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Abstract

This study investigated the relationship between periodontal
disease (PD) and Alzheimer’s Disease (AD) through a
Systematic Literature Network Analysis (SLNA), combining
bibliometric analysis with a Systematic Literature Review (SLR).
Analyzing 328 documents from 2000 to 2023, we utilized the
Bibliometrix R-package for multiple bibliometric analysis. The
SLR primarily centered on the 47 most globally cited papers,
highlighting influential research. Our study reveals a positive
correlation between Periodontal Disease (PD) and Alzheimer’s
Disease (AD), grounded in both biological plausibility
and a comprehensive review of the literature, yet the exact
causal relationship remains a subject of ongoing scientific
investigation. We conducted a detailed analysis of the two main
pathways by which PD could contribute to brain inflammation:
(a) the Inflammatory Cascade, and (b) Microbial Involvement.
The results of our SLNA emphasize the importance of oral
health in reducing Alzheimer’s risk, suggesting that managing
periodontal health could be an integral part of Alzheimer’s
prevention and treatment strategies. The insights from this
SLNA pave the way for future research and clinical practices,
underscoring the necessity of interdisciplinary methods in both
the investigation and treatment of neurodegenerative diseases
like Alzheimer’s. Furthermore, our study presents a prospective
research roadmap to support ongoing advancement in this field.

Key words: Alzheimer Disease, periodontal disease, oral health,
neurodegenerative diseases, bibliometrics.

Introduction

and neurodegenerative diseases has become

a key focus in scientific research. Among the
various neurodegenerative conditions, Alzheimer’s
Disease (AD) stands out as one of the most prevalent
and devastating, affecting millions of individuals
worldwide. While extensive research has shed light on
the multifaceted etiology of AD, there remains a growing
interest in understanding the potential links between
Periodontal Disease (PD), a chronic inflammatory
condition of the oral cavity, and the development or
progression of Alzheimer’s Disease. This paper

In recent years, the intersection of oral health
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presents a comprehensive investigation, utilizing the

methodological approach of Systematic Literature

Network Analysis (SLNA) to examine the evolving

landscape of research at the intersection of PD and AD.
The significance of this study lies in its pursuit of

elucidating the connections between periodontal health
and cognitive well-being. By systematically analyzing the
existing body of literature, we aim to provide valuable
insights that may inform future research directions and
clinical practices. As a guiding framework for the SLNA,
this paper addresses the following research questions

(RQs):

e RQI1. What is the nature of the correlation between
Periodontal Disease and Alzheimer’s Disease, as
identified through this SLNA?

e RQ2. What is the impact of Periodontal Disease on the
initiation and advancement of Alzheimer’s Disease?

e RQ3. What is the significance of managing periodontal
health in the context of Alzheimer’s prevention and
treatment?

Our paper is organized into six sections. In Section
1, we provide an introduction, outlining the research
motivation and addressing the identified gap. Section 2
details our methodology, which comprises two phases:
Bibliometric Analysis (Section 2.1) and Systematic
Literature Review (Section 2.2). Section 3 focuses on
our Bibliometric Analysis. Section 4 discusses the
findings from our Systematic Literature Review, focusing
on insights from the 47 most frequently cited papers
identified in the Bibliometric Analysis. Section 5 presents
a future research agenda to support further development
in the field, and Section 6 concludes the paper by
summarizing key insights.

Methodology - Systematic Literature Network
Analysis (SLNA)

In our study, we use SLNA because it combines both
qualitative and quantitative approaches, giving us a
detailed insight into the topic. This method allows us
to see how the research field has evolved over time,
spotlighting both well-explored and under-researched
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Figure 1. SLNA on Periodontal Disease and Alzheimer’s
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areas. The thoroughness of SLNA improves the depth
and precision of our investigation. As presented in Figure
1, the execution of our SLNA is divided into two stages:
an initial phase of bibliometric analysis, succeeded by a
Systematic Literature Review (SLR).

Methodology for the First Phase of SLNA -
Bibliometric Analysis

Our bibliometric analysis methodology is divided into
two main phases, as detailed in Table 1. The first phase
sets out the criteria for choosing relevant literature, while
the second outlines our search strategy. This method led
us to identify 328 documents spanning from 2000 to 2023.
We utilized the Bibliometrix R-package to analyze these
publications and create visual network representations.
In Section 3 of our paper, we showcase a series of
bibliometric graphs.

Methodology for the Second Phase of SLNA -
Systematic Literature Review (SLR)

We conducted a Systematic Literature Review (SLR)
using the PRISMA methodology, as illustrated in Figure
2. In the «identification» stage, we incorporated our full

collection of 328 documents. These were gathered through
our bibliometric analysis conducted using Bibliometrix
tool in the first stage of our SLNA Methodology (Figure
1). The «screening» phase involved an evaluation of these
documents against predefined criteria, with a focus on the
most globally cited papers (=71 citations). This resulted in
the selection of 49 documents. In the «eligibility criteria»
stage, 2 documents were not pertinent for inclusion. The
«inclusion» stage resulted in a final set of 47 documents
for our SLR. This ensured a focused analysis of PD and
AD connections.

Bibliometric Analysis

In Section 3, we showcase our bibliometric analysis,
offering a comprehensive overview of the scientific
research landscape within our study area.

Annual Evolution of Scientific Production

Figure 3 presents the evolution of research connecting
PD to AD from 2000 to 2023 based on Scopus data as of
October 12, 2023, with the main information about this
data detailed in Table 2. It reflects an annual growth rate
of 14.65% among the 328 documents.
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Figure 2. PRISMA flow diagram summarizing the SLR
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The wordcloud in Figure 4 was generated from the
Keywords Plus parameter of Bibliometrix. It showcases
35 terms that encapsulate the core themes of the
literature being reviewed. As a visual representation, the
wordcloud displays these terms in varying sizes to reflect
their frequency in the dataset; the more often a word
appears, the larger and more prominent it is displayed.

In the wordcloud, the term “human’ prominently
stands out, alongside “periodontitis’ and ‘Alzheimer’s
disease’, indicating their central role in the scope of the
reviewed literature. The considerable representation of
‘nonhuman’ shows the inclusion of comparative studies
that extend to animal models. The mention of ‘mouse’
implies the use of laboratory animal studies to dissect
disease mechanisms further.

The specific pathogen ‘Porphyromonas gingivalis’
is highlighted, pinpointing a focal area of investigation
regarding Periodontal Disease’s impact on neurological
health. Gender-related terms and various age groups

point towards a demographic analysis within the
research, discussing the impact of Periodontal Disease
(PD) and Alzheimer’s across different genders and age
categories.

Inflammatory markers such as tumor necrosis
factor (TNF) and interleukin 6 (IL-6) show a focus on
the physiological processes and molecular pathways
involved in the relationship between periodontal health
and neurodegenerative conditions. Terms such as
‘inflammation’, “amyloid beta protein’, and ‘microglia’
indicate key areas of interest in the pathophysiology
of Alzheimer’s disease. Additionally, terms like
‘metabolism’, ‘pathogenesis’, and ‘pathology’ indicate
a broader scientific interest in the systemic and disease
development aspects of the research.
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Table 1. Assessment criteria and Search Strategy Methodology

PHASE 1: ASSESSMENT CRITERIA

Eligibility criteria Reasoning

Timeframe: Published papers from 2000  The 2000 to 2023 timeframe was selected to encompass significant developments and
to 2023 trends in the research field over two decades, blending historical depth with recent
advancements for a comprehensive and relevant analysis.

Database Source: Scopus Scopus database, recognized as the world’s largest abstract and citation database of
scientific literature,is more suited for bibliometric research than PubMed, particularly
because it includes citation data, essential for our research’s bibliometric analysis.

Language: English English remains the predominant language in scientific communication, ensuring our
study encompasses the forefront of research developments.

Chosen search locations within the text: Searching by titles allows for efficient identification of relevant studies, ensuring our

Abstracts query captures the core essence of the research.

Document type: Article, Review, Confe- The chosen document types, which undergo rigorous peer-review processes, provide

rence Paper high-quality, methodologically sound, and empirically rich content. This diverse
range

of studies offers robust data and insights for our SLNA.
PHASE 2: SEARCH STRATEGY METHODOLOGY

Academic Database Search Query

Scopus («periodontal disease» OR «periodontitis»
OR «gingivitis» OR « gum disease») AND
(«Alzheimer’s disease» OR «Alzheimer
disease»)

Reasoning

This query searches for documents that
mention any form of periodontal disease
(like periodontitis, gingivitis, or general
gum disease) and Alzheimer’s disease.
It looks for resources discussing both
gum-related diseases and Alzheimer’s,
exploring connections or correlations
between them.

