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Abstract \
Currently, a few of studies revealed that there is an association between mastication and cognitive impairment. There is no study of |
Korean adult representative samples in relation to mastication and cognitive decline. This study was to investigate the relationship
between mastication and mild cognitive impairment in Korean adults.

A population-based cross-sectional study was conducted in which a total of 7029 subjects (2987 men and 4042 women) over 45
years old were surveyed from the Korea Longitudinal Study on Aging (KLoSA), Round 5th survey. Logistic regression analysis was
performed for the study data controlling for confounding factors such as age, gender, education, income, smoking, drinking,
exercise, wearing denture, and the number of chronic diseases.

Decreased chewing function is associated with mild cognitive impairment (odds ratio [OR] = 3.24, 95% confidence interval [Cl] =
2.67-3.93) after controlling for confounding variables. In the participants who did not wear dentures, the reduction of chewing
function was strongly correlated with mild cognitive impairment (OR = 3.97, 95% CI = 3.11-5.08).

Mastication was associated with mild cognitive impairment. To prevent cognitive decline, health specialists should pay more
attention to the decline of the mastication in people without dentures.

Abbreviations: Cl| = confidence interval, KEIS = Korea Employment Information Service, KLoSA = Korea Longitudinal Study on
Aging, MCIl = mild cognitive impairment, MMSE = Mini Mental State Examination, OR = odds ratio, SAMP8 = senescence-

accelerated mouse prone-8.
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1. Introduction

With on-going population aging worldwide, the elderly are not
only susceptible to diseases but also have a substantial economic
burden due to healthcare services and therefore, have a lower
quality of life.l'3! Among the diseases in elderly, interest in
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cognitive impairment is increasing because of its rapidly
increasing prevalence and its catastrophic consequences.'*!

Recent clinical and population-based studies estimate an mild
cognitive impairment (MCI) prevalence of 10% to 20% among
adults aged 65 years and older although there is variation in the
diagnostic criteria and sample characteristics across studies.!*!
The prevalence of MCI increases with age, apolipoprotein E e4
genotype, low education attainment, cardiovascular disease, and
its risk factors (e.g., diabetes and hypertension), prior critical
illness (e.g., sepsis), lack of nutrients such as vitamin B, and
income inequality.”*®! In addition, a reduced mastication in
animal experiments has been identified as one of the factors. A
previous animal study using a mouse model on a liquid diet
reported that a reduced masticatory function results in
morphological change and reduced activity of the hippocampus,
and another study using senescence-accelerated mouse prone-8
(SAMP8) mice with lost molars reported a reduced concentration
and number of hippocampal neurons consequently resulting in a
spatial learning disability.[”! Moreover, a study using a mouse
model with the upper molar extracted showed a consequently
increased deposition of fs—amyloids, which are associated
with encephalopathies, and a reduced number of cells in the
hippocampus.!*!

In a population-based study, it was confirmed that mastication
may be related to mild cognitive function. A few clinical studies
have reported that younger people (20-34 years old) experienced
an increased activity in the frontal lobe during the mastication
process, which consequently induced an increased attentiveness
and improved cognitive function.!'"! Another study demonstrat-
ed an increased cerebral blood flow during a voluntary
mastication process in edentulous patients, after the recovery
of masticatory function using dentures.!'?! Moreover, elderly
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people (70-74 years old) in a community showed an association
between reduced masticatory function and reduced brain
function in a study that used a model that adjusted for various
factors including age, gender, socioeconomic factors, health-
related activities, and chronic diseases.!'®) Another larger-scale
study on a population of >50 year olds reported that individuals
with a normal masticatory function exhibit a greater vocabulary
memory and richer vocabulary compared to the individuals with
a poor masticatory function.!""!

