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Objective: Both tooth loss and dementia are age-related and frequently-occurring
diseases. Increasing attention has been given to explore the pathogenesis related
to oral-brain function disorders. The present study was performed to evaluate the
association between tooth loss and dementia through a dose-response meta-analysis.

Methods: Relevant cohort studies were searched from online databases up until June
20, 2018, which examined the association between tooth loss and the risk of dementia.
Literature selection according to inclusion and exclusion criteria, as well as data extraction
from included studies were completed independently by two reviewers. Data syntheses
in this meta-analysis were performed using Stata 12.0 software.

Results: A total of 8 cohort studies were included, containing a total of 14,362 samples
and 2,072 dementia patients. The result of the meta-analysis indicated that patients
with tooth loss faced a 1.34 times greater risk of developing dementia (RR = 1.34,95%
Cl = 1.19-1.51). The result from this dose-response meta-analysis in a linear model,
suggested that every missed tooth might increase the risk of dementia by 1.01 times
(RR=1.01, 95%CI = 1.00-1.02). Further subgroup analyses pointed out that tooth loss
patients without dentures may have a higher risk of dementia than those with dentures
(with denture: RR = 0.98, 95% CI = 0.87-1.10; without denture: RR = 1.53, 95% ClI
= 1.19-1.97); at the same time, the study design, study area and education level of the
study participants, might also have some effect on the results.

Conclusions: Tooth loss may be a risk factor for the development of dementia. In
addition, there is a dose-response relationship with the increase of missing teeth.

Keywords: tooth loss, periodontal disease, dementia, risk factor, dose-response analysis, meta-analysis

INTRODUCTION

Tooth loss frequently occurs in patients with dental caries, periodontal diseases, tumors,
traumatism and retrogression, accompanied by masticatory dysfunction, hypotrophic absorption,
pronunciation difficulty and anile appearance. Nowadays, tooth loss is no longer regarded as a
simple local disorder, but also as a risk factor for systemic diseases, such as cardiovascular diseases
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(Cheng et al., 2018), cancers (Zeng et al., 2013; Shi et al., 2018),
obesity (Nascimento et al., 2016), stroke (Lafon et al., 2014), and
mental illnesses (Kisely et al., 2015).

Dementia is a disease with progressive degeneration of the
central nervous system, with Alzheimer’s disease (AD) as the
most common type and accounts for 60-70% of all dementia
cases (Mayeux, 2003). The main clinical features of dementia
include cognitive impairment, abnormal mind and behavior and
decreased ability of daily life. To our knowledge, both tooth loss
and dementia are common age-related diseases (Busby et al.,
2014; Lawton et al., 2015), and along with the progression
of population aging, increasing attention has been devoted to
the association between oral-brain function disorders (Lehrer
et al., 2015; Kothari et al., 2016; Pillai et al., 2018), tooth loss
and dementia (Chen et al, 2010; Minn et al., 2013; Singhrao
et al., 2014). Recently, several systematic reviews and meta-
analyses have examined the link between tooth loss and cognitive
status (Shen et al., 2016; Tonsekar et al., 2017; Oh et al,
2018). Based on existing studies, we conducted a dose-response
analysis on relevant cohort studies to provide updated evidence
on the relationship between the number of teeth lost and
dementia.

MATERIALS AND METHODS

Our study conformed to the recommended Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Moher et al., 2009).

Inclusion and Exclusion Criteria

According to the instruction of the “PICOS (population,
exposure, control, outcome, and study design),” eligible studies
were selected based on the following inclusion criteria: (1)
interested population consisted of patients suffering tooth loss
and/or dementia without restrictions on gender, age and race;
(2) interested exposure was tooth loss; (3) participants in the
control group had no tooth loss; (4) interested outcome was
referred to dementia; (5) study design restrictively followed
cohort design; and (6) with full text and relevant data as
follows: hazard ratio (HR), odds ratio (OR), relative risk (RR)
with 95% confidential interval (CI) or raw data for calculating
crude HR, OR, or RR with corresponding 95% CI. If outcomes
were duplicated or shared in more than one study from one
institution, the most comprehensive study was chosen for the
analysis.

Studies would be excluded if they conformed to any one of
the following conditions: (1) animal experiments; (2) focusing
on risk factors (such as periodontitis and caries) for tooth
loss but without risk estimation on tooth loss; (3) interested
outcomes could only be classified into clinical manifestations of
dementia (such as cognitive decline, memory impairment and
daily living ability decline), but did not conform to dementia
itself.

