on the outside of all breast
cells), oestrogen receptor, and progesterone receptors — that will influence
the choice of further treatment to improve survival (24).

Michaud, Fu, Shi, and Chung (2017) identified five cohort studies but did
not report any significant associations of PD with breast cancer. The risk
estimate ranged from 0.94 to 1.32 (4).

Shi, Min, Sun, Zhang et al. conducted a meta-analysis of PD as a predictor
of breast cancer based on eight cohort studies (N = 168,111 participants)
and found an RR of 1.18 (95% CI 1.11-1.26, I>= 17.6%) (25). This is a
modest but consistent association. The studies were performed in different
European countries.

Corbella, Veronesi, Galimberti, Weinstein et al. assessed the risk of breast
cancer by periodontitis to be an HR of 1.11 (95% CI 1.00-1.23) in their
meta-analysis (5).

Stomach and oesophageal cancers

As reported earlier, Michaud, Fu, Shi, and Chung (2017) did not report any
significant associations (4).

Corbella, Veronesi, Galimberti, Weinstein et al. assessed
oesophagus/oropharynx cancer pooled together, and their meta-analysis
showed an HR of 2.25 (95% CI 1.30-3.90) (5).

Pancreatic cancer

Increased pancreatic cancer risk was observed in comparing periodontitis
with gingivitis (not adjusted for smoking) (OR = 1.2, 95% CI 1.0-2.4) but
not for tooth loss in one study (4). Other results were inconsistent, and no
meta-analysis was performed. The reason may be study size, no adjustment
for smoking in the analyses, differences in study populations, and/or risk
measurements performed differently.
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More information can be gained from the SR by Maisonneuve Amar, and
Lowenfels (2017) (26). They published a review of periodontitis and
edentulous or severe teeth loss and risk prediction for pancreatic cancer.
From the initial review of 327 references, they selected eight studies. The
result of the meta-analyses of six studies (2003-2016) on the risk of
periodontitis was an RR of 1.74 (95% CI 1.41-2.15). The risk estimate by
edentulous or severe teeth loss from four studies was an RR of 1.54 (95%
CI 1.16-2.05). The authors made an interesting comparison of known risk
factors for pancreatic cancer and periodontal infection, in addition to
tobacco smoking, alcohol consumption, obesity, metabolic syndrome, and
allergy (inverse risk).

Diabetes is an associated risk factor for pancreatic cancer, but a direct
association with periodontitis is more uncertain. In two studies, Corbella,
Veronesi, Galimberti, Weinstein et al. found a risk effect by periodontitis to
be an HR of 1.74 (95% CI 1.21-2.52, I*= 0%) (5).

Stolzenberg-Solomon, Dodd, Blaser, Virtamo et al. (2003) examined
whether tooth loss and/or Helicobacter pylori is associated to pancreatic
cancer (27). Their hypothesis was tested using data from the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study cohort in Finland.
Edentulous individuals were compared to people with 0—10 teeth missing.
Tooth loss was associated with pancreatic cancer (HR = 1.63, 95% CI 1.09—
2.46), but H. pylori was not.

Oral microbiology

Michaud, Izard, Wilhelm-Benartzi, You et al. (2013) studied plasma
antibodies to 25 oral bacteria and pancreatic cancer (28). The work was
based on a large multicentre study — the European Prospective Investigation
into Cancer and Nutrition study. In a nested case-control study of 405
pancreatic cancer cases and 416 matched controls, the researchers
discovered that high levels of Pg resulted in an increased risk of pancreatic
cancer (HR = 2.14, 95% CI 1.05-4.36). They also explored the level of
antibodies to a cluster of commensal (nonpathogenic) oral bacteria and
found an OR of 0.55 (95% CI 0.36-0.83) — indicating high levels of
antibodies, compared to low levels, had a 45% lower risk of pancreatic
cancer.
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Colorectal cancer

The summary estimate of colorectal cancer in four cohorts was an OR of
1.49 (95% CI 0.95-2.29, I> = 66.5%) (4). As noted, the risk was
nonsignificant. The studies included both sexes or male or female only. The
following are included studies on colorectal cancer were Michaud, Liu,
Meyer, Giovannucci et al. (6), Arora, Weuve, Fall, Pedersen et al. (8), Mai,
LaMonte, Hovey, Freudenheim et al. (15), and Ahn, Segers, and Hayes (29).

Corbella, Veronesi, Galimberti, Weinstein et al. assessed colorectal cancer
risk using three studies and found a risk estimate of 0.94 (95% CI 0.79—
1.12). The researchers assessed digestive tract cancer and found an HR of
1.34 (95% CI 1.05-1.72) (5). Stomach cancer risk was nonsignificant (HR
=1.03, 95% CI1 0.71-1.48).

Bladder cancer

Two studies found bladder cancer risk to be nonsignificant in a meta-
analysis (HR = 1.31, 95% CI 0.93-1.84) (5).

Prostate cancer

The only study reporting results of a meta-analysis on prostate cancer was
Corbella, Veronesi, Galimberti, Weinstein et al., who found the risk effect
by PD to be an HR of 1.25 (95% CI 1.04-1.51, I>= 16.0%) in two studies

(5).

Corpus uteri cancer

Corbella, Veronesi, Galimberti, Weinstein et al. (2018) found the risk
estimate to be an HR 0f 2.20 (95% CI 1.16—4.18) for corpus uteri cancer (4)

Haematopoietic and lymphatic cancer

Wu, Shi, Li, Shi et al. presented results on the correlation between PD and
haematopoietic and lymphatic cancers (30). Their literature search
identified 853 papers, and 6 studies were included. Among these were one
case-control study from Sweden, one retrospective cohort from China, and
four prospective cohorts from the US, all published since 2010. The overall
risk estimate of the meta-analysis was an RR of 1.17 (95% CI 1.07-1.27, I
=22.7%). From the subgroup analyses, the researchers found that nonsmokers
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had an RR of 1.28 (95% CI 1.07-1.54, 1> = 0%), and the RR for the
American population was 1.17 (95% CI 1.0-1.3, I = 44.8%).

Corbella, Veronesi, Galimberti, Weinstein et al. assessed and, in their meta-
analysis, calculated HRs of 1.30 (95% CI 1.11-1.53) and 1.30 (95% CI
1.11-1.52) for haematological cancer and non-Hodgkin lymphoma,
respectively (5).

Summary of the literature on cancer and oral health

One tends to consider oral infections as one factor causing oral diseases.
However, different measures, as outlined, have been used to characterize
the oral influence on cancer. Different pathological mechanisms are in play,
many of which there is currently insufficient information about. These may
be of microbiologic, immunological, genetic, or other causes. What
particular factor(s) in the immunologic system is/are important and what
characterizes individuals is still mostly uncertain. Studying antibodies to
oral bacteria is one track to follow as low levels of antibodies entail the
systemic spread of infections. For periodontitis, this may also reflect the
differences in individuals’ socioeconomic situations. In this chapter, SRs
are mainly used, summarizing the results of different studies. A weakness
of this approach is the heterogeneity of disease measurements and outcome
registration between the studies. This variation results in low risk estimates.
If the risk estimate is close to one but significant, it is likely there is an
unmeasured risk factor that has not been considered.