However, traditional studies have measured the masticatory
function of individuals by counting the number of teeth,""*! and
not many studies have considered the wearing of dentures to
assist with the masticatory function of people. In a cross-
sectional study that considered the wearing of dentures and
assessed the association between mild cognitive function and the
number of teeth in the elderly population (>65 years old), only
the subjects without dentures exhibited a more severe cognitive
impairment with less number of teeth.!'® Furthermore, another
4-year follow-up study of an elderly population (>65 years old)
showed similar results in which edentulous subjects without
dentures had a significantly higher risk of MCL""! Lastly, a long-
term follow-up study (18 years) on a large cohort of subjects
aged 52 years and older showed that among the male patients
experiencing difficulties in mastication, only the subjects without
dentures had a significantly higher incidence rate of cognitive
impairment.!'8]

Therefore, the aim of this study was to investigate the
relationship between mastication and mild cognitive function
taking into consideration the wearing of dentures in Korean
people.

2. Methods
2.1. Study population

The survey data were collected from the Korea Longitudinal
Study on Aging (KLoSA).'"®! This is a representative sample
cohort of a middle-aged Korean population selected for a long-
term follow-up study of the aging process. The project was
conducted by a trained researcher who directly visited the
subjects household and asked questions and recorded the answers
on a computer. A detailed questionnaire was used to assess
demographic factors, socioeconomic factors, health behaviors,
and medical history to assess the normal aging process over time.
The study on the aging population conducted by the Korea
Employment Information Service (KEIS) under the Ministry of
Employment and Labor only includes subjects over 45 years old
which represent the middle-aged population in Korea.!'”! Based
on 90% of the data from the 2005 Population and Housing
Census, the regions including 15 different metropolitan cities and
provinces, Dongs, Eups, and Myeons (different administrative
districts in Korea) were stratified. From each stratum, subjects
were selected after applying a two-stage stratified sampling
(individuals from houses and from apartments). Detailed
information about the study is available on the KLoSA website
(https://survey.keis.or.kr). The first wave of KLoSA was
conducted in 2006, consisting of 4460 men and 5794 women
out of a total of 10,254. The 5th wave was used in this study, a
total of 7029 people (2987 men and 4042 women) surveyed in
2014. Informed consent was obtained from the study partic-
ipants. The Institutional Review Boards (IRB) approval of this
study was replaced by a research ethics review because KLoSA
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was nationally approved statistics and publicly available data
(http://survey.keis.or.kr).

2.2. Wearing denture and mastication assessment

The masticatory function of the subjects was measured using a
self-report questionnaire. A trained investigator asked the
question “Can you chew hard food such as apples or meat”
to both groups, and the subjects were asked to provide an answer
from the following options: “very poor,” “poor,” “moderate,”
“good” and “very good.”

The subjects were further categorized into a group with
dentures and a group without dentures after the investigator
collected the relevant information by asking the question of “Are
you currently wearing a denture” and asked the subjects to
provide either a “Yes” or “No” answer.

2.3. Cognitive impairment assessment

To assess possible MCI, a widely used clinical tool, the Mini-
Mental State Examination, (MMSE) was used.*°! The MMSE is
a tool used internationally that assesses directionality, immediate
memory, attentiveness, calculation ability, short-term memory,
and vocabulary in subjects. The results are converted into a
numerical score between 1 and 30 to provide information on the
cognitive function of the subject. The MMSE includes questions
about the orientation of time and place, registration, calculation,
memory, recall, language, and visual construction. Correlation
among different MMSEs typically ranges between 0.80 and
0.95.2" The cut-off value of the MMSE used in this study was
23/24 as used in previous studies.*3!

2.4. Covariate assessment

Confounding variables were controlled for in the statistical
analysis. Demographical variables including age and gender,
socioeconomic variables including educational level and income
level, and personal health-related variables including smoking,
drinking, regular exercise were the confounding factors that were
adjusted for. In addition, the number of chronic diseases for the
subjects was adjusted to reflect the changes in the disease state due
to the natural aging process. The number of chronic diseases was
calculated by assessing if the subject was previously diagnosed with
any of the following 9 chronic diseases by an attending physician:
hypertension, diabetes, cancer, pulmonary diseases, hepatic
diseases, cardiovascular disease, cerebrovascular diseases, psychi-
atric diseases, and arthritis (including rheumatic diseases).
Moreover, the prosthetic devices that were used as dentures—one
of the important explanatory variables—were used as a parameter.