Search Strategy
We searched the databases of PubMed, Embase, China National
Knowledge Infrastructure (CNKI) and the International Clinical

Trial Registry Platform (ICTRP) for relevant cohort studies
published before June 20, 2018, and the references of relevant
papers were also examined to detect additional studies. The
following items were applied in literature searching: “tooth
loss” or “edentulous” or “edentulism” or “periodontal disease”
combined with “dementia” or “Alzheimer’s disease” or “risk
factor.”

Study Selection and Data Extraction

The studies finally included were selected according to inclusion
and exclusion criteria. A designed form was then utilized to
collect the following information from the included studies:
the name of the first author, year of publication, the
type of study design, study area, sample size, participants
age, follow-up duration, cognitive assessment, tooth loss
assessment, risk estimation results (OR, RR, HR with the
corresponding 95%CI), and adjustment for covariates. Both the
study selection and data extraction were conducted by two
reviewers independently, cross checked and any disagreements
over the data between the reviewers, were resolved through
discussion.

Statistical Analysis

We assessed the association between tooth loss and dementia,
through pooling RRs and corresponding 95% Cls, for the highest
risk vs. the lowest risk. HRs were directly considered to be
equivalent to RRs, and ORs were also treated equally as a
low prevalence of dementia in all populations. Additionally,
a subgroup analysis was conducted to clarify the impact of
pooled HRs and ORs on the overall result. Heterogeneity was
investigated using I? statistics and a Q test, and the fixed-effect
model was utilized when 2 < 50% and p > 0.1; otherwise the
random-effect model was preferred (Melsen et al., 2014). Further
subgroup analyses were performed based on the study area, study
design, follow-up duration, denture status and some adjustment
factors, respectively. In addition, a dose-response analysis was
also conducted to explore the relationship between tooth loss
and dementia based on a multi-category analyses according to
the number of missing teeth (Greenland and Longnecker, 1992),
and a data conversion was performed when the number of
remaining teeth was assessed. Moreover, publication bias among
included studies was examined through funnel plots and an
Egger’s test, and a symmetrical funnel plot where P > 0.05
indicated no significant publication bias (Egger et al., 1997; Song
and Gilbody, 1998). All of the statistical analyses mentioned
above were accomplished using Stata 12.0 software (Orsini et al.,
2012).

RESULTS

Study Selection and Characteristics

A total of 478 potentially relevant studies were firstly retrieved. Of
those, 357 remained after eliminating duplicates, while 56 entered
a full-text examination after assessing the titles and abstracts.
Finally, eight studies (Shimazaki et al., 2001; Stein et al., 2007;
Arrive et al., 2012; Paganini-Hill et al., 2012; Yamamoto et al,,
2012; Batty et al., 2013; Stewart et al., 2015; Takeuchi et al., 2017)
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Publications identified from PubMed, CNKI
and ICTRP databases (n=475)

Additional publications identified
from references (n=3)

v

!

Publications after duplicates removed (n=357)

A

Studies excluded through titles/abstracts (n =301)

Full-text articles assessed for eligibility (n=56)

Studies excluded (n=48)

Investigated clinical manifestations of dementias(n=23)
® Reported oral diseases without tooth loss data (n=7)

® Not cohort studies (n=16)

® Not provided necessary data (n=2)

Studies included in quantitative synthesis (n = 8)

FIGURE 1 | Flow diagram for the study selection.

were included in the meta-analysis. The detailed process is shown
in Figure 1.

The eight eligible cohort studies were published in English,
between 2001 and 2017, and included five prospective (Shimazaki
et al.,, 2001; Arrive et al, 2012; Yamamoto et al., 2012; Batty
et al,, 2013; Takeuchi et al., 2017) and three retrospective (Stein
et al, 2007; Paganini-Hill et al., 2012; Stewart et al., 2015)
cohort studies, containing a total of 14,362 samples and 2,072
dementia patients (Shimazaki et al., 2001; Stein et al., 2007; Arrive
et al., 2012; Paganini-Hill et al., 2012; Yamamoto et al., 2012;
Batty et al., 2013; Stewart et al., 2015; Takeuchi et al., 2017).
Among these studies, three reported discrete results for some
variables, including denture status (with or without dentures;
Shimazaki et al., 2001), educational level (higher or lower level;
Arrive et al, 2012), and gender (male or female; Paganini-
Hill et al., 2012). Consequently, each of these three reports
offered two independent studies for analyses, so the final meta-
analyses contained 11 datasets. Of the included publications,
eight data sets obtained from six studies provided more than
two classifications according to the number of teeth (Shimazaki
et al., 2001; Stein et al., 2007; Paganini-Hill et al., 2012; Batty
et al., 2013; Stewart et al., 2015; Takeuchi et al., 2017). And most
of the studies included, reported the results using HRs; while
the others used ORs. Most of the reports chose the number
of remaining teeth, for tooth loss assessment, but one report
(Arrive et al., 2012) adopted the number of missing teeth for the
assessment. Other influential differences also existed across the
studies included, such as study area, follow-up duration, denture
status and important risk factors. More detailed characteristics of
these studies are shown in Tables 1, 2.