Figure 3. Annual Evolution of Scientific Production
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Table 2. Main information about data Keywords Co-occurrence Network (KCN)
Main information about data Results Figure 5 features a Keywords Co-occurrence Network
Timespan 2002:2023 | (KCN) with three clusters, each highlighting a different
Sources (Journals, Books, etc) 184 research theme in Periodontal Disease (PD) and
b ) Alzheimer’s Disease (AD).
ocuments 328 The Purple Cluster focuses on the human-centered
Annual Growth Rate % 14,65 aspects of PD and AD. It includes keywords like ‘human’,
Document Average Age 4,52 ‘periodontitis’, ‘Alzheimer disease’, and ‘inflammation’,
Average citations per doc 3931 emphasizing the direct impact and clinical manifestations
g = - of these diseases in humans. The presence of terms such
Authors 1519 as ‘cognitive defect’, ‘chronic periodontitis’, ‘cognition’,
Authors of single-authored docs 18 and ‘aging’ indicates a focus on how PD and AD affect
Single-authored docs 21 cognitive functions and the aging process. Terms like
. . ‘mouth flora” and “virulence factor’ show an exploration
International co-authorships % 33,23
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Table 3. Animal Studies: Periodontal Disease and Alzheimer’s Connection

N°  Authorand Year  Study Objectives Population Key Biomarkers Animal Model Results Type of Study
1 POOLE S et al. Examine the invasion of ~ Mice with oral Gingipains, Mice Gingipain inhibitors Animal Experimental
(2015) oral pathogens into the P. gingivalis Ap1-42, reduced P. Study
brain and its effects on infection neuroinflammation gingivalis load and
complement activationin markers neurotoxicity in the
ApoE-/- mice. brain.
2 WU Zetal. (2017)  Assess the role Wild-type and Cathepsin B, IL-1B, ~ Wild-type and Cathepsin B plays Animal Experimental
of cathepsin B in Cathepsin TLR2, amyloid CatB-deficient a critical role in Study
Alzheimer’s B-deficient mice ~ precursor protein mice neuroinflammation
disease-like phenotypes  exposed to P. (APP) and neural
following exposure gingivalis LPS dysfunction in
to lipopolysaccharide response to P.
from Porphyromonas gingivalisLPS.
gingivalis
in mice.
3 DINGY et al. Explore the effects Young and Pro-inflammatory ~ C57BL/6 ] mice P. gingivalis infection =~ Animal Experimental
(2018) of Porphyromonas middle-aged cytokines (TNF-q, caused cognitive Study
gingivalis infection on C57BL/6 Jmice  IL-6, IL-1B) impairment and
memory impairment infected with P. increased pro-
and neuroinflammation  gingivalis inflammatory
in mice. cytokines in middle-
aged
mice.
4 DOMINY SSetal. Investigate the presence ~ Mice with oral Gingipains, Mice Gingipain inhibitors Animal Experimental
(2019) of Porphyromonas P. gingivalis Ap1-42, reduced P. Study
gingivalis in Alzheimer’s  infection neuroinflammation gingivalis load and
disease brainsand assess markers neurotoxicity in the
the effects of gingipain brain.
inhibitors.
5 SINGHRAO SK et Evaluate the role Various mouse Amyloid- Various mouse P. gingivalis and LPS ~ Animal Experimental
al. (2019) of Porphyromonas models with beta plaques, models introduction resulted  Study
gingivalis in Porphyromonas  phosphorylated in neuropathological
periodontitis and gingivalis or LPS  tau, neurofibrillary lesions and memory
its potential causal introduction tangles impairment.
relationship with
Alzheimer’s disease in
mouse models.
6 BROWN GCetal.  Test the endotoxin Rodents exposed ~ Amyloid {, tau, Rodents Endotoxin induced Animal Experimental
(2019) hypothesis of to high levels of ~ TDP-43, microglial neurodegeneration, Study
neurodegeneration endotoxin activation markers amyloid  and
using rodent models tau aggregation in
to explore the role of rodents.
lipopolysaccharide.

into the role of oral microbiota and their contribution to
disease progression.

The Blue Cluster delves into the biological and
molecular mechanisms linking PD and AD. It comprises
terms like ‘amyloid beta protein’, ‘microglia’, ‘tau
protein’, and ‘lipopolysaccharide’, highlighting research
on the pathological agents and processes involved in
these diseases. Terms like ‘mouse’, ‘mice’, and ‘animal
experiment’ points towards the utilization of animal
models to study disease mechanisms. This cluster
also explores neurological aspects with terms like
‘hippocampus’ and “protein expression’, indicating an
investigation into how these diseases affect the brain at
the molecular level.

The Red Cluster addresses demographic and risk
factors associated with PD and AD. It includes terms
like ‘female’, ‘male’, “aged’, ‘adult’, and ‘middle aged’,
emphasizing the study of these diseases across different
genders and age groups. This cluster also incorporates
‘risk factor’, ‘periodontal disease’, ‘dementia’, ‘diabetes
mellitus’, and ‘cardiovascular disease’, highlighting

the exploration of various risk factors and comorbid
conditions that influence the prevalence and progression
of PD and AD. The term ‘pregnancy’ in this cluster shows
a specific interest in understanding how these diseases
affect pregnancy outcomes.

The Green Cluster addresses broader biological and
systemic aspects of PD and AD. It encompasses terms
such as ‘nonhuman’, ‘porphyromonas gingivalis’, and
‘metabolism’, indicating a focus on the systemic and
microbiological factors. ‘Interleukin 1beta’, ‘interleukin €',
‘tumor necrosis factor’, and ‘immune response’ highlight
the immunological response involved in these diseases.
The inclusion of ‘pathology’, ‘dysbiosis’, ‘genetics’,
and ‘blood brain barrier’ suggests a comprehensive
exploration of the genetic, microbiological, and systemic
impacts of PD and AD.

Most Global Cited Documents

Figure 6 showcases the 47 Most Globally Cited
Documents. Each document in this selection has been
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Figure 6. Most Globally Cited Documents
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al. (2012) levels to periodontal bacteria
in Alzheimer’s disease
patients compared to control

subjects.

Establish a link between
periodontal disease and
Alzheimer’s disease

by identifying major
periodontal bacteria in brain
tissue postmortem.

3 POOLES et al. (2013)

4 KAMER AR et al.
(2015)

Examine the association
between periodontal disease
and brain amyloid load in
elderly individuals.

5 IDE M et al. (2016) Investigate the association
between periodontitis
and cognitive decline in

Alzheimer’s Disease.

Determine whether chronic
periodontitis increases

the risk of developing
Alzheimer’s disease.

6  CHEN C-Ketal
(2017)

the BRAINS research
program.

10 Alzheimer’s Disease
cases and 10 non-AD
controls postmortem.

38 cognitively normal,
healthy, elderly
individuals.

60 community dwelling
participants with

mild to moderate
Alzheimer’s Disease.

9291 patients with
chronic periodontitis
and 18672 matched
controls.

bacteria.

Lipopolysaccharide
fromP. gingivalis.

Brain amyloid load
(11C-Pittsburgh
compound B PET
imaging).

Serum pro-
inflammatory
cytokines.

Not specified.

nucleatum and P. intermedia
were found in AD patients
compared to controls.

LPS from periodontal
bacteria was found in AD
brain tissue, suggesting an
inflammatory role in AD
pathology.

Clinical attachment loss was
associated with increased
brain amyloid load in
vulnerable regions.

Periodontitis is associated
with increased cognitive
decline in Alzheimer’s
Disease and increased
systemic inflammation.

10-year exposure to chronic
periodontitis was associated
with a 1.707-fold increase

in the risk of developing
Alzheimer’s disease.

HARDING A, 2017, FRONT AGING NEUROSCI| "’/
KAMER AR, 2012, J ALZHEIMER'S DIS
500 750 1000
Global Citations
Table 4. Human Studies: Periodontal Disease and Alzheimer’s Link
N°  Author and Year Study Objectives Population Key Biomarkers Results Type of Study
1 KIECOLT-GLASER Explore the relationship General human Proinflammatory Negative emotions can Review / Conceptual
JK et al. (2002) between negative emotions  population with cytokines. intensify health threats,
and various diseases various health threats. potentially through
influenced by the immune distress-related immune
system. dysregulation.
2 SPARKS STEIN Pet ~ Examine serum antibody 158 participants in IgG antibodies to oral ~Elevated antibodies to F. Cohort Study

Human Postmortem
Study

Human Postmortem
Study

Observational Cohort
Study

Retrospective
Matched-Cohort
Study

chosen for having a minimum of 71 citations. Global
Citations means the Total Citations that an article,
included in the collection, has received from documents
indexed on a bibliographic database (WoS, Scopus, etc.).
So, TC counts citations received by a selected article «all
over the world» (5). Choosing to focus on global citations

in our SLR is pivotal as it directs our focus towards the
most impactful and recognized publications within our
field of study.

In our systematic literature review (SLR), while we
initially concentrated on the 47 top-cited documents
globally, our research findings extend beyond these
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Table 5. Review Articles on Periodontal Disease and Alzheimer’s Association

N°
1

10

11

12

13

14

15

16

17

18

19

20

Author and Year
KAMER AR et al. (2008a)

WATTS A et al. (2008)

KAMER AR et al. (2008b)

GARRIDO-MESA N et
al.(2013)

SINGHRAO SK et al.(2014)

SINGHRAO SK et al. (2015)

ABBAYYAK et al. (2015)

SCANNAPIECO FA et al.

(2016)

HARDING A et al. (2017)

SOCHOCKA M et al.(2017)

KUMAR PS et al. (2017)

SUDHAKARA P et al.(2018)

BUI FQ et al. (2019)

KONKEL JE et al. (2019)

GENCO RJ et al. (2020)

DIOGUARDI M et al. (2020)

MEIF et al. (2020)

ZHANG Z et al. (2021)

SEDGHI LM et al. (2021)

RADAIC A et al. (2021)