Concluding remarks

A classic comment is appropriate here — more research is needed. The
different forms of cancer are diverse. Other known risk factors need to be
considered regarding the effect of oral infections, especially chronic
periodontitis. The results presented indicate some pathological effects by
oral microbes and their bacterial products.
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RHEUMATOID ARTHRITIS

Rheumatic disorders are a group of conditions characterized by the presence
of a high degree of circulating autoantibodies in the patient’s blood.
Periodontitis has been associated with some conditions constituting
rheumatoid disorders. This chapter explores rheumatoid arthritis (RA), but
other rheumatic diseases that produce oral symptoms include Sjogren
syndrome and Behget’s disease. Only a few scientific studies link oral
infections to gout, lupus, spondyloarthropathies, systemic sclerosis, or
infectious arthritis.

Rheumatoid arthritis

RA is an autoimmune disease of unclear actiology. It is characterized by
synovial joint inflammation progressing to cartilage and bone destruction
and causing much discomfort. Symmetrical pain from several joints is
characteristic. There is no cure for RA; hence, limiting pain and discomfort
is important to maintain optimal joint function. A hypothesis of a link
between RA and PD has been put forward (1-6). The syndrome is three
times more common in women and affects only a small proportion of the
population, estimated to be 1.0% to 3.0% (7).

Periodontitis and RA are both chronic inflammatory diseases and both are
multifactorial. They share common disease-progressing factors, such as
osteoclasia, human leukocyte antigen-DR4 allelic genes, an immunological
profile, and characteristic cytokines. Proinflammatory mediators have the
ability to break down synovial membranes and periodontium around teeth.
Both diseases are characterized by anticitrullinated protein antibodies
(ACPAs) and anti-o-enolase. In addition, antibodies to one of the oral
pathogens of periodontitis, Pg, have been isolated from synovial joints in
RA (8). Two approaches have been used: studying clinical periodontal
status information and ACPA level, the diagnostic parameter for RA.
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Prevalence of rheumatoid arthritis

A major diagnostic factor in RA is ACPA level. Van Zanten, Arends,
Roozendaal, Limburg, Maas et al. studied the prevalence of ACPAs in the
large Lifelines cohort of 40,136 participants in the Netherlands (9). The
persons were mainly of Caucasian origin. ACPA levels > 6.2 U/ml were
considered positive. The authors included demographic and clinical
information on smoking, PD, and symptoms of musculoskeletal disease. RA
was defined by self-reported RA, relevant medication, and a medical
specialist visit in the previous year. In all, 401 (1%) persons had ACPA
levels > 6.2 U/ml. Among persons without RA were 0.8% persons with
ACPA-positive levels. The ACPA-positive level was associated with older
age, women, smoking, joint complaints, and RA-positive first-degree
family members. In non-RA cases, age, smoking, and joint complaints were
more frequent in ACPA-positive participants than in ACPA-negative
participants.

Prevalence of periodontitis in rheumatoid arthritis cases

Eriksson, Nise, Kats, Luttropp et al. investigated the prevalence of periodontitis
in RA cases in the Swedish Epidemiological Investigation of Rheumatoid
Arthritis, including 2,740 RA cases and 3,942 matched controls in their
analyses (1). This constituted a population-based case-control cohort. The
authors also used data from the National Dental Health Registry and quality
assured a sample for periodontal diagnoses. The authors concluded there
was no increased prevalence of periodontitis in patients with RA compared
to healthy controls or any differences in ACPA or rheumatoid factor (RF)
status among patients with RA. Smoking and age were risk factors for
periodontitis both in patients with RA and healthy controls.

Arkema, Karlson, and Costenbader also observed this lack of association
between periodontitis/oral health parameters and RA in a large study on
American women (N = 81,132 participants, including 292 RA cases) (10).
The researchers did not find any significant associations of RA with
periodontal surgery (RR = 1.24, 95% CI 0.83—1.83), tooth loss (RR = 1.18,
95% CI 0.47-2.95), or periodontal surgery and tooth extractions combined.

Mikuls, Thiele, Deane, Payne et al. studied RA prevalence in cross-sectional
studies by comparing two groups in their ongoing prospective cohort study
in the US — Studies of the Etiology of Rheumatoid Arthritis. The aim of this
study was to investigate genetic and epidemiologic associations for RA-
related autoimmunity in a preclinical RA period (11). One group was a
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cohort of patients with the HLA-DRA allele, the allele diagnostic of RA (n
= 113; a high-risk group, n = 38), and the other group was a cohort with
persons of first-degree relatives of patients with RA (n = 171). Mikuls,
Thiele, Deane, Payne et al. were interested in studying the relationship
between autoantibodies to RA, RF, and antibodies of oral bacteria (Pg, Pi,
and Fn). The researchers found that elevated levels of antibodies to Pg but
not Pi or Fn was associated with RA-related autoantibodies in persons at
risk of RA. The authors concluded that this “supports the hypothesis that
PG [Porphyromonas gingivalis] infection may play a central role in the
early loss of tolerance to self-antigens in RA pathogenesis.”

Treatment of periodontitis in rheumatoid arthritis cases

From this evidence, the question of effect PD treatment on patients with RA
arises. Local periodontal treatment is certain to have some effect on the oral
cavity, but does this extend to improving RA symptoms? Such a study is
reported from Turkey (3). Erciyas, Sezer, Ustlin, Pehlivan et al. established
a prospective cohort study of 30 patients with RA and moderate-to-high
disease activity (disease activity score [DAS] 28 > 3.2) and chronic
periodontitis and compared the group to 30 patients with low disease
activity (DAS28 < 3.2) and chronic periodontitis. DAS28 is a measure of
disease activity used for patients with DA. Erciyas, Sezer, Ustiin, Pehlivan
et al. explored clinical periodontal measurements and systemic inflammatory
parameters, such as erythrocyte sedimentation rate, CRP, TNF-0, DAS2S,
and periodontal parameters. At the three-month evaluation, the researchers
found a reduction in RA severity as measured by erythrocyte sedimentation
rate, CRP, TNF-o in serum, and DAS28 in patients with mildly or
moderately to highly active RA registered with chronic periodontitis.

Fisher, Cartwright, Quirke, de Pablo et al. investigated whether ACPAs
were associated with peptidylarginine deiminase (PPAD) expressed by Pg
(4). The authors conducted a nested case-control study to study the
prediction of RA using smoking and the role of Pg. Four populations of the
European Prospective Investigation into Cancer and Nutrition study were
included. Each pre-RA case (n = 103) was matched with three controls.
ACPAs can be identified years before RA diagnosis. Smoking is a risk
factor for RA and periodontitis. Fisher, Cartwright, Quirke, de Pablo et al.
concluded that smoking was a risk factor for RA before its onset. However,
they did not find that Pg was associated with pre-RA autoimmunity or that
it inferred RA risk in the early phases before disease onset. Hence, they
concluded that antibodies to PPAD peptides were not an early feature of
ACPA ontogeny.
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Terao, Asai, Hashimoto, Yamazaki et al. in Japan, analysed data from 9,554
healthy persons (12). ACPA and IgM RF were measured. Their periodontal
status was assessed by the number of missing teeth, community periodontal
index, and degree of loss of attachment level of the teeth. All three PD
parameters were significantly associated with ACPA but not RF. This
finding was also found in nonsmokers (n = 6,206). The study supports an
association between PD and RA but does not explain the direct linkage.

