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ABSTRACT

Background: Recent research suggests a potential link between tooth loss and cognitive decline among the elderly population,
but longitudinal evidence remains limited.

Aim: This meta-analysis aims to investigate the longitudinal relationship between dentition status (tooth loss/edentulism) and
cognitive outcomes (dementia/MCI) in aging populations.

Method: A systematic search was conducted across PubMed, Scopus, and Web of Science up to February 2025. Twenty-one
longitudinal studies (IN=35744989 participants) meeting inclusion criteria were analysed. Pooled odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated using random- or fixed-effects models. Study quality was assessed via the Newcastle-
Ottawa Scale.

Results: Longitudinal evidence supports a connection between tooth loss and cognitive decline. Specifically, tooth loss was asso-
ciated with increased risks of dementia (OR =1.26 [1.07, 1.49]) and MCI (OR =1.40 [1.14, 1.71]). Edentulism showed higher risks
(dementia: OR=1.16 [1.09, 1.23]; MCI: OR=1.90 [1.07, 3.35]). Subgroup analyses revealed greater risks in women and Western
populations. Denture use mitigated dementia risk in individuals with tooth loss (OR =1.03 [0.82, 1.28]).

Conclusion: Tooth loss may accelerate cognitive decline, with more severe loss correlating to greater deterioration. Dentures
could help mitigate this effect by restoring chewing function. Given that tooth loss is a modifiable risk factor for cognitive impair-
ment, preventive dental care and timely prosthodontic treatment may play a protective role in maintaining brain health among
older adults.

1 | Introduction prevalent subtype [2-4]. Other than affecting the quality of life

of patients, dementia generates considerable economic burdens

Dementia is a prominent global issue, particularly in aging pop-
ulations. According to the Global Burden of Disease (GBD) 2019
Dementia Forecasting Contributors, the anticipated rise in the
number of individuals diagnosed with dementia will rise from
57.4 million to 152.8 million by 2050 [1]. Dementia is featured
by language disability, memory deficit, and mobility dysfunc-
tion, with Alzheimer's disease (AD) referred to be the most

on the healthcare system, communities, and families [5, 6]. As
a progressive and incurable condition, dementia is expected to
pose substantial challenges to future societies, especially in the
context of increasingly severe aging populations. Mild cogni-
tive impairment (MCI), which is commonly considered as the
early middle stage of cognitive decline, can be difficult to dis-
tinguish from normal aging due to its tendency to not interfere
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with autonomous daily activities [7]. Due to the fact that MCI
can progress and converse into dementia, it often works as an
early indicator of dementia [8].

Since dementia is highly prevalent and devastating, targeting
changeable risk factors is critical for prevention. Numerous
studies have explored potential risk factors contributing to
cognitive impairment. Several common and unmodifiable risk
factors have been determined, including gender, race, cardiovas-
cular disease, diabetes, and unhealthy lifestyle habits [7, 9]. In
recent 20years, oral health has become to be identified as a rel-
evant factor in cognitive function and has gained accumulating
attention [10, 11].

Tooth loss, a prevalent oral health condition, affects individ-
uals worldwide. According to a report by the World Health
Organization (WHO), the prevalence of complete tooth loss is
estimated to be 23% among individuals aged 60 and above, with
a huge disparity between low-income countries (11.7%) and
high-income countries (25.4%) [12]. Generally, tooth loss has a
negative impact on linguistic function, aesthetics, mastication,
self-esteem, and the well-being related to oral health [13, 14].
Furthermore, in addition to altering dietary patterns, tooth loss
may directly contribute to digestive system disorders, including
gastric irritation [15, 16].

Growing research points to a possible relationship among tooth
loss and impaired cognitive function. Earlier cross-sectional re-
search demonstrated that preserving more teeth correlated with
better cognitive performance, with a cutting-off point of 20.5
which is close to the guided number of ‘8020’ recommended by
WHO [17, 18]. Tooth loss in the mice model was found to cause
spatial learning disability due to the decreased myelin sheath
and postsynaptic [19]. Parallel findings were observed in eden-
tulous individuals, who exhibited a decrease in grey matter vol-
ume in memory- and cognition-related regions, including the
hippocampus, caudate nucleus, and temporal pole [20]. The sub-
sequent compromised cognitive performance can be partially
restored by the use of functional prostheses through improved
mastication as prosthetic rehabilitation can increase regional
blood flow and regional cerebral activity [21, 22].