Overall Analysis

The heterogeneity detected between the 11 datasets, was low
(> = 36.30%, P = 0.11), and determined the adoption of the
fixed-effect model for analysis. The analysis result indicated that
patients with tooth loss had a 1.34 times higher risk of developing
dementia (RR = 1.34,95% CI = 1.19-1.51), as shown in
Figure 2.

Dose-Response Analysis

A further analysis investigated the dose-response relationship
of the two diseases based on six studies with eight datasets
(Shimazaki et al.,, 2001; Stein et al., 2007; Paganini-Hill et al.,
2012; Batty et al.,, 2013; Stewart et al., 2015; Takeuchi et al.,
2017), as shown in Figure 3. No non-linear relationship was
detected (P 0.52) and the dose-response meta-analysis
suggested that every missing tooth might increase the risk
of dementia by 1.01 times (RR= 1.01, 95%CI= 1.00-1.02)
in a linear model, with the risk increasing to 1.18 times,
when the number of missing teeth went up to 20 (RR=
1.18, 95%CI= 1.10-1.27). Correspondingly, edentulous cases
faced a 1.31 times higher risk of dementia (RR= 1.31, 95%CI
=1.17-1.47).

Subgroup Analyses

The subgroup analyses further discussed some influential factors
and assessed the stability of the results according to the type of
study design, study area, follow-up duration, denture status, risk
expression, and adjustments for confounding factors, as shown
in Table 3. No significant differences were found in the subgroup
analyses, based on of follow-up duration, risk expression,
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TABLE 1 | Characteristics of included studies.

Study Regions; Name Study Age(years) Follow-up Sample Cognitive Tooth loss Results
of cohort design times size nent nent
(years)
Shimazaki Japan; Kitakyushu  Prospective 59-107 6 156/517  Medical records; Number of With denture, OR (95%Cl)
etal., 2001 City cohort Incident and remaining teeth 1-19 teeth: OR 1.9
mortality dementia  (reference >20 (0.8-4.6)
teeth) Edentulous:1.7 (0.7-4.0)
Without denture, OR
(95%Cl)
1-19 teeth: 2.3 (0.9-5.8)
Edentulous: 2.4 (0.9-6.5)
Stein et al., USA; the Nun Retrospective 40-75 12 32/144  the Mini-Mental Number of HR (95%Cl):
2007 Study cohort State Examination  remaining teeth 17-28: Reference
and Activities of excluding 10-16:HR 0.4 (0.10-1.76)
Daily Living; non-third molars 1-9:HR 1.8 (0.58-5.46)
Incident dementia  (reference 10-28 0: HR 0.9 (0.25-3.12)
teeth) 10-28: Reference
0-9 teeth: HR 2.20(1.1-4.5)
Arrive et al., France; The Prospective 66-80 15 72/405  DSM-IIl Revised; Number of missing  Higher school level, HR
2012 Personnes Age’es  cohort Incident dementia  teeth (reference < (95%Cl):
QUID (PAQUID) 11 teeth) >11 teeth: 1.07(0.57-2.02)
Study Unified: 0.93(0.5-1.75) #
Lower school level:
>11 teeth: 0.30(0.11-0.79)
Unified: 3.33(1.27-8.73) #
Paganini-Hill USA; The Leisure Retrospective ~ 52-105 18 1145/5468 Follow-up Number of Men, HR (95%Cl):
etal., 2012 World Cohort cohort (median questionnaires, remaining teeth 16-25 teeth: 1.17
Study 81) hospital records, (reference >26 (0.86-1.58)
death certificates, teeth) 1-15 teeth: 1.21
and in-person (0.84-1.73)
evaluations; 0 teeth: 1.20 (0.77-1.87)
Incident dementia Women, HR (95%Cl)
16-25 teeth: 0.94
(0.80-1.10)
1-15 teeth: 0.96
(0.79-1.17)
0 teeth: 1.07 (0.84-1.36)
Yamamoto Japan; the Aichi Prospective > 65 4 220/4425 Standardized Number of HR (95%Cl)
etal, 2012 Gerontological cohort questionnaire; remaining teeth with/without dentures:
Evaluation Study Incident dementia  (reference >20 < 19 teeth: 1.01(0.67-1.51)
(AGES) Project teeth) Few teeth with dentures:
2.70 (1.84-3.94)
Few teeth without dentures
4.57 (2.63-7.94)
Batty et al., UK; Action in Prospective 55-88 5 109/1140 DSM-IV Number of HR (95%Cl):
2013 Diabetes and cohort remaining teeth 1-21 teeth: 1.24 (1.05,
Vascular disease: (reference >22 1.46)
Preterax and teeth) 0 teeth: 1.48 (1.24, 1.78)
Diamicron
Modified-Release
Controlled
Evaluation
(ADVANCE) trial
Stewart et al., Sweden; the Retrospective 25-74 37 158/697  DSM-IIl Revised; Number of Women, OR (95%Cl)
2015 Prospective cohort Incident dementia  remaining >25 teeth:
Population Study Teeth(reference 21-24 teeth:1.24
of Women (PPSW) >25 teeth) (0.74-2.09)
in Gothenburg 9-20 teeth: 1.25
(0.72-2.17)
<9 teeth: 1.81 (1.03-3.19)
Lowest vs. Highest Quartile:
1.62 (0.84-3.11)
(Continued)
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TABLE 1 | Continued