Microbiology and immunology

Silvestre-Rangil, Bagan, Silvestre, and Bagan prospectively studied 73
patients with RA and 73 control persons (5). The researchers examined
periodontal pocket depth, CAL, bleeding index, PI, DMFT index of
periodontal status, and salivary flow status. Differences in periodontal status
was observed, as patients with RA had more severe symptoms of periodontitis
and tended to suffer from decreased salivary rate. The latter predisposes to
periodontitis and caries. Sjogren syndrome was not diagnosed.

A link between RA and periodontitis is the ACPAs in RA cases (2). Among
oral bacteria, Pg expresses the enzyme PPAD, which can generate
citrillinated proteins and peptides. Citrullination or deamination is the
conversion of the amino acid arginine in a protein into the amino acid
citrulline. Citrulline, however, is not one of the 20 amino acids of DNA; it
is a result of a posttranslational modification. Wegner, N, Wait, R, Sroka,
A, Eick, S, Nguyen et al claim that their result provides “a novel model
where Pg-mediated citrullination of bacterial and host proteins provides a
molecular mechanism for generating antigens that drive the autoimmune
response in RA.” Eleven bacterial species were tested, and Pg was the only
one believed to trigger the immune response in RA. The tested species were
Porphyromonas gingivalis, Fusobacterium nucleatum, Aggregatibacter
actinomycetemcomitans, Prevotella  intermedia, Prevotella  oralis,
Capnocytophaga gingivalis, Capnocytophaga ochracea, Streptococcus
constellatus, S. gordonii, S. sanguinis, and S. salivarius.

Ayriviinen, Leirisalo-Repo, M, Kuuliala, A, Ahola et al. conducted a
prospective study of an association between RA and oral health parameters
in Helsinki, Finland, with about nine years of follow-up (13). Fifty-three
patients with early-stage RA (ERA) taking disease-modifying antirheumatic
drugs (DMARDs), 28 patients with chronic RA (CRA) with poor response
to conventional DMARDs, and 43 matched controls were included in the
study. After baseline, patients with ERA started synthetic DMARDs, and
those with CRA started biological DMARDs. Moderate periodontitis was
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more frequent in patients with RA than controls (67.3% vs 39.5%). In
addition, the researchers found Pg to be more prevalent in patients with
ERA than in patients with CRA or controls. The antirheumatic drugs did not
seem to affect the results of the study.

Possible linkage between oral infection and RA have been shown in SRs of
studies involving clinical risk measurements. Fuggle, Smith, Kaul, and
Sofat included 21 studies (N = 153,492 participants) that met their inclusion
criteria, of which 17 compared patients with RA to healthy controls and 4
compared the first group to patients with osteoarthritis (n = 1,378
participants) (14). The clinical measurements mean probing depth, BOP, or
absolute value of CAL were raised. The result for patients with RA versus
healthy controls was an RR of 1.13 (95% CI 1.04—1.23, p =0.006), but there
was a great degree of heterogeneity between the studies (I = 95%). BOP
risk was greater in patients with osteoarthritis than in patients with RA.

Concluding remarks

The studies mentioned in this chapter do not provide any causal conclusions
regarding oral infection and RA. Treatment of periodontal infection in RA
reduces common inflammatory parameters.
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CHAPTER 13

PREGNANCY AND PRETERM BIRTH

Pregnancy, although not a systemic disease, is an important condition, and
adverse infections such as periodontitis and caries ought not to occur during
the pregnancy period. Several studies have been conducted to understand
the possible association between oral infections and adverse pregnancy
outcomes. If the pathological mechanisms of how and why oral infections
occur could be identified, then women can be advised on how to prevent
such infections. How strong is the evidence of an association? Two possible
pathways have been identified to explain this association: first, the direct
path in which oral bacteria and/or bacterial products act on the foetal-
placental unit (1), and second, the indirect path in which microbes and
inflammatory mediators circulate and impact the foetal-placental unit.
According to the third EFP/AAP report from 2013, periodontal therapy is
safe and leads to better periodontal health of pregnant women (1).

Periodontal disease in pregnancy

Niederman conducted an SR of observational data comprising 14 cohort and
19 cross-sectional studies to explore GI and/or BOP in pregnant women (2).
The results showed that GI was lowest in the first trimester but increased in
the second and third trimesters. Furthermore, postpartum values of GI were
lower than those of the second and third trimesters. Small changes in plaque
levels were reported in these studies. These observational results indicate
but do not prove a causal relationship between GI score and pregnancy;
nevertheless, pregnant women can benefit from paying attention to oral
health. Nonpregnant women had a lower GI value than women in the 2nd
and 3rd terms of pregnancy.

Periodontal treatment in pregnancy

It is important to conduct intervention trials/RCTs to study the effect of
periodontal treatment. If the treatment under investigation has an effect,
then pregnant women ought to be advised to have a dental examination and
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undergo the necessary treatment. Bi, Emami, Luo, Santamaria et al.
conducted an SR in 2019 to assess the effect of periodontal treatment during
pregnancy on maternal, foetal, and neonatal outcomes (3). Studies on
perinatal mortality and maternal and neonatal morbidity were searched, and
20 RCTs of periodontal treatment versus control with a total of 8,171 study
participants were included. Their primary outcome of perinatal mortality
among 5,942 participants was significantly reduced by RR = 0.53 (0.30—
0.93, p=0.03, 1> = 0%). The study also found a reduced risk of preterm
births (n=7,335; RR =0.78 [0.62-0.98], p= 0.03, I*> = 72%). There was a
high degree of heterogeneity among the included studies. Periodontal
treatment during pregnancy was found to significantly increase the
birthweight of the babies. Preeclampsia, GDM, caesarean section, small for
gestational age, or congenital malformations were not affected by
periodontal treatment.

