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Abstract

Background: Emerging evidence indicates that poor periodontal health
adversely impacts cognition. This review examined the available longitudinal
evidence concerning the effect of poor periodontal health on cognitive decline
and dementia.

Methods: Comprehensive literature search was conducted on five electronic
databases for relevant studies published until April 2022. Longitudinal studies
having periodontal health as exposure and cognitive decline and/or dementia
as outcomes were considered. Random effects pooled estimates and 95% confi-
dence intervals were generated (pooled odds ratio for cognitive decline and
hazards ratio for dementia) to assess whether poor periodontal health
increases the risk of cognitive decline and dementia. Heterogeneity between
studies was estimated by I? and the quality of available evidence was assessed
through quality assessment criteria.

Results: Adopted search strategy produced 2132 studies for cognitive decline
and 2023 for dementia, from which 47 studies (24 for cognitive decline and 23
for dementia) were included in this review. Poor periodontal health (reflected
by having periodontitis, tooth loss, deep periodontal pockets, or alveolar bone
loss) was associated with both cognitive decline (OR = 1.23; 1.05-1.44) and
dementia (HR = 1.21; 1.07-1.38).

Further analysis, based on measures of periodontal assessment, found tooth
loss to independently increase the risk of both cognitive decline (OR = 1.23;
1.09-1.39) and dementia (HR = 1.13; 1.04-1.23). Stratified analysis based on
the extent of tooth loss indicated partial tooth loss to be important for cognitive
decline (OR = 1.50; 1.02-2.23) and complete tooth loss for dementia
(HR = 1.23; 1.05-1.45). However, the overall quality of evidence was low, and
associations were at least partly due to reverse causality.

Preliminary results for the effect of periodontal health on cognitive decline were presented (poster presentation) at Alzheimer's Association
International Conference (AAIC) 2020 in Amsterdam, the Netherlands.
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warranted.

KEYWORDS

INTRODUCTION

Dementia is a syndrome characterized by progressive
cognitive decline and functional incapacitation. Over
50 million people are affected by dementia worldwide
and owing to an increase in aging population, the preva-
lence of dementia is expected to triple by 2050." Less
severe cognitive deterioration such as mild cognitive
impairment (MCI) denotes a pathological cognitive
decline in which functional independence is largely
retained. MCI is a heterogeneous and still developing
concept. Its prevalence varies significantly between dif-
ferent population groups ranging from 5% to 41%.> Same
pathological processes underlie milder forms of cognitive
deterioration (e.g., MCI) and dementia, partly explaining
high conversion rate of MCI into dementia.> Moreover,
both dementia and MCI are classified within the same
cluster of neurocognitive disorders in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5); MCI or
other milder forms of pathological cognitive decline as
mild neurocognitive disorders, and dementias represent
major neurocognitive disorder.*

Dementias and even milder forms of pathological cog-
nitive decline are debilitating conditions that significantly
compromise the quality of life and impose an enormous
socioeconomic burden on caregivers and healthcare sys-
tems."”” Much research has been focused on identifying
modifiable risk factors, for example, cardiovascular dis-
eases, smoking, and unhealthy diet,® and targeting them
through various interventions (e.g., pharmacotherapy
and/or lifestyle modification).””” Among the many risk
factors for dementia and cognitive decline, oral health
measures (e.g., periodontitis, tooth loss) have only started
to be recently explored.®™"”

Periodontitis is the inflammation of tooth-supporting
tissues which in severe cases leads to tooth loss. It affects
about 10%-15% of the world's adult population.'® Peri-
odontal health is an important health determinant linked
to various systemic conditions (e.g., diabetes, cardiovas-
cular diseases).'” The available evidence on periodontal

Conclusions: Poor periodontal health and tooth loss appear to increase the
risk of both cognitive decline and dementia. However, the available evidence
is limited (e.g., highly heterogenous, lacking robust methodology) to draw firm
conclusions. Further well-designed studies involving standardized periodontal
and cognitive health assessment and addressing reverse causality are highly

cognitive decline, dementia, periodontitis, tooth loss

Key points

« Poor periodontal health might contribute to
the risk of both cognitive decline and demen-
tia, although existing evidence has low quality
and does not fully exclude reverse causality

« Tooth loss appears to be independently associ-
ated with poorer cognition

« This association might be mediated by different
characteristics of periodontal health, for exam-
ple, extent of tooth loss

Why does this paper matter?

This is a comprehensive systematic review with
qualitative assessment and meta-analysis, investi-
gating the effect of different measures of peri-
odontal health, and highlighting the preventive
potential of periodontal health for cognitive
decline and dementia.

health and cognitive deterioration is insufficient and sub-
ject to limitations.*'”**° Most individual studies lack
comprehensive exposure and outcome assessments and
have a shorter duration. Also, in the past two years, sev-
eral studies have been published®'” which warrant syn-
thesis and evaluation. Previous literature reviews
restricted their analysis by either exposure, outcome, or
both, that is, they explored either periodontitis or tooth
loss in relation to either cognitive impairment or demen-
tia (but not all simultaneously). Moreover, meta-analyses
had methodological limitations, for example, combined
different effect estimates (odds ratio [OR], hazards ratio
[HR], risk ratio [RR]) or effect estimates from different
study designs,”*>° and did not consider reverse causality
(poor periodontal health due to cognitive decline/demen-
tia). Therefore, this work aims to address these
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limitations, synthesize, and evaluate all updated evidence
on this evolving topic.

METHODS
Definition of periodontal health

In this review, poor periodontal health was defined as
having periodontitis or any of the clinical parameters by
which periodontal deterioration is identified, including
deeper periodontal pockets (PPDs), clinical attachment
loss (CAL), or alveolar bone loss (ABL). Untreated/severe
periodontal disease leads to tooth loss,"®*' and is one of
the leading causes of tooth loss among older adults.**>*
Moreover, tooth loss is one of the most widely used surro-
gate measures of periodontal status in research. There-
fore, low tooth count/tooth loss was also considered as
an indicator of poor periodontal health in this review.
However, since tooth loss can result from causes other
than periodontal deterioration, tooth loss was also inde-
pendently assessed for its impact on cognitive outcomes.