Although extensive research has examined the association be-
tween dentition status and cognition and the biological pathways
involved, however, a causal relationship cannot be determined
in cross-sectional studies. Clarifying this relationship holds
significant clinical value, as it may yield preventive strategies
against cognitive decline initiation and progression. Therefore,
this study aims at investigating the potential causal links be-
tween dentition status and cognitive performance through lon-
gitudinal studies.

2 | Methods
2.1 | Search Strategy

This present study was performed under the guideline of
PRISMA [23]. We performed a systematic literature search
across three databases (Scopus, PubMed, and Web of Science)
for English-language articles published up to February 2025.

The search strategy combined the terms (cognitive decline OR
Alzheimer's disease OR dementia) AND (tooth loss OR eden-
tulism). Since this meta-analysis synthesises data from obser-
vational studies (rather than interventional trials), PROSPERO
does not require registration for this study type.

The systematic search was carried out independently by two in-
vestigators (HMC and LJ) to ensure reliability. The third viewer
(HC) would join and make discussions till a consensus was
achieved when there is any disagreement. The titles were first
examined to find the eligible studies. Then, the abstracts and
full texts were scanned. Replicates were removed and the arti-
cles that did not fit the inclusion criteria were discarded.

2.2 | Eligibility Criteria

This study integrated longitudinal and cohort studies that exam-
ined cognitive performance as the response variable and tooth
loss as the predictor. Additionally, cohort case—control studies
with a longitudinal design were also incorporated. Exclusion
criteria comprised studies involving animal models, systematic
reviews, and cross-sectional designs. Furthermore, studies were
excluded if they: (1) lacked full-text availability, (2) provided in-
sufficient statistical data (RR, OR, HR, or CI), or (3) focused on
non-cognitive mental disorders.

2.3 | Study Quality Evaluation and Variable
Extraction

The Newcastle-Ottawa Scale (NOS) was implemented to evalu-
ate the integrity of cohort studies [24]. Studies rated with more
than 5 stars were deemed to be of high quality and were included
in the present study.

Data extraction focused on studies examining tooth loss as the
predictive variable and dementia, Alzheimer's disease, or mild
cognitive impairment as the response variables. Dentitions
with more than 20 teeth were defined as relatively intact den-
titions [18].

2.4 | Data Analysis

A meta-analysis was performed to examine the association be-
tween tooth loss/edentulism (exposure) and MCI/dementia (out-
come). Pooled odds ratios (ORs) with 95% confidence intervals
(CIs) were computed to quantify this relationship. The origi-
nal hazard ratio (HR) values sourced from the literature were
transformed and combined with odds ratios (OR) values [25].
Moreover, the 8 values were converted into an odds ratio (OR)
value and incorporated into the meta-analysis in accordance
with the methodology outlined by Chinn [26]. A value of OR <1
suggests a reduced risk of tooth loss in cognitive performance,
while a value of OR >1 suggests an increased risk of missing
teeth in cognitive performance. The I? statistic was employed to
quantify heterogeneity. For substantial heterogeneity (12> 50%),
a random-effects model was implemented, while a fixed-effects
model was implemented for lower heterogeneity levels. Meta-
analysis was conducted in Reviewer Manager (version 5.4).
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Egger's test, combined with funnel plot, was deployed to detect
possible publication bias [27] using R version 4.2.2.

3 | Results
3.1 | Characteristics of the Included Studies

The study selection process is illustrated in Figure 1. Initially,
there are 1663 studies scanned in total from three selected data-
bases (Scopus, PubMed, Web of Science). 294 duplicates were re-
moved first. Following initial screening, the titles and abstracts
of 1369 potentially relevant articles were evaluated against the
inclusion criteria. Following this, 48 full-length articles were
examined, with those focusing on baseline dementia being ex-
cluded. Ultimately, 21 eligible studies were analysed quantita-
tively. The quality assessment was performed using the NOS
scale (Table 1), with the included studies receiving scores rang-
ing from 5to0 9.