Gestational diabetes mellitus

First-time onset of diabetes in pregnancy is termed gestational diabetes
mellitus (GDM), and this condition could put the mother and foetus at risk
of serious complications. Although the actiology is not well understood,
glucose intolerance is an underlying factor. Because periodontitis has
implications for the immune system, a possible association has been
investigated in several studies. In an SR, Lima, Cyrino, Dutra, Oliveira da
Silveira et al. (2016) identified 190 studies to determine if periodontal
treatment during pregnancy could reduce the risk of GDM and included 8
in their review (4). The analysis of four cross-sectional studies showed an
OR of 1.67 (1.20-2.32), while the OR of the case-control studies was 2.66
(1.52-4.65). The authors noted that the studies were heterogenic; hence,
they were careful about concluding that there is a positive association
between periodontitis and GDM. Abariga and Whitcomb conducted an SR
and included 10 studies according to their inclusion criteria (5). Diagnostic
criteria varied for GDM and periodontitis, causing some heterogeneity
between the studies. The studies included 5,724 participants, while 624
were cases. The overall result of the meta-analysis to assess if periodontitis
was associated with GDM was 66% (OR=1.66 [1.17-2.36], p<0.05),
2 =50.5%. Subgroup analysis of case-control studies of 1,176 participants,
including 380 cases, gave an OR of 1.85 (1.03-3.32, p <0.05, 1>= 68.4%).
The OR of confounder adjusted results was2.08 (1.21-3.58, p=0.009,
12=36.9%). The elevated I reveals the need for prospective studies with
more homogenous criteria for the diagnoses of periodontitis and diabetes.
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Preeclampsia

In 2020, Konopka and Zakrzewska published an SR of cohort and RCT
studies on PD and incidence of preeclampsia (6). The review found an
association in four of six cohort studies, which included 2,724 pregnant
women and 195 had preeclampsia. In three RCTs of nonsurgical treatment
(SRP), the preventive effect of the intervention was not observed. The
intervention group had 1,825 women, while the control group had 1,827
women. Preeclampsia was diagnosed equally in the two groups — with 116
in each, constituting 6.30% and 6.35%, respectively.

Preterm birth and birthweight
Microbiological indicators

Boggess, Moss, Madianos, Murtha et al. (2005) designed a prospective
study that examined umbilical blood for factors of immune response and
oral pathogens (7). Specimens from 640 births were examined, of which 48
(7%) were preterm. Cord serum levels of CRP, IL-1beta, IL-6, TNF-q,
prostaglandin E2, and 8-isoprostane were measured by ELISA, which
provides accurate measurements by the level of optical readings. This
prospectively designed study showed that the presence of foetal IgM
antibodies that fight against oral bacteria (p = 0.04), and infection parameters
as high as the level of 8-isoprostane of TNF-a were higher in preterm births.
The risk for preterm birth was increased by inflammatory parameters such
as detectable CRP, or high 8-isoprostane, prostaglandin E2, or TNF-a.

Periodontal treatment

Using RCTs, a Cochrane report from 2017 reported evidence of the effect
of periodontal treatment on a pregnant woman versus when there was no
periodontal treatment during pregnancy (8). In all, 15 RCTs met their
inclusion criteria for the meta-analyses. Eleven studies with 5,671
participants looked at preterm birth < 37 weeks, and the meta-analysis
showed a nonsignificant difference (RR = 0.87, 95% CI 0.70-1.10). There
was no indication at < 35 weeks. Seven studies with 3,470 participants
examined the effect of periodontal treatment and the effect of birthweight <
2,500 g. The 9.7% reduction in the low birthweight category with
periodontal treatment versus 12.6% without treatment was significant (RR
= 0.67, 95% CI 0.48-0.95) except for birthweight < 1,500 g. Perinatal
mortality for different periodontal treatments was compared, but the quality
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of evidence was very low. For either of the outcomes, maternal mortality
and adverse effects of the intervention did not occur in any of the studies.
The authors concluded that it is not clear if periodontal treatment during
pregnancy has an impact on preterm birth (low-quality evidence). There is
low-quality evidence that periodontal treatment may reduce low birthweight
(< 2,500 g); hence, the confidence in the effect estimate is limited. There is
insufficient evidence to determine the periodontal treatment that is better in
preventing adverse obstetric outcomes.

Bi et al., as mentioned, found a reduced risk of preterm births among women
who received periodontal treatment during pregnancy. (n=7,335;
RR=0.78 (0.62-0.98), p= 0.03, 1> = 72%) (there was a high degree of
heterogeneity among the included studies) (3). It was also found that
periodontal treatment during pregnancy significantly increased birthweight
among women.

Govindasamy, Periyasamy, Narayanan, Balaji et al. published a review in
2020 that included 19 RCTs and concluded that periodontal therapy was
beneficial to the oral health of pregnant women, but the studies did not show
convincing benefits for the foetus (9). The difference in risk rates was large
between the studies. The rate for preterm birth ranged from 0% to 53.5%
for those having periodontal therapy versus controls (6.4%—72%). The rate
for low birthweight for periodontal therapy was 0%—-36% and 1.2%—-53.9%
for the controls. There was a large variation in the study results. The authors
concluded that it can be inferred that nonsurgical therapy is safe during
pregnancy and can be recommended as a part of antenatal care.

Concluding remarks

Periodontal treatment in pregnant women was not shown to affect
preeclampsia in treated versus nontreated women, but an association with
GDM was observed. There were variations in the study results regarding the
effect on preterm birth or low birthweight but benefit regarding reduced
perinatal mortality. Treatment of oral infections is of benefit to pregnant
women, as concluded in the third EFP/AAP report from 2013 (1). Recent
SRs do not change this conclusion.
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ALZHEIMER’S DISEASE

Alzheimers disease (AD) is a serious form of dementia, and it was first
recognized and described by Alois Alzheimer. The first case was reported
in 1907; however, there is still no cure, nor is the direct cause known. The
WHO recognizes AD as an increasing public health priority (1). With the
increasing longevity of many populations, this disease may be more
common and potentially become a burden on many health facilities
worldwide, as well as on afflicted individuals and families. In short, AD is
a serious form of dementia that is progressive and causes cognitive
impairment that impacts daily living and activities for women and men. It
is a cause of disability, morbidity, and mortality in the elderly. A rare
genetic form may arise in middle age, but most cases occur late in life. Late-
onset AD (LOAD) is believed to be caused by an interplay between genes
and environmental factors. The effect of several factors (such as infections,
educational level, physical exercise, vascular factors, and other factors) on
AD has been examined, but none is conclusive. The genetic picture is
becoming clearer. The main pathophysiologic changes in the brain include
amyloid plaques and neurofibrillary tangles (NFTs), which characterize
AD. These pathologic changes lead to different forms of neuronal
degeneration and further develop into macroscopic atrophy. Thus far, AD
diagnosis is based on clinical parameters, biologic markers, and pathologic
changes observed on MRI scans.

Much research is ongoing to elucidate causal factors that can lead to the
development of future appropriate treatment options. One of the factors
being investigated is oral infection. Olsen and Singhrao has written a
comprehensive review of possible pathological pathways (such as genetics),
including those originating from oral infections, and reported a possible
causal pathologic mechanism (2). The pathological hallmarks of AD are
numerous extracellular amyloid beta (Af) plaques and intraneuronal NFTs.
They distinguish between an intrinsic model and an extrinsic model of
pathology. The intrinsic model is based on the blood-brain barrier being
intact and that neuroinflammation occurs by inflammatory elements of AD
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pathology and inappropriate activation of the complement system in
association with AR, AP plaques, and NFTs. The extrinsic model accounts
for the ability of glial cells to communicate through the vascular system,
meeting the immune challenges of elements from bacterial infections. This
is possible as the circumventricular organs and the choroid plexus are
devoid of the blood-brain barrier.

