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and demonstrate whether might be adequately considered as a risk factor.

Methods: Observational studies were screened in seven online databases; the search
strategy (PECO) was focused in observational studies with humans as a population (P),
presenting groups exposed (E), and non-exposed (C) to tooth loss, in which cognition
parameters were measured and compared between groups (O). The final selection
included only those studies comparing the effect in cognition between subjects having
>20 remaining teeth and <20 remaining teeth, considering the latter as a structural
factor triggering MD by the literature. Searching and data extraction were conducted
following PRISMA guidelines. Qualitative and risk of bias evaluations were performed.
The meta-analysis (MA) was constructed including the odds ratio (OR) and its 95%
confidence interval (Cl) comparing two groups—with/without MD. The level of evidence
was rated by Grading Recommendations Assessment, Development and Evaluation
(GRADE) approach.

Results: In total, 5,666 citations were identified, 14 accomplished our eligibility
criteria, and nine were include in the MA. The MA demonstrates that individuals
with MD had 46% higher chance to presented CD (OR 2.24 [1.73, 2.90],
p < 0.00001, 2 = 46%). The level of evidence was rated as low by GRADE.
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Conclusion: Despite the low certainty in evidence, according to our MA, MD is positively
associated with increased risk of CD. However, more studies including other factors
underlying MD and similar measurements should be conducted to obtain a strong

estimate of the risk.
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INTRODUCTION

An optimal cognition status is essential to lead a quality of life
(QolL) in young and old people. In 2010, 35.6 million people
worldwide were estimated living with dementia and reach of
115.4 million people by 2050, is expected (Marchesi, 2011).
Changes in cognition occur with normal aging (Harada et al,,
2013), but they can be maximized by intrinsic and extrinsic
risk factors (Marchesi, 2011), thus triggering severe cognition
impairment that affect social and occupational tasks (Hugo and
Ganguli, 2014). Cognitive changes are mostly related to declines
of learning, memory, thinking, reasoning, and judgment abilities,
such cases of dementia, among others neurocognitive disorders
(Murman, 2015).

Influenceable external risk factors identified to the onset of
neurocognitive disorders include genetic factors, hypertension,
diabetes mellitus, hyperlipidemia, vascular disease, demographic,
and lifestyle factors—such as smoking and alcohol use—and
oxidative stress (Marchesi, 2011). On the other side, factors such
as education, physical exercise, and active social engagement help
to maintain cognition (Campbell et al., 2013). However, all the
factors related to cognitive changes are still unknown and subject
to study.

In this scenario, optimal mastication has been appeared as
a factor to preserve cognitive functions, in addition to its well-
known important role in food intake and swallowing (Teixeira
et al., 2014). Masticatory dysfunction (MD), as a general term,
refers to an impairment in the masticatory function triggered
either by a structural factor, such as tooth loss; or by functional
factors such as weaker bite force or a poorer masticatory
performance (Ikebe et al, 2012; Lin, 2018), for example as
in advance loss of periodontal support and tooth movement
(Kosaka et al., 2014). Maximum bite force and masticatory
ability scores are lower in older subjects with <20 remaining
teeth (Tatematsu et al., 2004), suggesting a directly proportional
association between tooth loss and inappropriate mastication
(Ikebe et al., 2012).

MD such as a result from structural or functional factors,
acting as a source of chronic stress, triggers functional and
morphological changes on the hippocampus—a brain area
crucial for learning and memory abilities (Azuma et al,
2017). These cognitive changes are promoted through the
activation of the hypothalamic-pituitary-adrenal (HPA) axis and
its glucocorticoid production (Azuma et al., 2017), similar to
those changes induced by long term exposure to excessive
corticosterone (Kubo et al., 2010).

In this regard, there are several studies around this association
with different variables and outcome measures which become

complicated the interpretation of the results in many systematic
reviews made before (Tada and Miura, 2017). Thus, in order
to reduce heterogeneity, the aim of this study was synthesizing
only those studies that made a comparison between subjects
with presence/absence of tooth loss as a structural factor
triggering MD and its association with CD; and also demonstrate,
through a quantitative analysis, whether MD might be adequately
considered as a risk factor for CD, measuring its impact.

MATERIALS AND METHODS

Protocol and Registration

The protocol for our systematic review was registered on
the Prospective International Registry of Systematic Reviews—
PROSPERO, under the registration number: CRD42016038269.
The study was developed following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (Moher et al., 2009). All items of the requirements are
described in Supplementary Material 1.

Eligibility Criteria and Search Strategy

Our search strategy, inclusion/exclusion criteria, and data
extraction process were guided by the PECO question. Our PECO
was focused in observational studies presenting humans as a
population (P), presenting groups exposed (E), and non-exposed
(C) to tooth loss, in which cognition parameters were measured
and compared between groups (O). The final selection to evaluate
the association of MD with the risk of CD, included only those
studies comparing the effect in cognition between individuals
having >20 remaining teeth (mild or no tooth loss) and <20
remaining teeth (severe tooth loss), considering the latter as a
structural factor triggering MD. Thus, this review was developed
based on the following guide question: “Is there any association
between MD and CD?”