Table 2 provided a summary of the characteristics in the in-
cluded studies, which were published during the period from
2012 [36] to 2025 [40]. The whole number of participants reached
35744989, with a mean tracking period of 8.87years. Of the 21
included studies, two studies targeted at the Swedish population
[28, 29], one study focused on the Finish population [38], one
study used data from the TriNetX platform in the US [45], and
the other 17 studies focused on the Asian population [30-37,
39-44,46-48] (8 in Japan, 4 in Korea, and 5 in China).

Three studies had a sample population less than 1000 [31, 34, 46],
twelve studies had a population of more than 10000 participants
[29, 30, 35, 37, 40-45, 47-48], the other six research had a sam-
ple population between 1000 to 10000 [28, 32, 33, 36, 38-39)].
Various methods of dementia diagnosis were utilised, includ-
ing professional diagnosis, the Mini-Mental State Examination
(MMSE), modified questionnaires, and interviews. MMSE
[28, 31, 32, 34, 35, 38, 40] and professional diagnosis [28-30, 36,
37, 39, 43-45] were the most commonly used tests, both being
employed in seven out of 21 studies. Seventeen studies recruited
participants who were aged over 60years [28, 30-37, 39-43,

1,663 records screening identified
through databases

~
294 duplicates excluded
J
1,369 records screened through
title, abstract
Records  excluded n=l,321:\
animal study, review, meta-
analysis, cross-sectional study
Full-text articles assessed for
eligibility: n=48
~
Study excluded for baseline
dementia: n=27
J

Studies included in this
review: n=21

FIGURE1 | Search process under the PRISMA guideline.

45-47], while other studies included a younger population which
was more than 30years old or 40years [29, 38, 44, 48].

3.2 | Study Outcome and Cognition Measurement

Fourteen articles utilised dementia as the outcome variable [28—
30, 32, 34-39, 42-45], while the nine articles used MCI as the
outcome variable [32, 33, 36, 38, 40, 41, 46, 47, 49], Additionally,
two studies examined both MCI and dementia. Diagnosis of de-
mentia was identified through medical diagnosis in six articles
[28, 29, 39, 43-45], and one employed a comprehensive cogni-
tive test battery, including the Mini-Mental State Examination
(MMSE), Delayed Word Recall Test, Beck Depression Inventory
(BDI), and Verbal Fluency Task [37].

Diagnosis of MMSE was used for mild cognitive decline as-
sessment with one article defining <27 as MCI [32], one arti-
cle defining <24 as MCI [34], and another one having stratified
MMSE criteria according to different education levels. One re-
search used MMI, which is a more detailed criterion of cogni-
tive impairment including MMSE, as a diagnostic test method
[33]. Other studies assessed cognitive status using various tools
and methods, including the SPMSQ (Short Portable Mental
Status Questionnaire) [41], the Montreal Cognitive Assessment
(MoCA) [46], the Activities of Daily Living (ADL) Independence
Assessment Criteria for Older Individuals with Dementia Scale
[42], subjective cognitive complaints, and interviews [48].

Four studies examined both female and male populations, while
only two provided OR value in both sexes [28, 35]. Seven studies
focused on edentulism [28, 29, 33, 38, 40-42]. Three studies eval-
uated the influence of denture on cognitive function [31, 38-39].

3.3 | Association Between Dentition Status
and Dementia

Thirteen of the fourteen studies demonstrated a positive cor-
relation between tooth loss and dementia. A dose-dependent
association was observed between the severity of dentition im-
pairment and the degree of cognitive decline, with more exten-
sive tooth loss correlating with progressively worse dementia
status [28, 29, 31, 36, 37, 50]. The pooled odds ratio among the 14
studies that examined the relationship between tooth loss and
dementia was 1.26 [1.07, 1.49], with a high degree of heterogene-
ity (I?=99%, p=0.06) (Figure 2a). Four studies investigated the
impact of edentulism on dementia and the pooled OR was 1.16
[1.09, 1.23] (I2=0%, p <0.001) (Figure 2b) [28, 29, 38, 42].