Several bacteria, bacterial products, and inflammation markers have been
investigated (3). Infectious agents include oral or nonoral Treponema spp.,
as well as viruses such as herpes simplex virus type 1, which is known to be
dormant in cerebral nerve ganglia or yeasts (Candida spp.). Inflammatory
markers include CRP and IL-1. The infectious route can be initiated by
periodontal infection, which can be directly transmitted through the blood
to the brain or by bacterial products that stimulate immunological reactions
and cause changes in the brain. Maintaining a healthy periodontium is,
therefore, important. Further research is needed to fully understand the
cause of LOAD to develop prevention strategies and targeted treatment.

Gatz, Mortimer, Fratiglioni, Johansson et al. investigated the risk of
developing AD due to tooth loss in identical twins in the Swedish Twin
Registry (4). Twins aged 65 years or more and alive in 1998 were included
in the study. They were all screened for different parameters, including
dementia assessment and tooth loss. A case-control study design involving
310 persons with dementia and 3,063 nondemented persons was used. In
all, 106 monozygotic twins were discordant for dementia. The researchers
found that tooth loss around 35 years of age or earlier resulted in an OR of
1.74 (95% CI 1.35-2.24) for developing AD. The risk factors had been
assessed independently 30 years earlier. The results indicate that an
inflammatory load contributes to AD risk.

Using the Nun Study (US), Stein, Desrosiers, Donegan, Yepes et al. linked
periodontitis to cognitive deficit and proposed PD as a risk factor for
developing AD later in life (5). Ten annual cognitive assessments of 144
participants (75-98 years) were available. Neuropathologic autopsy
findings were available for the 118 participants who died during follow-up.
Stein, Desrosiers, Donegan, Yepes et al. found that persons with the lowest
number of teeth had the highest prevalence and incidence of dementia.

Singhrao and Olsen further assessed oral infections as causative factors of
AD (6). They investigated the literature on Pg and possible association with
AD and reported studies that used mouse models with oral infections caused
by Pg or introduction of its LPS caused neurological lesions, indicating
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dementia. A range of signs and symptoms were reported as extracellular A3
plaques, phosphorylated tau, NFTs, widespread acute and chronic
inflammation, and blood-brain barrier defects, along with the clinical
phenotype showing impaired learning and spatial memory. Progressive
cognitive impairment sufficient to impact on activities of daily living — is a
major cause of dependence, disability and mortality.

In 2021, Olsen and Singhrao put forward arguments for an association
between the level of lactoferrin in saliva and AD (7). It has been reported
that reduced levels of salivary lactoferrin can be a plausible biomarker for
AP accumulation in brains with AD. Olsen and Singhrao discussed whether
a low level of lactoferrin in saliva may influence the development of oral
dysbiosis, indicating a link between these two factors.

Concluding remarks

This overview shows that studies exploring the association between oral
health and AD have been carried out, but the long induction time and the
development of the disease makes conducting these studies demanding.
Research is ongoing on many frontiers of medicine and dentistry to
understand the aetiology and progress of the disease. Oral infections have
inherent pathologic effects that are important to study in relation to AD.
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GASTRIC ULCER

A large cross-sectional study in Korea studied the association between self-
reported periodontitis and chronic gastritis/peptic ulcer. The Korean
Genome and Epidemiology Study (2004—-2016) provided data on 173,209
participants: 9,983 with periodontitis and 125,336 with no periodontitis (1).
The adjusted OR of periodontitis increasing the risk of chronic gastritis and
peptic ulcer was 2.22 (2.10-2.34, p < 0.001) and 1.86 (1.74-1.98, p <
0.001), respectively.

Concluding remarks

Epidemiologic studies on gastric ulcer and oral infection are limited.
However, this study from South Korea is large, and the estimates are of
reasonable size with narrow Cls.
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INFECTIONS OF THE FACE AND NECK

If untreated, infections can spread. From the oral cavity, there can be several
reasons for local spread of infections to adjoining structures and rarely
descending to the mediastinum or through the intraorbital route to the
cavernous sinuses of the brain.

Acute infections observed as abscess or cellulitis of the head and neck may
be of oral origin. A differential diagnosis should include an oral examination
in such cases to provide the best treatment. These infections may be
superficial, deep, or extended downwards to the mediastinum (1). Superficial
infections may be in the intraorbital region, maxillary and mandibular regions,
infratemporal fossa, masseteric space, and pterygomandibular space. Deep
infections extend into the sublingual spaces, the lateral pharyngeal space,
the retropharyngeal space, the carotid bundle, Ludwig’s angina, cavernous
sinus thrombosis, and thrombophlebitis. The close proximity of the teeth to
the maxillary sinuses allows for the spread of infection through the maxilla,
and osteomyelitis may also occur.
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THE IMPACT OF SYSTEMIC DISEASES
ON ORAL HEALTH

The first clinical trial

A well-known study, considered the first clinical trial, was carried out on a
ship in 1747. The doctor on board — James Lind (1716—-1794), a Scottish
doctor — noticed that many of the crew on board suffered badly from what
was known as scurvy, which was caused by a lack of vitamin C in the diet.
Gingival bleeding was a major symptom, in addition to anaemia, other
sores, headache, toothache, tooth loss, and chest pain. Since the 17th
century, it has been known that citrus fruits can protect against scurvy.

On long voyages across the oceans at that time, the crew needed to be fit
and healthy, not lying sick in bed. Scurvy was known, but no treatment was
available. Dr Lind decided to test six different treatments in one of the first
studies registered, which is quite similar to today’s clinical trials: ‘I chose
twelve patients with scurvy on board the HMS Salisbury during the voyage.
The patients were as similar as I could get them and had a common diet.’

Figure 1. James Lind (1747)
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Figure 2. HMS Salisbury

Lind thought that scurvy was due to putrefaction of the body, which could
be prevented by acids. Thus, he chose to experiment with dietary
supplements of acidic quality. In his experiment, he divided 12 scorbutic
sailors into 6 groups and gave them all the same diet. In addition, the
following was given to the groups: Group 1 was given a quart of cider daily;
Group 2, 25 drops of elixir of vitriol (sulfuric acid); Group 3, six spoonsful
of vinegar; Group 4, half a pint of seawater; Group 5, two oranges and one
lemon; and Group 6, a spicy paste plus a drink of barley water. Group 5’s
treatment stopped after six days when they ran out of fruit. However, by that
time, one sailor was fit for duty, and the other had almost recovered. Apart
from that, only Group 1 improved.

Dr Lind continued working for the improvement of hygiene in the Royal
Navy and further influenced preventive medicine and improved nutrition.
Today, scurvy is rare.

Systemic conditions with oral symptoms

Systemic disorders of known and unknown aetiology are related to
secondary oral infections or other symptoms due to ulcerations in part or of
the entire oral mucosa. Oral symptoms by themselves are challenging to
manage, as they can cause painful lesions and lead to masticatory problems.
However, they are important adjuncts to the differential diagnosis of the
underlying systemic disease (1-3). In this respect, dentists can assist in
diagnosis and coordinate the diagnosis and treatment with the patient’s
physician as needed. In 2018, Porter, Mercadante, and Fedele wrote a useful
overview of the many systemic conditions that have oral symptoms (1).
They focussed on systemic diseases that affect the oral mucosa, including
white lesions and salivary glands.
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Aphthous ulcers

Aphthous ulcers appear spontaneously and often recur (4). It is a common
cause of ulcers in the mouth, and secondary infections may occur and cause
discomfort. The ulcers are often oval in shape of different sizes and appear
single or multiple in otherwise healthy persons. The actiology is unknown,
but suggested causes are vitamin deficiencies, oral microbiota derangements,
haematological considerations, stress, and genetic polymorphisms to oxidant-
antioxidant imbalances, among others. The therapy is symptomatic and will
include pain relief and treatment of secondary infections. Periodic fever,
aphthous stomatitis, pharyngitis, and adenitis is an uncommon syndrome in
prepubertal children. The fever can occur periodically in a 26-week cycle.

