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Abstract

Periodontitis and Alzheimer’s disease (AD)
exist globally within the adult population.
Given that the risk of AD incidence doubles
within 10 years from the time of periodontal
disease diagnosis, there is a window of oppor-
tunity for slowing down or preventing AD by
risk-reduction-based intervention. Literature
appraisal on the shared risk factors of these
diseases suggests a shift to a healthy lifestyle
would be beneficial. Generalised (chronic)
periodontitis with an established dysbiotic
polymicrobial aetiology affects the tooth sup-
porting tissues with eventual tooth loss. The
cause of AD remains unknown, however two
neurohistopathological lesions — amyloid-beta
plaques and neurofibrillary tangles, together
with the clinical history, provide AD diagnosis
at autopsy. Historically, prominence was given
to the two hallmark lesions but now emphasis
is placed on cerebral inflammation and what
triggers it. Low socioeconomic status pro-
motes poor lifestyles that compromise oral

and personal hygiene along with reliance on
poor dietary intake. Taken together with
advancing age and a declining immune pro-
tection, these risk factors may negatively
impact on periodontitis and AD. These factors
also provide a tangible solution to controlling
pathogenic bacteria indigenous to the oral and
gastrointestinal tract microbioes in vulnerable
subjects. The focus here is on Porphyromonas
gingivalis, one of several important bacterial
pathogens associated with both periodontitis
and AD. Recent research has enabled advances
in our knowledge of the armoury of P. gingi-
valis via reproduction of all clinical and neu-
ropathological hallmark lesions of AD and
chronic periodontal disease in vitro and
in vivo experimental models, thus paving the
way for better future management.
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APOE €4 apolipoprotein E, allele 4

ApoE~"- apolipoprotein knockout

APP amyloid precursor protein

APP-Tg APP-transgenic

ARUK Alzheimer’s Research UK

Ap Amyloid-beta

C9/Clgand Cls  complement component/
sub-complement

CR1 complement receptor 1

DNA deoxyribonucleic acid

ELISA enzyme-linked
immunoassay

GI gastrointestinal tract

GWAS Genome-Wide-Association
Studies

IL interleukins

IL-1R interleukin-1 receptor

LPS lipopolysaccharide

NFTs neurofibrillary tangles

NF-xB nuclear factor kappaB

NIH National Institutes of Health

NSAIDs Non-Steroidal Inflammatory
Drugs

OMVs outer membrane vesicles

PG prostaglandin

PHF paired helical filaments

RT-PCR reverse transcriptase-polym-
perase chain reaction

TLRs toll-like receptors

TNF« tumour necrosis factor-o

Highlights

Periodontal disease has been associated
with the onset and progression of
Alzheimer’s Disease, which causes irre-
versible cognitive and functional decline
This chapter summarises the diverse
range of evidence which implicates
periodontal disease and its key patho-
gen, P. gingivalis, as a significant risk
factor for AD

The potential for prevention is high as
the dental team can play an important
role in preventing and/or delaying the
development of AD by proactive man-
agement of periodontitis

A.Harding et al.

e A drug COR388 targeting the P. gingi-
valis protease enzyme is a novel treat-
ment modality and may offer promising
results, considering the number of failed
AD therapeutic clinical trials

Considerations for Practice

e To deliver personalised preventative
advice to patients, not only with regards
to oral health, but also to healthy life-
style choices

* To maintain and stabilise periodontal
disease in a bid to reduce or delay AD
progression or development

» To risk assess each patient and deliver
prevention and care accordingly in order
to enable ‘successful ageing” and reduce
disease development in their patient
base

Patient Summary

Dentists understand that maintaining a
healthy mouth contributes to maintaining a
healthy body. Research suggests that peri-
odontal disease can lead to the develop-
ment and progression of AD. Patients
should be aware of all modifiable risk fac-
tors which have been linked to AD, includ-
ing their oral health and the lifestyle
choices they make. The onus comes down
to the dental profession to deliver this pre-
ventative advice to their patients. It is
imperative to maintain gingival health and
make healthy lifestyle choices to not only
to reduce their risk of AD but also to delay
the onset, in susceptible individuals.
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13.1 Introduction
There is a growing body of evidence that sup-
ports oral (generalised periodontitis) and gastro-
intestinal (GI) tract dysbiosis as having a negative
impact on mental health. Briefly, the enteric ner-
vous system supplies the brain with “psychobiot-
ics” (serotonin, dopamine and Gamma
aminobutyric acid) courtesy of healthy gut bacte-
ria (Strandwitz 2018; Strandwitz et al. 2019).
Dysbiosis of the gut bacteria leads to a deficit of
these neurotransmitters and causes anxiety and
depression (Clapp et al. 2017). Depression, in
this context, may either be a risk factor or an
early sign of dementia. Alzheimer’s disease (AD)
being the most common example of dementia.
Shared features of generalised periodontitis
and AD include a progressive, inflammatory dis-
ease pathway, and shared disease related risk fac-
tors including ageing, infection,
immunosuppression, genetic predisposition and
socioeconomic factors. This chapter will explain
the dental hypothesis surrounding the associa-
tions made between periodontal disease and AD.
The associations between generalised periodon-
tal disease and AD are evidenced by experimen-
tal research data and describe how the hypothesis
that “periodontitis is a risk factor for AD” came
about. The evidence to support this hypothesis is
substantial, whilst studies supporting a causal
relationship are in progress. The aim is to high-
light the risk factor involvement of generalised
periodontal disease on AD development with a
specific focus on Porphyromonas gingivalis,
because this microbe is at the heart of current
research, which suggests potential for much
desired therapy.

13.2 Periodontal Disease

Periodontitis is an oral disease presenting with a
polymicrobial dysbiosis of the subgingival
microbiome, which, if left untreated, leads to
tooth loss. P. gingivalis is considered a keystone
pathogen of periodontal disease alongside its
companion bacteria (Treponema denticola,
Tannerella forsythia) of the red complex in adult

periodontitis (Socransky et al. 1998; Holt and
Ebersole 2005; Hajishengallis et al. 2012).
Around 50% of all humans in middle age
(50 years and over) appear to fall victim to peri-
odontitis (Eke et al. 2015). In the previous clas-
sification, the adult form of periodontitis was
known as “chronic periodontitis”. However, a
new classification (Caton et al. 2018; Dietrich
et al. 2019) refers to the formerly known
“chronic” periodontitis as generalised periodon-
titis stages I-IV, grades A—C. This is difficult to
integrate into a story that appeals to dental and
non-dental professionals so we will refer to
“chronic periodontitis” as “generalised periodon-
titis” to be consistent with the new changes
throughout this chapter.