Although, there are also functional factors concerning
chewing performance such as occlusal disharmony, bite force,
soft-diet feeding, and salivary (Azuma et al., 2017), we established
the number of remaining teeth as an inclusion criterion for
presence/absence of tooth loss as a structural factor that promote
MD, as a strategy to reduce heterogeneity in the measure
of the chance of CD. Subjects having <20 remaining teeth
reported inappropriate mastication compared with those having
>20 remaining teeth with a better masticatory performance
(Tatematsu et al., 2004; Savoca et al., 2010; Kosaka et al., 2014).

Following the inclusion criteria, observational studies with
no publication date restrictions, nor age nor language neither,
were included. To rejected studies, the exclusion criteria
included systematic reviews and meta-analyses, comprehensive
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reviews articles, case reports, descriptive studies, opinion articles,
technical articles, guidelines, animal, and in vitro studies.

In order to track all the citations existing about our question,
five leading electronic databases used on health sciences research
were accessed: PubMed, Scopus, Web of Science, Lilacs, and
Cochrane. The OpenGrey and Google Scholar were also assessed
as part of a gray literature search. The MeSH terms, keywords
and search strategies were adapted according to the specificities
of each database, covering terms related to tooth loss and
cognitive decline. The selected terms were combined using
Boolean operators (OR, AND). References of the studies were
checked manually in order to seek other records that were not
detected on the searching. The search strategy for each database
is detailed in Supplementary Material 2.

Papers were tracked until February 2019. An alert of
publication was set up on each database in order to be
notified weekly for any articles from the new issues about our
question. The citations found on the databases were entered
into a reference management software (EndNote®, version
X7, Thomson Reuters, Philadelphia, USA). Duplicates were
identified—both automatic and manual—and then excluded.

The studies were selected independently by two authors (MA
and RF), firstly filtering by title and abstract and lastly by the full
text reading. A third author (RL) was consulted when there was
disagreement about studies inclusion on this present review.

Data Extraction
The data required of our final selection were extracted and
tabulated based on the following items: year of publication, study
design, characteristics of sample (size and origin), age, method
of tooth loss measurement, diagnostic criteria for cognitive
performance screening, statistical analysis and outcomes. Data
extraction summary was tabulated on Table 1.

The extraction of data was performed independently and
in duplicate by two authors (MA and RF). Differences were
discussed together with a third author (RL).

Risk of Bias in Individual Studies

To evaluate the methodological quality and the risk of bias,
the checklist developed by Fowkes and Fulton (1991) was
applied. This checklist has domains related to the design of
the study and sample; characteristics of the control group;
quality of measurements and outcomes; and completeness and
distorting influences.

After evaluating each criterion, a signal (4++) was assigned
to cases where problems in the study were found or (+) for
the minor problems. These evaluations helped to determine if
the methods were adequate to produce consistent and valid
information, as well as whether the results provided the expected
effects. Those items where the question was not applicable to the
type of study was assigned the acronym NA (not applicable). In
cases with no problems found, the signal (0) was assigned (see the
criteria of assessment in Supplementary Material 3).

Afterwards, the studies were analyzed for “bias results,
“confounding influences,” and “chance occurrences.” In attempt
to determine the value of the study, three summary questions
were answered: “Are the results erroneously biased in certain

direction?”; “Are there any serious confounding or other
distorting influences?” And “Is it likely that the results occurred
by chance?". “YES” and “NO” answers were assigned. If the
answer is NO in all three questions the article is considered
reliable, with low risk of bias.

Quantitative Synthesis (Meta-Analysis)

The extracted data was analyzed using the RevMan software
(Review Manager, version 5.3, The Cochrane Collaboration;
Copenhagen, Denmark) to assess the relationship between MD
and CD. Only studies rated with low risk of bias were included
in quantitative analysis. If some of the information needed for
the meta-analysis was absent from any of the selected studies, the
authors were contacted to provide the missing data.

In order to minimize the impact of confounding factors, a
meta-analysis was constructed including the OR and its 95%
CI comparing these two groups (Without MD/With MD) from
included studies. This ratio measures effect as a log OR and
the standard error of the log OR using generic inverse-variance
weighting method. Combined results were presented as a pooled
odds ratio.

Random-effect models were chosen because the studies were
not functionally equivalent in which their objective to generalize
the results from the meta-analysis and heterogeneity was tested
using the I? index. Sensitivity analyses were further conducted
to estimate and verify the influence of studies, one by one,
or grouped, on the pooled results if the heterogeneity was
substantial or considerable (50-100%) (Higgins and Green,
2011). A funnel plot was generated to demonstrate possible
publication bias.

Level of Evidence

The quality of the evidence (certainty in the estimates of
effect) was determined using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach
(Ryan and Hill, 2018). This tool offers a transparent and
structured process for developing and presenting summaries
of evidence, including its quality level, for systematic reviews
(Guyatt et al., 2011).

In this assessment, observational studies start as low-quality
evidence to support interventions. The quality of evidence
is rating down, from low to very low quality, depending
whether issues such as risk of bias, inconsistency, indirectness,
imprecision, and publication bias, are serious or very serious.
However, the quality of the evidence may be upgraded if the
magnitude of effect is large or very large—considering the
confounding factors—from very low to high (Guyatt et al., 2011).

