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Abstract 
Background: The purpose of this systematic review was to analyze the current evidence of the potential correlation 
between periodontitis inflammatory parameters and Alzheimer’s Disease (AD). 
Material and Methods: A systematic review was conducted in accordance with the PRISMA guidelines. Electro-
nic literature searches in PubMed, Medline, EBSCO, Scopus (ELSEVIER), Cochrane Library (Wiley) and Grey 
Library were conducted to analyze relevant references. Eligibility was based on inclusion criteria which included 
cross-sectional studies published after 2012.The rationale for selecting this temporal framework was grounded in 
the availability of studies from this period that aligned with the objectives and parameters of the review Authors 
independently selected the studies and extracted the data. Quality assessment was conducted under the Newcast-
le-Ottawa scale. The outcome variables were objectives, demographics, risks factors, dental statement, Pathogens, 
and conclusions. 
Results: The technique used was the comparison, pooling and study of different case studies (considered, or not, 
significant and/or representative). Out of 564 potentially eligible articles, 5 cross-sectional articles were included 
based on specific inclusion criteria such as being published after 2012, alignment with the study objectives, and 
focusing on Alzheimer’s disease and periodontal inflammatory parameters. All five studies highlight a higher pre-
valence of AD in women that increases in age. While four studies supported connection between AD and periodon-
tal inflammatory parameters, one study found no plausible association. The quality assessment displayed a mean 
score of 10.8 (Range: 0 to 13), being the domain “selection” the highest ranked and the “comparability” the lowest. 
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Introduction
Throughout life, humans face different diseases that can 
change their lifestyle or even go unnoticed. Among the 
most common diseases in the sixth decade of life, cau-
sing dependence and disability, are neurodegenerative 
diseases (1-7). Recognized as some of the most limiting 
irreversible neurological conditions worldwide, it is es-
timated that around 55 million individuals suffer from 
some form of dementia, categorized depending on its 
etiology (4,6,8-10).
To name a few there is vascular dementia, Lewy Body 
dementia, and one of the most frequent types, found in 
60-80% of cases: Alzheimer´s disease (AD) (1,2,9,11).
AD and related dementias (RD) have distinct clinical 
differences, where the deterioration of language and 
memory occurs earlier in AD than in RD, making it a 
progressive neurodegenerative disease (2,7). Apart from 
genetic risks factors, there are other modifiable, acquired 
factors, including physical inactivity, smoking, educa-
tion level, dietary habits, hypertension, traumatic brain 
injuries, type II diabetes, among others. However, to 
date, the specific causal mechanisms have not been fully 
established, leading to its classification as a multifac-
torial disease, with a higher prevalence in women than 
men (1,5,10,11).
When analyzing the molecular changes, a distinctive 
feature of AD is the accumulation of β-amyloid plaques 
in the brain. These plaques consist of fragments of prote-
ins called amyloid peptides that aggregate in the cerebral
neocortex, specifically Aβ-42. Similarly, abnormal de-
posits of neurofibrillary tangles (NFTs*) occur within 
brain cells. These tangles are mainly composed of a 
protein called Tau, which forms abnormal structures, 
interfering with signal transmission between neurons, 
causing synaptic dysfunction and neuronal death 84 
or partial destruction. This eventually results in the pro-
gression of AD (1,5-7,9-12).
Similarly, an increase in the low-level inflammatory res-
ponse is observed in the affected brain, driven by the 
prolonged release of proinflammatory cytokines by glial 
cells such as microglia. These cells are activated in res-
ponse to β-amyloid plaques and release inflammatory 
chemicals, playing a prominent role in the development 
of cognitive impairment (2,7,9,13-15).
Although the underlying mechanisms of dementia have 
not been fully elucidated, evidence increasingly sug-
gests that when the inflammatory stimulus is not resol-

Conclusions: Despite some conflicting studies, most suggest a positive correlation between PD and AD, highlighting 
the necessity for further clinical and longitudinal research. Also, patients with AD exhibit poorer oral hygiene, which 
contributes to PD, emphasizing the need for comprehensive dental care. Factors such as genetics, lifestyle and age 
play a significant role in this association.