The pooled OR among men and female was also detected. A
slightly elevated OR value was detected among the female group
and male group, 1.22 [1.09, 1.38] and 1.34 [1.21, 1.49], respec-
tively (Figure 2c).

The pooled OR among Asian population was 1.09 [1.08, 1.11],
while it is 1.69 [1.66, 1.72] in the Western inhabitants. A sub-
stantial disparity was observed among various populations
(p<0.001) (Figure 2d). Three studies investigated the impact of
denture on dementia; the pooled OR value was 1.03 [0.82, 1.28]
(Figure 2e).
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a) Tooth loss and dementia

0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, d 95% ClI v, d 95% CI
Takashi Miyano et al. 2024 -0.0736 0.1286 7.1% 0.93 [0.72, 1.20] -
Jung Eun Yoo et al. 2023 0.0257 0.0111 8.4% 1.03 [1.00, 1.05]
Fei He et al. 2023 0.0677 0.0244 8.4% 1.07 [1.02, 1.12] g
Sakura Kiuchi et al. 2024 0.1319 0.0243 8.4% 1.14 [1.09, 1.20] -
Christina S. Dintica et al. 2018 0.1398 0.0868 7.8% 1.15 [0.97, 1.36] ™
Ji Hee Kim et al. 2021 0.1398 0.0368 8.3% 1.15[1.07, 1.24] o
Jin-Joo Yoo et al. 2019 0.1655 0.0149 8.4% 1.18[1.15,1.21] -
Shuyu Xu et al. 2021 0.2469 0.0458 8.2% 1.28[1.17, 1.40] -
Yi-Wen Chen et al. 2025 0.2616 0.1407 6.9% 1.30[0.99, 1.71] ~
Miyuki Nagatani et al. 2022 0.2624 0.1339 7.0% 1.30[1.00, 1.69] —"
Sam Asher et al. 2023 0.4187 0.1423 6.8% 1.52 [1.15, 2.01] _
Tatsuo Yamamoto et al. 2012 0.6152 0.2939 4.2% 1.85[1.04, 3.29] —
Mihir S. Kulkarni et al. 2023 0.6249 0.011 8.4% 1.87[1.83, 1.91] .
Sho Saito et al. 2018 1.1969 0.5762 1.7% 3.31[1.07, 10.24]
Total (95% CI) 100.0% 1.26 [1.07, 1.49] &
Heterogeneity: Tau? = 0.09; Chi? = 1700.81, df = 13 (P < 0.00001); I* = 99% ’001 031 150 100’
Test for overall effect: Z = 2.75 (P = 0.006) Lower risk of dementia Higher risk of dementia
b) Edentulism and dementia
Odds Ratio Odds Ratio
Study or group log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Christina S. Dintica et al. 2018 0.1398 0.0868 13.2% 1.15[0.97, 1.36]
Fei He et al. 2023 0.2624 0.0899 12.3% 1.30[1.09, 1.55] -
Sakura Kiuchi et al. 2024 0.1222 0.0375 70.9% 1.13[1.05, 1.22]
Sam Asher et al. 2023 0.3075 0.1672 3.6% 1.36[0.98, 1.89]
Total (95% CI) 100.0% 1.16 [1.09, 1.23] )
Heterogeneity: Chi? = 3.01, df = 3 (P = 0.39); I* = 0% o1 o 1 T 100
Test for overall effect: Z = 4.70 (P < 0.00001) Lower risk of dementia Higher risk of dementia
¢) Gender and dementia
0Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight 1V, Fixed, 95% CI 1V, Fixed, 95% ClI
3.2.1 Female
Ji Hee Kim et al. 2021 0.2546 0.086 20.3% 1.29[1.09, 1.53] -
Shuyu Xu et al. 2021 0.3148 0.0676 32.9% 1.37[1.20, 1.56] -
Subtotal (95% CI) 53.2% 1.34[1.21, 1.49] ¢
Heterogeneity: Chi? = 0.30, df = 1 (P = 0.58); I = 0%
Test for overall effect: Z = 5.49 (P < 0.00001)
3.2.2 Male
Ji Hee Kim et al. 2021 0.2151 0.0897 18.7% 1.24[1.04, 1.48] i
Shuyu Xu et al. 2021 0.1823 0.073 28.2% 1.20[1.04, 1.38] bd
Subtotal (95% CI) 46.8% 1.22 [1.09, 1.36] ¢
Heterogeneity: Chi? = 0.08, df = 1 (P = 0.78); I = 0%
Test for overall effect: Z = 3.45 (P = 0.0006)
Total (95% CI) 100.0% 1.28 [1.19, 1.38] ¢
Heterogeneity: Chi? = 1.93, df = 3 (P = 0.59); I = 0% 5001 0’1 130 100‘
Test for overall effect: Z = 6.36 (P,f 0.00001) ) Lower risk of dementia Higher riks of dementia
Test for subgroup differences: Chi? = 1.54, df = 1 (P = 0.21), I = 35.2%
d) Population and dementia
0Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, 95% CI v, 95% Cl
3.8.1 Asian
JiHee Kim et al. 2021 0.1398 0.0368 8.0% 1.15[1.07, 1.24] -
Jin-Joo Yoo et al. 2019 0.1655 0.0149  8.1%  1.18[1.15, 1.21] .
Jung Eun Yoo et al. 2023 0.0257 0.0111 8.1% 1.03 [1.00, 1.05]
Kyung-A Ko et al. 2021 0.1781 0.0783 7.6% 1.19[1.02, 1.39] ~
Sakura Kiuchi et al. 2024 0.1319 0.0243 8.1% 1.14[1.09, 1.20] -
Sho Saito et al. 2018 1.1969 0.5762 1.7% 3.31[1.07, 10.24]
Shuyu Xu et al. 2021 0.2469 0.0458 7.9% 1.28[1.17, 1.40] -
Takashi Miyano et al. 2024 -0.0736 0.1286 6.8% 0.93 [0.72, 1.20] -
Taro Kusama et al. 2023 -0.0736 0.1286 6.8% 0.93 [0.72, 1.20] -1
Yi-Wen Chen et al. 2025 0.2616 0.1407 6.6% 1.30[0.99, 1.71] —
Subtotal (95% CI) 69.7% 1.14 [1.06, 1.22] ¢
Heterogeneity: Tau? = 0.01; Chi? = 85.45, df = 9 (P < 0.00001); I = 89%
Test for overall effect: Z = 3.64 (P = 0.0003)
3.8.2 Western
Christina S. Dintica et al. 2018 0.1398 0.0868 7.5% 1.15[0.97, 1.36]
Fel He et al. 2023 0.0677 0.0244 8.1% 1.07 [1.02, 1.12] "
Mihir S. Kulkarni et al. 2023 0.6249 0.011 8.1% 1.87[1.83,1.91] .
Sam Asher et al. 2023 0.4187 0.1423  6.6%  1.52[1.15,2.01] —
Subtotal (95% CI) 30.3% 1.37 [0.93, 2.00] o
Heterogeneity: Tau? = 0.15; Chi? = 453.99, df = 3 (P < 0.00001); I* = 99%
Test for overall effect: Z = 1.60 (P = 0.11)
Total (95% CI) 100.0%  1.21[1.03, 1.43] &
Heterogeneity: Tau? = 0.09; Chi? = 1707.22, df = 13 (P < 0.00001); I> = 99% '0 o1 0'1 1‘ 100‘