Behcet’s disease

In Behget’s disease, oral ulcers appear spontancously and are one of the
diagnostic criteria (5). Although they are not caused primarily by oral
infections, the ulcers are exposed to secondary infections by the oral
microbiota. The ulcers have a prolonged course before they heal, and this
gives rise to much discomfort for the patients. Behget’s disease is of
unknown origin, but genetics and immunologic causes have been explored.
The prevalence varies in populations. The main symptoms are oral ulcers,
genital ulcers, inflammation of the eyes, and arthritis. Complications that
may arise are blindness, inflammation of the joints, blood clots, or aneurysm.

Virus, protozoa, candida, and uncommon bacterial infections

Viral infections are known to manipulate the immune system and be the
reason for additional opportunistic bacterial infections that may cause oral
symptoms. Infection by herpes simplex virus type 1 is common in many
populations (6). The primary infection is a general affliction of the oral
mucosa, which makes the patient uncomfortable. It lasts 7-10 days. The
infection often recurs several times during life and presents by lesions on
the lips and skin in the form of blisters in the area supported by the
trigeminal cranial nerve. The virus retreats to the trigeminal nerve ganglion
and is dormant until a later outbreak of herpetiform ulcerations. Eight
different herpes viruses can cause other symptoms, such as genital ulcers,
roseola in infants, and possibly Kaposi sarcoma in patients with acquired
immunodeficiency syndrome (AIDS).
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Varicella-zoster virus is associated with chickenpox as the primary infection
and herpes zoster as a secondary infection in adults. The disease presents as
a rash with blisters on the skin but may also have oral manifestations.

Epstein—Barr virus is related to mononucleosis and lymphoma. Oral
symptoms are leucoplakia and periodontitis, as well as other general
symptoms, such as fever and swollen lymph glands. The virus is believed
to be associated with later nasopharyngeal carcinoma.

Infection caused by cytomegalovirus is very rare and is associated with
periodontitis. Both the Epstein—Barr virus and cytomegalovirus replicate in
leukocytes.

Enterovirus is a large group of viruses consisting of five genera — including
coxsackievirus and echovirus, which consist of 29 serotypes. Related to oral
symptoms are hand, mouth, and foot disease with mouth sores, in addition
to other symptoms. It mainly occurs in young children. Herpangina has oral
manifestations in the form of blisters on the oral mucosa, ulcerations in the
soft palate, and often fever, although it is a rare condition in children of
about one week old. Enterovirus illnesses range from mild febrile illness to
potentially fatal conditions.

HPV has become a more common infection in the oral cavity in recent years.
It has been linked to OSCC, which has been on the increase. HPV is related
to cervical cancer in women.

AIDS is caused by the human immunodeficiency virus (HIV) (7, 8). It
infects the leucocytes and the CD4+ T-cells. These cells are important in
the body’s immune defence against microorganisms. Kaposi sarcoma, a
defining AIDS condition, can appear on the skin and inside the mouth or in
other parts of the body.

The protozoa that have been detected in oral lesions are Entamoeba
gingivalis and Trichomonas tenax.

Candida infection is caused by the fungus Candida albicans. It is common
in the mouth, nasopharynx, gut, and genital tract and is sometimes a
pathogen. It is observed in some infants and may infect the mother. The
infection is sometimes seen in patients wearing dentures and patients using
catheters. The oral mucous membrane becomes red and swollen, and there
may be thick white or cream-coloured areas, and swallowing is
uncomfortable. Oral candidiasis is called thrush and can include angular
cheilitis at the corner of the mouth. It is also seen as a consequence of
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immunosuppressive treatment or in patients on antibiotic treatment
suppressing bacterial commensals.

Other bacterial infections, such as Treponema pallidum causing syphilis,
Mycobacterium tuberculosis causing tuberculosis, or Gram-negative
bacterial infections by Escherichia coli or Pseudomonas aeruginosa, have
been detected in the oral cavities of patients with systemic diseases.

Dermatoses

Dermatoses are conditions of the skin not caused by infections (dermatitis).
The conditions mentioned here can also cause oral symptoms or only appear
in the mouth.

Lichen planus causes an uncomfortable rash or redness of the oral mucosa
with characteristic white stria running across the inflamed areas. The cause
is unknown, and only symptomatic treatment can be given.

Exposure to specific pathogenic periodontal bacteria has been found to
influence disease activity in patients with systemic lupus erythematosus
(SLE) (9). These findings provide a rationale for assessing and improving
periodontal health in patients with SLE, in addition to other treatments for
SLE.

Several disorders cause blisters in the mouth (10). These are painful when
they break down and are immediately subjected to secondary infections by
oral bacteria. These include several diseases which are not common
disorders: the rare autoimmune blistering diseases — MMP, pemphigus
vulgaris, linear IgA disease, epidermolysis bullosa acquisita, and paraneoplastic
pemphigus. Erythema multiforme may be mistaken for pemphigus vulgaris
in appearance, while oral lichen planus may be indistinguishable from
MMP. Angina bullosa haemorrhagica may also present with tense
haemorrhagic bullae.

Haematological disorders

Haematological disorders are rare, but a differential diagnosis is by blood
test, gingival bleeding, paleness of the oral mucosa, and unusual symptoms
in combination with general fatigue. Such observations may arise in
children and adults. An observant dentist will refer these patients for further
examinations. Such haematological disorders include neutropenias;
nonsolid haematological malignancies, including leukaemias and
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myeloproliferative disorder; solid haematological malignancies, such as
non-Hodgkin lymphoma; and haematinic deficiencies.

Gastrointestinal disorders

Inflammatory bowel diseases, including Crohn’s disease and ulcerative
colitis, not only affect the intestinal tract but may also involve the oral cavity
(11). These oral manifestations may assist in the diagnosis and monitoring of
disease activity. Indurated tag-like lesions, cobblestoning, and mucogingivitis
are the most common specific oral findings encountered in Crohn’s disease
cases, and aphthous stomatitis and pyostomatitis vegetans are among the
nonspecific oral manifestations of inflammatory bowel diseases. With these
symptoms, the differential diagnosis should be made, considering side
effects of drugs, infections, nutritional deficiencies, and other inflammatory
conditions.

Gastro-oesophageal reflux

Reflux of acid from the stomach is not uncommon. It is due to a damaged
or weak sphincter muscle in the oesophagus. The acid weakens the tooth
enamel and can be seen as erosive lesions on teeth. This may also be
observed in patients suffering from bulimia.