RESULTS

Characteristics of the Selected Studies

The studies compiled and included in our qualitative and
quantitative analysis was diagramed in Figure 1. As a result of our
search strategy, 5,666 citations were identified. Two additional
citations were identified through manual search. All these
citations were entered into a reference management software
(EndNote®, version X7, Thomson Reuters, Philadelphia,
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TABLE 1 | Summary of characteristics of the included studies.

Author, Sample Methods Covariates Statistical analysis Outcomes
year/study
design
Source Size Age Cognitive Tooth loss measures
measures
Gao et al., China N = 905 >50 MMSE A specially trained dentist from  Age, sex, marriage status, family ~ Multiple linear regression Tooth loss and mitochondrial gene
2016/ n =651 (=20 the Peking University School of  income, educational level, variants may have an effect on
Cs remaining teeth) Stomatology, China performed hyperlipidemia, hypertension, cognitive function in this study
n = 254: (<20 the dental examination diabetes, stroke, and population
remaining teeth) drinking/smoking/regular exercise
habits
Gil-Montoya Spain N =409 >50 Phototest A complete clinical oral Age, sex, educational level, Multiple logistic regression
et al., 2015/ n =153 (=20 cognitive test  examination was performed by  tobacco and alcohol analysis The significant association of
Cs remaining teeth) four dentists (SLI and three consumption, hyperlipidemia, cognitive impairment with the
n = 256 (<20 collaborator) hyperglycemia, and family, number of teeth present in the
remaining teeth) personal, medical, clinical bivariate analysis disappeared after
attachment loss and adjustment for age, sex, clinical
pharmacological histories related attachment loss, oral hygiene
to cognitive impairment, i.e., habits, and the presence of
potential confounders hyperlipidemia
Periodontitis appears to be
associated with cognitive
impairment after controlling for age,
sex, educational level, and oral
hygiene habits
Ishimiya etal., Japan N = 334 >60 DSM-III-R Performed by a dentist in Age; sex; history of hypertension, A one-way analysis of variance Tooth loss-related dietary pattern
2018/ n =313 (>20 accordance with the diabetes mellitus, hyperlipidemia;  (ANOVA) and chi-square tests was associated cognitive
Cs remaining teeth) methodology of the Third low education impairment in a general Japanese
n =21 (<20 National Health and Nutrition population
remaining teeth) Examination Survey
Nilsson et al.,  Sweden N = 1090 >60 MMSE and An oral examination including Age and education Simple logistic regression and A statistically significant association
2014/ n =480 (=20 clock test clinical registration of the multivariate logistic regression of the number of teeth on cognitive
Cs remaining teeth) number of teeth present was abilities of older adults were
n =610 (<20 performed by a specially trained demonstrated when adjusted for
remaining teeth) dental hygienist age and level of education
Nilsson et al.,  Sweden N = 1470 >60 MMSE Comprehensive clinical and Age, gender, and education A chi-square test and multivariate  Adjusted for age, gender, and level
2018 n =767 (=20 radiographic examination by an logistic regression of education, a statistically
Cs remaining teeth) experienced dental hygienist significant association between loss
n =708 (<20 of alveolar bone, the number of
remaining teeth) teeth and the outcome of the
MMSE test was confirmed
Park et al., Korea N =438 >50 MMSE Study did not mention about Smoking, alcohol consumption, Independent t-tests and the The number of teeth lost is related
2013/ n =108 (=20 the dental measure but showed hypertension, diabetes, chi-square test. The Pearson to cognitive impairment
Cs remaining teeth) a number of remaining teeth hyperlipidemia, stroke, dementia,  correlation and partial correlations
n =330 (<20 and education levels analyses

remaining teeth)

(Continued)
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TABLE 1 | Continued

Author, Sample Methods Covariates Statistical analysis Outcomes
year/study
design
Source Size Age Cognitive Tooth loss measures
measures

Reyes-Ortiz United States N = 3032 >65 MMSE Self-reported Age, Gender, Education level, Mantel-Haenszel Chi-square test ~ Fewer teeth predict cognitive
etal., 2013/ n=1122 (=20 Spanish spoken at interview, for categorical variables or the decline in older Mexican Americans
PC remaining teeth) hypertension, stroke, diabetes, Kruskal-Wallis non-parametric that are independent of

n=1910 (<20 and heart attack ANOVA test for continuous socio-demographic variables and

remaining teeth) variables health factors such as visual

impairment, medical conditions,
and functional impairment

Saito et al., Japan N =462 >60 MMSE A dental examination was The demographic (age, gender, Student’s unpaired t-test (for The number of teeth (0-10) was
2013/ n =436 (=20 performed by two dentists education level) and lifestyle continuous variables) or the found to be a significant
Cs remaining teeth) under artificial lighting, with both  (smoking, drinking), positive chi-square test (for categorical independent risk factor of cognitive

n =26 (<20 the dentist and the subjectina  history of diseases, TMIG-IC variables) impairment