2.5. Statistical analysis

The subjects who participated in this study were 7029. Among
the subjects responses, 371 variables of cognitive function
response, 99 variables of smoking, and 1 variable of chronic
disease data were missing and these values were estimated by
applying multiple imputations. We generated 5 data sets to
replace missing values with different substitutions according to
the (a certain) algorithm, analyzed each of the 5 completed data
sets, and calculated the parameter estimates and standard errors
from the analysis results of each data set. Finally, the results of
each dataset were combined with Rubin rule and to produce the
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final data. After dividing the 7029 subjects into either the normal
cognitive function group or the reduced cognitive function group,
t test and Chi-Squared test were used to assess the differences
between the prosthetic devices used as dentures and the
following: differences in sociodemographic factors, differences
in health-related activities and the number of chronic diseases
(Table 1). To confirm the correlations between the main
explanatory variables and the outcome variables after adjusting
for confounding variables, we performed multivariate logistic
regression (Tables 2 and 3). The collected data were analyzed
with the IBM SPSS (IBM SPSS 25.0 for Windows, SPSS Inc,
Chicago, IL, USA) program, and statistical significance was
considered as 0.05.

3. Results

Among the 7029 subjects who participated in the study, 29.1%
exhibited a reduced cognitive function, and 70.9% had a normal

Demographic characteristics of the subjects (n=7029).
Cognitive impairment

Variable Yes (n=2043) No (n=4986) P value
MMSE, scores (Mean + SE) 17.77+0.11 27.99+0.29 <.001
Chewing, n (%) <.001

Good 409 (20.0) 2459 (49.3)

Moderate 869 (42.5) 2049 (41.1)

Poor 765 (37.4) 478 (9.6)

Age, years (Mean + SE) 75.39+0.21 65.38+0.12 <.001

<60 134 (6.6) 1564 (31.4)
60-69 381 (18.6) 1825 (36.6)
70-79 820 (40.1) 1273 (25.5)

>80 708 (34.7) 324 (6.5)

Gender, n (%) <.001
Male 624 (30.5) 2363 (47.4)

Female 1419 (69.5) 2623 (52.6)

Education level, n (%) <.001
Elementary 1514 (74.1) 1676 (33.6)

Middle school 249 (12.2) 937 (18.8)
High school 223 (10.9) 1720 (34.5)
College + 57 (2.8) 653 (13.1)

Household income, n (%) <.001
Lowest quartile 744 (36.4) 646 (13.0)
Lower-middle quartile 547 (26.8) 1179 (23.6)
Upper-middle quartile 398 (19.5) 1415 (28.4)

Highest quartile 354 (17.3) 1746 (35.0)

Smoking, n (%) <.001
No 1546 (75.7) 3335 (66.9)

Ever 311 (15.2) 902 (18.1)
Yes 186 (9.1) 749 (15.0)

Drinking, n (%) <.001
No 1267 (62.0) 2362 (47.4)

Ever 388 (19.0) 715 (14.3)
Yes 388 (19.0) 1909 (38.3)

Wearing dentures, n (%) <.001
No 1204 (58.9) 4253 (85.3)

Yes 839 (41.1) 733 (14.7)

Regular exercise, n (%) <.001
Yes 382 (18.7) 1874 (37.6)

No 1661 (81.3) 3112 (62.4)
Chronic disease, ea (Mean + SE) 1.63+0.28 1.03+0.02 <.001

P value obtained by t test and Chi-Squared test.
Bold denotes statistical significance at P< .05.
MMSE = The Mini-Mental State Examination, SE = standard error.

www.md-journal.com

cognitive function. Average MMSE scores for the impaired group
and the normal group were 17.77+0.11 and 27.99+0.29,
respectively. There were differences in age, gender, educational
level, household income, smoking, drinking, regular exercise,
prosthetic devices used as dentures, and the number of chronic
diseases between the impaired group and the normal group
(Table 1).