Study Regions; Name Study Age(years) Follow-up Sample Cognitive Tooth loss Results
of cohort design times size nent nent
(years)
Takeuchi Japan; The Prospective >60 5 180/1566 DSM-IIl Revised; Number of HR (95% CI)
etal., 2017 Hisayama Study cohort Incident dementia  remaining 10-19 teeth:1.62
Teeth(reference (1.06-2.46)
>20 teeth) 1-Oteeth: HR 1.81
(1.11-2.94)

0 teeth: HR 1.63 (0.95-2.80)

DSM-1V, Diagnostic and Statistical Manual of Mental Disorders-1V; HR, hazard ratio; OR, odds ratio; Cl, confidential interval; CCD, Cardiovascular and cerebrovascular diseases.

#Unified data were from the reciprocal of the original data.

TABLE 2 | Adjustment status of included studies.

Study Adjustment for covariates Adjustment
strength
Shimazaki et al., 2001 Age, physical health, type of institution, cerebrovascular disorder, denture use Weak
Stein et al., 2007 Age, education and apolipoprotein E4 allele Weak
Arrive et al., 2012 Gender, body mass index, diabetes, depression, hypertension and ischemic cardiopathy / history of Weak
brain stroke
Paganini-Hill et al., 2012 Age at entry, smoking, alcohol, caffeine, active activities, other activities, body mass index, high blood Strong
pressure, angina pectoris, heart attack, stroke, diabetes mellitus, rheumatoid arthritis, cancer, education,
head trauma, and family history of dementia
Yamamoto et al., 2012 Age, household income, body mass index, present illness, alcohol consumption, exercise, and Weak
forgetfulness
Batty et al., 2013 Age, sex, European Quality of Life-5 Dimensions (EQ-5D), socioeconomic, cigarette smoking, alcohol Strong
intake, vigorous physical activity in previous week, Hemoglobin Alc, creatinine, body mass index, total
cholesterol, HDL cholesterol, resting heart rate, systolic blood pressure, diastolic blood pressure, age at
completion of highest level of education
Stewart et al., 2015 Age, education, social class, stroke, myocardial infarction, diabetes mellitus, smoking status, systolic Strong
blood pressure, body mass index, and cholesterol level defined in quartile groups with pacifier categories
for missing data
Takeuchi et al., 2017 Sex, age, occupation, education, hypertension, diabetes mellitus, history of stroke, alcohol intake, tooth Strong