The nature of periodontal disease is episodic
with characteristic recurrent periods of active dis-
ease progression followed by periods of quies-
cence in individuals who are unable to prevent
commensals (healthy microbiome) converting
into pathogens (pathobiome) (Dioguardi et al.
2020). Periodontal disease affects the tooth sup-
porting tissues, and interaction of specific bacte-
ria and consequently the host’s immune responses
play a pivotal role (Haffajee et al. 1988). The
host’s response to the pathogenic bacteria and
their virulence factors such as lipopolysaccharide
(LPS), proteases such as gingipains, fimbriae,
hemagglutinins, and outer membrane vesicles
(OMVs) determine the severity and extent of
periodontal disease (Kinane and Marshall 2001;
How et al. 2016). Bacterial LPS is located in the
outer membrane of Gram-negative bacteria and is
a potent stimulator of host innate immune signal
transduction pathways (Beutler 2000). The acute
bacterial challenge stimulates the junctional
pocket epithelium to produce inflammatory
mediators to protect against tissue damage via an
acute phase receptor-mediated cytokine produc-
tion and neuropeptide release, resulting in vaso-
dilation of local vessels. Gingival bleeding,
swelling and redness together with the presence
of neutrophils and macrophages within the
inflamed gingival tissues indicate clinical signs
of inflammation (Hasturk et al. 2012). In
susceptible individuals, the acute phase responses
fail to clear infection and chronic inflammatory
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lesions develop. The subgingival sulcus serves as
a niche enabling a cyclic chronic inflammatory
process, which facilitates recurrent bacteraemias,
enabling micro-organisms and their virulence
factors to access the systemic circulation (Forner
et al. 2006; Lockhart et al. 2008; Bahrani-
Mougeot et al. 2008). Each time we brush or
chew on a periodontally-affected tooth, bacterae-
mia consisting of a spectrum of oral bacteria
occurs. In any one day this bacteraemia can last
for a total of 3 h (Bahrani-Mougeot et al. 2008;
Tomas et al. 2012). In addition, viruses, bacterio-
phages, and yeasts within the periodontal pocket
may follow the bacteria into the blood stream
along with inflammatory mediators from the
inflamed periodontal tissues (Olsen and Singhrao
2015; Li et al. 2020). From the blood stream
these bacteria may be carried to wherever they
lodge, potentially providing a nidus for further
organ specific inflammatory pathologies. Thus,
periodontal disease has been associated with a
number of inflammatory pathologies, including
cardiovascular disease, diabetes and AD
(Makiura et al. 2008; Bale et al. 2017; Demmer
et al. 2020; Stein et al. 2007; Poole et al. 2013;
Dominy et al. 2019). Indeed, the cause of death in
AD cases can result from cerebrovascular dis-
eases such as stroke and pneumonia suggesting a
greater risk of dementia for individuals who have
suffered multiple co-morbidities in their lives
(van Oijen et al. 2007).

13.3 Alzheimer’s Disease (AD)

There are two main forms of AD; familial or
early-onset form, which involves mutated genes
such as amyloid precursor protein (APP) and pre-
senilin 1 and presenilin 2. In the sporadic or late-
onset form of AD, Genome-Wide-Association
Studies (GWAS) have identified a number of sus-
ceptibility genes expressed by the brain cells. Of
these, the apolipoprotein E, allele 4 (APOE €4) is
firmly established as the second strongest risk
factor after advancing age (Corder et al. 1993;
Saunders et al. 1993). AD is a leading neurode-
generative disease with clinical signs of deterio-
rating memory, which together with its two

neuropathological hallmark lesions, amyloid-
beta (AP) and neurofibrillary tangles (NFTs),
complete its post-mortem diagnosis (Hyman
et al. 2012). Although not pathognomonic of AD,
other lesions which present in AD pathophysiol-
ogy include neuronal and synaptic loss and glio-
sis (intracerebral inflammation) (Dugger and
Dickson 2017). The origins and the roles of AP
plaques and NFTs are quite distinct but they both
lead to neurodegeneration within the associated
regions of the cerebral cortex and medial tempo-
ral lobes. The hippocampus, by contrast, typi-
cally contains abundant intra-neuronal NFTs
composed of abnormally phosphorylated tau pro-
tein representing destabilized microtubules that
are non—-membrane-bound masses of abnormal
straight and/or paired helical filaments (PHF)
(Grundke-Igbal et al. 1986; Goedert et al. 2006).
The NFTs were thought to first appear in the
entorhinal cortex leading to the hippocampus, but
this view has changed identifying early involve-
ment in the subcortical nuclei such as the locus
coeruleus in the pons (Braak and Braak 1991;
Braak et al. 2011).

The AD plaque is composed of an insoluble
form of AP and continues to form the basis of the
influential “Amyloid Cascade Hypothesis”
(Hardy and Selkoe 2002). Molecular cloning
methodologies identified AP as a cleavage frag-
ment of a single membrane-spanning receptor-
like glycoprotein known as amyloid precursor
protein (APP) that is inserted, in part, in the
plasma membrane (Kang et al. 1987). APP also
occurs in internal vesicular membranes, includ-
ing the Golgi apparatus and endosomes (Choi
et al. 2012) as explained by Singhrao and Olsen
(2019) in intracellular bacterial infections such as
P. gingivalis. APP proteolytic cleavage involves
three proteases, namely o-, f- and y-secretases,
the pB- secretase acts with y-secretases to release
AP which becomes insoluble and fibrillar in
appearance (Hook et al. 2008) giving rise to the
neuritic/senile or AP plaques of AD. Activated
microglia and astrocytes (gliosis) accompany
these plaques and contribute to intracerebral
inflammation (Perry et al. 2010; Boche et al.
2013; Heneka et al. 2015).
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13.4 The Emerging Association
Between Periodontal
Disease and Alzheimer’s
Disease Provides a Rationale
for Therapy

Researchers have shown that the genetic variant
of the APOE ¢4 increases a person’s risk of devel-
oping AD (Genin et al. 2011). An indirect effect
of inheriting the APOE €4 gene variant with
respect to patients with periodontal disease may
be the increased susceptibility of the host to
microbial infections (de Bont et al. 1999; Moretti
et al. 2005; Watts et al. 2008). This genotype has
also been linked to increased inflammatory bur-
dens in terms of cytokines (systemic circulation
and brain) in response to LPS (Tsoi et al. 2007,
Watts et al. 2008; Hubacek et al. 2010).

