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Abstract

The relationship between periodontitis (or periodontal disease) with Alzheimer’s
disease has been reported by various primary sources in the past decade, but not
with a solid secondary research statement. A systematic review and meta-analysis
was conducted in accordance with the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement and registered
(Reference number: CRD42020185264) with PROSPERO (International prospective
register for systematic reviews). A literature search was conducted on specific
databases for suitable articles in English language. Out of 612 studies selected, 41
underwent full-text analysis; five studies were eligible for systematic review, and 3 for
meta-analysis. Meta-analysis was performed with tests for sensitivity and statistical
heterogeneity followed by calculation of summary effect measures in terms of odds
ratio (OR) and 95% confidence interval (CI). The results of this review showed a

significant association between periodontitis and Alzheimer’s disease in the meta-

analysis [OR 1.67 (1.21-2.32)].
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Introduction
Periodontitis (‘peri’= around;
‘odont’= related to tooth; ‘itits’=

inflammation) is a disorder of tooth
supporting structures, namely gingiva
and periodontium. Thus, the term
periodontal disease can be applied
to gingivitis and periodontitis [1].
The clinical presentation often is like
gingivitis (a painful inflammation/
swelling of gums leading to bleeding)
which later, if not treated, develops
to inflammation of the periodontium
or periodontitis. The hallmark of
periodontitis is the loss of pocket
formation, clinical attachment loss
(CAL) and loss supporting bone [1].
The periodontal disease (PD) ranks
11" among the topmost prevalent
conditions in the world with an

estimated prevalence ranging as high
as 20% to 50% [1]. The impact of the
periodontitis is understood from fact that
it accounted for disability in 3.5 million
patients in the year 2016. Also, the
global loss of productivity owing to PD
related disability was reported to be 54
billion USD per annum [2,3]. The overall
prevalence rates of PD are expected to
raise pertaining to factors such as survival
of older individuals/ aging population
and increased awareness/ availability of
dental treatments saving natural teeth in
these older population [4].

The periodontitis mainly
contributes to masticatory disabilities
leading to impaired intake of food, thus
negatively affecting nutrition, general
healthandalso predisposing orassociating
with morbid systemic disorders [1,3,5].
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The main periodontitis - ‘associated health conditions’
(PAHC) are global burdens themselves, such as diabetes
mellitus (DM), inflammatory cardiovascular diseases,
adverse pregnancy outcomes, autoimmune joint disorders,
and inflammatory obstructive lung diseases to name a few
[1,3,5]. The disseminated or metastatic spread of microbes
or associated microbial products/ inflammatory mediators
from dental plaque/ biofilms of periodontal tissues to
distant organs was explained previously as the basis of the
PAHC [5]. The association of Alzheimer’s disease with
periodontitis was studied in recent times, some studies
being true observations, based on indirect hypothesis, or
still unclear [6-9].

Alzheimer’s disease (AD) is the a advanced
neurodegenerative disorder, accounting for 75% of all
dementia cases in the world [10]. The global prevalence of
dementia was estimated to be 3.9 % (more than 25 million
people) aged 60 years or above, of which, AD adds with
around 5 million new cases [10,11]. The AD is a burden
for families, societies, and countries as a whole. Given
the improvement of survival rates of aged population, the
disease numbers are high in developed countries [12].
The AD is not just a morbid condition, it is also a leading
cause of mortality. The official death certificates record
reported AD to be the sixth important cause of demise in
the United States [11,12].

The chronic / severe periodontitis and AD both
occur in geriatric population having other comorbidities.
The association of AD with periodontal disease has been
investigated in last decade with varying conclusions [6-
9]. A partially casual association, role of the APOE4s,
the existence of elevated immunoglobulin G (IgG)
levels against Prophyromonas gingivalis [(P gingivalis),
an established periodontal pathogen] to possibility of
cognitive impairment have been shown in literature [7-
9]. A noteworthy association between dementia and raised
IgG, corresponding to P. gingivalis has been reported
but, a positive correlation between PD and degenerative
disorder of nervous system, like AD is not established
clearly from studies [7,8]. A research lacunae noted here
led to the conduct of this review for further understanding
of these associations.