Malignancy

Already mentioned are haematological cancers such as nonsolid haematological
malignancies (e.g. leukaemias and myeloproliferative disorder) and solid
haematological malignancies (e.g. non-Hodgkin’s lymphoma). Another
type of cancer that may develop oral symptoms is Kaposi sarcoma in AIDS.
Kaposi sarcoma develops from the cells that line lymph or blood vessels. It
usually appears as tumours on the skin, often dark coloured, or on mucosal
surfaces, such as inside the mouth, but can develop in other parts of the
body. Kaposi sarcoma is categorized as an epidemic, classic, or endemic.

Hypoplasminogenemia

Hypoplasminogenemia or type 1 plasminogen deficiency is a genetic
condition associated with inflamed growths on the mucous membranes. It
causes a form of gingivitis triggered by local injury and/or infection. This
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causes deposition of fibrin and inflammation and may recur after removal.
Strict oral plaque control is important.

Pregnancy

Pregnant women may present with gingivitis that may bleed upon tooth
brushing in the second and third trimesters. The incidence is less common
in the first trimester.

Scurvy

Scurvy or vitamin C (ascorbic acid) deficiency presents with several
symptoms. Early symptoms are weakness, feeling tired, and sore arms and
legs. These are rather nonspecific symptoms, but additional symptoms, such
as bleeding from the gums, changes to hair, and bleeding from the skin, may
occur. It is not a very common disease due to the knowledge of its cause
and the need for a diet with vitamin C included.

Oral white patches associated with systemic diseases

White patches on the oral mucosa are often difficult to distinguish, as they
have several causes. They can be nonadherent and can be wiped off or
adherent. Nonadherent can be pseudomembraneous candidosis (thrush),
other mycoses, food debris, furred tongue, or drug-associated necrotic
debris (for example, aspirin and cocaine).

Adherent can be papillomas (warts — these are rarely of sexual origin), white
sponge naevus, geographic tongue (erythema migrans — sometimes associated
with type 1 hypersensitivity disorders or psoriasis), frictional keratosis (due
to, for example, abnormal orofacial movement), lichen planus, lupus
disorders, oral hairy leukoplakia, chronic mucocutaneous candidiasis, or
others (for example, the rare dyskeratosis congenita).

Salivary gland

Salivary gland swelling occurs in many systemic diseases, as well as
diseases of the salivary glands and may be due to nonmalignant diseases, in
addition to cancer.
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Sjogren syndrome

Sjogren syndrome is an autoimmune disease that also affects oral health (13,
14). Dryness of the mouth due to decreased production of saliva is the main
oral symptom, and xerostomia is a characteristic symptom of Sjogren
syndrome. Other characteristic symptoms are salivary gland swelling,
ocular dryness, autoantibody production, and increasing mononuclear cell
infiltration of the salivary and lacrimal glands. This syndrome may affect
0.2%-3.0% of the population, and most are women, with an estimated ratio
of 9:1. The most severe complication of Sjogren syndrome is lymphoma,
which may occur in 4%—5% of these patients. It is important to maintain
their oral health, as dryness of the mouth causes more caries and PD.

Cancer treatment and drugs

Cytotoxic drugs can cause oral symptoms as used in the treatment of breast
cancer and may cause osteonecrosis. Osteonecrosis often manifests in the
jaw at an early stage as loss of bone structure being visible on X-rays.
Osteonecrosis can be caused by radiation therapy to the jaw. This is a
serious consequence, as it may deteriorate oral health with loosening of
teeth and increased risk of jaw fracture (12). Patients take different drugs,
and a good anamnesis of drug history should be taken to clarify any side
effects in the oral cavity and associated structures.

Immediate or late effects of cancer treatment can have severe consequences
on oral health. A Norwegian study of 190 children sums this up (15). The
highest occurrence of cancer was among the youngest children, 0—6 years.
Leukaemia and tumours of the central nervous system were each 30%,
lymphomas 12%, and other cancers varied between 1%—7% of the cases.
The five-year survival rate was 86%. However, two of three children suffer
from the late effects of the disease and/or the treatment. This negatively
influences their quality of life. General side effects can be a recurrence of
cancer; fatigue; altered psychosocial functions; heart, circulation, or lung
disease; reduced cognitive capacity; infertility; and endocrine dysfunction.
Specific oral symptoms can be craniofacial growth disturbances,
disturbances in tooth development, malocclusion, reduced salivary flow,
increased caries prevalence, trismus, and oral mucosal disease. These
patients need close follow-up to treat varying symptoms and/or initiate
treatment to guide developmental disorders.
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Dryness of the mouth induced by a drug can cause an increased risk of
caries. Oral contraceptives can cause gingivitis due to the effect of
hormones.

Psychofarmaca (e.g. bipolar drugs) cause unwanted grinding and consequent
pathological chipping of tooth enamel and excessive loss of tooth substance.
Heroin users and other drug abusers have very poor oral health often
because of heroin causing sugar craving.

Congenital disorders

There are several but rare disorders that have serious effects on oral health
and function. These individuals need special attention and treatment to
improve their oral hygiene and dental functionality, and they may need
follow-up over many years. These disorders may be inherited, and they
affect the development of the jaw and facial bones and, consequently, the
functionality of the dentition. Developmental disorders of the teeth become
evident late in childhood, and children need a careful follow-up of
specialists to maintain optimal dental function for eating, speech, appearance,
and quality of life.

Concluding remarks

Several systemic diseases of varying pathology are also the cause of oral
health symptoms such as ulcers, sores, swellings, bleeding, and pain. Many
such ulcers and sores are prone to secondary infections by oral bacteria,
giving much discomfort to individuals. Other symptoms of systemic disease
are oral pain, loss of sensation, abnormal facial movements, and oral
malodour. Several treatments exist, but such information has not been
included in this paper. New treatment options will be available as time
passes. Dentists will advise on the best treatment possible and preventive
measures for the specific symptoms and conditions. Knowledge is required
to achieve and maintain optimal oral health.
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THE OSLO STUDY

Intervention and epidemiology of cardiovascular diseases
with interpretation for the benefit of the public health

The epidemiologic knowledge of change and development of predictors for
health and disease was explored using the Oslo study of 1972/73. The study
was the first population based study in Norway and has been the foundation
of much research. In short, a total of 30,025 men in Oslo born in the period
1923-1952, those aged 40—49 years and a 7% sample of men aged 20-39
years, were invited to attend a health screening at Ulleval University
Hospital in Oslo, Norway, during the years 1972 and 1973. In all, 17,965
attended the health screening. This was the basic structure from which two
randomized controlled trials, as well as epidemiologic prospective analyses
of the full cohort were carried out. Over the years and until today, several
research questions have been raised and hypotheses tested, and results of
these questions and hypotheses have been published. Multiple risk factors,
both established and new, have been assessed for their prediction of future
health events in this study. References are listed below.