remaining teeth) seated position score, and CES-D
Shimazaki Japan N =122 >65 Mental Was examined under sufficient  Age, physical health, type of Logistic regression analysis The relationship between baseline
et al., 2001 n =259 (>20 health status  artificial light, with dental mirrors  institution, and cerebrovascular dentition status and follow-up
/Cs remaining teeth) from medical and explorers, by two dentists disorder mental impairment was not

n =63 (<20 records of trained in the use of significant

remaining teeth) each epidemiological indices for oral

institution health

Stewart et al., England N =697 >70 DSM-II-R Dental status Age, education, stroke, Logistic regression models and Lower tooth count was a significant
2015/ n =448 (>20 myocardial infarction, diabetes separate regression models association for one of the three
PC remaining teeth) mellitus, smoking status, blood examinations

n =249 (<20 pressure, body mass index, and

remaining teeth) cholesterol level
Takeuchi Japan N =200 >60 MMSE Dental status was clinically Demographic and life style Linear regression models Loss of posterior teeth occlusion
et al., 2015/ n=20(>20 examined by one trained dentist  characteristics was independently associated with
Cs remaining teeth) cognitive decline in nursing home

n =180 (<20 older residents in Japan

remaining teeth)
Takeuchi Japan N =1014 >75 DSM-III-R Calibrated dentists performed a  Demographic characteristics, Logistic regression analysis Tooth loss is a risk factor for
etal., 2017/ n =893 (=20 clinical oral examination, current occupation, medical development of all-cause dementia
PC remaining teeth) following the method of the history and treatment, physical and AD in an elderly Japanese

n =673 (<20 Third National Health and activity, smoking habits, alcohol population

remaining teeth) Nutrition Examination Survey intake, tooth brushing frequency,

and regular dental visits

Yamamoto Japan N =2919 >65 Standardized Assessment by experts Age, household income, Univariate and multivariate models Few teeth were associated with
etal., 2012/ n=1299 (>20 questionnaire presence of illness, alcohol intake, dementia in older Japanese people
PC remaining teeth) (the name exercise, and forgetfulness even after adjusting for

n = 1620 (<20 was not sociodemographics, health status,

remaining teeth) specified) health behaviors, and forgetfulness

as an early symptom of mild
cognitive impairment

(Continued)
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Multiple tooth loss is independently
associated with vascular cognitive
impairment in subjects with acute

ischemic stroke

Outcomes

analysis, and non-parametric test

as appropriate. Logistic
regression was used to identify

Independent t-test, chi-squared

Statistical analysis

education level, income, medical
history, inflammatory markers,

Age, sex, body-mass index,
and medical assessment

Covariates

Methods
recorded by a single investigator

excluding the third molars, was
within 7 days of admission

The number of missing teeth,

Tooth loss measures

Cognitive
measures
Chinese
version

>60 MoCA

Age

161

remaining teeth)

Sample
Size
N
n=79 (=20
n =282 (<20

Source
China

TABLE 1 | Continued
year/study
design

Author,
Zhu et al.,
2015/

Cs

the independent variables related
with cognitive impairment

remaining teeth)

Cs, Cross-sectional study; PC, Prospective cohort study; MMSE, Mini-Mental State Examination; MoCa, Montreal Cognitive Assessment; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, Third edition, Revised.

USA) and duplicates were identified and excluded, remaining
4,926 records.

Afterwards, citations were screened by title and abstract,
43 articles were selected for full-text reading and assessed for
eligibility. Of these, seven were excluded for having different
aims and 22 due to their discordance accordingly PECO’s
strategy (Supplementary Material 4). Finally, 14 observational
studies—11 cross-sectional, two cohort and one prospective
with longitudinal data, were included in qualitative synthesis
(Shimazaki et al., 2001; Yamamoto et al., 2012; Park et al., 2013;
Reyes-Ortiz et al., 2013; Saito et al., 2013; Nilsson et al., 2014,
2018; Gil-Montoya et al., 2015; Stewart et al., 2015; Takeuchi et al.,
2015,2017; Zhu et al., 2015; Gao et al., 2016; Ishimiya et al., 2018)
but only nine—seven cross-sectional and two cohort (Shimazaki
etal., 2001; Park et al., 2013; Saito et al., 2013; Gil-Montoya et al.,
2015; Stewart et al., 2015; Zhu et al., 2015; Takeuchi et al., 2017;
Ishimiya et al., 2018; Nilsson et al., 2018) accomplished all the
characteristics needed and were included in the meta-analysis.

All of the records included had the comparison of the
cognitive pattern between male and female, aged 50 years or
above (older adults), with MD (<20 remaining teeth) and
without MD (>20 remaining teeth). Seven studies measured the
cognitive pattern through the Mini-Mental State Examination
(MMSE); three of them used the Diagnostic and Statistical
Manual of Mental Disorders, Revised, Third Edition, Criteria
(DSM-III R); the Montreal Cognitive Assessment (MoCA) was
applied in one study; another one used the Phototest, a very
recent method screened to evaluate cognition; two of the studies
did not specify the validation of the cognitive assessment
(Shimazaki et al., 2001; Yamamoto et al., 2012).