brushing frequency, regular visits to the dentist, and denture use

the strength of adjustment and adjustments for smoking,
alcohol, and cardiovascular and cerebrovascular diseases; while
significant differences were detected when stratified by the
study design, study area, denture status, and adjustment for
education. The study design was dramatically related to the
final result (Prospective cohort: RR = 1.17, 95% CI = 0.97-
1.41; Retrospective cohort: RR = 1.24, 95% CI = 1.12-1.37).
When stratified by the study area, a significant association was
only found for those conducted in Europe (Asia: RR = 1.33,
95% CI = 0.99-1.77; America: RR = 1.16 95% CI = 0.95-
1.42; Europe: RR = 1.48, 95% CI = 1.25-1.74). Eight data sets
obtained from three publications were used to analyze the risk
of dementia related to tooth loss among the patients with and
without dentures (Shimazaki et al,, 2001; Paganini-Hill et al.,
2012; Yamamoto et al., 2012) and the results showed a distinct
relationship in the no-denture group only (with denture: RR
= 098, 95% CI = 0.87-1.10; without denture: RR = 1.53,
95% CI = 1.19-1.97). A significant association was detected
for the study’s results, with an adjustment for education, while
the significance disappeared when lacking such adjustments

(Yes: RR = 1.36, 95% CI = 1.19-1.54; No: RR = 1.45, 95%
CI =0.92-2.29).

Publication Bias

The symmetry in Figure 4 is not perfect, but still implied the
absence of significant publication bias, which was confirmed by
Egger’s test (P = 0.29).

DISCUSSION

Our present study investigated the association between tooth loss
and dementia based on eight cohort studies involving a total of
14,362 cases and 2,072 dementia patients. The result of this meta-
analysis indicated that tooth loss statistically increased the risk of
dementia by 1.34-fold. A further dose-response analysis detected
a linearity association between the two diseases, suggesting that
the more teeth are missing, the higher the risk of dementia.
In subgroup analyses, we found that the association between
the two illnesses might be affected by certain factors, such as
study design, study area, denture status and education level,

Frontiers in Aging Neuroscience | www.frontiersin.org

December 2018 | Volume 10 | Article 415


https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Chen et al.

Tooth Loss and Dementia

Study

%
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f 1.5

FIGURE 2 | Forest plot for the connection between tooth loss and dementia risk among the overall population. HSL, Higher school level; LSL, Lower school level.

Relative risk

T | D T T T T 1 v 17 1 T
10 12 14 16 18 20 22 24 26 28 30 32
Number of tooth loss

FIGURE 3 | Linearly based dose-response analysis on the relationship
between tooth loss and dementia risk.

but was not affected by follow-up duration, risk expression,
the strength of confounding factor adjustments, or adjustments
for smoking, alcohol and cardiovascular and cerebrovascular
diseases.

A positive association between the two diseases, detected in
tooth loss patients without dentures, might be partially explained
by the alteration of chewing ability (Savikko et al., 2013; Teixeira
et al,, 2014). A further explanation may include that masticatory
dysfunction after tooth loss, may lead to decreased cerebral blood

circulation and neurotransmitter secretion (Lin, 2018). Some
scholars think that masticatory movement could promote blood
supply to the brain and then prevent dementia, based on the
fact that prosthodontic treatment with dentures can effectively
improve the disorders described above (Yamamoto et al., 2012;
Luraschi et al., 2013; Banu et al., 2016). Periodontal disease, a
frequently discussed cause of tooth loss, can stimulate the release
of some cytokines which are related to the activation of molecules
contributing to neurodegeneration, such as C-reactive protein
(CRP), tumor necrosis factor-a (TNF-a), immunoglobulin G
(IgG), interleukin-1f (IL-1P), and interleukin-6 (IL-6) (Kamer
et al,, 2009; Koyama et al., 2013; Dursun et al., 2015; Liesz
et al., 2015). Nutritional deficiency related to tooth loss has also
been regarded as a marker for dementia, especially when the
deficiency involves lessened intakes of protein, essential vitamins
such as sodium, vitamin D, vitamin B1, vitamin B6, niacin,
pantothenic acid, phospholipids, and other micronutrients, all of
which are essential for the formation of new synapses associated
with human memory (Perera and Ekanayake, 2012; Engelborghs
et al., 2014). Some researchers have also suggested that essential
nutrients can not only reduce the risk of oral diseases, including
tooth loss, but can also reduce the susceptibility to dementia (Kim
et al., 2007; Jimenez et al., 2014). Possible mechanisms of such
a decline may be related to certain functions of some essential
nutrients. For example, vitamin D has been reported to be able to
inhibit the activity of some cytokines related to periodontitis and
dementia by decreasing IL-6, IL-8, and TNF-a expression (Tang
et al,, 2013; Jayedi et al., 2018).
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TABLE 3 | Results of the meta-analysis.