Study Objectives Results Type of Study
Explore the link between periodontitis and Periodontitis may play a role in the onset and Review
Alzheimer’s disease risk. progression of Alzheimer’s disease.
Exploring the role of inflammation in linking Inflammation may mediate the association; gene Review
periodontal disease to AD. polymorphisms may influence this relationship.
Explore chronic periodontitis and inflammation’s Chronic periodontitis, a treatable peripheral Review
role in Alzheimer’s disease. infection, may affect AD’s development and
progression.
To explore the pharmacology of minocycline and Oral inflammation may contribute to a range of Review
its therapeutic applications beyond its antibiotic systemic diseases.
properties.
Examining the link between periodontitis and AD Periodontal pathogens may contribute to AD Review
progression. progression.
To explore the potential connection between Suggests a possible contribution of P. gingivalis to Review
periodontal pathogen P. gingivalis and AD. AD etiology.
To review the link between periodontitis and AD. Inflammation serves as a link between periodontitis ~ Review
and AD.
To assess the impact of oral diseases onsystemic Oral diseases may influence systemic conditions; Review
conditions in the elderly. improved oral hygiene might prevent aspiration
pneumonia.
To explore the relationship between periodontitis, Links between chronic periodontitis, nutritional Review
AD, and nutritional factors. aspects, and AD; highlights potential for diet-based
interventions.
Investigating the potential causative role of Infections, especially neurotropic viruses and certain ~ Review
infections in the progression of AD. bacteria, might contribute to the inflammatory
pathway in AD.
To review the role of the oral microbiome in systemic  Periodontal pathobionts may play a role in systemic ~ Review
disease. diseases such as cardiovascular disease, rheumatoid
arthritis, Alzheimer’s disease, and others.
To explore the impact of oral dysbiosis on systemic Oral dysbiosis is linked to systemic diseases such Review
diseases. as cardiovascular disease,diabetes, rheumatoid
arthritis, and Alzheimer’s disease.
To investigate the link between periodontitis and Indications of a link between periodontitis and Review
various systemic diseases. diseases like cardiovascular disease, diabetes,
Alzheimer’s disease.
Discussing the systemic effects of oral inflammation.  Oral inflammation may contribute to a range of Review
systemic diseases.
To understand the impact of periodontitis on Links with chronic noncommunicable diseases, Review
systemic health. including diabetes, cardiovascular disease, metabolic
diseases, rheumatoid arthritis, cancers, respiratory
diseases, and cognitive disorders.
To review the connection between periodontitis, its Periodontal bacteria may intensify inflammation Review
bacteria, and AD. contributing to AD.
Assessing the impact of P. gingivalis on systemic P. gingivalis linked to atherosclerosis, Alzheimer’s Review
diseases. disease, rheumatoid arthritis, and other diseases.
Investigating the role of P. gingivalis OMVs in P. gingivalis OMVs contribute to systemic impacts of ~Review
periodontal and systemic diseases. periodontal disease.
Synthesizing knowledge on periodontal disease and  Link between periodontal disease and systemic Review
its systemic impacts. conditions like cardiovascular diseases and
Alzheimer’s disease.
To explore the oral microbiome’s role in health and Dysbiotic oral microbiome can lead to systemic Review

disease management strategies.

diseases including cardiovascular disease, diabetes,
Alzheimer’s disease, and cancer.

sources. To deepen our literature review, we engaged

Systematic Literature Review

in further qualitative research through platforms like

PubMed and Google Scholar. By performing targeted
searches using keywords similar to those in Table 1, we
were able to embrace a broader spectrum of perspectives
and include a richer variety of academic contributions.

Our Systematic Literature Review (SLR) starts
with a detailed examination of the pathogenesis of
Alzheimer’s Disease (AD) and Periodontal Disease (PD)
in Section 4.1, laying the groundwork for understanding
these conditions. Next, in Section 4.2, we explore the
neuroinflammatory pathways that connect PD and AD,

1155



uncovering the key mechanisms involved.

Our Systematic Literature Review (SLR) advances
with a structured analysis segmented into three distinct
categories: human studies, animal studies, and review
articles. The section on animal studies is presented in
Table 3 (Section 4.3), followed by the human studies,
which are detailed in Table 4 (Section 4.4). The review
concludes with Section 4.5, summarizing the findings
from review articles listed in Table 5. This final section
offers a broad overview of the current state of research
and points out areas where further investigation is
needed.

Pathogenesis of Alzheimer’s and Periodontal
Disease

Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder mainly defined by three
primary pathological characteristics:

(a) AB (Amyloid-beta) Plaque Accumulation: In AD,
there is an excessive accumulation of amyloid-beta (Ap)
plaques in the brain, especially in regions like the cerebral
cortex and hippocampus. While Ap plays beneficial
roles under normal conditions, its overproduction or
inadequate clearance results in the formation of toxic
plaques. These plaques are known to contribute to
neuronal damage (33).

(b) Tau Hyperphosphorylation: In AD, the tau protein,
which plays a crucial role in stabilizing microtubules
in neurons, undergoes abnormal and excessive
phosphorylation. This excessive phosphorylation
prevents tau from properly attaching to the microtubules.
As a result, the microtubules within the axons of
neurons become destabilized, leading to the creation of
neurofibrillary tangles (NFTs). These tangles contribute to
the loss of synaptic connections and a decline in cognitive
function.

(c) Microglia-Mediated Neuroinflammation: In AD,
the brain’s immune cells, known as microglia, become
chronically activated. This prolonged activation causes
persistent neuroinflammation. The activated microglia
produce pro-inflammatory cytokines and substances
harmful to neurons, worsening neuronal damage and
accelerating the disease’s progression (64).

Akiyama et al. (2) underscore the critical role of
inflammation in the development of AD and suggest
that focusing on inflammatory processes could pave
the way for anti-inflammatory treatments to potentially
slow down or delay the onset of AD. While research
on anti-inflammatory medications, particularly Non-
Steroidal Anti-Inflammatory Drugs (NSAIDs), appears
promising for AD management, their actual effectiveness
is still a matter of debate. Observational studies indicate
potential benefits, yet these findings have not been
consistently replicated in clinical trials. Given the current
lack of conclusive clinical evidence, NSAIDs are not
recommended for individuals experiencing cognitive

PERIODONTAL DISEASE AND ALZHEIMER’S

decline or those diagnosed with AD, as noted by Asthana
et al. (4) and Ali et al. (3).

Periodontal Disease (PD), scientifically termed
periodontitis, is chronic infection caused by multiple
types of bacteria. This condition is primarily characterized
by the proliferation of a specialized ecosystem known
as dental biofilm, which adheres to the tooth surface.
The predominant periodontal pathogens involved in
periodontitis are Aggregatibacter actinomycetemcomitans
(Aa), Porphyromonas gingivalis (Pg), Prevotella
intermedia (Pi), Fusobacterium nucleatum (Fn),
Tannerella forsythensis (Tf), Eikenella corrodens (Ec), and
Treponema denticola (Td). (15)

The dental biofilm contains a diverse population of
about 400 bacterial species (48). Beyond bacteria, it also
includes substances produced by these bacteria, like
endotoxins and virulence factors, as well as a mixture
of protein-containing and non-protein substances. This
composite structure creates a favorable environment
for the growth and survival of periodontal bacteria,
while also protecting them from the body’s immune
system and antibiotic treatments. The initial phase of
periodontitis is marked by the establishment of plaque
biofilms, which are heterogeneous conglomerates of
multiple microbial species. These biofilms act as a catalyst
for an inflammatory response within the periodontal
region. Persistent inflammation, if left unchecked, can
progressively inflict damage upon pivotal periodontal
structures, including the periodontal ligaments and
the alveolar bone. Without proper treatment, this
degenerative process can lead to the loosening or even
loss of teeth (46, 64).

In periodontitis, dysbiosis, or an imbalance of oral
bacteria, triggers increased inflammation, especially
in those with genetic susceptibility. This leads to the
breakdown of periodontal components like alveolar
bone, ligaments, and cementum. Importantly, shifts in
the composition of oral bacteria typically occur before
the clinical signs of periodontitis become evident.
Certain bacteria found subgingivally are associated with
more severe forms of the disease. A prime example is
Porphyromonas gingivalis (P. gingivalis), a gram-
negative bacterium, characterized by the presence of
lipopolysaccharides (LPS) and gingipains as part of its
structure. These substances are pivotal in causing tissue
damage, exacerbating inflammation, and altering immune
responses during the disease’s progression.

Dominy (14) further underscores the significance of P.
gingivalis in the context of Alzheimer’s disease, revealing
its presence in the brains of AD patients. The study
found that gingipains, toxic proteases from P. gingivalis,
correlate with tau and ubiquitin pathology in Alzheimer’s
patients, indicating a link to neurodegeneration.
Additionally, oral P. gingivalis infection in mice showed
brain colonization, increased production of amyloid-beta
(AB1-42), and neurotoxic effects on tau. This research
led to the development of small-molecule inhibitors
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Figure 7. Periodontal Disease to Alzheimer’s: Neuroinflammatory Pathways
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targeting gingipains, which showed promise in reducing
P. gingivalis brain infection, blocking Ap1-42 production,
and alleviating neuroinflammation in Alzheimer’s

disease.

The body responds to periodontitis by producing
inflammatory cytokines like TNF-a, IL-1§3, and IL-6,
which play crucial roles in the disease’s progression.
TNF-a and IL-1f stimulate cells that degrade bone and
periodontal tissues. Meanwhile, IL-6 not only accelerates
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bone loss but also promotes the conversion of B cells
into plasma cells, which are involved in the immune
response. The high levels of IL-6 found in patients with
periodontitis highlight its important role in the disease’s
development (54, 64).

Numerous studies have found that bacteria associated
with Periodontal Disease (PD) can infiltrate gum tissues
and enter the bloodstream during routine activities like
chewing and tooth brushing, or during dental procedures,
potentially causing temporary, recurrent bloodstream
infections (40). These periodontal areas act as ongoing
sources for the spread of bacteria and inflammation-
causing agents throughout the body. This phenomenon,
as described by Hajishengallis (20), demonstrates that
periodontitis is not only a local oral health issue but
also a dysbiotic inflammatory disease with significant
systemic implications. Hajishengallis emphasizes that the
dysbiosis in oral microbial communities associated with
periodontitis can mediate inflammatory pathology not
just locally in the oral cavity but also at distant sites in the
body, increasing the risk for various systemic conditions.

When these bacteria and inflammatory substances
reach distant organs, they may trigger similar
inflammatory reactions, leading to organ-specific diseases
(46). Chronic PD has been linked to neurodegenerative
disorders like Alzheimer’s and a range of other
conditions, including cardiovascular disease (62, 6), oral
cancer (35, 26), colorectal cancer (11, 39), rheumatoid
arthritis (50), gastrointestinal issues (66, 17), respiratory
infections (44, 18), adverse pregnancy outcomes (49),
diabetes (63, 28), insulin resistance (61).