The objective of this study is to evaluate the
association between periodontitis and Alzheimer’s disease
based on a systematic review form observational studies
conducted in last decade. The following PICO based
research question was applied: ‘Are individuals with
periodontitis (or those exposed to periodontal pathogens)
more likely to develop Alzheimer’s disease?’

e P (Patients): Subjects with periodontitis

* [ (Intervention): periodontal pathogens
(Porphyromonalis gingivalis)
¢ C (Comparison): controls (subjects without

known periodontitis)
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® O (Outcome): Occurrence of Alzheimer’s

disease/ cognitive impairment.

Methods

The review was performed with reference to
standards laid down by Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines
(PRISMA) [13] and registered in the International
Prospective Register of Systematic Reviews (PROSPERO
Registration number: CRD42020185264).

The observational (cohort/case-control both
prospective and retrospective) studies that were in line with
research question having data of interest were eligible for
inclusion. Studies were carried out in adults subjects and
had evaluated the presence of periodontitis in AD patients;
those which reported periodontal parameters and AD
as per universally acceptable standards were only taken
into inclusion for keeping up value to the meta-analysis.
The standards were defined as clinical parameters of
periodontitis as reported according to criteria I: Armitage
classification [14] or criteria II: periodontitis patients
with specific isolation corresponding to P gingivalis plus
a non-specific periodontal inflammation based marker;
AD diagnosis as per acceptable international standards
[i.e. Criteria I: National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS-
ADRDA); Criteria II: Diagnostic and Statistical Manual
of Mental disorders (DSM-IV) [15,16] or Criteria III:
population form studies diagnosed with reliable cognitive
tests [Mini-Mental State Examination (MMSE)] [17].

Studies were defining periodontitis by self-
reported/unstandardized criteria or without a conducting
a clinical examination; studies that defined dementia due
to non-AD etiology and randomised control trials in the
topic (if any) were excluded. The type of studies namely
narrative reviews, letters, commentaries, viewpoints, and
editorials were excluded. The titles published in languages
other than English were considered for exclusion.

The titles and abstracts of all articles identified
through search were evaluated individually by two
review authors (Al, A2) for eligibility. The following
databases were searched: MEDLINE via PUBMED,
Google Scholar, Web of science, EMBASE and SCOPUS
between timelines of January 2010 to March 31¢
2020. The search strategy used for a data base was key
words or near matches to the key words separated by
boolean operator; PUBMED databasethe strategy was:
“Alzheimer’s” (All fields) AND “periodontitis” (MESH
Term) OR “Alzheimer’s” (All fields) AND “Dental
infection” (All fields) OR “Alzheimer’s” (All fields) AND
“Dentistry” (MESH Term) AND “Prevention” (All fields)
OR “periodontitis” (All fields) OR “periodontal disease”
OR ”edentulous” AND “cognition” OR “memory’”
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OR “dementia” OR “cognitive decline” OR “cognitive
loss” OR “cognitive impairment” OR “poor cognitive
function”. The medical subject headings (MeSH) and free
text were used in search bar. The keyword based search
strategy led to some uniform resource locators (URLs) as
shown in figure 1.

The full texts of articles that met the stated criteria
was obtained and were individually assessed by the next
two authors (A3,A4) to confirm the inclusion of articles
based on the established criteria. The final settlements
on inclusion or exclusion were made after discussion
between these authors (A1-A4) and conflicts in this
regard were resolved by fifth author (AS). The sixth
author had acted as guarantor and monitored the quality
and standards of overall process. The data was extracted
by two authors (A1,A2) independently, overseen as and

when needed by guarantor (A6). In the case of insufficient
data/unpublished article, the corresponding authors were
contacted for full texts via emails/ message in social
research site (Research gate).