0
Test for overall effect: Z = 2.30 (P = 0.02) Lower risk of dementia Higher risk of dementia

Test for subgroup differences: Chi? = 0.85, df = 1 (P = 0.36), I> = 0%

FIGURE2 | Meta-analysis results. (a) Forest plot demonstrating the impact of tooth loss on dementia; (b) Forest plot demonstrating the impact of
edentulism on dementia; (c) Forest plot demonstrating the impact of gender on dementia; (d) Forest plot demonstrating the impact of population on
dementia; (e) Forest plot demonstrating the impact of denture use on dementia; (f) Forest plot demonstrating the impact of tooth loss on mild cogni-
tive impairment; (g) Forest plot demonstrating the influence of edentulism on mild cognitive impairment; (h) Forest plot demonstrating the influence
of population on mild cognitive impairment.
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¢) Denture and dementia

Odds Ratio
SE Weight IV, Rand

Study or Subgroup log[Odds Ratio]

Odds Ratio
95% CI v, d 95% CI

Kyung-A Ko et al. 2021
Sam Asher et al. 2023
Yi-Wen Chen et al. 2025

0.0421 0.0493 49.3%
0.3646 0.2176 17.7%
-0.1815 0.1217 33.0%

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.02; Chi® = 5.43, df = 2 (P = 0.07); I = 63%
Test for overall effect: Z = 0.23 (P = 0.82)

1.04 [0.95, 1.15]
1.44[0.94, 2.21]
0.83 [0.66, 1.06]

1.03 [0.82, 1.28]

0.01 0.1 10 100
Lower risk of dementia Higher risk of dementia

f) Tooth loss and MCI
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE g v, 95% CI \'A 95% CI

Chen Jung-Tsu et al.2024 0 0.0538 13.3% 1.00 [0.90, 1.11] T

Li Yang et al. 2023 0.6729 0.2017 9.1% 1.96 [1.32, 2.91] -

Miyuki Nagatani et al. 2022 0.2642 0.028 13.7% 1.30 [1.23, 1.38] -

Nozomi Okamoto et al. 2015 0.4511 0.3978 4.5% 1.57 [0.72, 3.42] T

Sam Asher et al. 2023 0.2624 0.109 12.0% 1.30 [1.05, 1.61] =

Satomi Shimada et al. 2025 0.1222 0.0231 13.7% 1.13 [1.08, 1.18] -

Taro Kusama et al. 2023 0.0953 0.0286 13.7% 1.10 [1.04, 1.16] -

Tatsuo Yamamoto et al. 2012 0.6152 0.2939 6.5% 1.85 [1.04, 3.29] —

Yi-Chang Chou et al. 2024 0.854 0.0383 13.5% 2.35[2.18, 2.53] .

Total (95% CI) 100.0% 1.40 [1.14, 1.71] <

Heterogeneity: Tau? = 0.08; Chi? = 335.78, df = 8 (P < 0.00001); I* = 98% ’002 011 1’0 505

Test for overall effect: Z = 3.23 (P = 0.001) ' Higﬁer risk of MCI Lower risk of MCI
g) Edentulism and MCI

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, d 95% CI v, d 95% CI

Nozomi Okamoto et al. 2015 0.8713 0.2445 30.1% 2.39[1.48, 3.86] =

Satomi Shimada et al. 2025 0.1906 0.0724 37.4% 1.21[1.05, 1.39] L

Yi-Chang Chou et al. 2024 0.94 0.197 32.5% 2.56 [1.74, 3.77] —

Total (95% CI) 100.0% 1.90 [1.07, 3.35] -

Heterogeneity: Tau? = 0.22; Chi? = 18.18, df = 2 (P = 0.0001); I = 89% I + T t J

Test for overall effect: Z = 2.20 (P = 0.03) 0.01 Lovye.rlrlsk of MCIlHIgher rlsklc?f Mcl 100
h) Population and MCI

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Rand 95% CI IV, Rand 95% ClI

Chen Jung-Tsu et al.2024 0 0.0538 14.9% 1.00 [0.90, 1.11] r

Li Yang et al. 2023 0.6729 0.2017 11.3% 1.96 [1.32, 2.91] —_

Miyuki Nagatani et al. 2022 0.2624 0.1339 13.2% 1.30 [1.00, 1.69] =

Nozomi Okamoto et al. 2015 0.4511 0.3978 6.4% 1.57 [0.72, 3.42] 1T

Satomi Shimada et al. 2025 0.1222 0.0231 15.2% 1.13 [1.08, 1.18] ol

Taro Kusama et al. 2023 0.0953 0.0286 15.2% 1.10 [1.04, 1.16] o

Tatsuo Yamamoto et al. 2012 0.6152 0.2939 8.7% 1.85 [1.04, 3.29] —

Yi-Chang Chou et al. 2024 0.854 0.0383 15.1% 2.35[2.18, 2.53] =

Total (95% CI) 100.0% 1.43 [1.10, 1.85] <&

Heterogeneity: Tau? = 0.11; Chi? = 334.59, df = 7 (P < 0.00001); I> = 98% =0 o1 051 y 1003