Definition of cognitive decline

Although there are several definitions and diagnostic cri-
teria for MCI,***" it is still a concept under development,
and may not always be easily distinguishable from age-
related cognitive decline. Due to the variety of definitions
used in the literature, this review focused on the more
general term “cognitive decline,” to capture all relevant
studies and ensure coverage of the full spectrum of path-
ological cognitive deterioration not severe enough to
compromise functional independence (i.e., not meeting
criteria for dementia).

Search strategy

Systematic search for English language studies, published
until April 30, 2022, was conducted on five electronic
databases, Medline via PubMed, Scopus, CINAHL, Web
of Science, and PsycINFO. Search was applied separately
for cognitive decline and dementia. For cognitive decline,
“periodontitis,” “tooth loss,” ‘“cognitive impairment,”
“cognitive deterioration,” “cognitive decline,” “prospec-
tive,” “cohort,” “retrospective,” “follow-up,” and “longi-
tudinal” were used as keywords. For dementia, additional
keywords such as “dementia,” “Alzheimer’s disease,” and
“vascular dementia” were used. Search strategy was
applied according to Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis—PRISMA (Figure 1).

9

Inclusion criteria
Population (P)

Longitudinal studies were conducted on participants
without dementia at baseline.

Exposure (E)

Studies with periodontal health assessment as exposure.
All studies were considered regardless of the measure
used to assess periodontal health. This also included stud-
ies with tooth loss as exposure.

Outcome (O)

Studies with decline and/or dementia

diagnosis.
Case reports, reviews, cross-sectional, and animal
studies were excluded.

cognitive

Quality assessment

Each study was assessed for risk of bias in 4 major and 1
minor domain. Quality assessment criteria were derived
from previously published studies,*®*’ and are described
in Supplementary Text S1.

Study selection and data extraction

Search strategy returned 2132 studies for cognitive
decline and 2023 for dementia. After screening abstracts
and removing duplicates, 77 studies for cognitive decline
and 75 for dementia were obtained for full-text appraisal.
Two authors (S.A. and R.S.) independently reviewed full
texts and hand-searched references of included studies to
identify any additional study meeting inclusion criteria.
In cases of disagreements, a third author (A.S.) was con-
sulted, and a consensus was reached. Relevant data
including study duration, exposure-outcome assessment
measures, and effect estimates were extracted.

Meta-analysis

Meta-analysis was conducted using RevMan 5.4 statistical
program (Cochrane Collaboration Review Manager).*®
Individual studies used different effect estimates, which
were considered statistically incomparable. Therefore,
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the most widely used effect estimate for each outcome,
that is, OR for cognitive decline and HR for dementia
were used to compute random effects pooled estimates
with a corresponding 95% confidence interval (95% ClI,
p = 0.05) and degree of heterogeneity (I%).

Multiple meta-analysis models (summarized in
Table 1) were computed based on measures of periodon-
tal health assessment to evaluate different aspects of peri-
odontal-cognitive health association. For each study, only
a single effect estimate was entered into each model.
Therefore, for studies using multiple measures to assess
periodontal health, only effect estimates corresponding to
more accurate measures were selected (Supplementary
Text S1). For example, periodontitis-specific measures
(which includes periodontitis diagnosis, PPDs, ABL, and
CAL) were used instead of tooth loss in primary models
(Figures 2A and 3A).

Similarly, for studies where a particular measure of
periodontal health was stratified into multiple categories

(periodontitis into mild, moderate, and severe, or tooth
loss into multiple tooth count categories), pooled esti-
mates for individual studies were first generated and then
entered into meta-analysis (Figures 2A-E and 3A-E).
However, corresponding supplementary models were
also computed with individual estimates (Figure S1A-E
for cognitive decline; Figure S2A-E for dementia). Con-
cerning cognitive decline, studies presenting estimates
for >1 cognitive test, estimates corresponding to more
sensitive or comprehensive tests were used, for example,
mini-mental state examination (MMSE) over spatial cop-
ing test (SCT).

Addressing reverse causality
As cognitive decline may also lead to poor periodontal

health, reverse causality may confound the associa-
tion.>>** To account for this, only longitudinal studies
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TABLE 1 Summary of meta-analysis models

Periodontal health Cognitive

assessment decline Dementia

Poor periodontal Figures 2A, S1A, Figures 3A,
health (Diagnosis S3A S2A, S4A
of Periodontitis,

PPDs, ABL, and
tooth loss)

Periodontitis-specific Figures 2B, S1B, Figures 3B,
measures S3B S2B, S4B
(Periodontitis?,

PPDs, and ABL)

Tooth loss (low vs. Figures 2C, S1C, Figures 3C,
high tooth count) S3C S2C, S4C

Complete tooth loss Figures 2D, Figures 3D,
(0 teeth remaining S1D, S3D S2D, S4D
vs. at least 1 tooth
remaining)

Partial tooth loss Figures 2E, S1E, Figures 3E,
(low vs. high tooth S3E S2E, S4E

count, excluding 0
teeth remaining)

Abbreviations: ABL, alveolar bone loss; PPDs, periodontal pocket depths.
“Diagnosis of Periodontitis: International Statistical Classification of Disease
(ICD), Centers for Disease Control and Prevention (CDC), American
Academy of Periodontology (AAP), Community Periodontal Index (CPI),
biofilm-gingival interface classification (BGI) criteria.

were included.*’ For dementia as an outcome, studies
were restricted to dementia-free participants at baseline,
and an additional meta-analysis was conducted restrict-
ing each main model (Figure 3A-E) to studies with
>10 years of follow-up (Figure S4A-E). This was not
possible for cognitive decline as most studies had
<10 years of follow-up. Therefore, an additional meta-
analysis was conducted excluding studies with unclear
dementia/cognitive status of participants at baseline
(Figure S3A-E).

RESULTS

Forty seven studies were included in this review:
24 for cognitive decline®*> 74 and 23 for
dementia'®'**7°1"77  (Figure 1). Characteristics of
included studies are summarized in Table S1.

Quality assessment

Quality assessment of included studies is summarized
in Table S2 and Supplementary Text S2. For cognitive

decline, the overall risk of bias was high; 1 study
received “moderate”® and 23 “low”%%13717:42755,57-60
for overall quality. For dementia, overall risk of bias
was moderate; 2 studies receiving “good,”®”’® 9 “mod-
eraten10,13,14,64,68,71,72,74,77 and 12 “10W>a11,12,47,61—
63,65,66,69.73.7576 for overall quality. In general, studies
with dementia as an outcome included younger partic-
ipants, had a larger sample size and longer study
duration, and had better exposure and outcome

assessment.