Previous research has indicated that those
individuals from low socioeconomic status and
low levels of education show poorer cognitive
functioning in later life, and are at greater risk of
developing AD (Brayne and Calloway 1990;
Chen and Miller 2013; Russ et al. 2013; Marden
et al. 2017). Low socioeconomic status groups
have also shown an increased likelihood of
engaging in habits (poor dietary choices) and
lifestyle choices that are detrimental to their oral
and general health. These behavioural traits (for
example, smoking and drinking excessive
amounts of alcohol) increase the risk for an indi-
vidual to develop both periodontitis, and AD
(Singh et al. 2013). A poor diet contributes to
making the immune system less robust in its abil-
ity to fight infection. Smoking tobacco has a det-
rimental impact on general health, increasing the
likelihood of developing cardiovascular and cere-
brovascular disease, but more importantly
increases the severity to which periodontal dis-
ease progresses due to decreased oxygen and an
increased inflammatory burden (Kamma et al.
1999; Grossi et al. 1995).

It is important to point out that not everyone
who develops clinical AD is comorbid with peri-
odontal disease (Stein et al. 2007; Farhad et al.
2014). The reason for this observation remains
unknown. However, a plausible explanation

could be that the more virulent strains of P. gingi-
valis may develop in poorly managed oral health
and in cases of periodontitis that eventually lead
to sporadic AD. Figure 13.1 illustrates the bidi-
rectional relationship between periodontitis and
AD.

13.5 The Experimental Journey
Towards Risk Factor
Identification Between
Periodontitis
and Alzheimer’s Disease

The journey began in 1994 with the Japanese
elderly population based epidemiological study
which introduced the concept of fewer teeth in
later life as a risk factor for dementia (Kondo
et al. 1994). For a significant length of time this
concept was left unexplored. Later Chalmers
et al. (2002) showed that cognitively impaired
institutionalised  patients exhibited more
retained roots, carious teeth and missing teeth
due to poor oral health compared to community-
dwelling older adults. A systematic review by
Cerutti-Kopplin et al. (2016) concluded that
there was evidence to support that tooth loss
increased the risk of cognitive impairment and
dementia.

It was Stein et al. (2007) who investigated a
potential association between the history of oral
disease and dementia development in female sub-
jects of a religious order. The study included
analysis of the previously collected data from 10
annual cognitive assessments of 144 Milwaukee
participants in the “Nun Study”. Participants with
fewer teeth directly correlated with an increased
risk of prevalence and incidence of dementia
(Stein et al. 2007). It also concluded that missing
up to nine teeth carried the highest risk for devel-
oping late-onset AD with an odds ratio of 2.2
(95% CI 1.1, 4.5), proposing tooth loss due to
periodontitis was doubling the risk factor for AD
development. Together with other studies, this
helped to consolidate the idea that potential
neglect of oral health could have a detrimental
effect on brain health (Stein et al. 2007).
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Fig. 13.1 The bidirectional relationship between periodontitis and AD

13.6 Does Peripheral
inflammation Induce

Cerebral Inflammation?

In establishing the events leading from poor oral
health to AD manifestation, Noble et al. (2009)
used a cross-sectional methodology to investigate
an association between cognitive impairment and
P. gingivalis via serum markers of its infection. It
was found that those subjects who were cogni-
tively impaired had higher mean P. gingivalis 1gG
levels compared to those who were cognitively
healthy. Differences in individuals’ humoral
responses supported the association of P. gingiva-
lis with cognitive impairment. Also, Holmes et al.
(2009) had proposed that peripheral inflammation
may be a key determinant of the cognitive decline
associated with AD progression. This prompted
Kamer et al. (2009) to establish if inflammatory
markers such as TNF-a cytokine and antibodies to
periodontal bacteria could discriminate between
AD and non-AD subjects using case-control
methodology. Sparks Stein et al. (2012) also
investigated whether or not serum antibodies to
periodontal pathogens were a risk factor for AD.
They used a case-control methodology with infor-
mation gathered from a larger cohort study. They
found that antibodies to certain periodontal patho-
gens over 10 years were significantly higher at

baseline in those who went on to develop AD
(Sparks Stein et al. 2012). A large scale Taiwanese
insurance based epidemiological survey also
reported that individuals with chronic periodonti-
tis for at least 10 years had a 70% higher risk of
developing AD compared to individuals without
periodontal disease (Chen et al. 2017). This rein-
forced the postulated 10-year lag phase from the
time of periodontal disease diagnosis to develop-
ing AD and lends credence to the bidirectional
relationship between the periodontitis-AD brain
risk-axis.

The report by Poole et al. (2013) analysed
human AD and non-AD post-mortem brains
using immunolabelling and immunoblotting and
demonstrated the LPS of P. gingivalis exclusively
in the AD brains and not the controls. This find-
ing was consolidated by Dominy et al. (2019)
who used more advanced molecular techniques
identifying P. gingivalis deoxyribonucleic acid
(DNA), LPS and gingipain antigens within the
brain tissue of AD subjects. These two studies
(Poole et al. 2013; Dominy et al. 2019) provided
the rationale and the impetus for developing peri-
odontal disease models for AD to better under-
stand the potential of a bacterial aetiology for this
neurodegenerative disease occurring via the
peripheral (systemic) system.

The first mouse model used genetically modi-
fied apolipoprotein E knock-out (ApoE~") mice,
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which were orally infected with P. gingivalis to
initiate  experimental chronic periodontitis
(Velsko et al. 2014). Poole et al. (2015) showed
that within 3 months of P. gingivalis oral infec-
tion, bacterial DNA and LPS had spread to the
ApoE~~ mice brains. In addition, there was evi-
dence of intracerebral inflammatory pathology
and complement activation once the bacterium
had entered the hippocampus, compromising the
health of neurons (Poole et al. 2015). Due to the
genetic weaknesses of the ApoE™~ P. gingivalis-
mono-infection model, demonstrating the AP
plaque hallmark of AD (intracerebral pathology)
was not possible.