Test for overall effect: Z = 2.70 (P = 0.007)

FIGURE2 | (Continued)

3.4 | Association Between Dentition Status
and Mild Cognitive Decline

Seven out of nine studies detected an association between
tooth loss and MCI, with a pooled OR=MCI of 1.40 [1.14, 1.71]
(I*=89%, p=0.001) (Figure 2f). The larger amount of tooth
loss correlates with inferior cognitive statuses. Three studies
[33,40-41] investigated the impact of edentulism on dementia; a
pooled OR was 1.90 [1.07, 3.35] (I?=89%, p <0.001) (Figure 2g),
higher than general tooth loss.

As there were no studies on MCI in Western populations, the
pooled odds ratio was calculated only among populations from
Asian countries, resulting in a value of 1.43 [1.10, 1.85] (Figure 2h).

3.5 | Publication Bias Assessment
Funnel plots were used to evaluate publication bias in this study.

The funnel plot did not exhibit any significant asymmetry in
the associations between tooth loss and MCI, as well as tooth

10
Lower risk of MCI Higher risk of MCI

loss and dementia, as determined by visual inspection. The ab-
sence of substantial publication bias was further corroborated
by Egger's test, which yielded p-values of 0.534 for tooth loss and
dementia and 0.635 for tooth loss and MCI (Figure 3).

4 | Discussion

Our research examined the precise correlation between cogni-
tive decline and tooth loss in longitudinal studies that enrolled
35744989 participants. This research represents the most com-
prehensive review of longitudinal cohort studies that investigate
the relationship between cognitive impairment and tooth loss.
In comparison to prior systematic reviews [50-54], our study
provides a greater statistical power to identify potential inter-
play between compromised dentition and cognition by integrat-
ing data from 21 original longitudinal studies with an average
tracking period of 8.87years.

The findings suggested that lost teeth increase the likelihood of
dementia by 1.26 times and cognitive decline by 1.40 times.
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FIGURE 3 | Funnel plot showing publication bias. (a) A funnel dia-
gram that illustrates the publication bias in the studies included in the
analysis of the relationship between tooth loss and dementia. (b) A fun-
nel diagram that illustrates the publication bias in the included stud-
ies regarding the relationship between mild cognitive impairment and
tooth loss.

Potential mechanisms in tooth-loss-cognition-link have been
explored previously. Research involving human participants
has demonstrated changes in brain volume and function among
individuals with tooth loss [28, 55]. Complementing these find-
ings, laboratory studies using animal models have provided fur-
ther insights. For example, rodents that lost their teeth exhibited
a decrease in the number of neurons in the hippocampus [56].
Additionally, impaired synaptic function and delayed nerve
growth were reported in Sprague-Dawley (SD) rats with tooth
loss [57]. Research conducted on animal models has suggested
that the decrease in afferent stimulation of peripheral receptors,
which may be a consequence of the loss of occlusal support, may
contribute to neurodegenerative symptoms [58]. The potential
pathways connecting tooth loss to cognitive impairment can
be summarised into three key mechanisms: (1) dysfunction of
peripheral receptors, (2) neurodegenerative changes caused by
nutrition deficit, and (3) oxidative stress induced by chronic in-
flammation [58]. Collectively, these studies suggest that tooth

loss may negatively impact brain structure and function, po-
tentially through reduced sensory input and decreased neural
stimulation.

An insight into the dose-dependent impact of tooth loss on cog-
nitive performance can be shown in the OR ratio of the eden-
tulous group compared to dentate people. The higher OR ratio
in the edentulous group (1.16 [1.09, 1.23] for dementia and 1.90
[1.07, 3.35] for MCI) means that the severity of tooth loss has a
proportionally enhanced effect on cognitive decline. The results
are consistent with published cohort studies [59, 60]. The under-
lying reason can be largely explained by poorer mastication abil-
ity and a severe decrease in sensory stimulation from the dental
cavity to the brain caused by edentulism [61].