Individuals with a poorer masticatory function had an odds
ratio (OR) 9.61-fold higher (95% confidence interval [CI]=
18.17-11.30) for MCI compared to those with a good
masticatory function. When adjusted for age and gender, the
ORs were 1.53-fold (95% CI=1.32-1.78) and 4.44-fold (95%
CI=3.72-5.31) higher for individuals with a moderate and poor
masticatory function, respectively, compared to those with good
masticatory function. Therefore, the dose-dependent effect
between masticatory function and MCI was statistically signifi-
cant. Similarly, in Model 3 that controlled for gender, age,
education level, and household income, the OR (3.82, 95% CI=
2.18-4.58) showed a similar pattern. Once again, in the final
model that controlled for all confounding variables, the OR was
3.24-fold (95% CI=2.67-3.93) higher in the individuals with a
poor masticatory function compared to those with a good
masticatory function (Table 2).

Although smoking was not significant in the final model, the
prosthetic devices used as dentures showed a negative correlation
with mild cognitive function (OR=1.39, 95% CI=1.20-1.62).
Looking at the analysis of the interaction effect between
masticatory function and wearing denture, the OR was 0.96-
fold (95% CI=0.93-0.99). Therefore, we performed a subgroup
analysis after categorizing the subjects into a group with dentures
and a group without dentures. In both groups, there was an
association between a poor masticatory function and MCI. In the
group with dentures, the OR was 2.08-fold (95% CI=1.45-
2.98) higher in the individuals with a poor masticatory function
compared to those with a good masticatory function. The
difference was not significant for the individuals with a moderate
masticatory function. On the other hand, the group without
dentures showed a stronger positive correlation between
masticatory function and MCI compared to the group with
dentures. More specifically, the individuals with a moderate
masticatory function showed a 1.48-fold (95% CI=1.24-1.77)
higher OR, and the individuals with a poor masticatory function
showed a 3.98-fold (95% CI=3.11-5.08) higher OR compared
to the individuals with a good masticatory function (Table 3).

4. Discussion

This cross-sectional analysis is a deduced study from the
nationally representative KLoSA data for a population aged
45-years and older and is the first study to analyze the association
between masticatory function and MCI taking into consideration
the prosthetic devices used as dentures.

The mechanism behind the association between masticatory
function and reduced cognitive function can be summarized into
the following 4 aspects. First, mastication directly stimulates the
hippocampus and therefore increases the area and number of
neurons. An increased number of cells in the hippocampus —
responsible for cognitive function and memory — activates brain
function and prevents cognitive impairment. Second, mastication
increases cerebral blood flow and thereby provides a greater
oxygen supply, and the increased cerebral blood flow promotes
the activity of brain cells and consequently strengthens cognitive
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Adjusted associations between chewing ability and mild cognitive impairment (no =0, yes =1) using logistic regression model (n=7029).

0dds ratio” (95% confidence interval)

Variables Model | Model II Model 1lI Model IV
Chewing

Good 1 1 1 1

Moderate 2.547 (2.219-2.924) 1.533 (1.318-1.783) 1.487 (1.275-1.734) 1.388 (1.187-1.623)

Poor 9.605 (8.169-11.295) 4.442 (3.715-5.313) 3.821 (2.184-4.584) 3.238 (2.671-3.925)
Age (year)

<60 1 1 1

60-69 2.164 (1.721-2.722) 1.610 (1.270-2.043) 1.582 (1.239-2.021)

70-79 5.712 (4.565-7.148) 3.300 (2.587-4.209) 2.986 (2.313-3.854)

>80 15.920 (12.449-20.358) 8.476 (6.528-11.006) 6.804 (5.155-8.980)
Gender

Male 1 1 1

Female 2.117 (1.865-2.404) 1.523 (1.328-1.747) 1.523 (1.235-1.879)
Education level

College + 1 1

High school 1.612 (1.144-2.271) 1.455 (1.029-2.056)

Middle school 2.541 (1.764-3.659) 2.264 (1.569-3.267)

Elementary 4.168 (2.939-5.910) 3.448 (2.430-4.892)

Household Income, (%)
Highest quartile
Upper-middle quartile
Lower-middle quartile
Lowest quartile

Smoking, n (%)