Poor periodontal health and cognitive
decline

All 24 studies were population-based longitudinal
studies.®?1°7174270 33 studies included both male
and female participants,®1°717424345°60 and 1 only
male participants.** 15 studies included participants
aged 265 years at baseline’8,15717,43,45,46,49752,54,55,58,60
while 9 studies also included younger partici-
pants,”#24447:48,53,56.57.59 ¢ studies had a sample size
of <1000 participants,'>*+#6:49:30:32:3556 g included
1000-5000 participants,***>#>31:53:57°3% and 8 studies
>5000 participants,®%1617:47:48:3460 16 gtudies had a
follow-up period <6 years,1517:42:43.45-47.49-55.58 5
between 7 and 13 years,®'®*®3937:5960 and 1 of
32 years.** 9 of the 24 studies had >40% subject attri-
tion,!>1742:4546.48.30.53.57 There was great variability
in periodontal health assessment. Two studies used
Centers for Disease Control and Prevention (CDC)/
American Academy of Periodontology (AAP) criteria
to diagnose periodontitis,*>> 2 used Community
Periodontal Index (CPI),>"** and 1 Biofilm-gingival
interface classification (BGI).>® 4 studies used
PPDs,'>***%° 2 ABL,**** and 1 gingival bleeding®’
to assess periodontal health. Tooth loss was used by
21 studies,®%101742748:50°5436760 (ith 11 using self-
reported tooth count ®?16:17:47:48,54,57-60

Cognitive status was assessed through at least 1 cogni-
tive test in 22 studies,®2151642752:54-60 while 2 studies
used subjective assessment.'”* 14 of the 22 studies used
a single cognitive test'>!®#243750:3%5557°59  yith
MMSE used by 15 Studies.15,16,42744,46749,51,52,54,55,57,58
Others included some form of recall test,>!:525%:69
digit symbol substitution test,*>*® TICS-m,*°® Mon-
treal cognitive assessment,”° word fluency,”® clock
drawing test,*> and SCT.** Most studies defined “cog-
nitive decline” as the difference in scores between
baseline and follow-up, without a validated well-
defined threshold, without clearly using available MCI
definitions, and without explicitly excluding
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Odds Ratio Odds Ratio

(A) Study or Subgroup log[Odds Ratio] SE_Weight 1V, Random, 95% Cl Year 1V, Random, 95% CI
Shimazaki et al., (Pooled OR, tooth loss) 0.708 0.233  7.5% 2.03[1.29, 3.20] 2001
Stewart et al., (PPD) —0.113 0.087 17.0% 0.89[0.75, 1.06] 2013 ™
Tsakos et al., (0 teeth remaining) 0.067 0.078 17.7% 1.07 [0.92, 1.25] 2015 ™
Okamoto et al., (PPD) 0.039 0.175 10.5% 1.04 [0.74, 1.47] 2015 -1
Nilsson et al., (Alveolar bone loss) 0.779 0.287 5.6% 2.18[1.24,3.82] 2018 -
Saito et al., (0-9 teeth remaining) 1.196 0575 1.8% 3.31[1.07, 10.21] 2018
Hatta et al., (PPD) 0.077 0.146 12.4% 1.08 [0.81, 1.44] 2018 T
Iwasaki et al.,(Periodontitis) 0.959 0.449 2.7% 2.61[1.08,6.29] 2019 -
Bumb et al., (severe periodontitis) 0.837 0.358 4.0% 2.31[1.14, 4.66] 2021 -
Xu et al., (Pooled rate of tooth loss) 0.113 0.027 20.8% 1.12[1.06, 1.18] 2021 =
Total (95% Cl) 100.0% 1.23 [1.05, 1.44] L 4
Heterogeneity: Tau? = 0.03; ¥2 = 30.38, df = 9 (p = 0.0004); I = 70% of p sz ofs b 2 5 1=0

Test for overall effect: Z=2.61 (p = 0.009) Lower risk of CI  Higher risk of Cl

Odds Ratio Odds Ratio
(B) _study or Subgroup log[Odds Ratio]  SE_Weight IV, Random, 95% CI Year IV, Random, 95% ClI

Stewart et al., (PPD) -0.113 0.087 24.6% 0.89[0.75, 1.06] 2013 =
Okamoto et al., (PPD) 0.039 0.175 20.0% 1.04 [0.74, 1.47] 2015 -
Hatta et al., (PPD) 0.077 0.146 21.6% 1.08[0.81, 1.44] 2018 —
Nilsson et al., (Alveolar bone loss) 0.779 0.287 14.1% 2.181[1.24, 3.82] 2018 —
Iwasaki et al.,(Periodontitis) 0.959 0449  8.4% 2.61[1.08, 6.29] 2019 —_—
Bumb et al., (severe periodontitis) 0.837 0.358 11.2% 2.31[1.14,4.66] 2021 -
Total (95% Cl) 100.0% 1.33[0.97, 1.81] o

[T 2 — - y2 = = = L2 = 749 t t t + + +
Heterogeneity: Tau? = 0.09; x> = 18.93, df =5 (p = 0.002); I* = 74% 01 02 05 1 5 5 10

Test for overall effect: Z = 1.78 (p = 0.07)

Lower risl; of Cl Higher risk of C

Odds Ratio Odds Ratio
(C) Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI

Shimazaki et al., (Pooled OR, tooth loss) 0.708 0.233  5.9% 2.03[1.29, 3.20] 2001
Stewart et al., (Tooth loss) 0.127 0.067 22.4% 1.14[1.00, 1.29] 2013 =
Tsakos et al., (0 teeth remaining) 0.067 0.078 20.5% 1.07[0.92, 1.25] 2015 ™
Okamoto et al., (Pooled OR, tooth loss) 0412 0.112 15.4% 1.51[1.21,1.88] 2015
Hatta et al., (0-19 teeth remaining) 0.231 0.224 6.3% 1.26 [0.81, 1.95] 2018 T
Saito et al., (0-9 teeth remaining) 1.196 0.575 1.2% 3.31[1.07, 10.21] 2018
Xu et al., (Pooled rate of tooth loss) 0.113 0.027 28.3% 1.12[1.06, 1.18] 2021 L]
Total (95% Cl) 100.0% 1.23 [1.09, 1.39] ¢
Heterogeneity: Tauz = 0.01; y2 = 17.18, df = 6 (p = 0.009); I? = 65% 0f1 sz 0?5 ; 2 5 1=0