Overall and subgroup analysis  No. of studies Meta-analysis Effect model Heterogeneity test
RR (95%Cl) P-value I2(%) P-value within group  P-value between group

Overall 11 1.34(1.19-1.51) 0.00 Fixed 36.3 0.11 -
Prospective cohort 7 1.43(1.23-1.66) 0.00 Fixed 34.4 0.17 0.16
Retrospective cohort 4 1.20(0.99-1.45) 0.07 Fixed 33.7 0.21 -
Asia 4 1.33(0.99-1.77) 0.06 Fixed 24.6 0.26 0.20
America 3 1.16(0.95-1.42) 0.14 Fixed 44.8 0.16 -
Europe 4 1.48(1.25-1.74) 0.00 Fixed 36.3 0.18 -
<10 5 1.44(1.23-1.55) 0.00 Fixed 8.7 0.36 0.17
>10 6 1.36(1.01-1.83) 0.046 Random 474 0.09 -
With denture 4 0.98(0.87-1.10) 0.74 Fixed <0.01 0.93 <0.01
Without denture 4 1.63(1.19-1.97) 0.00 Fixed 14.7 0.32 -

T

R 4 1.27(1.04-1.46) 0.02 Random 47.9 0.08 0.06

OR 7 1.90(1.29-2. 80) 0.00 Fixed <0.01 0.88 -
Weak 6 1.56(1.03-2.36) 0.04 Random 50.5 0.07 0.88
Strong 5 1.33(1.17-1.53) 0.00 Fixed 28.2 0.23 -
Yes 4 1.32(1.19-1.561) 0.00 Fixed 40.1 0.17 0.62
No 7 1.41(1.11-1.79) 0.01 Fixed 42.5 111 -
Yes 5 1.29(1.14-1.46) 0.00 Fixed 40.7 0.15 0.11
No 6 1.69(1.24-2.41) 0.00 Fixed 22.3 0.27 -
Yes 6 1.36(1.19-1.54) 0.00 Fixed 32.9 0.19 0.64
No 5 1.45(0.92-2.29) 0.11 Random 50.2 0.09 -
Yes 8 1.25(1.05-1.48) 0.01 Fixed 31.0 0.18 0.28
No 3 1.40(1.00-1.63) 0.047 Random 54.4 0.11 -

RR, relative risk; Cl, confidence interval; HR, hazard ratio; OR, odds ratio; CCD, Cardiovascular and cerebrovascular diseases.

Apart from the present meta-analysis, three previously
published meta-analyses have explored the association between
V4N tooth loss/ periodontitis and dementia, and revealed that tooth

/ \ loss might be a risk factor for the development of dementia
Ve N (Shen et al., 2016; Tonsekar et al., 2017; Oh et al, 2018).

/ \ Additionally, these three meta-analyses not only paid close

Z ° . N attention to dementia, but also to cognitive decline, such

/ . N as the studies by Oh et al. (2018) and by Tonsekar et al.

J . \ (2017) based on cohort studies; and Shen et al. (2016) based

/ o N on cross-sectional, case-control, and cohort studies. Based on

/ \ published articles, our study targeted reports with confirmed
7/ ° N diagnosis criteria for dementia and cohort design. In addition,
wd/ o LA we adopted dose-response analysis to discuss the correction
5 0 5 1 15 of the tooth number and the level of dementia risk, and
LogiEhhEte subgroup analyses clarified possible confounding factors affecting

the result. What’s more, the results were reliable considering
the homogeneity between the studies that were included (P> =

Funnel plot with pseudo 95% confidence limits

3 2 1
1 | 1
~
~
~
L]
-
-
-

Standard Erro of LogRR
N
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4
1
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FIGURE 4 | Funnel plot for publication bias among overall population.
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36.30%, P = 0.11) and the lack of significant publication bias
(P=0.29).

However, there were some limitations in this study. First, only
eight studies meeting inclusion criteria were included into the
meta-analysis. Second, it may not be appropriate to pool HRs
and ORs directly without data conversion, though the subgroup
analysis indicated that the overall result was not significantly
affected by the different risk expressions. Third, our study failed
to explore the association of different types of dementia, because
most studies did not specifically report the subtypes of dementia,
with only one study separately stating the subtypes of Alzheimer’s
disease and vascular dementia (Takeuchi et al., 2017).

In conclusion, the results from this study indicated that tooth
loss may be a risk factor for dementia, and dementia risk may
increase with the increase in the number of teeth los. In addition,
timely prosthodontic treatment with dentures may reduce the
risk of dementia related to tooth loss. Therefore, in clinical
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practice, tooth loss should be regarded as a marker for some
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