Neuroinflammatory Pathways Linking
Periodontal Disease to Alzheimer’s

Chronic inflammation from Periodontal Disease (PD)
is increasingly recognized as a potential risk factor for
Alzheimer’s disease (AD), with implications for increased
disease risk and progression (42, 58,7, 34).

In the 2018 case-control study led by Holmer J. et al.
(23), they found that individuals with mild cognitive
impairment (MCI), subjective cognitive decline (SCD),
and AD had a higher prevalence of poor oral health
indicators compared to controls. The odds ratios for
factors such as marginal alveolar bone loss and deep
periodontal pockets ranged from 3.36 to 8.43. These
findings suggest a possible link between marginal
periodontitis, a type of gum disease, and the early stages
of cognitive impairment leading to AD.

Martande et al. (41) found that individuals with AD
experience more severe periodontal damage, worsening
as the disease progresses, emphasizing the need for
enhanced oral healthcare in AD patients. This observation
underscores the need for heightened oral healthcare for
those with AD. It’s crucial for both individuals with
Alzheimer’s and their caregivers to be well-informed
about maintaining good oral health. Martande et al.
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noted a strong link between declining periodontal health
and cognitive impairment in AD patients. In this same
line, recent studies indicate a bi-directional relationship:
individuals with dementia are more prone to developing
PD, with those experiencing early-onset dementia often
facing more severe PD (22, 64).

The precise pathways linking PD to AD are not yet
fully understood and still being explored. However,
two main pathways by which PD could contribute to
brain inflammation have emerged: (a) the Inflammatory
Cascade, and (b) Microbial Involvement (9, 30, 19). Figure
7 presents a summary of the two main pathways by
which Periodontal Disease (PD) could contribute to brain
inflammation.

The Inflammatory Cascade mechanism

The Inflammatory Cascade mechanism is a critical
concept in understanding the intersection of Alzheimer’s
Disease (AD) and Periodontal Disease (PD). This
mechanism suggests that inflammatory molecules
originating from PD can intensify brain inflammation,
influencing the progression of AD.

Building on this understanding, recent studies have
increasingly focused on the role of inflammation in
the development and progression of AD. Researchers,
including Kamer et al. (29), propose an inflammatory
hypothesis for AD. This hypothesis suggests that
the persistent oral inflammation associated with PD,
perpetuated by itself, exacerbates the neurodegenerative
processes typical in AD. While direct inflammatory
causes for AD are yet to be conclusively established,
it’s theorized that the pathological hallmarks of
AD — such as A-amyloid 1-42 peptide (A42) in senile
plaques and hyperphosphorylated tau protein (P-Tau)
in neurofibrillary tangles — could act as triggers for
inflammation.

Periodontal disease (PD) contributes to systemic
inflammation by releasing mediators such as C-reactive
protein (CRP), interleukins (IL-1, IL-6), tumor necrosis
factor (TNF)-a, and a-1-antichymotrypsin into the
body’s circulation. These substances, known precursors
of cognitive decline, activate the brain’s immune cells,
microglia, thus heightening immune response. These
pathological changes prompt glial cells to produce
proinflammatory brain cytokines. These cytokines can
further activate primed glial cells, potentially resulting in
an amplified reaction and the progression of conditions
like AD.

In cases of chronic periodontitis, increased levels of
inflammatory mediators cause microglia to become more
responsive to inflammatory signals. This heightened
responsiveness could accelerate neurodegeneration in
AD, as evidenced in studies by Kamer et al. (32) and
Holmes et al. (2009). Although chronic periodontitis
might not directly cause AD, it is believed to accelerate
its progression, especially in genetically predisposed
individuals.
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Delving deeper, Kamer (29) notes the connection
between senile plaques in AD and reactive astrocytes and
activated microglia. These cells respond to inflammatory
mediators like TNF-a, IL-1, and IL-6, potentially
driving further production of A42, P-Tau, and other
proinflammatory molecules, thereby reinforcing a cycle of
ongoing inflammation and neurodegeneration.

Microglia react to agents like lipopolysaccharides
(LPS) by kickstarting the central nervous system’s innate
immune response. This activation releases neurotoxic
elements such as cytokines, complement factors, and
reactive oxygen species, exacerbating inflammation-
linked pathologies (46). Periodontopathic microorganisms
and the host response amplify systemic inflammation,
which can breach the blood-brain barrier (BBB), leading
to microglial activation and potential neuronal damage
(1). In this process, known as the Inflammatory Cascade,
periodontal pathogens and the body’s response increase
levels of inflammatory cytokines, leading to widespread
inflammation. These cytokines can compromise the BBB,
invading brain areas and possibly causing neuronal
damage (19).

Additionally, research shows a correlation between
elevated antibodies to periodontal bacteria and AD,
which might assist in its clinical diagnosis. Notably,
Kamer et al. (2009) found a significant correlation
between the presence of elevated antibodies against
periodontal bacteria and the incidence of AD. This
research revealed that patients with AD demonstrated
higher plasma levels of Tumor Necrosis Factor-alpha
(TNF-a) as well as an increased number of antibodies
targeting periodontal bacteria, compared to normal,
healthy controls. These findings suggest that both
elevated TNF-a and the heightened immune response
to periodontal pathogens could serve as potential
biomarkers for the clinical diagnosis of AD.

The Microbial Mechanism

The Microbial Mechanism focuses on the diverse
microbiome of the oral cavity. Emerging studies suggest
that bacteria associated with Periodontal Disease (PD)
could enter the bloodstream and subsequently reach the
brain. This migration poses a potential risk of triggering
or exacerbating the pathology of Alzheimer’s Disease
(AD).

A crucial aspect of this mechanism is the movement
of microorganisms from the dental plaque biofilm to the
brain. This transfer can happen either via the bloodstream
or along nerve pathways. Studies conducted by Kamer
et al. (30) indicate that once these microorganisms or
their by-products arrive in the brain, they could induce
inflammation within the central nervous system (CNS).
Such inflammation is a critical element in the cognitive
deterioration seen in AD. The cognitive decline in AD is
largely due to detrimental interactions between neurons
and glial cells, fueled by inflammatory cytokines. Key

cytokines in this process include the interleukin (IL)
family, tumor necrosis factor-alpha (TNF-a), transforming
growth factor-beta (TGF-B), and various chemokines.
These play a crucial role in the pathogenesis of AD and
are crucial for early detection, acting as biomarkers
to signal the disease’s onset. TNF-q, in particular, is
known for its role in exacerbating inflammation,
leading to gliosis, demyelination, blood-brain barrier
breakdown, and cell death, thereby playing a central role
in neurodegeneration (30, 29, 1, 19).

Studies using mouse models have shown the
beneficial effects of anti-inflammatory agents in reducing
neuroinflammation and amyloid plaque formation. These
agents also significantly decrease levels of IL-1{3 and glial
fibrillary acidic protein in treated mice, highlighting their
potential in managing AD-related inflammation (1).

Animal Studies on the Association between
Periodontal Disease and Alzheimer’s

This section examines findings from animal studies on
the link between Periodontal Disease (PD) and Alzheimer
Disease (AD), primarily based on papers in Table 3
(«Animal Studies: Periodontal Disease and Alzheimer’s
Connection») and includes insights from additional
relevant research.

Several studies suggest a link between periodontitis
and AD, but the causal mechanism remains unclear.
Wu Z et al. (65) investigated this by examining the role
of cathepsin B (CatB) in AD-like symptoms induced
by chronic exposure to Porphyromonas gingivalis (P.
gingivalis) lipopolysaccharide (PgLPS) in mice. Their
findings reveal that PgLPS exposure leads to learning
deficits and amyloid-beta accumulation in middle-aged
mice, with increased CatB expression associated with
neuroinflammation. This research suggests CatB as a
potential therapeutic target for preventing cognitive
decline associated with periodontitis in Alzheimer’s
disease.

Dominy et al. (14) found P. gingivalis, a gum disease
bacterium, and its toxic gingipains in Alzheimer’s
patients’ brains, associated with key Alzheimer’s
markers. In mice, oral P. gingivalis infection led to brain
invasion, increased amyloid plaque component APR1-
42 (a component of amyloid plaques), and tau protein
damage. The study highlighted that gingipain inhibitors
can reduce brain infection, lower AP1-42, reduce
neuroinflammation, and protect neurons, suggesting their
potential in treating Alzheimer’s linked to P. gingivalis.

The study by Poole S et al. (47) demonstrated that the
oral pathogen P. gingivalis can invade the brains of ApoE-
/- mice, with its genomic DNA detected in 50% (6/12) of
the mice brains at 12 weeks (p = 0.006) and 75% (9/12) at
24 weeks post-infection (p = 0.0001). Additionally, there
was significant complement activation observed in the
hippocampal neurons, as evidenced by opsonization with
C3 activation fragments in 33% (4/12) of the infected mice
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brains (p = 0.032). These results suggest that periodontal
disease may contribute to Alzheimer’s disease by
allowing oral pathogens to invade the brain, triggering an
immune response that could lead to neuronal damage.

Ding Y et al. (13) found that middle-aged mice infected
with P. gingivalis, a periodontitis-causing bacterium,
showed impaired learning and memory and increased
brain levels of pro-inflammatory cytokines TNF-a, IL-6,
and IL-1B. This suggests that P. gingivalis infection may
lead to cognitive impairment through neuroinflammation
in an age-dependent manner.

Ilievski, V et al. (25) showed that oral exposure
to P. gingivalis in mice led to AD-like features:
neuroinflammation, neurodegeneration, amyloid beta
plaques, and neurofibrillary tangles. Pg/gingipain was
found in the brain, particularly in microglia, astrocytes,
and neurons. Increased pro-inflammatory cytokines
(IL6, TNFa, IL1B), neurodegeneration markers, amyloid-
related genes (APP, BACE1L), extracellular Ap42, and
phosphorylated tau protein supported the link
between periodontal pathogen exposure and AD-like
neuropathology.