Test for overall effect: Z = 3.29 (p = 0.001) Lower risk of CI  Higher risk of Cl

Odds Ratio Odds Ratio
(D) _study or Subgroup log[Odds Ratio]  SE_Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Shimazaki (Pooled OR, 0 teeth remaining) 0.683 0.333 27.5% 1.98[1.03, 3.80] 2001 — &
Okamoto et al., (0 teeth remaining) 0.871 0.244 32.5% 2.39[1.48,3.85] 2015 —
Tsakos et al., (0 teeth remaining) 0.067 0.078 40.0% 1.07 [0.92, 1.25] 2015 -
Total (95% Cl) 100.0% 1.64[0.91, 2.98] i
e T2 = e - - .12 = 849, } } } } } t
Heterogeneity: Tau? = 0.22; x2 = 12.37, df = 2 (p = 0.002); I* = 84% 01 02 05 1 > 5 10

Test for overall effect: Z = 1.64 (p = 0.10) Lower risk of Cl  Higher risk of CI

Odds Ratio Odds Ratio
(E) Study or Subgroup log[Odds Ratio] SE_Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Shimazaki et al., (Pooled OR, partial tooth loss) 0.732 0.325 27.6% 2.08[1.10, 3.93] 2001 —
Okamoto et al., (Pooled OR, partial tooth loss) 0.285 0.127 72.4% 1.33[1.04, 1.71] 2015 -
Total (95% Cl) 100.0% 1.50 [1.02, 2.23] s 2
4y Tau? = 0.04: 2 = —1(p= .12 = 399 } ! ! | | !
Heterogeneity: Tau? = 0.04; 2 = 1.64, df = 1 (p = 0.20); I> = 39% 01 02 05 1 2 5 10

Test for overall effect: Z=2.04 (p = 0.04) Lower riskl of CI Higher risk of Cl

FIGURE 2 Meta-analysis for association between Poor Periodontal Health and Cognitive Decline. (A) Association of Poor Periodontal
Health* and Cognitive Decline. *Periodontitis, PPDs, ABL, and tooth loss. (B) Association of Periodontitis-specific measures* and Cognitive
Decline. *Periodontitis, PPDs, and ABL. (C) Association of Tooth Loss (low vs. high tooth count) and Cognitive Decline. (D) Association of
Complete Tooth Loss (0 teeth remaining vs. at least 1 teeth remaining) and Cognitive Decline. (E) Association of Partial Tooth Loss (low
tooth count vs. high tooth count, excluding 0 teeth remaining) and Cognitive Decline.