Although, most of the studies in our selection reported
cognition disorders in individuals with <20 remaining teeth—
with inappropriate mastication, two studies showed that
this association disappeared after adjustment of covariates
(Shimazaki et al., 2001; Gil-Montoya et al., 2015). One of them
included clinical attachment lost as a confounding factor and
demonstrates an association between periodontitis and cognition
impairment after controlling for age, sex, educational level, and
oral hygiene habits (Gil-Montoya et al., 2015). Another study
shows an association between severe tooth loss and vascular
cognitive impairment even after including inflammatory markers
as a covariate in their statistical analysis (Zhu et al., 2015).
Ishimiya et al. report that tooth-loss related dietary pattern is
associated to cognitive impairment (Ishimiya et al., 2018). All the
characteristics extracted from the studies were shown on Table 1.

Qualitative Synthesis and Risk of Bias
In summary, all of the studies in our selection were rated having
low risk of bias; however, some issues weakened the evidence.
Nine studies do not describe the sampling method used, but it
was not considered a serious problem due to their sample sizes
are >50 (Yamamoto et al., 2012; Park et al., 2013; Saito et al., 2013;
Stewart et al., 2015; Takeuchi et al., 2015, 2017; Zhu et al., 2015;
Gao et al,, 2016; Ishimiya et al., 2018).

Moreover, some studies had no description about
randomization and did not make pairing of the groups
neither, so then was rated as serious problem in this domain
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FIGURE 1 | Flow diagram for study selection according with PRISMA statement.

(Yamamoto et al., 2012; Reyes-Ortiz et al., 2013; Saito et al., 2013;
Gil-Montoya et al., 2015; Stewart et al., 2015; Takeuchi et al.,
2015, 2017; Gao et al., 2016; Ishimiya et al., 2018).

Most of the studies used evaluation methods validated and
widely used to measure cognitive pattern, only three of them
present problems in this domain; one used a questionnaire
without validity details, but it was well-described to reproduce
it (Yamamoto et al., 2012); another one used the data obtained

in medical records without details of measurements methods
(Shimazaki et al., 2001); a study used a relatively new screened
method to evaluate cognitive pattern (Gil-Montoya et al., 2015).
One study present quality control problems due to oral health
status was based on self-reported data (Reyes-Ortiz et al., 2013).
In the domain about the distorting influences, all studies have
problems with minor confounding factors not adjusted in their
statistical analysis, but only in two of them were considered as
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a serious problem due to factors that might interfere in their
results (Nilsson et al., 2014; Takeuchi et al., 2015). For that
matter, Takeuchi et al. (2015), only included demographic and
lifestyle characteristics, and Nilsson et al. (2018) adjusted only
age and education, leaving out very important factors such as
health conditions.

Based on the criteria, studies having an increased risk of
bias were not considered. Although some issues considered
as problems in the studies design—sampling method, group
matching/randomization, validity and quality control—reduced
the quality and strength of the evidence. All the studies of the final
selection were rated as having low risk of bias as shown in Table 2.

Quantitative Analysis Through
Meta-Analysis and Evidence
Analysis—GRADE

Nine studies with low risk of bias were included in quantitative
synthesis (Shimazaki et al, 2001; Park et al, 2013; Saito
et al, 2013; Gil-Montoya et al., 2015; Stewart et al, 2015;
Zhu et al, 2015; Takeuchi et al., 2017; Ishimiya et al., 2018;
Nilsson et al., 2018).

Figure 2 presents data on the direction of the association
between MD and CD. The analysis showed that individuals
with MD had a 46% higher chance of presenting CD (OR
2.24 [1.73, 2.90], p < 0.00001, I = 46%) and non-significant
(I> p = 0.07) was significant P <0.00001. The analysis of
publication bias is represented in a funnel plot graphic on
Supplementary Material 5.

The level of evidence was performed according to the data
obtained in the meta-analysis. Nine studies were included in the
meta-analysis. The results show general certainty of evidence
LOW, with Relative effect (95% CI) of OR 2.24 (1.73-2.90).
Table 3 shows all the results found in the GRADE evaluation.

DISCUSSION

This systematic review and meta-analysis aimed to synthetize
only those studies comparing the cognition performance between
subjects having >20 remaining teeth (mild or no tooth loss) and
<20 remaining teeth (severe tooth loss), considering the latter
as a structural factor that promote MD. In total, 14 studies with
a low risk of bias were systematically selected, in which nine
were included in the meta-analysis. The quantitative analysis
of findings performed by our MA shows that individuals with
inappropriate mastication have a greater chance of presenting
a lower cognitive performance, suggesting that MD might be
considered as a risk factor of CD.

Frequently, in order to synthesize the highest level of
evidence existing in literature, rigorously systematic reviews, and
meta-analysis are conducted in healthcare research. They are
made following a well-designed methodological protocol, thus
providing a precise estimate of the effect of risk factors for
diseases. The estimate is obtained measuring the heterogeneity
of the studies through statistical analyses. Therefore, this sort of
reviews can provide the most trustworthy evidence for clinical
decisions (Haidich, 2010).