The Newcastle-Ottawa scale was used for analyzing
the quality of the studies included for review [18]. The
score ranges from 0 to 9 points allotted to selected studies
by two authors (Al,A2). The quality of the included
studies was evaluated independently by next two authors
(A3,A4). The conflicts with scores assigned for included
studies were resolved by authors (AS5/A6) available. The
results are depicted as appraisals of the specific/adjusted
log odds ratios (OR) by the inverse of their variance to
derive a pooled OR with its 95% CI) using the software
HEpiMA 2.1.3 [19].

https:/pubmed nchi.nlm nih gov/Tterm=Alzheimer’s+and+periodontitis;

https:/‘pubmed.nchi.nlm nih. gov/Mterm=Alzheimer stand+penodontaldiseases
https:pubmed nchi.nlm nih gov/Mterm=Alzheimer’s+and+dental;
hitps://pubmed nchi.nlm nih_gov/Tterm=Alzheimer’s+and+oralcavity;

https:/pubmed.nchi.nlm nih. gov/Mterm=Alzheimer’s+and+dental+prevention

https://pubmed. nchi.nlm nih_gov/Tterm=+periodontitis+cognition

hitps:/pubmed nchi.nlm nih gov/Mterm=+periodontitistmemory

hitps://pubmed nchi.nlm nih gov/Mterm=tpericdontitistdementia

Figure 1. Search strategy applied in PubMed database search.

Results

The stated strategy of search provided us with
612 citations of which 402 titles (with abstracts) were
screened (in duplicate) by authors Al and A2. The next
stage of process involved exclusion of 360 titles based on
the opinion of the authors and criteria set for the study,
leaving 41 full-text articles, which were again subjected to
screening individually (in duplicate) based on established
criteria. Finally 6 titles were selected for systematic

review (table II), 3 of which were considered for meta-
analysis. The detailed flow of process is shown in figure
2. The summaries of the studies included for systemic
review [20-25] are presented in table I. The meta-analysis
had revealed a significant association between PD and AD
with the pooled OR 1.67 (95% CI 1.21-2.32). See table
III. The final studies considered [20,23,24], for meta-
analysis and their sum effects OR (95% CI) is shown in
figure 3.
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Table 1. Characteristics of included studies.

é}el:l:f;r Study design | AD Sample size PD diagnosis Essential findings

Syrjila et al
(2012) [20]

Sparks Stein
etal (2012)
[21]

Martande
etal (2014)
[22]

Gil-Montoya
etal (2015)
[23]

de Souza
Rolim et al
(2014) [24]

Ide et al
(2016)[25]

Cross- n=49 (AD);
X 274 (non- AD or
sectional
controls)
Longitudinal ~ AD/MCI cases=81;
study controls=77
AD Cases=60
n=13 mild AD);
Cohort study  n=18 (moderate
AD); n=18 (severe
AD)
n=21(MCI); n
Case-control = 159 (dementia)
study with 70% of these
diagnosed with AD

mild AD (n=29); n

Case-control ~ _ 30 (controls)

Patients with

Coionsndy dementia (n= 60)

PD Ceriteria I
(degree of PD :
PPD >4 mm)

PD Criteria I,
(AAP with
PPD >4 mm,
CAL >3)

PD Criteria II

PD Criteria I
(Degree of PD:
% of sites with
CAL >3 mm)

PD Ceriteria I
(AAP ; degree
of PD : CAL>3
mm)

PD Criteria |
(CDP/ AAP)

AD criteria I
(DSM-1V)

AD criterion
1II (BRAINS
participants,

MMSE)

AD criteria

I (NINCDS-
ADRDA) Il and
111 (MMSE)

AD criteria |
(NINCDS-
ADRDA)

AD criterion I,
I (NINCDS-
ADRDA with
MMSE for
disease severity)

AD criterion I,
TII (NINCDS-
ADRDA with
MMSE and
ADS-cog for
disease severity)

PD was noted in AD patients, but not
significant when taking PPD of 4mm+ as
criteria [ RR (95% CI): 1.4 (0.9-2.1)]

An association between antibody levels [F.
nucleatum and P. intermedia, were significantly
increased (a = 0.05)] with an onset and
progression of AD

There were significant differences in mean
periodontal parameters (GI, PL, PD, CAL,
and %BOP) between all the groups and

that periodontal parameters were higher in
individuals as AD progressed to severe stage.