participants with incident dementia. Studies with  Associations

“cognitive impairment” as an outcome used, for exam-

ple, MMSE at follow-up with a threshold of <24 or = Twenty studies reported a significant association between at
<25, but no formal MCI diagnosis. least 1 measure of periodontal health and cognitive decline,
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Hazard Ratio Hazard Ratio
(A) _Study or Subgroup log[Hazard Ratio]  SE_Weight IV, 95% CI Year IV, Random, 95% CI
Stein et al., (Alveolar bone loss) 0.875 0.517 1.4% 2.40[0.87,6.61] 2007 7
Paganini-Hill et al., (Pooled HR, tooth loss) 0.02 0.007 11.5% 1.02[1.01, 1.03] 2012
Yamamoto et al., (<19 teeth remaining) 0.009 0.207 5.3% 1.01[0.67, 1.51] 2012 -1
Arrive et al., (Pooled HR, PPD) -0.51 0.39 2.2% 0.60[0.28, 1.29] 2012 - 1
Batty et al., (Pooled HR, tooth loss) 0.3 0.061 10.5% 1.35[1.20, 1.52] 2013 -
Hansson et al., (Pooled HR, tooth loss) -0.01 0.097 9.2% 0.99[0.82,1.20] 2014 -1
Takeuchi et al. (Pooled HR, tooth loss) 0.518 0.137 7.6% 1.68[1.28,2.20] 2017 -
Choi et al., (Periodontitis) 0.058 0.024 11.3% 1.06 [1.01, 1.11] 2019 "
Lee et al., (Periodontitis) 0.548 0.036 11.1% 1.73[1.61, 1.86] 2020 -
Beydoun et al., (Pooled HR, PPD) 035 0.14 7.5% 1.42[1.08, 1.87] 2020 e
Demmer et al., (Pooled HR, periodontitis) 0.104 0.059 10.5% 1.11[0.99, 1.25] 2020 ™
Holmer et al., (PPD) 0.12 0.54 1.3% 1.13[0.39, 3.25] 2021 I
Kiuchi et al., (<19 teeth remaining) 0.131 0.061 10.5% 1.14[1.01, 1.28] 2022 ™
Total (95% Cl) 100.0% 1.21[1.07, 1.38] L 2
Heterogeneity: Tau? = 0.04; y? = 250.30, df = 12 (p < 0.00001); 12 = 95% t t t : : y
Tact for ovorall offoct. Z = 5.7 (p =0.003) ® ) 01 02 - 05 1 2 5 10
Lower risk of Dementia  Higher risk of Dementia
Hazard Ratio Hazard Ratio
(B) _study or Subgroup log[Hazard Ratio] _ SE_Weight IV, Random, 95% CI Year IV, Random, 95% CI
Stein et al., (Alveolar bone loss) 0.875 0.517 5.2% 2.40[0.87,6.61] 2007 ]
Arrive et al., (Pooled HR, PPD) -0.51 0.39 7.8% 0.60[0.28, 1.29] 2012 *
Choi et al., (Periodontitis) 0.058 0.024 21.8% 1.06 [1.01, 1.11] 2019 [l
Beydoun et al., (Pooled HR, PPD) 035 014 17.8% 1.42[1.08, 1.87] 2020 —
Demmer et al., (Pooled HR, periodontitis) 0.104 0.059 21.0% 1.11[0.99, 1.25] 2020 =
Lee et al., (Periodontitis) 0.548 0.036 21.6% 1.73[1.61, 1.86] 2020 -
Holmer et al., (PPD) 012 0.54 4.9% 1.13[0.39, 3.25] 2021 -1
Total (95% Cl) 100.0% 1.25[0.96, 1.64] -
Heterogeneity: Tau? = 0.08; 12 = 137.29, df = 6 (P < 0.00001); I = 96% t t t : i y
Test fo?overe{ll effect: Z = 1.é7 (p =0.09) ® : 01 0.2 . 05 : 2 5 " 10
Lower risk of Dementia  Higher risk of Dementia
Hazard Ratio Hazard Ratio
(C) _study or Subgroup log[Hazard Ratio]  SE_Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Stein et al., (0-9 teeth remaining) 0.788 0.359 1.3% 2.20[1.09, 4.44] 2007
Paganini-Hill et al., (Pooled HR, tooth loss) 0.02 0.007 17.7% 1.02[1.01, 1.03] 2012 r
Yamamoto et al., (<19 teeth remaining) 0.009 0.207 3.3% 1.01[0.67,1.51] 2012 I
Arrive et al., (Pooled HR, tooth loss) -0.301 0.267 2.2% 0.74[0.44, 1.25] 2012 - 1
Batty et al., (Pooled HR, tooth loss) 0.3 0.061 12.9% 1.35[1.20, 1.52] 2013 -
Hansson et al., (Pooled HR, tooth loss) -0.01 0.096 9.2% 0.99[0.82, 1.20] 2014 .
Takeuchi et al. (Pooled HR, tooth loss) 0.518 0.137 6.1% 1.68[1.28,2.20] 2017 I
Lee YL et al., (Periodontitis, tooth extraction) 0.095 0.027 16.5% 1.10[1.04, 1.16] 2017 -
Demmer et al., (0 teeth remaining) 0.223 0.105 8.4% 1.25[1.02, 1.54] 2020 I
Kim et al., (Overall Pooled HR, tooth loss) —0.03 0.093 9.5% 0.97 [0.81, 1.16] 2020 -
Kiuchi et al., (<19 teeth remaining) 0.131 0.061 12.9% 1.14[1.01, 1.28] 2022 ™
Total (95% Cl) 100.0% 1.13[1.04, 1.23] ¢
Heterogeneity: Tau? = 0.01; x2 = 52.82, df = 10 (P < 0.00001); I* = 81% t t t : t t
Test fo? over:ll effect: Z = 2.39 (P =0.003) * : 01 02 : 05 : 1 . 2 5 . 10
Lower risk of Dementia  Higher risk of Dementia
Hazard Ratio Hazard Ratio
(D) _study or Subgroup log[Hazard Ratio] _ SE_Weight IV, ,95% CI Year 1V, Random, 95% CI
Paganini-Hill et al (Pooled HR 0 teeth remaining) 0.095 0.106 23.6% 1.10[0.89, 1.35] 2012 ™=
Batty et al., (0 teeth remaining) 0.39 0.091 26.3% 1.48[1.24,1.77] 2013 —-—
Hansson et al., (0 teeth remaining, denture) -0.02 0.137 18.8% 0.98[0.75, 1.28] 2014 s
Takeuchi et al., (0 teeth remaining) 0.488 0.275 7.3% 1.63[0.95, 2.79] 2017 T
Demmer et al., (0 teeth remaining) 0.223 0.104 24.0% 1.25[1.02, 1.53] 2020 =
Total (95% Cl) 100.0% 1.23 [1.05, 1.45] &
Heterogeneity: Tau? = 0.02; y* = 8.90, df = 4 (P = 0.06); I* = 55% t t t : : y
Test fo?over:ll effect: Z = 2.?:{5 (p=0.01) ® ) 01 02 y 05 " : 2 5 " 10
Lower risk of Dementia  Higher risk of Dementia
Hazard Ratio Hazard Ratio
(E) _study or Subgroup log[Hazard Ratio] __SE_Weight IV, Random, 95% CI Year IV, Random, 95% Cl
Paganini-Hill et al (Pooled HR Partial tooth loss) 0 0.056 26.2% 1.00[0.90, 1.12] 2012 "
Batty et al., (1-21 teeth remaining) 0215 0.084 22.7% 1.24[1.05, 1.46] 2013 —-—
Hansson et al., (=1 teeth remaining, denture) 0 0.14 159% 1.00[0.76, 1.32] 2014 .
Takeuchi et al., (Pooled HR Partial tooth loss) 0.53 0.161 13.8% 1.70[1.24, 2.33] 2017 -
Kim et al., (Overall Pooled HR, tooth loss) —-0.03 0.093 21.5% 0.97[0.81, 1.16] 2020 .
Total (95% Cl) 100.0% 1.12 [0.96, 1.32] . 2
Heterogeneity: Tau? = 0.02; x2 = 14.11, df = 4 (p = 0.007); I = 72% t t t : : y
Test fo?over:ll effect: Z = 1.1(2 (p=0.16) <p ) 01 02 y 05 - 1 : 2 5 - 10
Lower risk of Dementia  Higher risk of Dementia

FIGURE 3 Meta-analysis for association between Poor Periodontal Health and Dementia. (A) Association of Poor Periodontal Health*
and Dementia. *Periodontitis, PPDs, ABL, and tooth loss. (B) Association of Periodontitis-specific measures* and Dementia. *Periodontitis,
PPDs, and ABL. (C) Association of Tooth Loss (low vs. high tooth count) and Dementia. (D) Association of Complete Tooth Loss (0 teeth
remaining vs. at least 1 teeth remaining) and Dementia. (E) Association of Partial Tooth Loss (low tooth count vs. high tooth count,
excluding 0 teeth remaining) and Dementia.

that is, higher risk of cognitive decline in individuals having ~ Periodontitis-specific measures

either low tooth count, a higher number of extracted teeth,

having periodontitis, deeper periodontal pockets, or Two of the 5 studies with periodontitis as exposure
alveolar bone loss™%!5717:42:44-49.51.52:34-38.60 (pape §1), observed significant association.***> Two of the 4 studies
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with PPDs'>* and both studies with ABL**** reported a
significant association.