The study by Singhrao et al. (56) explores the link
between chronic periodontitis and Alzheimer’s disease
(AD), suggesting that a long-term periodontitis of
10 years may double the risk of developing AD.
Their research showed that P. gingivalis infection or
its lipopolysaccharide (LPS) in mice models leads to
AD’s key neuropathological features and cognitive
impairments.

Brown GC et al. (8) explored the endotoxin hypothesis
of neurodegeneration, positing that endotoxin, a
component of gram-negative bacteria, contributes to
neurodegenerative diseases. They found that endotoxins
can induce inflammation and activate brain microglia,
potentially exacerbating neurodegeneration. While the
hypothesis is still unproven, their study indicates that
reducing endotoxin-induced neuroinflammation could be
a therapeutic strategy.

Ishida N. et al. (27) found that inducing periodontitis
with P. gingivalis in transgenic mice worsened
Alzheimer’s disease (AD) features. The mice with
periodontitis had impaired cognitive function and
increased amyloid-beta (AP) deposition in the brain,
along with elevated pro-inflammatory cytokines (IL-
1B and TNF-a). This suggests that periodontitis may
exacerbate AD by promoting brain inflammation and A3
accumulation.

Human Studies on the Relationship between
Periodontal Disease and Alzheimer’s

In this section, we analyze various human studies that
explore the link between Periodontal Disease (PD) and
Alzheimer Disease (AD). Our primary references are the
papers listed in Table 4. Furthermore, we incorporate
insights from other relevant studies to enrich our
understanding of this association.
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Chen et al. (10), in a retrospective cohort study using
Taiwan’s National Health Insurance Research Database,
found that patients with Chronic Periodontitis (CP) for
10 years had a significantly increased risk of developing
AD compared to those without CP (adjusted hazard ratio
[HR] 1.707, p=0.0077). This suggests a strong link between
long-term periodontal disease and AD risk.

Sparks Stein et al. (58) examined serum antibody levels
to periodontal disease bacteria in participants who later
developed AD compared to control subjects. It found
significantly higher antibody levels to Fusobacterium
nucleatum and Prevotella intermedia in patients who
developed AD, with statistical significance set at a =
0.05. These findings, which were consistent even after
adjusting for age, cognitive status, and genetic factors,
suggest a potential link between PD and an increased risk
of AD.

Poole et al. (46) investigated the presence of major
periodontal disease bacteria and their components in
the brains of AD patients. They demonstrate that
lipopolysaccharide (LPS) from P. gingivalis, a key
periodontal pathogen, is present in the brain tissues
of AD patients. This was observed in four out of ten
AD cases, with a statistically significant association (p
= 0.029). This suggests that LPS from oral pathogens
may reach the brain and play a role in the inflammation
observed in AD pathology.

Kamer et al. (33) expanded on these findings by
showing a significant correlation between PD and
increased amyloid p (AB) plaque accumulation in the
brain (p=0.002), which is a hallmark of AD. This was
determined using 11C-PIB PET imaging and adjusting
for factors like age, ApoE genotype, and smoking. These
results align with previous animal studies, linking
peripheral inflammation or infections to brain Ap
accumulations.

Singhrao SK. et al. (55) focused on the role of
periodontal pathogens like P. gingivalis in causing
inflammation that may affect the brain. They discuss how
these bacteria, through everyday activities like brushing
or flossing, can enter the bloodstream and potentially
reach the brain, contributing to the development of AD in
susceptible individuals. Their paper emphasizes the role
of chronic infection and inflammation from PD in causing
neuron loss and memory deterioration, potentially
exacerbating AD.

Ide et al. (24) explored the relationship between
periodontitis and cognitive decline in Alzheimer’s
disease, focusing on the impact of periodontitis on
dementia severity and systemic inflammation. They
found that periodontitis was not related to the initial
cognitive state in Alzheimer’s patients but was associated
with a six-fold increase in cognitive decline over six
months, as measured by the ADAS-cog. Additionally,
periodontitis was linked to an increase in systemic pro-
inflammatory markers, suggesting that the cognitive
decline might be mediated by effects on systemic
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inflammation.

Additionally, Kiecolt-Glaser et al. (36) highlights the
connection between negative emotions and various
common diseases among older adults, including
Alzheimer’s and periodontal disease, through
their impact on the immune system. It explains that
negative emotions can stimulate the production of
proinflammatory cytokines, which are linked to these
diseases. It concludes that managing negative emotions
might lead to better health outcomes by positively
affecting the immune and endocrine systems.

The significance of oral health is further reinforced by
the link between tooth loss and cognitive decline. Stein
et al. (57) found that having fewer teeth was linked to
a higher risk of developing dementia, indicating that
poor oral health may be a risk factor for dementia onset.
Similarly, Okamoto et al. (45) found that tooth loss in the
elderly significantly increases the risk of developing mild
memory impairment (MMI), with each additional lost
tooth raising the odds by a ratio of 1.02. Being completely
toothless (edentulous) was associated with a 2.39 times
higher risk of MMI compared to having a full set of teeth.
This highlights tooth loss as a potential risk factor for
memory decline in the elderly.

Synthesis of Review Articles on Periodontal
Disease and Alzheimer’s

In synthesizing various review articles on the link
between Periodontal Disease (PD) and Alzheimer Disease
(AD), we begin by examining foundational studies like
those of Kamer et al. (29) and Kamer et al. (30), which
propose a link between periodontitis and Alzheimer’s
based on central nervous system inflammation. These
studies highlight the potential of treating periodontitis
as a modifiable risk factor for Alzheimer’s disease.
This notion is echoed in the works of Watts et al. (60)
and Abbayya et al. (1), who explore the inflammatory
mediators as potential links between PD and AD.

Further insights are provided by Singhrao et al. (55,
56), who explore how periodontal pathogens, particularly
Porphyromonas gingivalis, contribute to Alzheimer’s
by causing chronic inflammation in the central nervous
system. Similarly, Dioguardi et al. (12) investigate the link
between PD and AD, suggesting that periodontal bacteria
and related inflammation may impact Alzheimer’s by
affecting central nervous system inflammation.

Garrido-Mesa et al. (2013) discuss the role of
minocycline, a medication with non-antibiotic effects, in
treating periodontitis and its potential neuroprotective
effects in Alzheimer’s disease. In addition, research by
Watts et al. (60) explores the role of infectious pathogens
and inflammation in AD, suggesting that managing PD
could offer new strategies for preventing and treating AD.

The studies conducted by Scannapieco et al. (52)
and Harding et al. (21) both discuss the relationship
between periodontitis and systemic health, including

the progression of Alzheimer’s disease. They emphasize
the importance of oral hygiene in the context of systemic
inflammation and AD. Scannapieco et al. focus on the
broader implications of oral diseases in the elderly
and the role of oral hygiene in preventing systemic
complications. Meanwhile, Harding et al. delve into the
specifics of how chronic periodontitis, particularly when
caused by pathogens like Porphyromonas gingivalis, can
lead to systemic inflammation and the progression of
Alzheimer’s disease, also highlighting the influence of
diet and microbial imbalances.

Harding et al. (21) explore dietary considerations,
highlighting the advantages of adhering to a diet that is
calorically balanced, low in carbohydrates, and contains
sufficient amounts of protein and fat. This nutritional
approach is presented as an effective method to prevent
and/or slow down the progression of both periodontal
disease and Alzheimer’s Disease.

The concept of «focal infection theory» is brought
into focus by Kumar et al. (38), which postulates that
oral microbiome infections may cause various chronic
diseases, including AD. Sudhakara et al. (59) examine
the impact of oral dysbiotic communities on systemic
diseases, including Alzheimer’s. They emphasize how
deviations from a balanced oral microbiome, termed
«dysbiosis,» involving keystone pathogens, can lead to
systemic conditions like periodontitis, which are linked to
various systemic diseases.

Genco et al. (16) provide an overview of the clinical
and public health implications of periodontitis,
particularly its association with systemic diseases
including AD. Their work underscores the increasing
body of research that establishes links between
periodontitis and various systemic conditions, such
as metabolic diseases, rheumatoid arthritis, specific
cancers, respiratory issues, and cognitive disorders like
Alzheimer’s.

Bui et al. (9) investigate the connection between
periodontitis and systemic diseases, including
Alzheimer’s, exploring how pathogens in periodontal
disease can influence conditions beyond the oral cavity.
Konkel et al. (37) further elaborate on this by reviewing
the extensive impact of periodontitis on various chronic
diseases, with a specific focus on its association with
cognitive decline.

Sedghi et al. (53) and Mei et al. (43) provide insights
into the broader impacts of periodontal disease.
Sedghi et al. discuss the role of oral pathogens and
environmental factors in periodontal disease, linking
it to systemic conditions like inflammatory bowel
diseases, cardiovascular diseases, Alzheimer’s
disease, and COVID-19. Mei et al. specifically focus
on Porphyromonas gingivalis and its association with
systemic diseases such as atherosclerosis, AD, rheumatoid
arthritis, and diabetes. They also mention its potential role
in other conditions.

Zhang et al. (67) investigate the impact of
Porphyromonas gingivalis (P. gingivalis) outer membrane
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vesicles (OMVs) on periodontal disease and systemic
health, including their potential role in diseases like
AD. The study highlights how these OMVs, carrying
virulent factors, contribute more significantly to disease
pathogenesis than the bacteria itself, emphasizing the
importance of oral health in managing systemic diseases.

Radaic et al. (51) review the concept of the ‘oralome’,
focusing on the dynamic interactions between the oral
microbiome and the host, and how these interactions
shift from healthy to dysbiotic states. They discuss the
implications of oral dysbiosis, particularly in relation to
periodontitis and its association with systemic diseases,
including Alzheimer’s disease, outlining potential
strategies for managing dysbiosis to prevent and treat
these conditions.