Significant correlation between PD and AD
parameters with Overall PD: 2.70 (1.38-5.27)
(p <0.05) and 2.89 (1.46-5.73) (p < 0.05) for
severe PD.

Significant correlation between PD and AD
parameters with an overall OR (95% CI): for
PD of 1.90 (0.54-6.71) (p > 0.05) and 3.57
(0.65-19.59) (p > 0.05) for severe PD

A direct relationship between periodontitis
and cognitive decline with an MMSE change
of -1.8 (-3.6 t0 -0.03), p = 0.04; -1.8 (-3.6 to
0.04), p = 0.06

Also, an ADAS-COG change of 5.2 (1.7 to
8.8), p =0.005; 4.9 (1.2 t0 8.6), p = 0.01 was
additionally reported

Risk factors adjusted

Age, Sex, education, number of teeth
present smoking status, dementia
severity, type of dwelling

Age, sex, education, occupation/
profession, smoking history, baseline
MMSE scores, Apo-E4, and Diabetes.

Age, sex, number of teeth, MMSE
scores and oral hygiene status.

Age, sex, number of teeth, oral
hygiene habits and hyperlipidaemia

Age, gender, marital status, race,
occupation and systemic disorders
(such as atrial hypertension, Diabetes
mellitus etc)

Age, gender, number of teeth, P
gingivalis antibody units, base line
ADOS-cog / MMSE scores.

%BOP, % sites with with bleeding on probing; ADOS-cog, Alzheimer's Disease Assessment Scale—Cognitive Subscale; Apo-E4, apolipoprotein epsilon
4; MCI, mild-cognitive impairment; BRAINS, Biologically Resilient Adults in Neurological Studies; MMSE, Mini-Mental State Exam; RR, relative risk;
CI, 95% confidence interval; CAL, clinical attachment loss; PPD, probing pocket depth; NINCDS-ADRDA, National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; GI, gingival index, PI, plaque index; CDC/AAP,
Centre for Disease Control/American Academy of Periodontology.

Table I1. Quality assessment criteria for cohort study through Newcastle-Ottawa Scale for selected studies.

Studies “riteria for scorin Gil-Montoya | de Souza Rolim | Martande | Syrjila Ide
Study design ) g et al. et al. et al. et al. et al.

1) Is the case definition adequate?

a) yes, with independent validation*

b) yes, record linkage or based on self-reports
c) no description

Sparks Stein
et al.

a* a* a* a* a* a*

2) Representativeness of the cases
a) consecutive or obviously representative series of cases*
potential for selection biases or not stated

Selection a* a* a* a* a* a*
just one star (*) given for b)
each question 3)
a)
b
4) Definition of controls
a) no history of disease (endpoint)*

b) no description of source

Selection of controls
community controls* b
hospital controls no description

a*

a* a*
1) Comparability of cases and controls on the basis of the
design or analysis

a) study controls for age* b
b) study controls for duration of hospitalization*

1) Ascertainment of exposure

a) secure record (e.g. surgical records)*

b) structured interview blinded to case/control status
c) interview not blinded to case/control status

d) written self-report or medical record only

e) no description

2) Same method of ascertainment for cases and controls
a) yes*

b) no

3) Nonresponse rate

a) same rate for both groups*

b) nonrespondents described rate different and no
designation

Score 8 7 5 7 6 5

Comparability: to 2 stars
(*) given
for each question

a*
b*

a*

a* a* a* a* a*

Exposure:
up to 1 star (*) given for

each question a* a* a* a* a* a*

a* a*
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)

Records identified through
database searching
(n=612)

Additional records identified
through other sources
(n=0)

Identification

[

)

Eligibility Screening

Included

Records after duplicates removed

(n=402)

Records screened

(n =41)

|

Full-text articles assessed
for eligibility

Records excluded
(n=361)

(n=41)

]

Studies included in
qualitative synthesis
(n=6)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=3)

Full-text articles excluded, with
reasons
(n=37)

-Exposure: No standards for
Alzheimer disease (n=18) i.e
cognitive decline (n= 4); cognitive
/memory impairment (n = 12); brain
amyleid (n=2)

Outcome: No standard criteria for
periodontitis (n =19) i.e. tooth loss (n
=12): number of natural teeth or
gingival bleeding (n = 2); plaque

grow th (n= 2): decayed, missing, or
filled teeth/ DMFT index(n=2); serum
P. gingivalis @G (n=1)

Figure 2. The PRISMA methodological flow diagram.