The next stage saw researchers introducing
genetic mutations to their periodontitis mouse
model. They induced P. gingivalis mono-
infection into the APP-transgenic (APP-Tg)
model carrying the Swedish and Indiana muta-
tions (Ishida et al. 2017). The aim was to assess
the role of chronic periodontitis in the develop-
ment of AD hallmark pathology. However, Ishida
et al. (2017) concluded that their results reflected
an overall susceptibility to AD rather than having
contributed to the overall AB hallmark pathology.
In retrospect this interpretation appears to be
plausible, as APP in the familial form of AD, har-
bours a missense mutation, (where a single
nucleotide is changed with the substitution of a
different amino acid) (Rossor et al. 1993), sug-
gesting that the bacterial and/or host’s B-secretase
equivalent digestive enzymes (cathepsin B and
gingipains) (Dominy et al. 2019; Hook et al.
2008) may be unable to cleave APP in significant
amounts to notice AP contribution in this model.

Moving away from genetically modified mice,
Ilieviski et al. (2018) chose a wild-type mouse as
their model of periodontitis for reproducing AD
pathophysiology. They confirmed the spread of P.
gingivalis from the oral niche to the brain in their
wild-type mice and observed glial cell activation,
the same as reported by Poole et al. (2015), how-
ever in addition, the infection reproduced the car-
dinal neuropathological hallmark lesions (A
plaques and phosphorylated tau protein at ser-
ine396 position) of AD for the first time. This is
corroborated by the fact that P. gingivalis has its
own f-secretase (in the form of gingipains) activ-

ity to cleave APP (Dominy et al. 2019). Both bac-
terial and host p-secretase (in the form of neuronal
cathepsin B) enhances the overall APP cleavage
(Hook et al. 2008).

P. gingivalis gingipains and its LPS are also
known to activate kinases such as glycogen syn-
thase kinase-3 (GSK-3) which subsequently
phosphorylates neuronal tau at two sites (serine
396 and Threonine231), involved with the NFT
AD lesion (Haditsch et al. 2020; Ilieviski et al.
2018; Bahar and Singhrao 2021).

Further studies have examined the mechanis-
tic links for cognition with P. gingivalis. The first
of these functional testing studies was reported
by Ishida et al. (2017) in their APP-Tg mice
orally infected with P. gingivalis. They demon-
strated that cognitive function was significantly
impaired in periodontitis-induced APP-Tg mice
compared to the sham-infected group when
tested using a water maze (Morris 1984). An
explanation for the greater cognitive deficit in the
infected APP-Tg group was an increased inflam-
matory mediator (cytokine) burden following
induction of experimental periodontitis.

Subsequent investigations performed similar
behavioural tests on orally mono-infected P. gin-
givalis mice and supported the mechanism of
cognitive deficit due to inflammation resulting
from infection in which ageing was also a factor
(Ding et al. 2018). These mouse model based
studies are a proof of concept that periodontitis
detrimentally impacts cognition via release of
inflammatory mediators into the blood stream.

13.6.1 Systemic LPS and Its Effect
on Cognition

Wu et al. (2017) were the first to report that
chronic exposure to LPS from P gingivalis
elicited AD-like phenotypes in middle-aged
(12 months old) mice. The phenotypes included
learning and memory deficits, intracellular
AP in neurons, and microglia-induced
neuroinflammation in the hippocampus. The sug-
gested mechanism is that Ap is cleaved indirectly
by the action of cathepsin B on the parent
APP. APP is initially stimulated by the interac-
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tion of the cytokine interleukin (IL)-1p with its
cognate receptor (IL-1R) on neurons. Exposure
to LPS from P. gingivalis led to a significant
increase in microglia implying their activation
and subsequent secretion of cytokines and neu-
rons. This indicates that the memory deficit seen
following systemic exposure to LPS of P. gingi-
valis in middle-aged mice is depended on cathep-
sin B and gingipains.

Following on from this, Zhang et al. (2018)
conducted functional testing, but specifically
analysing the effect of P. gingivalis LPS on cog-
nitive function. Behavioural changes were
assessed with the open field test, Morris water
maze, and passive avoidance test. Using immu-
nohistochemistry, they assessed for activation of
astrocytes and microglia within the cerebral cor-
tex and hippocampus; and assessed for pro-
inflammatory cytokine expression of Interleukins
(IL) IL-1, IL-6, IL-8, Tumour necrosis factor-o
(TNFa), toll-like receptors (TLRs) and CD-14
using reverse transcriptase-polymerase chain
reaction (RT-PCR), enzyme-linked immunoassay
(ELISA) and western blotting. The mice infected
with P. gingivalis-LPS showed impairment in
spatial learning and memory, along with activa-
tion of microglia and astrocytes within both the
cerebral cortex and hippocampus. In addition,
there was up-regulation of pro-inflammatory
cytokines and activation of the TLR4/nuclear fac-
tor kappaB (NF-xB) signaling pathway. These
findings suggested that P. gingivalis-LPS can
lead to impaired memory and learning, which
would appear to be mediated by the TLR4 signal-
ling pathway. This demonstrates the potential for
periodontal pathogen endotoxin as a risk factor
for cognitive disorders.

13.6.2 Systemic Af; Does It
Contribute
to the Intracerebral Burden
of This Hallmark in AD?

It has recently been suggested that periodontitis
increases the levels of peripheral Ap from gingi-
val tissue and animal models and inflammatory
cell sources (Leira et al. 2019; Nie et al. 2019).

This has led to the proposal that in the human
scenario, there is a potential for this peripheral
source of AP to gain access into the brain thereby
adding to the AP pool in the AD brain. Whether
this would be a plausible mechanism in the
human AD brain is not known. However, Zeng
etal. (2020), in their P. gingivalis infection mouse
model, identified advanced glycation end prod-
ucts (AGE) as a plausible receptor for AP in cere-
bral endothelial cells in mice. This implies that
AGE products-receptor are a plausible mediator
of cerebrovascular-related Af accumulation in
the brain; supporting the hypothesis that patients
harboring the generalized form of periodontal
disease may be at risk of developing AD via mul-
tiple pathways involving periodontitis.

Limitations to the study included the intraperi-
toneal administration of P. gingival-LPS (rather
than oral infection of whole P. gingivalis as with
other research); the route of administration may
have had some bearing on the passage into the
cerebral tissues. Also, all mice were of the same
age, and therefore the effect of ageing was not
assessed by this study. However, it provided use-
ful information with regard to the potential effect
of periodontal pathogen endotoxin on cognitive
function, and that inflammation, which plays an
important role in cognitive impairment, was medi-
ated by the TLR4 signaling pathway, giving an
indication of possible underlying mechanisms.