On the other hand, tooth loss may be partially compensated
by the application of prostheses. This is supported by our find-
ings, which indicated a nonsignificant impact of tooth loss on
dementia risk among denture wearers, suggesting that dentures
may mitigate the negative impacts of tooth loss on cognitive per-
formance. This protective effect of dentures is partially due to
the restoration of mastication ability and neurosensory stimu-
lation conduction [62, 63]. Previous research has demonstrated
that mastication acted as a modulator of hippocampal function,
promoting its functional reversibility [64]. Furthermore, animal
studies have shown that enhanced chewing ability can rescue
stress-induced suppression of chronic potentiation in the hippo-
campus, thereby positively influencing cognitive cognition [65].

Furthermore, maintaining proper oral hygiene can mitigate the
likelihood of cognitive impairments associated with missing
teeth as reported in Jung's study [31]. These findings indicate that
localised oral inflammation serves as a critical biological link be-
tween dentition and cognitive health, highlighting dental plaque
management as a modifiable dementia prevention target. It is im-
portant to acknowledge that individuals with more robust cog-
nitive abilities are generally more proactive in their oral hygiene
practices, whereas those with weaker cognitive abilities may face
challenges in independently managing their oral health [54].

In our subgroup analysis, the disparity between genders was
spotted in tooth loss-related cognitive decline with a greater
risk found in the female group. This discovery is consistent
with prior research that has demonstrated that the sex of the fe-
male individual is a distinct risk factor for the development and
progression of dementia [66, 67]. Likewise, a higher incidence
of dementia was also reported in the female subset in previous
studies conducted in Europe [68, 69]. One potential explanation
for this disparity may be the role of APOE, a major susceptibility
gene for dementia, which appears to have a more pronounced
impact on women [70, 71]. In addition to genetic factors, the lon-
ger life expectancy of women compared to men may indirectly
contribute to their increased risk of both tooth loss and cognitive
deficit.

Various diagnostic tools were utilised in the studies included,
with the professional diagnosis being the most commonly em-
ployed tool, while others utilised modified versions of the MMSE,
interviews, or scales. Although MMSE score has a high accu-
racy specificity in the screening of dementia, it cannot replace
professional diagnosis [72, 73]. Therefore, it is critical to note
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that studies based on the MMSE test, as well as other diagnostic
interviews or scales, for dementia identification may potentially
introduce bias by not prioritising professional diagnosis. In the
present review, it is important to note that the cutting-off points
used differed greatly in the diagnosis of MCI: One study chose
27 as the cutting-off point [32], with another using 24 as the cri-
terion [34]. Whereas previous literature reviews indicate that
the MMSE cutoff score of 27 is widely adopted, as it provides an
optimal balance between sensitivity and specificity [74]. Such a
kind of diagnostic difference in this project might be a source of
high heterogeneity in this meta-analysis.

There are some limitations in this review and meta-analysis.
Firstly, the preservation of teeth may be influenced by cognitive
function, as individuals with dementia frequently experience
symptoms such as physical dysfunction and difficulty sustain-
ing oral health. The reverse impact of cognitive function on tooth
loss remains to be investigated in the future, as the current study
did not concentrate on the reverse causality. Secondly, the fact
that women are at a higher risk of cognitive impairment than
males suggests that gender stratification should be investigated
in future research. Lastly, longitudinal studies investigating
confounding factors are required to elucidate the interconnec-
tions between tooth loss and cognition, as well as the potential
relationship among the confounders.

5 | Conclusion

The current review emphasises that tooth loss may serve as
an important risk factor for the development of dementia and
mild cognitive decline. Results elucidated the causal relation-
ship between cognitive function and tooth loss through longi-
tudinal studies. The risk of cognitive decline is associated with
the severity of dental loss, as indicated by the studies that were
included. Development of cognitive decline is more prevalent
among women. Dentures can be employed to mitigate the in-
crease in risk associated with tooth loss.

From a clinical perspective, this systematic review and meta-
analysis offer clinical evidence of the impact of tooth loss on
mild cognitive impairment and dementia, emphasising the im-
portance of dental preservation and restoration in terms of cog-
nition. Our work provides an update of relevant research and
deepens the understanding of tooth loss and cognitive impair-
ment. The elucidation of the impact of tooth loss on cognitive
decline and dementia is beneficial for the elderly population in
order to achieve healthy longevity.
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