Table III. Pooled RR and 95% CIs of periodontitis and Alzheimer’s disease.

Number of Studies taken RR (95% CI) fixed
for meta-analysis effects
03

1.67 (1.21-2.32)

RR, relative risks;, PD, periodontal disease; CI, 95% confidence interval; Ri* Proportion of total variance due to between-study

variance.

Gill Moontoya et al -

De Souza Rollin etal

Syrjala et al

Sum eftfect

L

1.78 (1.12-2.74)

0.34

2.70 (1.38-5.27)

1.9 (0.54-6.71)

1.4 (0.9-2.1)

1.67 (1.21-2.32)

2 3 4 5

Odds ratio (95% CI)

Figure 3

Figure 3. Forest plot showing the sum effects of studies included.
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Discussion

The periodontal disease (PD) ranks 11" amongst
the most prevalent condition in the world [1]. As stated
previously, the world-wide prevalence of PD is likely
to upsurge in the near future, thus necessitating further
understanding of its associated outcomes on systemic
health [4]. Alzheimer’s disecase (AD) is an advanced
neurodegenerative disorder characterized by dementia
and cognitive decline/impairment, often leading to severe
morbidity and mortality in elderly [10,12]. The association
of AD with periodontal disease has been carried out in the
last decade, emphasizing the need for further evaluation
[6-9]. A substantial connection between immunoglobulin
G (IgG), for P. gingivalis and different types of dementia
is reported in literature, but a positive correlation between
PD and AD is not definitively established by sound studies
[7.8].

A significant relationship between PD and AD
was noted in the current study [OR 1.67,(1.21-2.32)].
The evidence comes from observational studies which
have shown similar associations. A previous study had
evaluated for severity of PD with AD, and reported a AD
patients (prevalence= 20.7%) had severe PD as opposed
to controls (prevalence= 6.7%) [24]. Likewise, the other
studies which qualified by standards for the meta analysis
showed that to PD was greater in subjects with diagnosed
AD than those who had no AD/controls [22,23], however
this was not in case of study by Syrjala et al. (2012).
They showed no significant association considering PPD
>4 mm as the criteria (RR 1.4, 95% CI 0.9-2.1), after
adjusting for known confounding factors namely age, sex,
history of smoking or related habits, grade of dementia,
and existing number of remaining teeth [20].

The review of literature puts forward inflammation
as key connector for of AD with PD. The role of
inflammatory mediators and response of host immune
mechanism in these two diseases had provided basis of
PD-AD associations. The periodontal microbes and
altered host defense leads to secretion of inflammatory
mediators [like interleukin -1B/6, C-reactive protein,
or tumor necrosis factor-alpha] as noted in AD [26,27].
This can be furthered by the concept that cytokines and
mediators of inflammation producing local destruction
in PD are distributed systemically, affect the primed glial
cells and contribute to the progression of AD [28]. The
concept may also be furthered in a different directional
curve, that the amyloid metabolism might be influenced by
these inflammatory mediators. The amyloid dispositions
and neuro-tangles are features of AD patients [10,11].