Tooth loss

FEighteen of the 21 studies with tooth loss as exposure
observed significant association for at least 1 category of
low tooth count 8,9,16,17,42-48,51,52,54,56-58,60

Poor periodontal health and dementia

All 23 studies were population-based longitudinal
studies.'***7°"77 21 studies were composed of male and
female participants'®'##761.6264-6870-77 " and 2 had
only female participants.®>® 8 studies included participants
aged >65 years at baseline, 3426365873 \hile 15 studies
also included younger participants,'0-247-61:646667.69-72,74-77
4 studies had a sample size of <1000 participants,
between 1000 and 5000,%'°%7® 11 between 5000 and
100,000,'071347-6467:68.70.7475 anqd five studies >100,000
participants.'*71-7%7¢77

Study duration of 5 studies was <6 years,
between 7 and 13 years,'>!#62 76468 7172747677 and 7 of
>14 years, 0016567697075 21 of the 23 studies had <20% sub-
ject attrition,'12"1447:61-6%71-77 There was great variability in
periodontal health assessment. Six studies diagnosed
periodontitis according to International Statistical
Classification of Disease (ICD) criteria®*°®"""*’%"7 and 1 by
periodontal profile classes.”” 3 studies used PPDs,'*%%% 1
ABL® and 1 CAL® 15 studies wused tooth
IOSS’IO,I1,13,14,47,61,63,65767,69,72,73,75,76 Of Wthh four S'[udleS
assessed tooth loss through available data on tooth extrac-
tion**'*"%>7® and 5 used self-reported tooth count.'**"6%737>
All 23 studies diagnosed dementia according to standardized
criteria; 11 used ICD,'0-12-146264687L727677 g yged
DSM,*7-61:65:66,69,70.7475 4114 1 used Korean Classification of
Disease (KCD) criteria.®” 3 studies used other criteria/
methods of identifying dementia, consistent with standard-
ized criteria.'*>"?

62,63,65,69 3

11,12,47,61,66
11

Associations

Eighteen studies reported a significant association
between at least 1 measure of periodontal health and
dementia (Table S1).

Periodontitis-specific measures

All seven studies with periodontitis as exposure
s s St 64,68,71,74,76,77
observed significant association. 1 of the 3

studies with PPDs as exposure observed significant
association.®®

Tooth loss

Ten studies observed significant association between at
least one category of low tooth count and demen-
tia,10:11-13:47.66.67.69.72.73.76 However, one study observed a
significantly lower risk of dementia in individuals with
low tooth count.®®

Meta-analysis
Poor periodontal health and cognitive decline

For cognitive decline, pooled OR was generated
(Figure 2A-E). Primary model (Figure 2A) included 10
studies and showed a significantly higher risk of cogni-
tive decline in individuals with poor periodontal health,
OR (95% CI) = 1.23 (1.05-1.44). Analysis based on mea-
sures of periodontal assessment found tooth loss to be
independently associated with cognitive decline, OR (95%
CI) = 1.23 (1.09-1.39) (Figure 2C). On stratification of
tooth loss into complete (Figure 2D) and partial tooth
loss (Figure 2E), only partial tooth loss (included only
two studies) was associated with cognitive decline, OR
(95% CI) = 1.50 (1.02-2.23). Apart from the model for
partial tooth loss, all models carried high values of I*
(>50) reflecting significant heterogeneity between stud-
ies. Figure S1A-E, where individual categories of peri-
odontal health were entered, corroborated with the main
analysis.

Poor periodontal health and dementia

For dementia, pooled HR was generated (Figure 3A-
E). Primary model included 13 studies and showed
increased dementia risk linked to poor periodontal
health, HR (95% CI) = 1.21 (1.07-1.38). When the
analysis was stratified into periodontitis-specific mea-
sures (Figure 3B) and tooth loss (Figure 3C), tooth
loss was independently associated with dementia, HR
(95% CI) = 1.13 (1.04-1.23) (Figure 3C). On stratifica-
tion of tooth loss into complete (Figure 3D) and par-
tial tooth loss (Figure 3E), complete tooth loss was
significantly associated with dementia, HR (95%
CI) = 1.23 (1.05-1.45) (Figure 3D). Although models
for periodontitis-specific measures (Figure 3C) and
partial tooth loss (Figure 3E) did not achieve statisti-
cal significance, they were in line with other models,
however, all models carried high values of I* (>50).
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Figure S2A-E, where individual categories of peri-
odontal health were entered, corroborated with the
main analysis.

Accounting for reverse causality

For dementia, the additional meta-analysis largely cor-
roborated with the main analysis, associating periodontal
heath with dementia (Figure S4A-E). However, the asso-
ciation between tooth loss and dementia became statisti-
cally non-significant (Figure S4C,D). Contrarily, for
cognitive decline, the association became stronger and
was significant across all models (Figure S3A-E), even
for periodontitis-specific measures and complete tooth
loss which were not significant in the main analysis
(Figure 2B,D). Interestingly, these associations were
stronger compared to the association between poor peri-
odontal health and dementia.

DISCUSSION

We performed a comprehensive systematic review and
meta-analysis and observed significant associations
between poor periodontal health with risk of cognitive
decline and dementia. Poor periodontal health, overall
tooth loss, and complete tooth loss were associated with
dementia; poor periodontal health, overall tooth loss, and
partial tooth loss were associated with cognitive decline.
However, overall quality of evidence was low. Most stud-
ies had a high risk of bias, particularly cognitive decline
studies, which mainly involved participants aged
>65 years, had a shorter follow-up, and involved heterog-
enous exposure (e.g., tooth count, PPDs, ABL) and out-
come assessments (different cognitive tests).

Impact of reverse causality

Analysis of dementia studies with >10 years of follow-up
showed an overall weakening of the effect of poor peri-
odontal health on dementia as compared to the main anal-
ysis, with estimates for tooth loss becoming statistically
non-significant. This indicates that part of the associations
observed in the main analysis (which also included studies
with a shorter follow-up) was due to reverse causality.
Since neuropathological and cognitive changes leading to
dementia develop over many years, a study duration
<10 years is less likely to remove the potential effects of
cognitive impairment on periodontal health.