Discussion

Our results corroborate previous studies that have
highlighted the role of two main pathways for the
Periodontal Disease (PD) — Alzheimer Disease (AD) link:
the Inflammatory Cascade mechanism and Microbial
Involvement. The Inflammatory Cascade suggests that
inflammatory molecules from PD can intensify brain
inflammation, a key factor in Alzheimer’s Disease.
Microbial Involvement indicates that bacteria from PD
might reach the brain and contribute to AD pathology.
Importantly, our study enhances comprehension
of the PD and AD connection through an in-depth
analysis. We offer a simplified flow diagram for better
accessibility across different audiences, crucial for this
interdisciplinary topic.

Our research identifies a bi-directional correlation
between PD and AD (RQ1). On one hand, the chronic
inflammation and bacterial load associated with PD
might contribute to the development or exacerbation
of Alzheimer’s Disease. On the other hand, cognitive
decline in AD might lead to deteriorating oral health,
further exacerbating PD. Our findings (RQ2) indicate
that PD impacts both the onset and progression
of AD. The inflammatory cascade and microbial
involvement in PD suggest how oral health impacts
brain neurodegeneration. This is particularly critical for
those genetically predisposed to AD, where ongoing oral
inflammation and periodontal pathogens may accelerate
AD progression, especially in early stages of cognitive
impairment. The systemic impact of PD, including
chronic inflammation and immune responses, extends
to overall brain health, potentially affecting AD’s key
pathological features, like amyloid-beta processing and
neurotoxic inflammation.

The correlation identified between PD and AD
underscores the importance of periodontal health
management as an integral part of a comprehensive
strategy for AD prevention and treatment. This
connection suggests that maintaining good oral
health could play a key role in mitigating the risk
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and progression of AD. This finding is particularly
relevant for healthcare providers, highlighting the
importance of integrating dental care with routine
medical check-ups for individuals at risk of or diagnosed
with AD. This connection warrants further research
into how periodontal treatments could influence
neurodegenerative processes in AD and the potential
role of dental professionals in multidisciplinary teams
managing AD. In educating patients, especially those in
high-risk groups, about the link between oral health and
brain health, healthcare professionals can encourage more
proactive and preventive care strategies.

Building upon our findings, our study proposes the
following key Research Questions (RQs) for further
investigation:

e Epidemiological and Longitudinal Studies: How do the
impacts of PD on AD evolve over time, and what are
the geographical and environmental factors influencing
their co-occurrence?

e Genetic and Molecular Mechanisms: What genetic and
molecular biomarkers link PD and AD, providing a
more direct connection between these conditions?

e Biomarkers and Neuroimaging: Can combining
neuroimaging with oral health biomarkers enhance
early-stage AD prediction accuracy?

e Microbiome and Immune System Studies: How do
the oral and gut microbiome, and immune responses
to periodontal pathogens, influence PD and AD
development?

e Public Health and Prevention Strategies: How can
public health policies and preventive strategies be
shaped to address both PD and AD, considering
lifestyle and environmental risk factors?

e Technological Innovations and Digital Health: How can
Al and digital health tools predict AD risk based on PD
severity and optimize early detection and management
of both conditions?

e Clinical Approaches and Therapeutic Interventions:
What are the effects of different periodontal
treatments on AD’s cognitive functions, and what new
interventions can target the PD-AD interface?

These questions guide the future scope of research,
emphasizing the importance of periodontal health in AD
prevention and treatment. They also highlight the need
for comprehensive studies to establish a clearer causative
relationship between PD and AD and explore new
therapeutic strategies. As we advance, it’s crucial to delve
deeper into these areas, enhancing our understanding and
ability to combat these interconnected health challenges
effectively.

In our investigation into the connection between PD
and AD, there are important limitations to consider.
Firstly, our primary data source was the Scopus database.
While Scopus provided a strong foundation for our
analysis, it may not have included all relevant studies,
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especially those not listed within its database. To address
this, we broadened our research to include qualitative
studies from other sources, such as PubMed and Google
Scholar, enhancing the overall comprehensiveness of
our work. Another notable limitation of our study is the
substantial reliance on animal-based research, particularly
studies involving mice and rats. This emphasis on
animal models highlights the need for future research to
focus more on human subjects, in order to deepen our
understanding of the topic.

Despite these limitations, our study highlights
crucial areas for future research focused on enhancing
our understanding of the link between PD and AD. It
underscores the importance of developing practical
strategies that address neurodegenerative diseases
through better oral health care. Emphasizing the need
for a holistic approach in managing chronic conditions
like Alzheimer’s, our findings add significant value to
existing knowledge and lay the groundwork for future
research directions.

Conclusion

In conclusion, our Systematic Literature Network
Analysis (SLNA) of 328 documents reinforced the
association between Periodontal Disease (PD) and
Alzheimer’s Disease (AD) and provided an examination
of the two primary pathways underlying this
relationship. By highlighting the inflammatory cascade
and microbial involvement, our study sheds light on
biological pathways that could be targeted for future
research.

Our findings underscore the systemic nature of PD
and its potential role in exacerbating neurodegenerative
processes in AD. This recognition calls for a paradigm
shift in how we approach the management of PD—not
merely as an oral health issue but as a significant factor
in overall brain health and neurodegenerative disease
prevention.

Looking forward, our analysis highlights several key
areas for future research. These include the need for
longitudinal studies to better understand the progression
of PD and its impact on AD, the exploration of genetic
and molecular biomarkers linking these conditions, and
the development of targeted therapeutic interventions.
Additionally, our study advocates for the integration
of oral health into broader preventive and treatment
strategies for AD, emphasizing the importance of
interdisciplinary approaches in healthcare.

Funding: The authors received no funding for this work.

Conflicts of interest/Competing interests: We declare that we have no significant
competing financial, professional, or personal interests that might have influenced
the performance or presentation of the work described in this manuscript.

Availability of data and material: In our commitment to research transparency and
reproducibility, we have documented our work and methodologies in a publicly

accessible GitHub repository.

Code availability: https:/ / github.com/alicevillar/SLNA_PD-AD.

Authors’ contributions: Conception or design of the work: Alice Villar, Stefania
Paladini and Jodo Cossatis.

Data collection: Alice Villar. Data analysis and interpretation: Alice Villar and
Jodo Cossatis. Drafting the article: Alice Villar. Critical revision of the article:
Stefania Paladini and Jodo Cossatis. Final approval of the version to be published:
Alice Villar, Stefania Paladini and Jodo Cossatis

Ethics approval: Not applicable.
Consent to participate: Not applicable.
Consent for publication: Not applicable.
Acknowledgements: Not applicable.

Open Access: This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http:/ /creativecommon&org/
licenses /by /4.0/), which permits use, duplication, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons
license and indicate if changes were made.

References

1. Abbayya, K., Puthanakar, N. Y., Naduwinmani, S., & Chidambar, Y. S. (2015).
Association between periodontitis and Alzheimer’s disease. North American
journal of medical sciences, 7(6), 241. DOI: 10.4103/1947-2714.159325

2. Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM, Cooper NR,
Eikelenboom P, Emmerling M, Fiebich BL, Finch CE. Inflammation and
Alzheimer’s disease. Neurobiology of aging. 2000 May 1;21(3):383-421. DOI:
https:/ /doi.org/10.1016/S0197-4580(00)00124-X

3.  Ali MM, Ghouri RG, Ans AH, Akbar A, Toheed A. Recommendations for
anti-inflammatory treatments in Alzheimer’s disease: a comprehensive review
of the literature. Cureus. 2019 May 8;11(5). DOL: https:/ /doi.org/10.7759/
cureus.4620

4. Asthana A, Tripathi S, Agarwal R. A Systematic Review and Meta-Analysis of
Randomized Control Trials to Check Role of Non-Steroidal Anti-inflammatory
Drugs as Protective Factor in Alzheimer Disease Subjects. Advances in
Alzheimer’s Disease. 2023 Mar 13;12(1):1-6. DOI: https:/ /doi.org/10.4236 /
aad.2023.121001

5. Aria M, Cuccurullo C. bibliometrix: An R-tool for comprehensive science
mapping analysis. Journal of informetrics. 2017 Nov 1;11(4):959-75. DOI:
https:/ /doi.org/10.1016/].j0i.2017.08.007

6. Bahekar AA, Singh S, Saha S, Molnar J, Arora R. The prevalence and incidence
of coronary heart disease is significantly increased in periodontitis: a meta-
analysis. American heart journal. 2007 Nov 1;154(5):830-7. DOL: https:/ /doi.
org/10.1016/j.ahj.2007.06.037

7.  Bouziane A, Lattaf S, Maan LA. Effect of Periodontal Disease on Alzheimer’s
disease: A Systematic Review. Cureus. 2023 Oct 1;15(10). DOI: https:/ /doi.
org/10.7759/ cureus.46311

8. Brown GC. The endotoxin hypothesis of neurodegeneration. Journal of
neuroinflammation. 2019 Sep 13;16(1):180. DOI: https://doi.org/10.1186/
512974-019-1564-7

9. Bui FQ, Almeida-da-Silva CL, Huynh B, Trinh A, Liu ], Woodward J, Asadi H,
Ojcius DM. Association between periodontal pathogens and systemic disease.
Biomedical journal. 2019 Feb 1;42(1):27-35. DOL: https://doi.org/10.1016/j.
bj.2018.12.001

10. Chen CK, Wu YT, Chang YC. Association between chronic periodontitis and
the risk of Alzheimer’s disease: a retrospective, population-based, matched-
cohort study. Alzheimer’s research & therapy. 2017 Dec;9:1-7. DOL: https:/ /
doi.org/10.1186 /s13195-017-0282-6

11. Di Spirito F, Toti P, Pilone V, Carinci F, Lauritano D, Sbordone L. The
association between periodontitis and human colorectal cancer: Genetic and
pathogenic linkage. Life. 2020 Sep 18;10(9):211. DOL https:/ / doi.org/10.3390/
1ife10090211