In this context, we conducted this SR based on a search
strategy previously designed and seven leading databases in
medical research were accessed. Our literature search strategy
and criteria for the inclusion/exclusion of studies were guided
with the PECO question. According to our inclusion criterion,
the final selection to evaluate the association of MD with the
risk of CD, included only those studies in which was possible
to extract the data concerning the comparison of the effect in
cognition between subjects having >20 remaining teeth (mild
or no tooth loss) and <20 remaining teeth (severe tooth loss)
(Table 1), being the latter a structural factor that promote
MD (Zhang et al., 2019).

MD, in general, refers to an impairment in the masticatory
function due to structural factors, such as tooth loss, or functional
factors such as weaker bite force or a poorer masticatory
performance (Ikebe et al., 2012; Lin, 2018). Several studies have
reported a decrease of masticatory function with increasing
degree of tooth loss (Boretti et al., 1995; Savoca et al., 2010;
Lexomboon et al., 2012). Tooth loss and also inappropriate
vertical dimensions of crowns, bridges, or dentures can induce
MD in humans (Miura et al., 1997). Studies that evaluated tooth
loss and its impact in QoL have demonstrated that subjects
having fewer than 20 teeth get more impact in QoL than
those having 21-32 (Petersen et al., 2005; Tsakos et al., 2006;
Akpata et al, 2011). Moreover, limited food choices due to
dental function were significantly associated with having fewer
remaining teeth (<20 remaining teeth) (Wang et al., 2014).

Although there are also functional factors regarding MD as
occlusal disharmony, bite force, soft-diet feeding, and salivary
(Azuma et al., 2017), literature supports that multiple tooth
loss (<20 remaining teeth) by itself promotes an inappropriate
chewing function (Tatematsu et al., 2004; Savoca et al., 2010;
Kosaka et al., 2014). Maximum bite force and masticatory
ability score in a study in patients having <20 remaining teeth,
were lower; there was a strong positive correlation between
the number of remaining teeth and the occlusal supporting
score in this population (Tatematsu et al., 2004). In addition,
other study in which occlusal force was significantly associated
with masticatory performance, the number of residual teeth
was significantly associated with masticatory performance in
subjects having contact in four support zones and those
having one to three support zones in the anterior region only
(Tkebe et al., 2012).

However, it has also been suggested that it is important
not only the number of remaining teeth but also the location
of missing teeth for masticatory function assessment (Zhang
et al., 2019). An unfavorable chewing ability is more prevalent
in those individuals with <10 natural teeth in each jaw than
those having all-natural teeth or more than 10 teeth in each jaw
and the presence of three to four premolars can still provide
good mastication function (Zhang et al., 2019). After variables
controlled, the masticatory function is significantly associated
with posterior occlusal contact (Ikebe et al., 2012).

Despite the studies included in this review did not report the
location of missing teeth, several studies assessing the incidence
of tooth loss have demonstrated that the posterior occluding
units are the most affected and the front teeth the least affected
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TABLE 2 | Assessment of quality and risk of bias for included studies.

Guideline Checklist Gao Gil- Ishimiya Nilsson Nilsson Park et al., Reyes- Saito Shimazaki Stewart TakeuchiTakeuchiYamamoto Zhu
etal., Montoyaet al., etal., etal., 2013 Ortiz etal., etal., 2001 et al., etal., etal., et al., 2012 et al.,
2016 etal., 2018 2014 2018 etal, 2013 2015 2015 2017 2015
2015 2013
Study design appropriate Objective common design
fo objectives? Prevalence cross-sectional
Prognosis cohort
Treatment controlled trial
Cause cohort, case-control, 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cross-sectional
Study sample Source of sample 0 0 0 0 0 0 0 0 0 0 0 0 0 0
representative? Sampling method ++ 0 ++ 0 0 ++ 0 ++ 0 ++ ++ ++ ++ ++
Sample size -+ 0 -+ 0 0 + 0 + 0 + + + + +
Entry criteria/exclusion 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Non-respondents 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Control group Definition of controls 0 0 0 0 0 0 0 0 0 0 0 0 0 0
acceptable? Source of controls 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Matching/randomization ++ + + 0 0 0 + ++ 0 + ++ + + 0
Comparable characteristics 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Quiality of measurements  Validity 0 + 0 0 0 0 ++ 0 + 0 0 0 + 0
and outcomes? Reproducibility 0 0 0 0 0 0 0 0 n 0 0 0 n 0
Blindness 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Quality control 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Completeness Compliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Drop outs 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Deaths NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Missing data 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Distorting influences? Extraneous treatments 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Contamination NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Changes over time 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Confounding factors + + + ++ + + + + + + ++ + + +
Distortion reduced by analysis 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Summary questions Bias
Are the results erroneously biased in - NO NO NO NO NO NO NO NO NO NO NO NO NO NO
certain direction?
Confounding
Are there any serious confusing or NO NO NO YES NO NO NO NO NO NO YES NO NO NO
other distorting influences?
Chance
Is it likely that the results occurred by NO NO NO NO NO NO NO NO NO NO NO NO NO NO

chance?