Interestingly, in additional analyses excluding studies
where dementia/cognitive status at baseline was unclear,

poor periodontal health had stronger associations with
cognitive decline across all models, that is, all measures
of poor periodontal health, periodontitis-specific mea-
sures, overall tooth loss, complete tooth loss, and partial
tooth loss. This unexpected finding may have two main
explanations. It is possible that periodontal health is a
risk factor for multiple types and severity levels of cogni-
tive decline (not just dementia), and the broad definition
of cognitive decline in available studies captured the full
range of effects. However, the stronger associations may
still partly reflect reverse causality, since participants
with dementia at follow-up were not explicitly excluded
from these studies, and the shorter follow-up (<10 years)
predisposes them to reverse causality effects.

This pattern of stronger associations with shorter study
duration has been previously described for other risk factors
for cognitive decline and dementia, for example, depression
(which can also be a prodromal dementia symptom).”® Our
findings emphasize the crucial need for improving the
design of periodontal-cognitive health studies, with particu-
lar focus on sufficient follow-up time and thorough data
analytical consideration of cognitive impairment and
dementia status at both baseline and follow-up visits.

Mechanisms underlying periodontal-
cognitive associations

The findings of this review might indicate the involve-
ment of multiple mechanisms in the association between
periodontal and cognitive health. Periodontitis is sug-
gested to facilitate the development of neuroinflamma-
tion via systemic inflammation, evident by increased
systemic proinflammatory mediators.” Systemic inflam-
mation per se is an independent determinant of cognitive
deterioration and links other risk factors including diabe-
tes, hypertension, hypercholesterolemia, and even aging
to cognitive deterioration.**®*' Additionally, a more direct
role of periodontal pathogens has been suggested, adding
to the increasing body of evidence concerning possible
infectious etiology of cognitive deterioration.***?

Tooth loss may also independently impair cognition by
reducing sensorimotor stimulation from masticatory appa-
ratus which has been linked to atrophic brain changes.
This association might depend on factors like magnitude/
dose and length of exposure.>>® An insight into this possi-
ble dose-dependent effect is provided by our finding of
somewhat higher ORs/HRs for complete versus partial
tooth loss. Furthermore, non-traumatic/non-surgical
causes of tooth loss (e.g., dental caries and periodontitis)
lead to gradual and progressive tooth loss over decades. If
the extent of tooth loss indicates chronicity of the underly-
ing process (e.g., periodontitis) then higher chronicity (as
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reflected by complete tooth loss) might be more likely to
lead to cognitive deterioration. But current evidence con-
cerning this is scant and lacks specific details (e.g., exact
causes and time of tooth loss), however, it points to an
important direction for future research.

The impact of periodontal health on cognition may
also be more pronounced during a specific time window
(e.g., midlife), as reported for other dementia risk factors.®®
This may explain the protective effect of low tooth count
against dementia observed in individuals with lower edu-
cation.”® Low education is known to increase the risk of
early tooth loss,®® thus may decrease the periodontal
inflammatory burden and its subsequent impact on

cognition at midlife.*” Furthermore, nutritional imbal-
ances (e.g., antioxidants, vitamin B and E, etc.) and reduc-
tion in cerebral blood flow might also link tooth loss with
cognitive deterioration.*® The periodontal-cognitive health
association may additionally be mediated by common risk
factors such as systemic comorbidities, depression, lower
education, and socioeconomic status.>°

Strengths and limitations

While previous reviews mostly focused on either peri-
odontitis or tooth loss alone, or on cognitive decline or

[ Clinical Recommendations ]

» Monitoring and management of periodontal health are important also inh

context of dementia prevention

and the most efficient dementia prevention measures

» Particular attention should be paid to oral health examinations in older
adults who are at increased risk for dementia, either based on periodontal
or other risk factors (e.g., cardiovascular or lifestyle-based)

» Available evidence on the periodontal-cognitive health association is not yet
sufficient to point out clear ways for early identification of at-risk individuals,

» However, the reverse causality effect further emphasizes the importance of
rehabilitation (e.g., dentures, implants, periodontal care) in individuals who
have already developed cognitive impairment or dementia

» Given the impact of cognitive impairment on periodontal health, oral health
professionals are well-placed to track and intervene on early changes in

periodontal health and oral self-care, but only if dental healthcare services
are sustained over time and adequate oral health support is provided iny

home setting when deterioration in self-care is identified.

[ Research Recommendations ]

limitations

scores based on a single test

risk factors for dementia

and occlusal force can provide useful insights

Y

evidence:

clarify underlying mechanisms of associations

» There is a rapidly growing number of longitudinal studies on periodontal-
cognitive health associations, but many have substantial methodological

» A follow-up duration of 210 years in older populations will be needed to
address reverse causality, and clarify the role of periodontal problems as
risk factors vs consequences of cognitive decline and dementia diseases

» Cognitive performance level and dementia status should be assessed
@ with standardized, validated methods at both baseline and follow-up. Test
batteries covering multiple cognitive domains are more reliable than

» Procedures used to exclude cognitive impairment/dementia at baseline
should be clearly reported in studies focusing on periodontal measures as

» Periodontal health studies with cognitive impairment or decline as
outcome should clearly report their outcome definition, and whether
incident dementia has been excluded or not from analyses

» Standardized, validated methods of periodontal health assessment should
be used. Cause(s) of tooth loss, masticatory dysfunction, occlusal support

Two key types of studies are still lacking from the current body of

- Biomarker studies for both periodontal health (e.g., oral microbiota,
saliva composition) and dementia diseases (e.g.,
established CSF/proposed blood markers for relevant pathologies) to

- Intervention effect studies for oral rehabilitation (e.g., provision of
dentures/implants, periodontium preservation through scaling)

neuroimaging,

FIGURE 4
recommendations

Research and clinical
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dementia alone, this review covered the whole spectrum
of periodontal deterioration including tooth loss.
Although tooth loss may occur due to causes other than
periodontitis, periodontal disease is one of the most com-
mon causes of tooth loss at older ages, when dementia is
also most likely to occur. Furthermore, cognitive decline
and dementia are part of a continuum, from normal
aging to first asymptomatic, then prodromal, and later
fully manifest disease. In this review, we examined both
these outcomes and synthesized evidence across the cog-
nitive functioning continuum.