12. Dioguardi M, Crincoli V, Laino L, Alovisi M, Sovereto D, Mastrangelo F, Lo
Russo L, Lo Muzio L. The role of periodontitis and periodontal bacteria in the
onset and progression of Alzheimer’s disease: a systematic review. Journal
of clinical medicine. 2020 Feb 11;9(2):495. DOI: https:/ /doi.org/10.3390/
jcm9020495

13. Ding Y, Ren J, Yu H, Yu W, Zhou Y. Porphyromonas gingivalis, a periodontitis
causing bacterium, induces memory impairment and age-dependent
neuroinflammation in mice. Immunity & Ageing. 2018 Dec;15:1-8. DOI:
https:/ / doi.org/10.1186/512979-017-0110-7

14. Dominy SS, Lynch C, Ermini F, Benedyk M, Marczyk A, Konradi A, Nguyen
M, Haditsch U, Raha D, Griffin C, Holsinger L]. Porphyromonas gingivalis in
Alzheimer’s disease brains: Evidence for disease causation and treatment with

1163



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

small-molecule inhibitors. Science advances. 2019 Jan 23;5(1):eaau3333. DOIL:
https:/ / doi.org/10.1126 / sciadv.aau3333

Filoche S, Wong L, Sissons CH. Oral biofilms: emerging concepts in microbial
ecology. Journal of dental research. 2010 Jan;89(1):8-18. DOI: https:/ /doi.
org/10.1177/00220345093518

Genco RJ, Sanz M. Clinical and public health implications of periodontal and
systemic diseases: An overview. Periodontology 2000. 2020 Jun;83(1):7-13. DOI:
https:/ /doi.org/10.1111/ prd.12344

Gheorghe DN, Camen A, Popescu DM, Sincar C, Pitru A, Ionele CM, Nicolae
FM, Danilescu CM, Roman A, Florescu C. Periodontitis, metabolic and
gastrointestinal tract diseases: current perspectives on possible pathogenic
connections. Journal of Personalized Medicine. 2022 Feb 24;12(3):341. DOI:
https:/ /doi.org/10.3390/jpm12030341

Gomes-Filho IS, Cruz SS, Trindade SC, Passos-Soares JD, Carvalho-Filho PC,
Figueiredo AC, Lyrio AO, Hintz AM, Pereira MG, Scannapieco F. Periodontitis
and respiratory diseases: A systematic review with meta-analysis. Oral
diseases. 2020 Mar;26(2):439-46. DOI: https:/ / doi.org/10.1111/ 0di.13228
Gurav AN. Alzheimer’s disease and periodontitis-an elusive link. Revista
da Associagdo Médica Brasileira. 2014;60:173-80. DOI: https:/ /doi.
org/10.1590/1806-9282.60.02.015

Hajishengallis G. Periodontitis: from microbial immune subversion to systemic
inflammation. Nature reviews immunology. 2015 Jan;15(1):30-44. DOI:
https:/ /doi.org/10.1038 /nri3785

Harding A, Gonder U, Robinson SJ, Crean S, Singhrao SK. Exploring the
association between Alzheimer’s disease, oral health, microbial endocrinology
and nutrition. Frontiers in aging neuroscience. 2017 Dec 1;9:398. DOI: https:/ /
doi.org/10.3389/ fnagi.2017.00398

Harding A, Singhrao SK. Periodontitis and dementia: a bidirectional
relationship?. Journal of Dental Research. 2022 Mar;101(3):245-6. DOL: https:/ /
doi.org/10.1177/00220345211043461"

Holmer J, Eriksdotter M, Schultzberg M, Pussinen PJ, Buhlin K. Association
between periodontitis and risk of Alzheimer’ s disease, mild cognitive
impairment and subjective cognitive decline: A case-control study. Journal
of clinical periodontology. 2018 Nov;45(11):1287-98. DOI: https://doi.
org/10.1111/jcpe.13016

Ide M, Harris M, Stevens A, Sussams R, Hopkins V, Culliford D, Fuller J, Ibbett
P, Raybould R, Thomas R, Puenter U. Periodontitis and cognitive decline in
Alzheimer’s disease. PloS one. 2016 Mar 10;11(3):0151081. DOI: https:/ / doi.
org/10.1371/journal.pone.0151081

Ilievski V, Zuchowska PK, Green SJ, Toth PT, Ragozzino ME, Le K,
Aljewari HW, O’Brien-Simpson NM, Reynolds EC, Watanabe K. Chronic
oral application of a periodontal pathogen results in brain inflammation,
neurodegeneration and amyloid beta production in wild type mice. PloS
one. 2018 Oct 3;13(10):e0204941. DOI: https:/ /doi.org/10.1371/journal.
pone.0204941

Irani S, Barati I, Badiei M. Periodontitis and oral cancer-current concepts of
the etiopathogenesis. Oncology reviews. 2020 Feb 2;14(1). DOL https:/ /doi.
org/10.4081/oncol.2020.465

Ishida N, Ishihara Y, Ishida K, Tada H, Funaki-Kato Y, Hagiwara M, Ferdous
T, Abdullah M, Mitani A, Michikawa M, Matsushita K. Periodontitis induced
by bacterial infection exacerbates features of Alzheimer’s disease in transgenic
mice. NPJ aging and mechanisms of disease. 2017 Nov 6;3(1):15. DOL https:/ /
doi.org/10.1038 /41514-017-0015-x

Kalyani PP, Vineetha VS, Rajendra BN, Saravanan A, Thamarai SK,
Prabhavathi K. Does periodontitis have synergistic effect in elevating
serum creatinine level in type 2 diabetes mellitus?. National Journal of
Physiology, Pharmacy and Pharmacology. 2022;12(11):1875-9. DOI: https:/ /
doi.org /10.5455 / njppp.2022.12.094592022014102022

Kamer AR, Dasanayake AP, Craig RG, Glodzik-Sobanska L, Bry M, De Leon
M]J. Alzheimer’s disease and peripheral infections: the possible contribution
from periodontal infections, model and hypothesis. Journal of Alzheimer’s
Disease. 2008a Jan 1;13(4):437-49. DOI: https:/ /doi.org/10.3233 /JAD-2008-
13408

Kamer AR, Craig RG, Dasanayake AP, Brys M, Glodzik-Sobanska L, de Leon
M]. Inflammation and Alzheimer’s disease: possible role of periodontal
diseases. Alzheimer’s & Dementia. 2008b Jul 1;4(4):242-50. DOI: https:/ /doi.
org/10.1016/]jalz.2007.08.004

Kamer AR, Craig RG, Pirraglia E, Dasanayake AP, Norman RG, Boylan R],
Nehorayoff A, Glodzik L, Brys M, de Leon MJ. TNF-a and antibodies to
periodontal bacteria discriminate between Alzheimer’s disease patients and
normal subjects. Journal of neuroimmunology. 2009 Nov 30;216(1-2):92-7. DOIL:
https:/ /doi.org/10.1016/j.jneuroim.2009.08.013

Kamer AR, Morse DE, Holm-Pedersen P, Mortensen EL, Avlund K.
Periodontal inflammation in relation to cognitive function in an older adult
Danish population. Journal of Alzheimer’s Disease. 2012 Jan 1;28(3):613-24.
DOT: https:/ /doi.org /10.3233/JAD-2011-102004

Kamer AR, Pirraglia E, Tsui W, Rusinek H, Vallabhajosula S, Mosconi L, Yi L,

PERIODONTAL DISEASE AND ALZHEIMER’S

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

1164

McHugh P, Craig RG, Svetcov S, Linker R. Periodontal disease associates with
higher brain amyloid load in normal elderly. Neurobiology of aging. 2015 Feb
1;36(2):627-33. DOI: https:/ / doi.org/10.1016 /j.neurobiolaging.2014.10.038
Kamer AR, Craig RG, Niederman R, Fortea ], de Leon M]J. Periodontal
disease as a possible cause for Alzheimer’s disease. Periodontology 2000. 2020
Jun;83(1):242-71. DOL: https:/ / doi.org/10.1111/ prd.12327

Kavarthapu A, Gurumoorthy K. Linking chronic periodontitis and oral
cancer: A review. Oral oncology. 2021 Oct 1;121:105375. DOI: https:/ /doi.
org/10.1016/j.oraloncology.2021.105375

Kiecolt-Glaser JK, McGuire L, Robles TF, Glaser R. Emotions, morbidity, and
mortality: New perspectives from psychoneuroimmunology. Annual review
of psychology. 2002 Feb;53(1):83-107. DOI: https:/ / doi.org/10.1146 / annurev.
psych.53.100901.135217

Konkel JE, O’'Boyle C, Krishnan S. Distal consequences of oral inflammation.
Frontiers in immunology. 2019 Jun 25;10:1403. DOI: https:/ /doi.org/10.3389/
fimmu.2019.01403

Kumar PS. From focal sepsis to periodontal medicine: a century of exploring
the role of the oral microbiome in systemic disease. The Journal of physiology.
2017 Jan 15;595(2):465-76. DOL: https:/ / doi.org/10.1113 /JP272427

Li W, Xu J, Zhang R, Li Y, Wang J, Zhang X, Lin L. Is periodontal disease a
risk indicator for colorectal cancer? A systematic review and meta-analysis.
Journal of clinical periodontology. 2021 Mar;48(3):336-47. DOL: https:/ /doi.
org/10.1111/jcpe.13402

Lockhart PB, Brennan MT, Sasser HC, Fox PC, Paster BJ, Bahrani-Mougeot
FK. Bacteremia associated with toothbrushing and dental extraction.
Circulation. 2008 Jun 17;117(24):3118-25. DOI: https://doi.org/10.1161/
CIRCULATIONAHA.107.758524