These studies have demonstrated major
advances that have been made experimentally to
investigate the relationship between periodontal
pathogens and their associated products, cogni-
tive impairment, and AD pathophysiology. This
research has been fundamental in the positive
progress of the development of potential thera-
peutic agents against AD.

13.6.3 Evidence Supporting
the Inflammatory Burden
of Periodontitis Affecting
Memory

An observational cohort study by de Rolim et al.
(2014) involved 29 participants with clinically
mild AD. Intervention involved a complete evalu-
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ation performed by a dental surgeon, and included
a clinical questionnaire; research diagnostic cri-
teria for temporomandibular disorders; the
McGill pain questionnaire; oral health impact
profile; decayed, missing and filled teeth index;
and complete periodontal examination before
and after the trial, which involved any dental
treatment deemed necessary based on the find-
ings of the initial evaluation. The dental treat-
ment most frequently performed included
periodontal treatment (scaling), extractions, and
application of topical Nystatin (anti-fungal). The
study found an increase in orofacial pain, fol-
lowed by improvement in the mandibular func-
tion and periodontal indices in patients with mild
AD after treatment. These improvements were
maintained until the last evaluation after
6 months, and this was followed by a reduction in
the functional cognitive impairment. The limita-
tion of this study is that it lacked a bigger cohort
and appropriate (non-AD) controls. The second
observational cohort study was performed by Ide
et al. (2016) who set out to test the hypothesis
that circulating inflammatory cytokines due to
periodontal disease bacteria were linked to
greater rates of cognitive decline in clinical AD
cases. The study recruited 59 participants with
mild to moderate AD in which cognition and cir-
culating inflammatory markers were tested.
Fifty-two of the participants were followed-up at
6 months when they all underwent repeat assess-
ment of their initial biomarkers for any changes.
The findings of the study concluded that the pres-
ence of periodontitis at baseline was associated
with a six-fold increase in the rate of cognitive
decline in participants over the 6-month
follow-up period. Periodontitis at baseline was
also associated with a relative increase in the pro-
inflammatory state over the 6-month follow-up.
The authors concluded that periodontitis is asso-
ciated with an increase in cognitive decline in
AD. This study upheld the view linking cognitive
decline with the body’s inflammatory responses.
The major weakness of the study was the absence
of participants with intact cognition as controls.
A more recent report by Li et al. (2020) also sup-
ports a potential link with inflammatory cell
counts as part of systemic inflammation due to

periodontal disease and the risk of cognitive
decline in the US elderly population. Table 13.1
summarizes the key evidence which supports the
association between periodontitis and AD.

13.7 AD Brain Amyloid-fi:
A Potentially Shared Pool
from Peripheral
and Intracerebral Sources
Towards a Blood Biomarker
for Clinical AD

It has recently been suggested that periodontitis
increases the levels of peripheral Ap within gin-
gival tissues and human serum (Kamer et al.
2015; Gil-Montoya et al. 2017; Nie et al. 2019;
Leira et al. 2020). Blood-based biomarkers are
very appealing as obtaining cerebrospinal fluid
from patients is not ideal. Ashton et al. (2021)
recently suggested that blood pTau231 has the
potential to indicate early amyloid formation.
This residue (Threonine231) phosphorylation in
tau protein is also a site that P. gingivalis infec-
tion contributes to (Haditsch et al. 2020), and fur-
ther supports a causative role for periodontitis in
AD development.

13.7.1 The Inflammatory
Hypothesis - A Potentially
Shared Pathway

Inflammation is the inevitable consequence of an
infectious episode in the body. This is better
appreciated in the case of generalised periodonti-
tis (due to polymicrobial aetiology). The exis-
tence of an intact blood-brain barrier avoids any
impact of peripheral inflammation on the brain.
Details of the blood-brain barrier will not be
described here, as the reader is encouraged to
read Singhrao and Olsen (2018) for related infor-
mation. However, reports (Marques et al. 2013;
Montagne et al. 2015, 2016; Halliday et al. 2016)
have suggested that during ageing and manifesta-
tion of AD, the blood-brain barrier becomes
defective. This may be the result of a compro-
mised immune protection coupled with poor
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Table 13.1 Key references supporting scientific evidence for the link between periodontitis and AD

Type of Study Study Relevant Methodology Outcome of interest
Postmortem Poole Matched 10 AD cases for tissue from | LPS from periodontal bacteria can enter
human brains etal. Brains for Dementia Research the AD brain but were not found in
(2013) alongside 10 non-AD age-related controls
controls with similar or greater
postmortem interval
Emery Pilot study using 16S ribosomal New | AD brains had increased bacterial loads
et al. Generation Sequencing to assess the | compared to controls. Species associated
(2017) bacterial component of the with skin, nasopharyngeal and the oral
microbiome in frozen and fixed cavity were most consistently detected
post-mortem tissue from AD and
control temporal cortex
Riviere Molecular and immunological AD brains more likely to have Treponema
et al. techniques to detect oral Treponema | than controls as well as increased number
(2002) in postmortem human brains. 16 of Treponema species. This study supports
donors with AD (55-87 years of age, | the hypothesis that oral Treponema
eightmales) and 18 controls reached the brain via the trigeminal nerve
Dominy Tissue microarrays containing sex- Identification of P. gingivalis DNA in AD
etal. and age-matched brain tissue cores brains. Gingipains were also identified in
(2019) from the middle temporal gyrus of the brain of AD patients, and levels
AD patients and controls were used correlated with tau and ubiquitin
for immunohistochemical analysis pathology
Inflammatory Sparks Serum samples from 158 participants. | Elevated antibodies to periodontal bacteria
biomarkers Stein Antibody levels were compared in subjects years before cognitive
etal. between controls and subjects with impairment, suggesting that periodontal
(2012) AD. Median time from baseline disease could potentially contribute to the
assessment to diagnosis for AD was risk of AD onset/progression
9.6 years, Mean length of follow-up
for the controls was 12.5 years
Kamer 18 with AD and 16 cognitively Plasma TNF-o and antibodies against
etal. normal periodontal bacteria were elevated in AD
(2015) patients compared with NL and
independently associated with AD. The
number of positive IgG to periodontal
bacteria incremented the TNF-o
classification of clinical AD and NL. This
study shows that TNF-a and elevated
numbers of antibodies against periodontal
bacteria associate with AD and contribute
to the AD diagnosis
Lietal. 766 participants aged above 60 years | Participants with increased periodontal
(2020) and who had periodontal and health obtained higher digit symbol

cognitive examinations in the
National Health and Nutrition
Examination Survey (NHANES)
2001-2002 in the U.S.