To our knowledge, this systematic review included so
far the largest number of longitudinal studies (N = 47),
facilitating a better powered and more robust meta-analy-
sis evaluating and strengthening the existing evidence.
Previous meta-analyses did not account for multiple
effect estimates originating from a single cohort and com-
bined different effect estimate types, which may have
affected the pooled estimates. We have addressed this by
incorporating one estimate from each cohort and gener-
ating pooled estimates from comparable effect estimate
types. We also accounted for reverse causality in our
analysis.

The limitations of this work include consideration of
English language publications only. Quality assessment
criteria might also have limitations on internal validity.
Moreover, it was not possible to account for periodontal
treatment, severity, and length of exposure. In the case
of tooth loss, the exact cause was not known. Due to
substantial variability in cognitive tests and definitions
of cognitive decline in included studies, it was not possi-
ble to reliably separate pathological impairment/MCI
from other types of cognitive decline (e.g., age-related)
that may not necessarily progress to dementia. Also,
available cognitive decline studies did not clearly specify
if incident dementia had been excluded from their
analyses.

CONCLUSIONS AND FUTURE
DIRECTIONS

Poor periodontal health may increase the risk of both
cognitive decline and dementia. The overall quality of
evidence was low, and several areas of periodontal-cogni-
tive health interplay remain to be investigated. From a
clinical perspective, our findings emphasize the impor-
tance of monitoring and management of periodontal
health in the context of dementia prevention, although
the available evidence is not yet sufficient to point out
clear ways for early identification of at-risk individuals,
and the most efficient measures to prevent cognitive dete-
rioration. However, given the impact of cognitive

deterioration on periodontal health, oral health profes-
sionals are well-placed to track and intervene in early
changes in periodontal health and oral self-care, but only
if dental healthcare services are sustained over time and
adequate oral health support is provided in the home set-
ting when deterioration in self-care is identified. Impor-
tantly, our results clearly indicate several key
recommendations for future studies on periodontal and
cognitive health to improve the state of current evidence
and address these gaps (Figure 4).
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Figure S1. Meta-analysis for association between poor
periodontal health and cognitive decline (when individ-
ual exposure categories were entered). (A) Association of
Poor Periodontal Health* and Cognitive Decline. *Peri-
odontitis, PPDs, ABL, and tooth loss. (B) Association of
Periodontitis-specific measures* and Cognitive Decline.
*Periodontitis, PPDs, and ABL. (C) Association of Tooth
Loss (low vs. high tooth count) and Cognitive Decline.
(D) Association of Complete Tooth Loss (0 teeth remain-
ing vs. at least 1 teeth remaining) and Cognitive Decline.
(E) Association of Partial Tooth Loss (low tooth count vs.
high tooth count, excluding 0 teeth remaining) and Cog-
nitive Decline

Figure S2. Meta-analysis for association between Poor
Periodontal Health and Dementia (when individual expo-
sure categories were entered). (A) Association of Poor
Periodontal Health* and Dementia. ¥*Periodontitis, PPDs,
ABL, and tooth loss. (B) Association of Periodontitis-spe-
cific measures* and Dementia. *Periodontitis, PPDs, and
ABL. (C) Association of Tooth Loss (low vs. high tooth
count) and Dementia. (D) Association of Complete Tooth
Loss (0 teeth remaining vs. at least 1 teeth remaining)
and Dementia. (E) Association of Partial Tooth Loss (low
tooth count vs. high tooth count, excluding 0 teeth
remaining) and Dementia.

Figure S3. Meta-analysis for association between poor
periodontal health and cognitive decline (when only
studies with clear exclusion of dementia and cognitive
decline at baseline were included). (A) Association of
Poor Periodontal Health* and Cognitive Decline.

*Periodontitis, PPDs, ABL, and tooth loss. (B) Association
of Periodontitis-specific measures* and Cognitive
Decline. *Periodontitis, PPDs, and ABL. (C) Association
of Tooth Loss (low vs. high tooth count) and Cognitive
Decline. (D) Association of Complete Tooth Loss (0 teeth
remaining vs. at least 1 teeth remaining) and Cognitive
Decline. (E) Association of Partial Tooth Loss (low tooth
count vs. high tooth count, excluding 0 teeth remaining)
and Cognitive Decline.

Figure S4. Meta-analysis for association between Poor
Periodontal Health and Dementia (when studies with
<10 years of follow-up were excluded). (A) Association of
Poor Periodontal Health* and Dementia. *Periodontitis,
PPDs, ABL, and tooth loss. (B) Association of Periodonti-
tis-specific measures* and Dementia. *Periodontitis,
PPDs, and ABL. (C) Association of Tooth Loss (low vs.
high tooth count) and Dementia. (D) Association of Com-
plete Tooth Loss (0 teeth remaining vs. at least 1 teeth
remaining) and Dementia. (E) Association of Partial
Tooth Loss (low tooth count vs. high tooth count, exclud-
ing 0 teeth remaining) and Dementia.

How to cite this article: Asher S, Stephen R,
Mintyld P, Suominen AL, Solomon A. Periodontal
health, cognitive decline, and dementia: A
systematic review and meta-analysis of
longitudinal studies. J Am Geriatr Soc. 2022;70(9):
2695-2709. doi:10.1111/jgs.17978


info:doi/10.1111/jgs.17978

	Periodontal health, cognitive decline, and dementia: A systematic review and meta-analysis of longitudinal studies
	INTRODUCTION
	Key points
	Why does this paper matter?
	METHODS
	Definition of periodontal health
	Definition of cognitive decline
	Search strategy
	Inclusion criteria
	Population (P)
	Exposure (E)
	Outcome (O)

	Quality assessment
	Study selection and data extraction
	Meta-analysis
	Addressing reverse causality

	RESULTS
	Quality assessment
	Poor periodontal health and cognitive decline
	Associations
	Periodontitis-specific measures
	Tooth loss

	Poor periodontal health and dementia
	Associations
	Periodontitis-specific measures
	Tooth loss

	Meta-analysis
	Poor periodontal health and cognitive decline
	Poor periodontal health and dementia

	Accounting for reverse causality

	DISCUSSION
	Impact of reverse causality
	Mechanisms underlying periodontal-cognitive associations
	Strengths and limitations

	CONCLUSIONS AND FUTURE DIRECTIONS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST
	SPONSOR'S ROLE
	REFERENCES