Martande SS, Pradeep AR, Singh SP, Kumari M, Suke DK, Raju AP, Naik
SB, Singh P, Guruprasad CN, Chatterji A. Periodontal health condition
in patients with Alzheimer’s disease. American Journal of Alzheimer’s
Disease & Other Dementias®. 2014 Sep;29(6):498-502. DOL: https:/ /doi.
org/10.1177/1533317514549650

Maldonado A, Laugisch O, Biirgin W, Sculean A, Eick S. Clinical periodontal
variables in patients with and without dementia—a systematic review and
meta-analysis. Clinical oral investigations. 2018 Sep;22:2463-74. DOL: https:/ /
doi.org/10.1007 / s00784-018-2523-x

Mei F, Xie M, Huang X, Long Y, Lu X, Wang X, Chen L. Porphyromonas
gingivalis and its systemic impact: current status. Pathogens. 2020 Nov
13;9(11):944. DOI: https:/ / doi.org/10.3390/ pathogens9110944

Molina A, Huck O, Herrera D, Montero E. The association between respiratory
diseases and periodontitis: A systematic review and meta-analysis. Journal of
Clinical Periodontology. 2023 Jan 6. DOL https:/ / doi.org/10.1111 /jcpe.13767
Okamoto N, Morikawa M, Tomioka K, Yanagi M, Amano N, Kurumatani
N. Association between tooth loss and the development of mild memory
impairment in the elderly: the Fujiwara-kyo Study. Journal of Alzheimer’s
Disease. 2015 Jan 1;44(3):777-86. DOI: https:/ / doi.org/10.3233/ JAD-141665
Poole S, Singhrao SK, Kesavalu L, Curtis MA, Crean S. Determining the
presence of periodontopathic virulence factors in short-term postmortem
Alzheimer’s disease brain tissue. Journal of Alzheimer’s Disease. 2013 Jan
1,36(4):665-77. DO https:/ / doi.org /10.3233/JAD-121918

Poole S, Singhrao SK, Chukkapalli S, Rivera M, Velsko I, Kesavalu L, Crean
S. Active invasion of Porphyromonas gingivalis and infection-induced
complement activation in ApoE-/-mice brains. Journal of Alzheimer’s Disease.
2015 Jan 1;43(1):67-80. DOL: https:/ / doi.org/10.3233/ JAD-140315

Paster BJ, Olsen I, Aas JA, Dewhirst FE. The breadth of bacterial diversity
in the human periodontal pocket and other oral sites. DOI: https:/ /doi.
org/10.1111/j.1600-0757.2006.00174.x

Pockpa ZA, Soueidan A, Koffi-Coulibaly NT, Limam A, Badran Z, Struillou X.
Periodontal diseases and adverse pregnancy outcomes: review of two decades
of clinical research. Oral Health Prev Dent. 2021 Jan 1;19(1):77-83. DOI:
https:/ /doi.org/10.3290/j.0hpd.b898969

Qiao Y, Wang Z, Li Y, Han Y, Zhou Y, Cao X. Rheumatoid arthritis risk
in periodontitis patients: a systematic review and meta-analysis. Joint
Bone Spine. 2020 Dec 1;87(6):556-64. DOI: https:/ /doi.org/10.1016/j.
jbspin.2020.04.024

Radaic A, Kapila YL. The oralome and its dysbiosis: New insights into oral
microbiome-host interactions. Computational and Structural Biotechnology
Journal. 2021 Jan 1;19:1335-60. DOL: https:/ /doi.org/10.1016/j.csbj.2021.02.010
Scannapieco FA, Cantos A. Oral inflammation and infection, and chronic
medical diseases: implications for the elderly. Periodontology 2000. 2016
Oct;72(1):153-75. DOL https:/ / doi.org/10.1111/ prd.12129

Sedghi LM, Bacino M, Kapila YL. Periodontal disease: The good, the bad,
and the unknown. Frontiers in cellular and infection microbiology. 2021 Dec
7;11:1210. DOI: https:/ / doi.org/10.3389 / fcimb.2021.766944

Shimada Y, Komatsu Y, Ikezawa-Suzuki I, Tai H, Sugita N, Yoshie H. The
effect of periodontal treatment on serum leptin, interleukin-6, and C-reactive
protein. Journal of periodontology. 2010 Aug;81(8):1118-23. DOI: https:/ /doi.



JPAD - Volume 11, Number 4, 2024

55.

56.

57.

58.

59.

60.

61.

62.

org/10.1902/jop.2010.090741

Singhrao SK, Harding A, Simmons T, Robinson S, Kesavalu L, Crean S. Oral
inflammation, tooth loss, risk factors, and association with progression of
Alzheimer’s disease. Journal of Alzheimer’s Disease. 2014 Jan 1;42(3):723-37.
DOI: https:/ / doi.org/10.3233 /JAD-140387

Singhrao SK, Olsen 1. Assessing the role of Porphyromonas gingivalis in
periodontitis to determine a causative relationship with Alzheimer’s disease.
Journal of oral microbiology. 2019 Jan 1;11(1):1563405. DOL: https:/ / doi.org/10
.1080/20002297.2018.1563405

Stein PS, Desrosiers M, Donegan SJ, Yepes JF, Kryscio R]. Tooth loss, dementia
and neuropathology in the Nun study. The Journal of the American Dental
Association. 2007 Oct 1;138(10):1314-22. DOI: https:/ /doi.org/10.14219/jada.
archive.2007.0046

Stein PS, Steffen MJ, Smith C, Jicha G, Ebersole JL, Abner E, Dawson III D.
Serum antibodies to periodontal pathogens are a risk factor for Alzheimer’s
disease. Alzheimer’s & Dementia. 2012 May 1;8(3):196-203. DOI: https:/ /doi.
org/10.1016/jjalz.2011.04.006

Sudhakara P, Gupta A, Bhardwaj A, Wilson A. Oral dysbiotic communities and
their implications in systemic diseases. Dentistry journal. 2018 Apr 16;6(2):10.
DO https:/ / doi.org/10.3390/ dj6020010

Watts A, Crimmins EM, Gatz M. Inflammation as a potential mediator
for the association between periodontal disease and Alzheimer’s disease.
Neuropsychiatric Disease and Treatment. 2008 Oct 1;4(5):865-76. DOL https:/ /
doi.org/10.2147 /ndt.s3610

Thouvenot K, Turpin T, Tailé J, Clément K, Meilhac O, Gonthier MP. Links
between insulin resistance and periodontal bacteria: Insights on molecular
players and therapeutic potential of polyphenols. Biomolecules. 2022 Feb
28;12(3):378. DOI: https:/ / doi.org/10.3390/biom12030378

Winning L, Patterson CC, Linden K, Evans A, Yarnel J, McKeown PP, Kee F,
Linden GJ. Periodontitis and risk of prevalent and incident coronary heart
disease events. Journal of Clinical Periodontology. 2020 Dec;47(12):1446-56.
DOI: https:/ / doi.org/10.1111/jcpe.13377

63.

64.

65.

66.

67.

Wu CZ, Yuan YH, Liu HH, Li SS, Zhang BW, Chen W, An ZJ, Chen SY, Wu
YZ, Han B, Li CJ. Epidemiologic relationship between periodontitis and type
2 diabetes mellitus. BMC Oral Health. 2020 Dec;20:1-5. DOL: https:/ /doi.
org/10.1186/s12903-020-01180-w

Wu DT, Cho YW, Spalti MD, Bishara M, Nguyen TT. The link between
periodontitis and Alzheimer’s disease—emerging clinical evidence.
Dentistry Review. 2023 Mar 1;3(1):100062. DOIL: https:/ /doi.org/10.1016/j.
dentre.2022.100062

Wu Z, Ni J, Liu Y, Teeling JL, Takayama F, Collcutt A, Ibbett P, Nakanishi
H. Cathepsin B plays a critical role in inducing Alzheimer’s disease-like
phenotypes following chronic systemic exposure to lipopolysaccharide from
Porphyromonas gingivalis in mice. Brain, behavior, and immunity. 2017 Oct
1;65:350-61. DOL https:/ / doi.org/10.1016/j.bbi.2017.06.002

Zhang Y, Sun C, Song EJ, Liang M, Shi T, Min M, Sun Y. Is periodontitis a
risk indicator for gastrointestinal cancers? A meta-analysis of cohort studies.
Journal of Clinical Periodontology. 2020 Feb;47(2):134-47. DOL: https:/ /doi.
org/10.1111/jcpe.13217

Zhang Z, Liu D, Liu S, Zhang S, Pan Y. The role of Porphyromonas gingivalis
outer membrane vesicles in periodontal disease and related systemic diseases.
Frontiers in cellular and infection microbiology. 2021 Jan 28;10:585917. DOI:
https:/ /doi.org/10.3389/fcimb.2020.585917

©The Authors 2024. Corrected publication 2024

How to cite this article: A. Villar, S. Paladini, J. Cossatis. Periodontal Disease and
Alzheimer’s: Insights from a Systematic Literature Network Analysis. ] Prev
Alz Dis 2024;4(11):1148-1165; http:/ / dx.doi.org/10.14283 /jpad.2024.79

1165



	Periodontal Disease and Alzheimer’s: Insights from a Systematic Literature Network Analysis
	Introduction
	Methodology Systematic Literature Network Analysis (SLNA)
	Methodology for the First Phase of SLNA Bibliometric Analysis
	Methodology for the Second Phase of SLNA Systematic Literature Review (SLR)

	Bibliometric Analysis
	Annual Evolution of Scientific Production
	Wordcloud
	Keywords Co-occurrence Network (KCN)
	Most Global Cited Documents

	Systematic Literature Review
	Pathogenesis of Alzheimer’s and Periodontal Disease
	Neuroinflammatory Pathways Linking Periodontal Disease to Alzheimer’s
	Animal Studies on the Association between Periodontal Disease and Alzheimer’s
	Human Studies on the Relationship between Periodontal Disease and Alzheimer’s
	Synthesis of Review Articles on Periodontal Disease and Alzheimer’s

	Discussion
	Conclusion
	References