substitution test (DSST) scores. White
blood cell count acted as a mediator in the
association between bleeding on probing
and DSST we well as periodontal
inflamed surface area and DSST. This
supports the role of systemic
inflammatory factors as a mediator of the
association between periodontal
inflammation and cognitive function

(continued)
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Table 13.1 (continued)

Type of Study Study Relevant Methodology Outcome of interest
Epidemiological | Tzeng 2207 CP and gingivitis patients were | Patients with CP and gingivitis had 2
studies etal. selected from the National Health times higher risk of developing AD
(2016) Insurance Research Database of
Taiwan, with 6621 controls matched
for sex and age. After adjusting for
confounding factors, Cox
proportional hazards analysis was
used to compare the risk of
developing dementia during the
10-year follow-up period
Chen Retrospective matched-cohort study 10-year CP exposure was associated with
etal. (National Health Insurance Research | 1.7 fold increase in risk of developing AD
(2017) Database) in Taiwan 9291 patients
with CP matched to 18,672 patients
without CP. Regression analysis to
determine risk of AD
Linetal. | Taiwan’s National Insurance database | Oral health care was associated with
(2020) was used to evaluate associations lower odds of developing AD
between dental health and AD;
209,112 new cases of AD were
matched 1:4 with 836,448 dementia-
free controls
Beydoun | IgG titers against P. gingivalis and Evidence for an association between
etal. other periodontal pathogens periodontal pathogens and AD, which was
(2020) stronger for older adults

oral hygiene and increased circulating inflamma-
tory mediators. These mediators are implicated
with age-related defects (cardiovascular health)
and with possible microbial components in vul-
nerable subjects. It is therefore plausible to sug-
gest that pathogenic bacteria from chronic
infections and their endotoxins do spread to other
anatomical sites (Makiura et al. 2008; Bale et al.
2017; Poole et al. 2013; Rokad et al. 2017;
Dominy et al. 2019; Demmer et al. 2020). This
invariably impacts on glial cell activation.
Subsequent exposure of oral microbial debris or
their secondary products to the brain causes the
already reactive microglial cells to ferociously
up-regulate cytokine secretion. Based on the
reviews by Olsen et al. (2017); Olsen and
Singhrao (2019, 2020), there is an increasing
body of evidence to support complement as a
potential shared pathway for both periodontitis
and AD. P. gingivalis has developed impressively
successful strategies for immune evasion in the
periodontal pocket (Hajishengallis 2011). This is
because P. gingivalis has to evade immune-medi-

ated killing to survive and yet requires inflamma-
tion in order to obtain nutrients to flourish. This
may be the reason for how this bacterium has
resolved this predicament whilst also benefiting
its companion species within the microbial com-
munity as a whole, and particularly under inflam-
matory environments to compete for dominance
(Hajishengallis 2011; Singhrao et al. 2015). An
imbalance in complement activity may influence
dysbiosis of the host’s microbiome. We will not
describe the complement system in detail as it is
a subject of its own and the reader is directed to
excellent reviews (Morgan and Harris 2015;
Olsen et al. 2017).

Complement evasion in periodontitis nearly
always involves gingipains, the digestive
enzymes specific to P. gingivalis. These enzymes
break down the host’s protective barriers enabling
the pathogen to penetrate periodontal tissues. In
doing so, they switch on the host’s immune
responses. Gingipains have dual functionality
and can exert dose-dependent biphasic effects on
complement activation. At low concentrations
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they can activate complement, which have the
advantage of eliminating complement sensitive
commensals which may compete with P, gingiva-
lis for niche space and nutrients. In addition, P.
gingivalis is relatively resistant to complement-
mediated opsonisation and killing, and is intrinsi-
cally resistant to the lytic action of complement.
Conversely at high concentration, P. gingivalis is
likely to be established, and so gingipains can
inhibit bactericidal activity of complement thus
preventing opsonisation of complement-sensitive
bacteria promoting a mixed species biofilm.
Sustained complement activation is a potent
driver of inflammation in the body, including the
brain. Inappropriate complement activity also
plays a part in AD pathogenesis.

GWAS has identified four possible genes link-
ing complement to AD. These include
Complement and sub-complement 1 s (Cls),
Complement receptor 1 (CR1), Clusterin and
Complement component 9 (C9). The concern is
that the brain does not have a traditional lym-
phatic drainage system, meaning an efficient
complement system (which also acts as a path-
way for clearing debris) is essential for the clear-
ance of damaged cerebral tissue. Defective
complement genes may disable phagocytic activ-
ity of local microglia resulting in ineffective
clearance of proteins like AB and NFTs. Two
clearance systems, unique to the brain, have been
described. Firstly, the glymphatic system, a form
of brain cleansing system that works better dur-
ing night sleep (Iliff et al. 2013; Nedergaard
2013). Hence adequate sleep is implicated for
better brain function. The second system is the
intramural periarterial drainage pathway. This
clears solutes from the brain to the periphery
along arterial smooth muscle cell basement mem-
branes. This works more efficiently during the
daytime. For more information on these clear-
ance pathways in relation to bacterial products
see Singhrao and Olsen (2018).

It is becoming clear that the susceptibility
gene APOE ¢4 also exerts its own risk for devel-
oping AD via inflammation mediated by the
classical complement pathway linked to deregu-
lating Clq to keep the classical complement

pathway activated (Yin et al. 2019). This has an
impact on further inflammatory responses via
cytokine liberation by activated
monocytes/macrophages/microglia (Ihara and
Yamamoto 2016). Interestingly, a combined
action of inappropriate complement activity can
instruct microglia to over-prune synapses and
this has implications in loss of synapses and
memory (Vasek et al. 2016).

It has been demonstrated that susceptibility
genes, such as APOE, can exert adverse effects
on the host in combination with environmental
factors, which are often controllable or modifi-
able. Hence controlling the environmental factors
may exert a protective effect on cognitive func-
tioning. This appears to be the case in the human
AD interventional study carried out by Ide et al.
(2016). The inflammatory burden is often
described as the mechanism of risk; and certainly
the impact of any lifestyle modification which
has an anti-inflammatory effect will be signifi-
cant for reducing both AD and periodontitis.