++, cases with problems; +, cases with minor problems; O, cases with no problems; NA, not applicable.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Gil-Montoya et al. 2015 01844 02067 16.4% 1.20[0.80, 1.80) T
Ishiymia etal. 2018 1.2144 04647 6.2% 3.37[1.35,8.37)
Nilsson etal. 2017 06931 0305 11.1% 2.00[1.10, 3.64) =
Parketa. 2013 08109 0.2958 11.5% 2.25[1.26, 4.02) ——
Saito etal. 2013 1.2528 12206 1.1% 3.50[0.32, 38.28)
Shimazaki et al. 2001 1.1603 03717 8.6% 3.19[1.54, 6.61] —_—
Stewartetal. 2015 06734 0184 18.0% 1.96 [1.37,2.81] ===
Takeuchi etal. 2017 0.9382 01641 19.4% 2.56[1.85,3.52) —
Zhuetal. 2015 1.4852 04071 7.6% 4.42[1.99,69.81) ——
Total (95% CI) 100.0% 2.24[1.73, 2.90] .2
Heterogeneity: Tau®= 0.06; Chi*= 14.69, df= 8 (P = 0.07); F= 46% 1 t ; t t
Test for overall effect: Z=6.12 (P < 0.00001) s U.'2 . . 20
. : : Without MD With MD
FIGURE 2 | Forest plot of log OR between masticatory dysfunction and cognitive deficit.
TABLE 3 | Summary of findings on the association between masticatory dysfunction and cognitive deficit.
Certainty assessment Effect Certainty
No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision  Other Relative (95% Absolute (95%
considerations Cl) Cl)
9 observational Observational ~ Not serious Not serious Not serious Serious? Strong OR 2.24 - o000
studies studies association (1.73-2.90) Low
0 fewer per
1,000 (from O

fewer to O fewer)

Cl, Confidence interval; OR, Odds ratio.
aUpper limit of confidence interval is >25% of overall OR.

(Montandon et al., 2012; Minja et al., 2016); being premolars
less affected than molars (Silva-Junior et al.,, 2017), and this
may interfere in the prediction of MD. Thus, future studies
should include the location of missing teeth in dental records,
considering that the presence of three to four premolars can
still provide good mastication function, as well as the presence
of removable full or partial dentures (Zhang et al., 2019), fixed
dentures and implants (Prithviraj et al., 2014; Neves et al., 2015).

Although, there are also functional factors which can trigger
MD, we decided to use only the data about the structural factor,
multiple tooth loss (<20 remaining teeth)—in which literature
supports that by itself promote MD (Tatematsu et al., 2004;
Savoca et al., 2010; Kosaka et al., 2014)—as a strategy to reduce
heterogeneity in the measure of the chance of CD, due to there
are different variables and outcome measures among the studies
evaluating tooth loss and/or MD and cognition.

Mastication is essential not only for food intake and
swallowing, it has been reported that optimal chewing is also
important preserving and promoting general health, including
cognitive functions (Azuma et al., 2017). A study described the
association between the loss of molars in senile rats and spatial
memory deficits. Animals without molar teeth showed worse
performance in behavioral tests than control animals maintained
on a solid diet. Thus, the results of this experimental study
suggested that the failure of spatial memory may be caused

by inappropriate mastication and not only by tooth loss (Kato
et al., 1997). MD associated with few residual molars, promote
morphologic changes in the hippocampus and cerebral cortex,
through increased blood flow in the bilateral lower frontal and
parietal lobes during mastication activating various areas related
with memory and learning ability (Kubo et al, 2010). MD
acting as a source of chronic stress activates the HPA axis.
The main neuroendocrine response to stress is via activation
of the HPA axis, which stimulates—as a final product—the
synthesis, and secretion of glucocorticoid (GC) from the adrenal
cortex. Appropriate activation of the HPA axis is critically
important for stress adaptation but repeated or prolonged HPA
axis hyperactivity is linked with cognition disorders (Azuma
et al., 2017). This process is similar to that induced by long term
exposure to excessive corticosterone (Kubo et al., 2010).

The hypothesis of oxidative stress involvement and
mitochondrial dysfunction in the pathogenesis of cognitive
impairment and other diseases has been reported in several
studies (Kann and Kovacs, 2007). Oxidative phosphorylation
occurring in the mitochondria is a major source of energy
and this process produces free radicals or reactive oxygen
species (Pero et al., 1990), in which, moderate or low levels are
considered essential for neuronal development and function,
whereas high levels are perilous (Wang et al, 2014). A
community-based study in China, included in our review,
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found that the number of missing teeth and gene variations in
the mitochondrial DNA D-loop region (including SNPs and
haplogroups) were correlated with cognitive function in this
population (Gao et al., 2016).