Key words: Alzheimer’s disease, Cytokines, Gingipains, Periodontitis, Porphyromonas gingivalis.

ved in a timely manner, it leads to excessive cytokine 
production. This creates a state where these constantly 
activated proinflammatory cytokines become excessi-
vely sensitive to new immunological triggers and res-
pond in an exaggerated manner (12). Elevated levels of 
proinflammatory agents (cytokines), such as interleukin 
IL-1β, Tumor Necrosis Factor Alpha (TNF-α), and C-re-
active protein, have been observed in dementia patients, 
with the distinctive feature that these levels worsen with 
age (2,5,7-10,12).
The deterioration of cognitive skills and the ability to 
perform daily life activities expose people with demen-
tia to complications in their oral health routine, leading 
poor oral hygiene, dental caries, oral pathologies, tooth 
loss, lack of use of dental prostheses, and periodontitis 
(1,7-9,12,14-16).
In the quest to identify factors that contribute to pre-
venting the development of dementia, some authors hi-
ghlight a potential connection between systemic inflam-
mation caused by periodontitis and the exacerbation of 
the neurodegenerative environment (3-7,9,11-13,17-26). 
Studies have found associations between periodontal di-
sease (PD) in cognitively healthy older adults and neuro-
pathological changes related to AD, including elevated 
levels of beta-amyloid (Aβ) in the brain and increased 
inflammatory and amyloid markers in blood. This sug-
gests that oral inflammatory processes could precede the 
onset of AD (7).
The oral cavity has the second-highest concentration of 
microorganisms after the intestine, harboring more than 
700 species of microbiomes. The connection between 
the oral-intestinal-cerebral axis is considered both direct 
and indirect evidence of the association of oral microor-
ganisms with immune mechanisms in the brain, particu-
larly regarding periodontal pathogens (8-10).
It is important to know the etiology of periodontal di-
sease to deduce the possible link not only with AD but 
also with other pathologies. The main pathogens in-
clude: Aggregatibacter actinomycetemcomitans, Por-
phyromonas gingivalis, Tannerella forsythia, Prevotella 
intermedia, Treponema denticola, Fusobacterium nu-
cleatum (6,7,12). According to studies in rodents, Por-
phyromonas gingivalis depends on the support of other 
opportunistic microorganisms to generate dysbiosis (7). 
Initially, it manifests as inflammation of the gums with 
bleeding (gingivitis), which, if not treated, progresses to 
inflammation of the periodontium.
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Regarding clinical and radiographic characteristics, the 
formation of periodontal pockets, loss of clinical atta-
chment (CAL), and reduction in alveolar bone level are 
observed (6). This disorder is complex to diagnose as it 
depends on the degree of progression and the severity 
stage of the damage. Some determinants of periodon-
tal disease result from an insufficient host response to 
bacterial pathogen attacks, linked to genetic and envi-
ronmental susceptibility factors, tobacco use, diabetes, 
and alcohol consumption (18). Additionally, according 
to the World Health Organization (WHO), the incidence 
of PD is quite high, affecting around 50% of the world’s 
population, with a higher prevalence in the elderly and 
correlating with age (7,18).
Authors suggest that periodontitis is related to the in-
cidence and progression of AD and that chronic oral 
infections could promote inflammation, contributing to 
confusion and dementia. Although the underlying me-
chanism has not yet been fully determined, research on 
post-mortem brain tissues from AD patients has demons-
trated the presence of Lipopolysaccharides (LPS*) from 
various bacteria, including Porphyromona Gingivalis, 
Treponema denticola y Chlamydia pneumoniae, which, 
as mentioned earlier, are some components of the oral 
microbiome in PD (6,9,27).
Different studies in animal models have shown that har-
mful periodontal bacteria can access the brain in mice 
and possibly contribute to the development of AD. The 
possible pathways through which P. gingivalis and other 
microbiomes influence the brain include blood circula-
tion, a weakened blood-brain barrier due to aging, in-
flammation, or persistent infections, olfactory and tri-
geminal nerves, and direct access through perivascular 
spaces. The precise identification of these pathways is 
crucial to gaining a more complete understanding of the 
relationship between these two diseases (6,10,12).
It is crucial to highlight that oral epithelial cells, when 
repeatedly exposed to bacterial toxins such as LPS and 
gingipain (a cysteine protease secreted by P. gingivalis), 
release pro-inflammatory cytokines, including TNF-α, 
prostaglandin E2 (PGE2), interleukins 1β (IL-1β), and 
IL-6. These cytokines initiate a cascade of molecular 
events that ultimately result in gingival cell death (1,7-
9,12,13,27).
Similarly, researchers have shown that levels of C-re-
active protein (CRP), an indicator of systemic inflam-
mation, significantly increase in the serum of patients 
affected by periodontal disease (3,12,28,29).
The relationship between periodontitis and dementia is 
a topic of growing interest in medical research. While 
an association has been established between periodon-
titis and other conditions, such as cardiovascular disea-
ses, the relationship between periodontitis and demen-
tia has yielded inconsistent findings in the literature 
(10,13,14,25,30-32). The possibility that periodontitis is 

a modifiable risk factor in the development of dementia 
is currently under investigation, as the inflammation and 
bacteria associated with periodontitis could play a signi-
ficant role in AD (28).
This study aims to review and discuss the current lite-
rature, with the goal of providing a deeper understan-
ding of the potential correlation between inflammatory 
parameters of periodontitis and AD. Given the growing 
evidence of the systemic effects of periodontal disease 
on overall health, including its potential contributions to 
neurodegenerative diseases like Alzheimer’s, the study 
explores the role of periodontal disease, particularly 
caused by Porphyromonas gingivalis, in the progres-
sion of AD by contributing to neuroinflammation and 
amyloid pathology. Furthermore, the study seeks to hi-
ghlight the clinical importance of this connection in both 
cognitive function and dental health, in order to identify 
potential preventive strategies and develop therapeutic 
approaches in dentistry.