As with many other systemic inflammatory
disorders like atherosclerotic cardiovascular disease
[29], diabetes mellitus [30], or chronic inflammatory
lung disease [31], a ‘bi-directional pathogenesis’ can be
also be explained in case of AD-PD association. There is
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evidence that reported an association of cerebral vessel
inflammation or ischemic stroke and lacunar infarcts (as
in vascular dementia which is often seen overlapping in
AD) endorsing on this bidirectional relationship [32,33].
From more practical point of view, the AD patients have
difficulty in brushing or maintaining oral hygiene due to
reduced manual dexterity in early — moderate stages. The
visiting for dental care is often not a choice in advanced
AD as patient may need caretaker for basic functions or
for those under palliative care. Many opportunistic and
non-opportunistic (infections inclusive of P gingivalis
or other periodontal pathogens) appear easily in this
AD patients and PD associated tooth loos is no surprise
as reported in studies [34]. The patients with dementia
(as in AD) may need home based oral and regular care.
The caregiver-reported dementia is a reported risk
factor for poor hygiene and prompts a need for dental
management in advancing AD patients [35]. On the other
hand institutionalized patients (may be done for dementia
patients where home care is not possible) with advanced
age need planned funds for oral or any healthcare in
general [36]. In a scenario of developing nations, early
detection, control of early PD and recognition of severity
of PD with concurrent evaluation for AD symptoms may
be ideally practiced.

The results of the current study are in line with other
secondary research conducted. A recent meta-analysis by
Qui C et al showed that patients with periodontitis had a
higher risk of AD (with a RR=1.22, 95%CI: 1.13-1.33,
p<0.00001). They reported that no significant difference
in the risk of AD in patients with moderate periodontitis
(RR=1.19, 95% CI: 0.98-1.44, p=0.07) but a higher risk
in severe PD [37]. This finding is endorsed by anther
meta-analysis which also showed that severe forms of
PD had a significant association (OR 2.98, 95% CI 1.58-
5.62) with AD [38]. Also, as per these meta-analyses,
the clinical periodontal parameters (PPD, CAL, plaque
index and bleeding on probing) and number of teeth were
significantly different in AD as opposed to controls [37] or
those with dementia and without dementia [39]. Another
meta-analysis by Nadim R et al associating dementia with
PD, showed that pooled RR of dementia in relation to PD
from all high quality studies was 1.38 (95% CI 1.01-1.90),
agreeing with the current study. They had estimated a 50%
reduction in the current prevalence of 20% of PD could
save 850,000 patients with dementia in the world [39].

The number of studies selected for final
consideration varied in existing meta-analyses [37-39],
but a positive association was almost reported from
observational studies. Also, they had pointed to a need for
more epidemiological studies with more participants or
implementing exact definitions both for terminology with
adjustments for confounders. The scope of studying this
topic is further warranted by recent interesting findings
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reported form basic murine models to human studies with
changes in young or early PD [40-44]. The association
of specific molecules between PD and AD [40], a direct
possible role of P gingivalis [41] crossing blood-brain
barrier [42], and leading to induced AD like condition in
diabetic mice [43],are recently documented. The cognitive
decline in young people with PD [44] and dementia/AD
signs in earliest stage of PD (gingivitis) [45] are also
being studied.

The strength of this study is considering recent
studies (of the last decade), while the important limitation
of this study is the small number of studies included for
meta-analysis. This may be addressed by more studies
with acceptable research standards. The establishment
of the PD-AD association can be further endorsed
by randomized control trials (RCTs) evaluating the
effectiveness of various periodontal treatments in AD
patients with standard dementia / cognitive impairment
outcome assessments. Such prospective clinical trials
can only aid in proposing treatment directives for AD
patients with progressive PD and are future implications
of this study. However, since the association is significant,
routine dental hygiene practices, professional periodontal
treatments and patient awareness /education are needed
at this point. The assisted oral care provision (home or
care giver based) may be indicated in the early stages of
AD, when professional help cannot be given at the dental
office.

Conclusion

An affirmative association between periodontal
disease and Alzheimer’s disease was obtained from
evidence of standard observational studies conducted
in last decade. Individuals with periodontitis were more
likely to develop dementia/cognitive loss pertaining to
Alzheimer’s disease than those without periodontitis. The
evidence from more experimental clinical trials adjusting
possible confounders shall throw further light on this
association and propose periodontal therapeutic needs for
patients with Alzheimer’s disease.
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