13.8 Therapeutic Advances - Are
We Nearly There Yet?

13.8.1 Periodontal Therapy

Current therapies for periodontal treatment
include non-surgical instrumentation to disrupt
the biofilm and remove calculus, root surface
instrumentatio and, removal of plaque retention
factors (such as overhangs on restorations). Non-
surgical therapy must be combined with chang-
ing the patient’s behaviour and improving oral
hygiene measures for it to succeed. More com-
plex and advanced periodontal therapy include
full mouth disinfection, local antimicrobial appli-
cation, systemic antibiotic therapy, host modula-
tion therapy, and advanced surgical techniques
such as flap surgery, soft tissue grafts, bone graft-
ing, guided tissue regeneration and tissue stimu-
lating proteins. By managing periodontal disease,
we can keep the numbers of pathogenic bacteria
in the periodontal pocket low. This should pre-
vent their spread.



13 Periodontitis as a Risk Factor for Alzheimer’s Disease: The Experimental Journey So Far, with Hope...

253

13.8.2 AD Treatment Based
on Cholinesterase Inhibitors

For AD, potential treatments were developed
based on the rationale that neurodegeneration led
to neurotransmitter deficit, in particular of the
cholinergic system. Cholinesterase inhibitors
approved for treatment of mild to moderate AD
include tacrine (First Horizon Pharmaceuticals),
which causes liver toxicity and is therefore rarely
prescribed, donepezil (Pfizer) (also approved for
severe AD); rivastigmine (Novartis) and galan-
tamine (Janssen). Certainly, cholinesterase inhib-
itors are currently still the main drug administered
to AD patients. Unfortunately, this treatment is
proving to be inadequate as cholinesterase inhibi-
tors do not slow the progression of AD symptoms
(Massoud and Gauthier 2010).

13.8.3 AD Treatment Based
on Targeting A

According to the Amyloid Cascade Hypothesis
(Hardy and Selkoe 2002) the AP plaque lesions
of AD were considered to be the cause of AD.
Although this has subsequently been shown to be
untrue, this hypothesis still remains influential in
the field of AD research because of its link with
the AP diagnostic burden and disease progres-
sion. Therapies were based on two main aspects
of the amyloid cascade hypothesis. Firstly, the
idea of inhibiting a-, p- and y-secretases was
explored (Nunan and Small 2000). This proved
not to be successful, but formed the basis for
exploration of anti-Af immunotherapy to solu-
bilise aggregated AP, thus reducing it in the AD
brain. Two anti-Ap drugs, gantenerumab and
solanezumab, were designed to help remove
excess AP in the brain. For a more comprehen-
sive read on the anti-Af based therapies the
reader should consult (Kozin et al. 2018; van
Dyck 2018). What is clear is that altering the
course of AD by protease inhibitors of the amy-
loid cascade and/or mopping up the already
aggregated AP in the form of plaques has not
been successful in humans. This has opened the
field of therapy to other related strategies.

13.8.4 AD Treatment Based
on Targeting Tau Protein

NFT formation and its spread in the AD brain
correlate with symptom severity and neurodegen-
eration, thus providing the rationale for develop-
ing therapies that target tau in its abnormal state.
This formed the basis for developing inhibitors
for kinases that phosphorylate tau and/or immu-
notherapy to control aggregation of abnormally
phosphorylated tau, or to stabilise microtubule
assembly within neurons. Of these, free cytosolic
hyperphosphorylated tau fragments are impli-
cated in the spreading of tau pathology.
Researchers have shown that extracts of cytosolic
tau from AD brains reproduce tau pathology
when injected into mice brains. Therapeutically,
these approaches also have their challenges in
terms of being toxic and/or a lack of efficacy.
Drugs based on tau toxicity are also being devel-
oped but this is not our niche. However, the inter-
ested reader is directed to some comprehensive
references on this subject (Congdon and
Sigurdsson 2018; Sayas 2020).

13.8.5 AD Treatment Based
on Targeting
Neuroinflammation

Based on the observation of neuroinflammation
within the pathogenesis of AD, it became of great
interest to assess the impact of Non-Steroidal
Inflammatory Drugs (NSAIDs) on the develop-
ment and progresion of AD. Development of spe-
cific NSAIDs along with discovery of NSAID
targets in diseased brains led to a multitude of
animal and human trials. Many NSAIDs have
been found to cross the blood-brain barrier
(Parepally et al. 2006) and cyclo-oxygenase
(COX)-mediated prostaglandin (PG) synthesis
has led to an increase in the understanding of
healthy and diseased brain function. However, it
has been shown that neuroinflammation and neu-
rodegenerative disease are complex and NSAID
efficacy on pathology and behaviour vary accord-
ing to the specific disease, the region of the brain,
and study design (Moore et al. 2010).
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Trials assessing the effect of COX-2 inhibitors
on the cognitive decline seen in AD, showed ini-
tial evidence that indomethacin might have ben-
eficial effects (Rogers et al. 1993). Unfortunately,
large scale clinical trials assessing cognitive out-
comes following NSAID administration have
been disappointing (de Jong et al. 2008;
Pasqualetti et al. 2009) and the general consensus
was that NSAID treatment becomes ineffective
once memory declines and the associated pathol-
ogies have already developed (McGeer and
McGeer 2007; Townsend and Practico 2005).

13.8.6 AD Treatment Based
on Targeting P. gingivalis

The research by Dominy et al. (2019) highlighted
the potential importance of gingipains which
have been shown to mediate the toxicity of P. gin-
givalis in epithelial and endothelial cells
(Stathopoulou et al. 2009; Sheets et al. 2005;
Kinane et al. 2012). They may also be implicated
as narrow spectrum virulence targets (Guo et al.
2010; Travis and Potempa 2000; Clatworthy
et al. 2007). Blocking gingipain activity with
short peptide analogues reduces the virulence of
P. gingivalis (Kadowaki et al. 2004).

Dominy et al. (2019) hypothesised that P. gin-
givalis acts in AD pathogenesis via gingipain
secretion to promote neuronal damage. This was
supported with experimental evidence demon-
strating that gingipain immunoreactivity in AD
human brain was significantly greater than in
non-AD brains; and correlated with the presence
of gingipains to the increase in tau load and tau
NFTs. As a result of this evidence, a potent,
selective,  brain-penetrating, small-molecule
gingipain inhibitor was developed which, in vivo,
shows promise with the potential to act as a dis-
ease modifier for AD (Ryder 2020).