Material and Methods
1. Search strategy and Focused Question
The search strategy employed in this systematic review 
was developed in accordance with the Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (35) and is registered in PROS-
PERO under the number CRD42024489237.The review 
is guided by the PICO (36) framework to address the 
research question:
-PICO Framework:
“In patients with Alzheimer’s disease and periodontitis 
(P), how do periodontal inflammatory parameters (I) 
compare to those of individuals with periodontitis but 
without Alzheimer’s disease (C) in terms of periodontal 
inflammatory parameters (O)?”.
2. Information sources and search
A comprehensive literature search was conducted to 
identify scientific articles aligning with the study’s ob-
jectives, all the studies considered in the compilation of 
this review, no more articles were found after July 2023.
Researchers conducted a focused literature search for 
cross-sectional studies using the following databases: 
PubMed, Medline, EBSCO, Scopus (ELSEVIER), Grey 
Library and Cochrane Library (Wiley). These databases 
were selected due to their broad coverage of medical 
and health-related literature, ensuring access to a wide 
array of pertinent cross-sectional studies. A thoroughly 
detailed collection of peer-reviewed literature is offered 
by PubMed and Medline, while citation analysis in Sco-
pus makes it easier to find significant studies. By provi-
ding a variety of health resources, EBSCO improves our 
search, and the Grey Library enables us to find unpu-
blished research that would not be accessible through 
conventional means. Although the Cochrane Library 
primarily focuses on systematic reviews, it also includes 
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relevant cross-sectional studies that contribute to our un-
derstanding of the topic.
Articles published in the English language were electro-
nically searched by four independent reviewers (A.M, 
C.G, A.R.G. and J.F.F) until July 2023, with no limita-
tions concerning dates of coverage and publication sta-
tus, across the Medline/PubMed, EBSCO, Wiley, Grey 
Library.
The following key words were applied for MEDLINE/
PubMed combined by Boolean operators (AND, OR, 
and NOT) following the MeSH terms: (((((((Alzheimer’s 
Disease[MeSH Terms]) OR (Dementia[MeSH Terms]))
OR (Neurodegenerative Disease[MeSHTerms])) AND 
(Periodontitis[MeSH Terms])) OR (Periodontal Disea-
se[MeSH Terms])) OR (Periodontal health[MeSH Ter-
ms])) OR (Gingipain[MeSH Terms])) AND (porphyro-
monas gingivalis [MeSH Terms])
For searching the remaining electronic databases, the 
key terms used were as follows:
- Alzheimer Disease AND Periodontitis OR Periodontal 
health OR Periodontal disease OR Periodontal condi-
tions
- Alzheimer Disease OR Dementia OR Neurodegenera-
tive disease AND oral inflammation
- Alzheimer Disease OR Dementia OR Neurodegenera-
tive disease AND Gingipain OR Porphyromonas gingi-
valis OR cytokines
Initially, title and abstract were evaluated for all articles 
identified through database exploration, duplicates and 
unrelated publications were systematically excluded 
from consideration. Four examiners (A.M, C.G, A.R.G 
and J.F.F) independently chose the studies following the 
inclusion criteria for eligibility.
Consensus was reached to resolve any disagreements.
Finally, Full-text examination was carried out for arti-
cles deemed appropriate for the current systematic re-
view, adhering to the specified criteria in Table 1.

INCLUSION CRITERIA EXCLUSION CRITERIA
Articles published from 2012 and onwards Studies in languages other than English
Full text available Articles focused Just on the association of tooth loss and different 

dementias
Studies related with Alzheimer’s disease and
dementias.

Publications related with other type of dementias than Alzhei-
mer ś

Alzheimer’s and periodontitis related
publications

Studies with objectives unrelated to investigating the association 
between Alzheimer’s disease and periodontitis

Studies in patients above 50 years old Author Comments
Patients above 50 years old with periodontitis Protocols
Studies about treatments for the periodontal disease that 
could influence Alzheimer ś disease

Clinical trials

Cross-sectional studies Case report studies

Table 1: Eligibility criteria.