The Oslo study of 1972/73

The principal investigator was Professor Paul Leren, MD, Dr Med. The
study is well described. Two intervention trials (RCTs) and prospective
cohort follow-up studies on incidence and mortality of CVD were
performed. The two intervention trials were on (a) cholesterol reduction and
smoking cessation combined compared to no intervention and (b) drug
reduction of hypertension compared to placebo effect. (c) The third study
analysed risk factors for the development of coronary heart disease. (d) The
fourth study used electrocardiogram observations in nonsymptomatic
persons. (e) The fifth study approached the association of a long-term
follow-up of incidence and mortality of stroke and MI, and the analysis for
total mortality was done after 12 and 18 years of follow-up. These studies
were all lead to doctoral dissertations, references are listed below. Further

printed on 2/10/2023 7:30 PMvia . All use subject to https://ww. ebsco. coniterns-of - use



EBSCChost -

The Oslo study 147

follow-up analyses were performed after 21 years regarding the incidence
of stroke and MI and after 26 years on air pollution and mortality, as well
as metabolic syndrome and prostate cancer. New knowledge of
cardiovascular diseases due to the Oslo study of 1972/73 was a major
achievement in Norwegian medical research for the benefit of the general
public and patients alike.

By 2000, 79 scientific papers and 5 doctoral dissertations had been
published based on the Oslo study of 1972/73. Two RCTs had been
performed, and long-term follow-up on incidence and mortality of stroke,
myocardial infarction, and total mortality had been published.

The Oslo study of 1972/73, considered to be the first population-based study
in Norway, was, in many respects, the model and inspiration for future
regional population-based studies with the aim of epidemiologic research:

The Tromse Study started in 1974 because the mortality rate for CVD was
high in Northern Norway. The Tromse Study is the most comprehensive
study, and 45,000 men and women have participated in seven repeat
surveys. The eighth survey is currently ongoing. In the last survey, oral
health was included. https://uit.no/research/tromsostudy

The Trondelag Health Study (HUNT) started in 1984 and is still a highly
active research endeavour, as about 300 national and international research
projects use its data. The database includes information for about 230,000
people. https://www.ntnu.edu/hunt

Then the Homocysteine study (1992/1993) and the Hordaland Health Study
(1997-1999) population screenings — now collectively termed the
Hordaland Health Study (HUSK) — were carried out in West Norway.
https://www.uib.no/en/nutrition/111322/husk-hordaland-health-studies

The last major health screening was the Oslo Health Study (HUBRO) in
2001, which included several substudies.
https://www.thi.no/en/more/health-studies/landsomfattende-
helseundersokelser-lhu/helseundersokelser/the-oslo-health-study-hubro/

Major variables from these studies, including the Oslo II-study in 2000,
have been assembled in the large database of the Cohort of Norway
(CONOR). CONOR contains data of over 200,000 people. From these
studies, much research has been performed, giving varied information about
disease occurrence and causal pathways of Norwegian women and men,
both young and old, for future epidemiologic research. CONOR is included
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in international cooperation on prospective population-based research.
https://www.thi.no/en/studies/conor/
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The Oslo 11 study of 2000

The planning for a large health screening in Oslo called the Oslo Health
Study (HUBRO) started in 1998/1999 (1). The aim was to study a wider
array of public health issues in a representative sample of Oslo inhabitants.
Researchers were invited to add adjoining research projects. A follow-up of
the Oslo study of 1972/73 was accepted and carried out as the Oslo II study
in 2000 (2, 3). The author of this book, Professor Lise Lund Hédheim DDS
Dr Philos, was the initiator and principal investigator. The Oslo II study
involved a screening carried out from February 17th to June 23rd, 2000.
Questionnaire information on several different subjects was collected.
Blood pressure, height, weight, and waist circumference were measured.
Serum was tested for total cholesterol, triglycerides, HDL cholesterol, and
glucose, all in a nonfasting state. Full blood and remaining serum were
stored at -80°C for later analyses.

In a small survey, the participants expressed satisfaction with the study, and
they received the results of the blood parameters, including supplementary
information about their health. The survey identified a few participants with
elevated levels of one or more risk factors that needed medical attention.
Also included in this screening were questions on oral health not asked in
the first survey, including the use of dental services in the last 12 months
(e.g. if teeth were extracted and, if so, the number extracted). Four
categories of reasons for tooth extractions were given: periodontal disease,
caries, orthodontic treatment, and trauma. The participants were also asked
if they had other infections of the oral cavity. Some years after the screening,
the sera of the men who had attended both health screenings (n = 5,323)
were analysed for hs-CRP. The sera of 1,175 participants were also analysed
for IgG antibodies to four oral bacteria — namely, Tf, Td, Pg, and Aa (12).
The levels of antibodies of known tissue-destructing bacteria in advanced
periodontitis indicate an ongoing or past infection. In addition, analyses for
Clara cell protein and TNF-a were performed (8). The data has been linked
to the national mortality registry (Statistics Norway) for 9.5-, 12.5-, and
17.5-year follow-up. In the 12.5- and 17.5-year follow-up, the incidence of
cancer from the National Cancer Registry was included.

In the Oslo II survey in the year 2000, the change in risk factor levels from
1972/1973 was of major interest (2). The results of the repeated measures
were reported for SBP, DBP, triglycerides, total cholesterol, glucose,
height, weight, smoking habits and amount, and physical activity at leisure
and work. Significant differences were observed, with a change in BMI as
the most pronounced. Correlation analyses between BMI change and other
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registered factors were performed to explore factors associated with the
observed BMI change among the men (3). These two articles are the papers
that fully explain the screening procedures of the Oslo II study. The first is
in Norwegian, and the second is in English. Later papers explored hs-CRP
for different self-reported conditions at the 9.5-year follow-up and found it
to be significantly elevated in specific self-reported health conditions
compared to other participants of the cohort (15). Self-reported tooth
extractions were further explored (19, 21, 22). In addition, antibodies to the
four bacteria and hs-CRP were modelled in statistical analyses (12). The
conclusion was that the fourth quartile level to either one of the four
antibodies analysed was independent of hs-CRP (HR = 1.30). The specific
infection was a stronger predictor than the nonspecific inflammation
parameter hs-CRP as a predictor for MI. Hs-CRP has previously been found
to be associated with CVD.

Other publications have explored the predictivity of the following oral
health indicators:

» tooth extraction, alcohol consumption pattern and myocardial
infarction (20)

tooth extraction, hs-CRP, diabetes, and mortality (21)

number of tooth extractions and increased risk of mortality (22)
tooth extraction and stroke mortality (23)

antibodies to oral bacteria in periodontal disease associated with
mortality of myocardial infarction (24)

>
>
>
>

Dissertation from the Oslo 11 study

Madsen, Christian. 2009. “Urban Environmental Exposures and Potential
Markers of Risk for Cardiovascular Disease.” Doctoral dissertation,
University of Oslo.

Master thesis from the Oslo I1-study

Lawrence, Graeme. 2020. “Bacteraemia and Cardiovascular Disease. A
Case-Cohort Study of the Oslo II Dataset.” Master’s thesis, Department of
Mathematics, Faculty of Mathematics and Natural Sciences, University of
Oslo.
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Concluding remarks

It has been a tremendous research journey for me to be part of the Oslo
Study 1972/73 from the late 1980s until now. There are a great number of
people and many institutions to thank for advancing this research
endeavour. It required a great deal of work by several people. We have all
learned so much and brought important information to the research
community with the aim of improving public health.
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