Nonetheless, one study reported no difference between
subjects with many missing teeth compared to those with
few missing teeth after adjusted cognition scores. The same
study reported that subjects with periodontal inflammation (PI)
obtained lower mean cognition scores compared to subjects
without PI and the association of PI with cognitive scores was
dependent on the number of missing teeth (Kamer et al., 2012).
Furthermore, other study reports an effect of periodontal status
and occlusal support on masticatory performance (Kosaka et al.,
2014). In this regard, periodontitis has been also associated
with cognitive functions due to the inflammatory and immune
pathways involving in the pathogenesis of periodontitis (Noble
et al., 2014; Nascimento et al., 2019). Tooth loss and gingival
bleeding were markers of poorer executive function among
dentate people (Naorungroj et al., 2013).

In this regard, a study included in our selection found an
association between severe tooth loss and vascular cognitive
impairment, even including inflammatory markers as a covariate
(Zhu et al, 2015). Although there exists the possibility of
periodontitis interfering in the risk of CD, considering that tooth
loss is also a consequence of severe periodontitis, many studies
evaluating the prevalence of tooth loss reported the tooth decay
as a main cause of tooth loss (60-70%) being consistent among
the studies compared with other reasons (Minja et al., 2016);
periodontal disease has been reported as a minor cause (around
15%) (Caldas et al., 2000).

In contrast, a study classifying subjects according to number
of teeth (Group 1 < 20 teeth vs. Group 2 > 20 teeth), reported
a positive association between fewer remaining teeth and lower
cognitive status as represented by MMSE scores < 25; but a
score 25 indicated normal cognitive function, suggesting that the
elderly in both groups had normal cognitive function (Wang
et al., 2014). When confounding factors were controlled, lower
MMSE scores were not associated with the subjects in Group
1 (<20 remaining teeth). It is unclear whether having total
or partial dentures was controlled in its analysis, considering
that subjects in this group had more partial dentures (Wang
et al, 2014). Moreover, one study in elders living in rural
Ecuador, reported that persons with <10 remaining teeth scored
significantly worse in MoCA test when compared with those with
>10 teeth (Del Brutto et al., 2014).

Cognition, as such, is about information processing
performed by our brain and in this processing, the hippocampus
plays an important role for cognitive functions, such as learning
and memory abilities. When the hippocampus suffers some
alterations, may trigger cognitive deficits, in which worst
cases affect the ability to pay attention, process information
and respond to information quickly, remember and recall
information, think critically, plan, organize, solve problems
and even inability to initiate speech (Trivedi, 2006). In order
to detect cognitive impairments, some tests are widely used
for measure cognition, such as MMSE and MoCA—30-point
questionnaire mainly assessing memory abilities, executive

capacity, attention, concentration, language functions, and
orientation (Siqueira et al., 2018).

Despite the heterogeneity of the studies, the positive trends of
association were consistent among all studies. Nine studies were
included in our meta-analysis, and seven found an association
between MD and CD, using the MMSE and MoCA. Well-
known risk factors for cognitive deficits such as demographic
and lifestyle characteristics, as well as some health conditions,
were considered to avoid potential confounding factors in most
of the studies included (Ishimiya et al., 2018). One study included
dietary habits and using reduced rank regression analysis showed
that tooth-loss related dietary pattern was associated with
cognitive impairment. However, the diet of this study population
cannot be generalized to other populations (Ishimiya et al., 2018).

Gil-Montoya et al. (2015), used Clinical Attachment Loss
(CAL) in its correlation analysis—besides the other common
variables—and the association between tooth loss and CD
disappeared when all variables were adjusted. In addition, this
study included CAL, because it also attempted to evaluate the
association of periodontitis with CD, not tooth loss only, and as a
result periodontitis actually appeared associated after controlling
adjustments (Gil-Montoya et al., 2015).

Thus, our meta-analysis demonstrates that MD can be
considered as a risk factor for CD. However, the level of
evidence was rated as low by GRADE approach. First, due
to the observational studies start as low-quality evidence to
support interventions but also the amount of heterogeneity
reported among the studies, mainly about the outcome measures
of cognition. Therefore, according to GRADE parameters for
grading, our evidence level regarding the estimated effect is
not strong enough about direct effects of MD in cognition
(Guyatt et al., 2011).

LIMITATIONS

The main limitation in the estimate of the effect size is the
heterogeneity of the studies related to the different outcome
measures for CD and some confounding factors not included
in some studies. Moreover, the absence of data among the
studies about the location of missing teeth and other conditions
related with reduction of mastication function such as occlusal
disharmony, bite force, soft-diet feeding, and salivary flow,
weakened the conclusions. The location of missing teeth may
reduce the chance of risk of CD, due to the presence of two or
three premolars can maintain mastication function.

CONCLUSIONS

According to our findings, MD, predicted by a structural factor
only, is associated with a chance of CD, and can be considered as a
risk factor. However, the low level of evidence may complicate the
precision of the results. Future studies including the location of
remaining teeth, other factors related to masticatory performance
and similar measures of cognition should be conducted to obtain
a more precise estimate of the association of MD with CD risk.
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We encourage researchers in health dentistry to use these
findings to design and develop more studies in this association
that can elucidate the chance of the CD risk and also more
research about oral rehabilitation therapies that can restore the
integrity of the masticatory system when it is lost. Moreover,
it is important to spread the importance to preserve natural
teeth to maintain general health, including cognition, in order to
minimize or prevent neurocognitive disorders in older age.
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