4. Data collection and method of analysis.
The selected articles were thoroughly analyzed to ex-
tract relevant data, including author details, publication 
year, country of origin, study design, objectives, asso-
ciations between the diseases, participant characteris-
tics, and specific outcomes. Heterogeneity across studies 
was carefully assessed, as variability in study designs, 
populations, and outcome measures posed a significant 
challenge. To account for this variability, A random 
effects model was employed in our analysis. This model 
was chosen because it assumes that the true effect size 
may differ across studies, providing more generalized 
effect estimates.
By using a random effects model, researchers were able 
to address the observed heterogeneity and offer conclu-
sions that account for the inherent variability, unlike a 
fixed effects model which assumes all studies estimate a 
common underlying effect.
In line with this, certain studies were excluded from the 
analysis due to non-homogeneous data across key va-
riables such as study design, population demographics, 
and outcome measures. This heterogeneity prevented us 
from conducting a meta-analysis, as pooling such dis-
parate data would have led to unreliable or misleading 
results. Non-homogeneous data introduces complexity 
and variability that complicates the interpretation of 
pooled outcomes, making it difficult to draw statistically 
valid conclusions. Therefore, examiners opted for a sys-
tematic review, which allows for a qualitative synthesis 
of the findings while accommodating the diverse charac-
teristics of the included studies. This approach ensures 
a comprehensive interpretation of the evidence without 
distorting the overall conclusions due to variability.
5. Quality and risk of bias assessment.
The quality of studies included in this systematic review 
was scored by two evaluators (A.M and A.G) using the 
Newcastle-Ottawa scale (NOS) modified for cross-sec-
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tional studies, with a score ranging from 0 to 13 points. 
The scale consists of three key domains of risk of bias 
assessment: (i) Participant selection, (ii) group compa-
rability and (iii) outcomes measures. Given the relati-
vely small number of studies included (n=5), no formal 
sensitivity analysis was conducted, and no outliers were 
removed. To ensure a comprehensive synthesis of the 
available evidence, all studies were retained in the re-
view.

Results
To conduct this systematic review, the methodology 
for selecting research studies described in Figure 1 was 
followed. After conducting thorough research by using 
key words and MeSH terms, 564 published studies were 
identified:
Specifically, 317 from PubMed,143 from Wiley, 48 from 
EBSCO, 40 from Medline and 16 from Elsevier. Sub-

sequently, 223 publications were obtained after elimi-
nating articles with only abstracts available, irrelevant 
information and duplicate studies with the assistance of 
RefWorks tool. 61 articles were considered potentially 
eligible, after screening the title and the overall des-
cription of the abstract. 30 articles were selected based 
on comprehensive analysis of the full text matching the 
inclusion criteria, 25 articles were excluded at this sta-
ge, with exclusion reasons described in Fig. 1. Finally, 5 
records were included for the development of this syste-
matic review. A significant reason for exclusion was the 
presence of non-homogeneous data among the studies. 
Referring to the heterogeneity of the variables, popula-
tions, methodologies, and outcome measurements that 
can lead to inconsistencies in the results. For instance, stu-
dies that utilize different diagnostic criteria for diseases, 
varied age ranges, or dissimilar measurement tools for 
cognitive outcomes would not yield comparable results.

Fig. 1: Search strategy flowchart.
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1. Study characteristics
All five studies included a minimum of 60 patients, aged 
50 years and older.This decision is typically based on 
several scientific parameters presented on the selected 
studies, such as Age as a Risk Factor for Dementia and 
Periodontal Disease, prevalence of periodontal disease 
and study design considerations For instance, only five 
studies (n=5) are very limited and do not have good 
quantitative results to confirm the relationship between 
periodontal disease.
In total, 5.181 subjects were diagnosed with PD and with 
AD. Most of the studies were conducted on patients who 
only had AD; however, one study included participants 
who also suffered from diabetes, hypertension, cardio-
vascular and cerebrovascular disease. All the articles 
highlighted a higher prevalence of AD in women, which 
increases with age. Two studies reported that most of the 
intervention group lived alone or were institutionalized.
The mediators between PD and AD are described in the 
five articles, which indicate factors such as hyperten-
sion, diabetes, poor oral hygiene, tooth loss, malnutri-
tion, respiratory disorders, hypertension, and cardiovas-
cular diseases.
Four studies supported the relationship of AD and pe-
riodontal inflammatory parameters, while one study su-
ggested that there is not a plausible association linking 
these two pathologies. Clinical periodontal parameters 

Author / Year Population (P) Intervention (I) Comparison (C) Outcome (O)
Mingui L. et al. 
(2023)

Community 
dwelling older adults 
with AD and perio-

dontitis.

Measurements made based 
on self-reports and classified 
as preventive/diagnosis even-

ts and definitive treatment 
events.

Community-dwelling 
older adults with pe-

riodontitis but without 
AD.

Patients with AD and 
periodontitis were more 
likely to have adverse 
dental care outcomes.