Based on the ground-breaking research from
Poole et al. (2013) and Dominy et al. (2019), the
US pharmaceutical company have developed
COR388 (Cortexyme), a novel virulence factor
inhibitor, that targets gingipains from P. gingiva-
lis. This drug is in phase 2/3 of clinical trials with
promising results (Ryder 2020). It is thought to
be able to block brain infiltration of P. gingivalis

along with the subsequent downstream pathology
of AD, including A production, neuroinflamma-
tion and neurodegeneration. If effective, it is
unclear how this drug will be administered on
daily basis. However, speculation suggests it may
be an adjunctive management.

13.8.7 AD Treatment Based
on Managing Lifestyles

The Lancet Commission on Dementia Prevention,
Intervention and Care have recognised elements
of lifestyle such as smoking, obesity, excessive
alcohol consumption, physical inactivity, depres-
sion and low social contact as potentially modifi-
able risk factors for dementia (Ngandu et al.
2015). Thus, making better lifestyle choices
could prevent or delay dementia. This was sup-
ported by findings from the large-scale ran-
domised controlled trial; the Finnish Geriatric
Intervention Study to Prevent Cognitive
Impairment and Disability (FINGER) which
investigated multi-domain intervention in the at-
risk segment of the general elderly population.
The intervention group, which received risk
reducing modifications to lifestyle patterns
including diet, exercise, cognitive training and
vascular risk monitoring, showed maintenance
of, or improved cognitive functioning and a
reduction in cognitive decline after the 2-year
follow-up. This was the first robust large-scale
trial which showed that modifying lifestyle fac-
tors could be beneficial to cognition (Ngandu
et al. 2015). Although this may not be directly
extrapolated to AD patients, the study popula-
tion, being 60-77 year olds, could be in a pre-
dementia state. Therefore, further research
involving multi-modal intervention, designed to
track participants over longer periods; assessing
the level of impact of each factor on disease pro-
gression would be useful. Potential therapeutic
effects can certainly be observed in pre-
symptomatic and pre-dementia stages.

In summary, the importance of lifestyle fac-
tors is being increasingly recognized and investi-
gated. Table 13.2 highlights current approaches
to treating AD, aimed at maintaining mental
function, managing behavioural symptoms, and
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Table 13.2 Therapeutic advances; are we nearly there

yet?

AD treatment

modalities Mechanism of action

Disease- Monoclonal antibodies targeting the

Moditying two hallmarks of Alzheimer’s disease,

Biologics toxic amyloid and the malfunctioning
tau protein, belong to this class e.g.
Aducanumab, Solanezumab and
Gantenerumab

Disease- Earlier small molecule AD treatments

Modifying (cholinesterase inhibitors and

Small memantine) did not alter the course of

Molecules the disease but could only stabilise
some symptoms. Newer small
molecule therapies are aimed at
reducing inflammation, nurturing the
growth of synapse and inhibiting the
activity of toxic enzymes e.g.
curcumin, omega-3 fatty acids,
tau-active agents (methylene blue)

Symptom- Drugs given to control some of the

Reducing symptoms of dementia, such as

Small aggression and delusions e.g.

Molecules Nabilone or dronabinol (components
of marijuana); lemborexant,
piromelatine and zolpidem (sleep-
enhancing agents); escitalopram and
mirtazapine (antidepressants);
brexpiprazole and pimavanserine
(antipsychotics)

Non- Non-pharmacologic trials are testing

medication light therapy, acupuncture,

management | transcranial direct current stimulation,
transcranial magnetic stimulation,
electroconvulsive therapy and deep
brain stimulation
Additional treatment strategies;
nutritious diet, sufficient sleep,
psychosocial therapies and exercise

Infection- COR388, a bacterial protease

based inhibitor which targets gingipain

treatment produced by P. gingivalis which may
reduce neuro-inflammation and
hippocampal degeneration

At the time of publication, there are over 120 therapeutic
agents undergoing clinical trials for the treatment of AD.
The vast majority are disease-modifying agents aimed at
altering the underlying biology of AD. The other catego-
ries of agents are intended to enhance cognition and man-
age  neuropsychiatric ~ symptoms. Infection-based
treatment utilising the drug COR388 by Cortexyme tar-
geting gingipains, the neurotoxic protease of P. gingivalis
is currently undergoing clinical trials. Alternative thera-
pies have also been introduced including light therapy and
lifestyle modifications. The diverse AD therapeutic
modalities have been summarised below. (Adaikkan et al.
2019; Cummings et al. 2020, Alzheimers.org, gaintrial.
com)

slowing down the onset of symptoms of the
disease.

Finally, poor sleep has been implicated with
AD risk (Sprecher et al. 2017). Adequate sleep in
advancing age is necessary for retaining memory
and for effective functioning of the glymphatic
system (Iliff et al. 2013; Nedergaard 2013). In
2019, The World Health Organisation has recog-
nised poor sleep as a risk factor for general health
and made recommendations of minimum hours
of sleep per night for specific age groups.

The question as to whether we are there yet
remains open, despite great efforts being made
towards developing fundamental treatments and
a push to adopting better lifestyles. In the absence
of an adequate treatment for AD, the World
Dementia Council (https://worlddementiacoun-
cil.org/), National Institutes of Health (NIH) and
Alzheimer’s Research UK (ARUK) (www.
alzheimersresearchuk.org/ARUK), lend their
support towards prevention by modifiable risk
factor identification and implementation during
life to stay cognitively healthy for a happier and
longer life.

13.9 Conclusions

We set out to understand how one common, clini-
cal condition such as generalised periodontitis
becomes a potential risk factor for the develop-
ment of AD and discussed the factors related to
oral microbial infection and the behavioural
component. The GAIN trials will demonstrate if
this is a causative relationship.

The onus is now on both the individual and the
dental profession and emphasises the key roles
every individual and dentist have in the preven-
tion or delay of AD development. This gives
added importance to the need for adequate con-
trol and management of periodontal disease, as
well as the prevention message that patients
receive. Oral health monitoring should comple-
ment other lifestyle management commissions
such as those conducted in the FINGER trial.
Periodontal disease, its pathogens and their viru-
lence factors, have now been linked to many sys-
temic diseases, and our role in maintaining not
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only the dental health, but now the general health
of our patient base has become a key factor in
enabling our patients to age ‘successfully’ and
enjoy a healthy life.
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