No
Ever
Yes

Drinking, n (%)
No
Ever
Yes

Wearing dentures, n (%)
No
Yes

Regular exercise
Yes
No

Chronic disease, ea (Mean=+SD)

1 1
0.893 (0.731-1.089) 0.867 (0.708-1.061)
0.961 (0.784-1.177) 0.903 (0.735-1.109)
1.393 (1.139-1.704) 1.313 (1.070-1.611)

1
1.165 (0.897-1.487)
1.099 (0.841-1.437)

1
1.263 (1.041-1.533)
0.757 (0.633-0.907)

1
1.392 (1.196-1.620)

1
1.844 (1.575-2.160)
1.074 (1.010-1.141)

Odds ratio is adjusted for all variables in Table 2.
Model 1: basic model.
Model 2: basic model plus adjusted for age, gender variables.

Model 3: basic model plus adjusted for socioeconomic factors including education level and household Income.
Model 4: basic model plus adjusted for health behavioral and systemic health-related factors including smoking, drinking, wearing denture, regular exercise, and chronic disease.

Bold denotes statistical significance at P<.05.
SE = standard error.

Adjusted associations between chewing ability with wearing

denture and mild cognitive impairment (no=0, yes=1) using

logistic regression model (n=7029).

Subgroup Odds ratio (95% confidence interval)
Wearing-denture Non-denture

Good chewing 1 1
Moderate chewing 1.042 (0.735-1.477) 1.478 (1.235-1.769)
Poor chewing 2.075 (1.445-2.979) 3.976 (3.111-5.080)

Odds ratio is adjusted for age, gender, education level and household Income, including smoking,
drinking, wearing denture, regular exercise, and chronic disease.
Bold denotes statistical significance at P< .05.

function. Third, mastication allows for more frequent nutritional
intake, and especially, the consumption of vitamin B strengthens
brain function. Lastly, cell damage from inflammatory cells can
induce the loss of brain cells and the consequent brain function
impairment. This can be supported by several previous studies
that demonstrated the association between various inflammatory
diseases and MCL**

The results of this study show, after controlling for
confounding variables, the association between masticatory
function and mild cognitive function, which are similar to the
outcomes of previous studies./*>?¢! Another study that included a
large cohort of a middle-aged population from 14 European
countries also demonstrated that individuals with poor mastica-
tory function exhibited a poorer vocabulary memory and
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impaired vocabulary.'¥ The level of impairment was more
pronounced for vocabulary than for calculation ability, which
can explain the fact that the progression of dementia often causes
greater difficulties in maintaining a rich vocabulary rather than a
simple calculation ability. However, to draw a more clear
interpretation of this result, there is a need for additional
anatomical studies to identify clearly the mechanisms for the
abilities associated with calculation and vocabulary.

In this study, the OR between masticatory function and MCI
was 3.98 (95% CI=3.11-5.08) in the group without dentures,
which is 1.9-fold higher than the OR of 2.08 (95% CI=1.45-
2.98) in the group with dentures. We observed a strong positive
correlation between reduced masticatory function and MCI,
and more specifically, the dose-dependent effect between
masticatory difficulties and MCI was only observed in the
group without dentures. A previous study that performed a 6-
year follow-up on patients admitted due to mental disorders
demonstrated that the trend for the incidence rate of mental
disorders was 2-fold higher in the group of patients without
dentures compared to the group with dentures?”! and another
4-year follow-up study on a cohort of subjects aged >65 years
showed that the group with masticatory discomfort exhibited a
2.73-fold higher incidence rate of dementia after 4 years. More
specifically, from the larger group of edentulous subjects, the
group with dentures exhibited a 2.70-fold increase in the
incidence rate of dementia while the group without dentures
exhibited a 4.57-fold increase. The difference between the group
with and without dentures was 1.7-fold, similar to the difference
in the OR between the group with and without dentures in our
study.!'”! These outcomes further support the hypothesis of our
study that the prosthetic devices that were used as dentures
assist with masticatory function and thus prevent brain
function impairment.