Marruganti et al. 
(2023)

Older adults with 
AD and periodon-

titis.

Full-mouth periodontal exa-
mination.

Measurements of gingival 
margin position, PPD, CAL.

Older adults with pe-
riodontitis but without 

AD.

Moderate periodontitis 
was significantly associa-
ted with increased odds 
of low cognitive perfor-

mance in all tests.
Wereszenzyńnska 
et al. (2023)

Patients with AD 
and periodontitis.

Assessment of periodontal 
health and its relationship 

to specific memory proces-
ses/evaluation of cognitive 

markers.

Individuals with   pe-
riodontitis but without 

AD.

Poor periodontal health 
is specifically linked to 

episodic memory issues, 
suggesting a potential 
correlation with AD.

Santosh et al. 
(2014)

Individuals with AD 
and periodontitis.

Evaluation of GI, PI, PD, 
CAL, and %BOP.

Individuals with pe-
riodontitis but without 

AD.

Periodontal health 
deteriorates with AD 

progression and is clo-
sely related to cognitive 

decline.
Syrjälä et al. 
(2012)

Individuals with AD 
and periodontitis.

Data collection through 
interviews and oral clinical 

examination.

Individuals with pe-
riodontitis but without 

AD.

No clear association 
between PD and AD; 

however, patients with 
AD are at increased risk 

of por oral health.

were assessed in each article, along with the pathogens 
identified in relation to both diseases.
A complete description of the selected cross-sectional 
studies concerning authors, year of publication, objecti-
ves, demographics, risks factors, dental statement, des-
cription of results and conclusions are shown in Table 
2. The table contains research studies focused on perio-
dontal health and its association with general cognitive 
decline. The studies specifically examine various popu-
lations, including individuals with Alzheimer’s Disease 
(AD), Mild Cognitive Impairment (MCI), and control 
groups, along with details about their corresponding age 
groups, dwelling situations, and risk factors. Additiona-
lly, the table provides a summary of the studies’ outco-
mes and conclusions.
In alignment with the PICO framework, the selected 
studies systematically address the population (P), inter-
vention (I), comparison (C), and outcomes (O) relevant 
to the research question. The table below (Table 2) reor-
ganizes and presents the study characteristics to expli-
citly reflect the PICO components, providing a clear and 
structured summary of the findings.
2. Assessment of the risk of BIAS All 5 studies were as-
sessed by the modified and adapted NOS. The mean score 
was 10.8 (Range: 0 to 13), being the domain “selection” 
the highest ranked and the “comparability” the lowest, 
key validity aspects and quality are shown in Tables 3,4.

Table 2: Systematic evaluation of the five articles based on the review question.
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Discussion
AD and other dementias have been studied for seve-
ral years. Since their emergence, various studies have 
been conducted to identify the causes of these diseases 
within the medical field. Throughout this research, di-
fferent authors have associated certain proteins, which 
play important roles in the inflammatory and pathoge-
nic processes found in periodontitis, with the progres-
sion of the brain changes that occur in dementia (1-4,8-
12,16,18,20). This literature review has evaluated the 
possible relationship between periodontitis and various 
dementias, such as AD, based on an analysis of the most 
relevant existing studies to date.
It is important to highlight that dementia and AD are 
two distinct concepts; however, they are connected, as 
AD is the primary cause of dementia. The accumulation 
of deformed proteins, particularly β-amyloid and Tau, 
contributes to oxidative and inflammatory damage in 
the brains of older individuals, which characterizes AD. 
Dementia can be caused by different factors associated 
with various protein abnormalities, such as cerebral vas-
cular alterations (1,5,6,11,12), leading to the loss of cog-
nitive abilities.
As specified by Li, Mingui et al. and W. Micha et al., 
patients with dementia visit the dentist less frequently, 
with the vast majority presenting periodontal problems 
(1,3). Periodontitis is a chronic inflammatory disease 
that affects the supporting tissues of the teeth and is cau-
sed by bacteria such as Porphyromonas gingivalis and 
Treponema denticola, which accumulate in the oral cavi-
ty in the form of dental plaque. Various recent epidemio-
logical studies have explored the possible association 
between periodontitis and dementia. While the results 
are not completely conclusive, most research suggests 
that periodontitis could be considered a risk factor for 
the development of AD (7).
Carballo and colleagues conducted a cross-sectional 
study in Spain with 90 patients, including 30 with AD, 
30 with mild cognitive impairment (general cognitive 
decline), and 30 healthy controls. The results showed 
a higher prevalence of chronic periodontitis in Alzhei-
mer’s and cognitive impairment groups compared to 
the control group. Additionally, levels of certain in-
flammatory markers, such as PCR, IL-6, and MMP-9, 
were significantly higher in serum in patients with EA 
and chronic periodontitis, suggesting a systemic inflam-
matory state (2).
Similarly, Ide et al. followed a cohort of 60 individuals 
with mild to moderate Alzheimer’s disease in the United 
Kingdom for six months. Those with periodontitis had 
a significantly higher rate of cognitive decline, along 
with elevated levels of the pro-inflammatory cytokines 
TNF-α and IL-10, although not of IgG against P. gingi-
valis. The authors suggest a possible role of systemic in-
flammation as a link between periodontitis and AD (19).

On the other hand, Li et al. conducted a cohort cross-sec-
tional study on American patients over 65 years of age, 
comparing subjects with and without dementia and 
found a higher prevalence of severe periodontitis in the 
dementia group (9.1% vs. 5.2%). Additionally, dental 
care costs were 26% higher for patients with dementia. 
According to the authors, dementia is associated with 
worse outcomes in oral health (1). In other words, Li 
et al.’s research indicates an economic burden and uti-
lization of dental care associated with AD and related 
dementias. This finding complements Carballo et al.’s 
study, which suggests an association between perio-
dontitis and cognitive dysfunctions (2). Likewise, We-
reszczyński et al. provide evidence of the relationship 
between periodontitis and specific memory processes, 
referring to past experiences at a specific time and place 
(3).
Case-control studies have also yielded results indicating 
that periodontitis represents a risk factor for cognitive 
decline and late-onset dementia, as Holmer et al. found 
that when comparing 105 Swedish patients with cogniti-
ve impairment to 33 healthy controls, severe periodonti-
tis was significantly more prevalent in cases than in con-
trols, even after adjusting for odds ratio (OR 4.5) (16).
In general terms, available epidemiological studies have 
found a relative risk of dementia greater than 1 in indivi-
duals with periodontitis compared to periodontally heal-
thy individuals (1-4,7). A recent systematic review and 
meta-analysis by Nadim et al. included 12 studies with a 
total of 239,273 participants, with a pooled relative risk 
of dementia associated with periodontitis of 1.38 (95% 
CI 1.01-1.90) in cohort studies and 2.25 (95% CI 1.48-
3.42) in case-control studies (11). Many of the reviewed 
articles agree that there is an encouraging pathophysio-
logical correlation between periodontitis and AD.
Despite the results obtained by previous researchers, au-
thors such as Syrjälä et al. did not find an association 
between periodontitis and specific types of dementia in 
their cross-sectional study, which evaluated 354 insti-
tutionalized elderly Finns. They found a higher preva-
lence of dental caries and poor oral hygiene in patients 
with AD. The authors argue that the cognitive changes 
typical of dementia could lead to the neglect of oral 
hygiene, confounding the possible causal relationship 
(20). Similarly, Jungbauer et al. agree in their narrati-
ve review, “Periodontal Microorganisms and Alzheimer 
Disease - A Causative Relationship?” that the existing 
epidemiological evidence is weak and contradictory, as 
some studies conducted on mice do not fully capture the 
complexity and variability of the disease as it occurs in 
humans with AD.
Therefore, they argue that a causal relationship between 
periodontitis and AD cannot be proven and requires 
more studies on the matter (5).
A cross-sectional investigation led by Marruganti and 
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associates posits that periodontitis is partially influenced 
by its effect on hypertension among patients exhibiting 
cognitive decline. Nonetheless, they suggest that the 
bacterial migration observed in the brains of deceased 
AD patients warrants careful consideration (8,27). To-
gether, these authors claim that the available epidemio-
logical evidence seems to indicate a positive association 
between periodontitis and dementia; however, more 
clinical trials and longitudinal experimental studies are 
needed to prove the causality and directionality of this 
relationship (5,6,10,13,16,18,37).
Various biological mechanisms could explain the link 
between both diseases.
One possibility is that the systemic inflammation cha-
racteristic of periodontitis contributes to the pathoge-
nesis of dementia (6). Periodontitis induces a local and 
systemic inflammatory response, with an increase in 
pro-inflammatory cytokines such as IL-1β, IL-6, and 
TNF-α (7). According to the inflammatory hypothesis of
AD, these cytokines could enter the brain, activating 
glial cells and promoting neurodegeneration through 
circulation in the bloodstream (6,9,19,27).
In fact, it has been observed that AD patients present 
elevated systemic levels of pro-inflammatory cytokines 
and C-reactive protein (3). Therefore, chronic systemic 
inflammation derived from severe periodontitis could 
exacerbate the neuroinflammation inherent to AD (6). 
Mao et al.’s systematic review also highlights the po-
tential role of oral microbiomes in the development of 
Alzheimer’s disease (7). These findings align with those 
of Borsa et al. and Guo et al., who also suggest a rela-
tionship between periodontitis and AD (8,9).
Another possible mechanism involves the direct entry 
of periodontal bacteria into the bloodstream and sub-
sequently to the brain. Species such as Porphyromonas 
gingivalis, Tannerella forsythia, and Treponema denti-
cola have been isolated in brain tissue from AD patients 
(6,10,20,27,28,37). In particular, P. gingivalis can utili-
ze infected leukocytes to spread and reach the central 
nervous system (8). Once in the brain, P. gingivalis can 
secrete gingipains, which are neurotoxic proteolytic en-
zymes (10). It has been confirmed that gingipains can 
dissociate neuronal proteins such as β-amyloid peptide 
and tau protein, promoting the formation of senile pla-
ques/amyloid plaques and neurofibrillary tangles, which 
are distinctive features of Alzheimer’s disease (4,9).
Bacterial lipopolysaccharides also activate pro-inflam-
matory pathways inglia, contributing to neurodege-
neration (3). Therefore, P. gingivalis, along with other 
oral pathogens such as Tannerella forsythia, Treponema 
denticola, and Fusobacterium nucleatum, could play a 
central role in the pathogenesis of Alzheimer’s disease 
(AD). These bacteria have been implicated in promoting 
chronic inflammation and neurodegenerative processes, 
suggesting that they may represent important targets for 