Another previous study on a smaller, regional cohort of an
elderly population aged >65 years in Korea reported that the
prevalence of dementia was 50% higher in the group without
dentures compared to the group with dentures after considering
the number of teeth, gender, age, educational level, and chronic
diseases. More specifically, elderly people (>65-years of age)
had greater difficulties in consuming fish and fruits than meats
as they lost their teeth.!'®! Several key vitamins for brain
function are included in fish and fruits, and the limited
consumption of a certain food type due to the loss of teeth
appears to accelerate the impairment of brain function.
Therefore, individuals with the progressive loss of teeth should
be treated to improve masticatory function and consequently
restore a balanced nutritional intake and increased cerebral
blood flow and brain cell functionality, thereby preventing or
delaying the onset of MCL

However, we were not able to determine a clear causal
relationship whether MCI results in poor masticatory function,
or poor masticatory function results in MCI. A recent literature
review of studies assessed the association between masticatory
function and mild cognitive function reported from 17 cross-
sectional and 6 longitudinal studies, and a significant association
between reduced masticatory function and MCI was observed in
16 and 5 of the studies, respectively. Furthermore, 5 out of 6
longitudinal studies and 4 out of 5 cross-sectional studies have
reported an association between reduced masticatory function
and the incidence rates of dementia and memory disorders.
Therefore, a reduced masticatory function can be considered as
one of the important risk factors of MCL*8!
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This study has dental policy implications. Regular dental care
is known to be associated with a decreased risk of dementia
occurrence among older adults.*”! Under the universal health
insurance system, middle-aged and older Korean adults might
have more access than non-universal health system countries
such as the United States where older adults with public health
insurance or uninsured middle-aged adults have limited access
to dental care.3%! Appropriate denture use, at least, and regular
dental care among MCI patients might have a protective role in
the progression from MCI to dementia. Future comparative
studies are urgently warranted to see whether a link between
appropriate denture use and the progression from MCI to
dementia can be replicated in countries where different
health care systems, universal vs. non-universal, have been
adopted.

This study has 3 main strengths. First, the sample cohort in this
study is a representative cohort of a middle-aged Korean
population. Most studies have used samples from a specific
population or region, but we used large-scale national data from
the KLoSA and performed weighted composite sample analysis to
represent the middle-aged population of Korea. Second, all data
were collected by an experienced investigator trained for the
establishment of a national database. Therefore, the reliability
and validity of the responses are high. Third, trained interviewers
for the collection of responses directly visited the household and
performed in-person interviews although, because obtained
responses were independent of the interviewees visual capabilities
or capability of understanding the questions, the responses from
illiterate individuals or individuals with visual impairment could
be included in the study.

We do however acknowledge several important limitations of
this study. First, the masticatory function in this study was
assessed using a subjective variable, and the MMSE value was
used as a variable over clinical mild cognitive assessment values.
Second, an assessment of the natural teeth and the prosthetic
devices used as dentures was not clinically performed. Therefore,
there is no information available to explain the reason for not
wearing a denture — whether because it was unnecessary or
because of other reasons. Third, there is no information regarding
the status of the dentures in the subjects wearing a denture,
whether it is a partial denture or a full denture. Lastly, the
assessment of masticatory function was based on a self-report,
and a threshold difference for the objective masticatory function
may exist between the subjects with and without dentures.
Therefore, interpretation of the results should be carefully done.
Nonetheless, when considering the impracticality of performing
clinical assessments of all 7000 subjects on site to analyze a large,
representative cohort of subjects, the results obtained using the
direct interview method in this study are still very meaningful.
This study used the most recent cohort data designed for a
longitudinal study on aging in Korea and performed a cross-
sectional analysis. Future studies to validate the relationship
between oral health and mild cognitive function using the data
from 2006 until now will undoubtedly produce more valuable
experimental results.

Our findings confirm that mastication is associated with MCI
even after controlling for various confounding factors including
drinking, smoking, exercise, and chronic illnesses. In particular,
wearing a denture can delay or alleviate MCI. Therefore,
to prevent cognitive decline, dentists, doctors and oral
health specialists should pay attention to the decline of the
mastication.
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