future therapeutic interventions aimed at slowing or pre-
venting the progression of AD (4,10. Chuanjiang Zhao et 
al. support this biological mechanism in their research, 
indicating the positive outcome of Nisin (a polypeptide 
substance produced by a probiotic) in effectively coun-
teracting these changes by altering the composition of 
the brain microbiome after periodontal infection, sug-
gesting Nisin as a potential therapy in the prevention and 
treatment of AD (6). Shared genetic risk factors between 
periodontitis and Alzheimer’s have also been proposed 
(11), such as polymorphisms in genes related to inna-
te immunity and inflammatory response (e.g., TLR4, 
NLRP3, TREM2). Patients with such polymorphisms 
would be more susceptible to both diseases (3).
Surprisingly, periodontitis not only seems to be related 
to neurodegenerative diseases, but it has also been pos-
tulated that periodontitis predisposes individuals to car-
diovascular diseases, which in turn increases the risk of 
vascular dementia and various related dementias (12).
The strength of this study lies in its consideration of 
contemporary research from the past decade through 
comprehensive and methodologically sound search.The 
literature reviewed provides substantial evidence sug-
gesting that periodontal disease may contribute to the 
development of Alzheimer’s disease, specifically throu-
gh the inflammatory mechanisms associated with
Porphyromonas gingivalis, such as gingipains. This con-
nection was partially supported by the results of four out 
of the five studies included in the review.
These studies identify significant correlations between 
periodontal disease and Alzheimer’s-related neuroin-
flammation and amyloid pathology, reinforcing the idea 
that periodontal health may influence the progression of 
Alzheimer’s disease.
However, the study by Syrjälä et al. (2012) did not su-
pport the observed association, as it did not find a strong 
link between periodontal disease and cognitive decline 
in Alzheimer’s patients. This inconsistency highlights 
the need for further research to explore the mechanisms 
underlying the relationship between these two condi-
tions. Table 5 summarizes the key findings of the studies
reviewed, providing an overview of the sample sizes and 
the observed relationships between periodontal disease 
and Alzheimer’s disease, while also emphasizing the 
variability in findings that necessitates further research 
to clarify the complex interactions between these con-
ditions.
Additionally, our review contributes to an understudied 
area by fostering scientific curiosity and highlighting the 
clinical relevance of a potential, unexpected relationship 
between the two diseases, which may encourage further 
exploration and enhance understanding of their interac-
tion.
These findings have important clinical implications for 
the healthcare team in clinical practice, as they not only 
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STUDY Sample size Findings Support for conceptual Model
Minghui et al. (2023) 60 Found a higher prevalence of Al-

zheimer’s disease (AD) in patients 
with periodontal disease (PD).

Strong support: Highlights the potential link 
between periodontal disease and AD.

Marruganti et al. 
(2023)

75 Reported significant associations 
between low cognitive performance 

and moderate to severe PD.
Moderate support: Suggests that cognitive de-
cline may be influenced by periodontal health.

Wereszczyński
et al. (2023)

60 Identified a correlation between peri-
odontal disease and memory impair-

ments,
indicating increased AD risk.

Strong support: Reinforces the conceptual 
model by showing how periodontal disease 

may contribute to
cognitive decline.

Santosh et al. (2014) 60 Found that AD patients exhibited 
higher levels of

periodontal inflammation.

Moderate support: Demonstrates the inflam-
matory aspect of the model, but
further exploration is needed.

Syrjälä et al. (2012) 89 No significant correlation between 
periodontal disease and AD progres-
sion, though higher PD prevalence 

in AD
patients.

Limited support: Contradicts the model’s ex-
pectation of a direct correlation, indicating a 

need for further exploration.

Table 5: 

motivate early periodontal diagnoses and raise aware-
ness among patients from an early age about the syste-
mic risks that poor oral hygiene habits may entail, lea-
ding to periodontitis, but also contribute from the field 
of dentistry to the prevention of this and other chronic 
diseases through our work. Although some available stu-
dies are observational in nature and therefore unable to 
establish causality between periodontitis and dementia 
(13), the vast majority do find an association between 
the two diseases. For this reason, some authors advoca-
te for conducting clinical trials to test whether the pre-
vention and treatment of periodontitis have a protective 
effect on cognitive decline and dementia (14). Within 
the limitations of the conducted research, it is important 
to note that there is an insufficient number of cross-sec-
tional studies examining the relationship between Al-
zheimer’s disease and periodontitis, which limits the 
comprehensiveness of the evidence base. Additionally, 
the included studies exhibited a lack of homogeneity in 
terms of methodologies, populations, and outcomes, fur-
ther complicating the possibility of conducting a robust 
statistical analysis. The low number of studies meeting 
inclusion criteria also restricts the generalizability of the 
findings, underscoring the need for more consistent and 
high-quality research in this area. 
However, this research opens the door for future studies 
to focus on conducting RCTs and longitudinal studies 
examining the association between the severity of perio-
dontitis and the severity of dementia. Considering each 
patient’s lifestyle, it may be possible to take a step fur-
ther to ensure that periodontitis is recognized as one of 
the potential irrefutable causes of degenerative diseases.

Conclusions
The conclusions of this review indicate that Gingipains 
have been identified in Alzheimer’s brains serving as 
a key factor produced by Porphyromonas gingivalis, a 
bacteria associated with the periodontal inflammatory 
parameters; It is based on evidence from multiple studies 
that demonstrate its association with neuroinflammation 
and amyloid pathology in AD. However, investigators 
acknowledge the need for further statistical support to 
strengthen this conclusion.
Specifically, while several studies identified P. gingiva-
lis in the brains of AD patients and observed its role in 
promoting neurodegeneration via gingipains, not all stu-
dies provided statistically significant results. To bolster 
the conclusion, researches cite studies such as Dominy 
et al. (2019) which offers robust data on the presence 
of P. gingivalis in AD brains and its pathogenic role, as 
well as recent systematic reviews and meta-analyses that 
highlight the correlation between periodontal pathogens 
and AD progression. Further research is needed to defi-
nitively establish statistical significance in this area.
Furthermore, the studies demonstrate that patients with 
Alzheimer’s and related dementias exhibit unfavorable 
oral hygiene compared to control groups, which ulti-
mately leads to the development of periodontal disease. 
Therefore, comprehending this connection holds critical 
importance in formulating precise therapeutic interven-
tions.
Several predisposing factors may impact this associa-
tion; for instance, genetics play a significant role, such 
as unhealthy diets, smoking, sedentary lifestyles, and 
oxidative stress, also contributing to both conditions. 
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Additionally, age is a common risk factor, as the preva-
lence of periodontitis and Alzheimer’s disease increases 
with advancing age.
Given these considerations, it is imperative to expand 
dental consultations beyond the exploration of the oral 
cavity as an isolated entity within the human body. Since 
periodontal disease is linked to various pathologies asso-
ciated with systemic inflammatory processes, including 
Alzheimer, dentists should proactively advise and devi-
se strategies for the care and maintenance of oral health. 
This includes reinforcing preventive treatments not only 
for patients with Alzheimer’s and their families/caregi-
vers, but also for young adults at risk of developing either 
of these conditions, emphasizing the need for special at-
tention and monitoring. While some studies have produ-
ced conflicting results regarding the association between 
periodontitis and Alzheimer disease, the majority suggest 
a positive correlation. Nevertheless, further clinical trial 
and longitudinal studies are needed to establish causality 
and determine the potential protective effect of periodon-
tal treatment on cognitive decline and its progression.
Future expectations
In future research, it would be beneficial to compare 
the various stages of Alzheimer’s disease and the de-
velopment of periodontitis across levels that were not 
addressed in the current systematic review. Additiona-
lly, conducting a longitudinal cohort study involving 
patients with Alzheimer’s disease, individuals at risk of 
Alzheimer’s disease without any pathology, and control 
subjects would help minimize confounding factors and 
facilitate long-term observation of disease progression 
and potential onset of pathologies.
Furthermore, the inclusion of articles presenting a va-
riety of variables rendered statistical analysis unfeasible 
due to the lack of homogeneity in the collected data, 
thereby limiting the overall relevance of the systematic 
review.
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