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Purpose: The aim of this study was to investigate the association between the changes in masticatory function and cognitive im-
pairment by analyzing longitudinal data of older Korean patients.

Materials and Methods: Patients aged over 60 years with dental records between 2005 to 2010 (baseline; T1) and 2014 to 2020
(follow-up; T2) were selected in a single medical center. Based on the dementia diagnosis after T2, the cohort was classified into
two groups, the dementia group (n=122) and the control group (n=366). Changes in masticatory function were calculated using the
total functional tooth unit (T-FTU) in both groups. The incidence of tooth extraction (%) and the subsequent rehabilitation during
the observation period were also evaluated.

Results: In the dementia group, T-FTU significantly decreased from T1 to T2 (9.81+2.78 to 9.11+3.16, respectively, p=0.008), while
no significant change was observed in the control group. During the mean observation period of 9 years, significantly more teeth
were extracted and neglected to be prosthetically restored in the dementia group than in the control group. Regression analysis re-
vealed that the number of missing teeth neglected [odds ratio (OR)=1.195, 95% confidence interval (CI)=1.025-1.393, p=0.023] and

previous alcohol consumption (OR=4.445, 95% CI=1.831-1.795, p=0.001) were the most significant risk factors of dementia.
Conclusion: There might be a causative relationship between the neglected missing dentition and the onset of dementia.
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INTRODUCTION

Dementia is a complex clinical syndrome encompassing a wide
range of neuropsychiatric medical conditions that cause gradu-
al impairment of brain functions and cognitive impairment in
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older people.'? Large number of studies have reported poten-
tial risk factors of dementia, such as less education, hyperten-
sion, hearing impairment, smoking, obesity, depression, phys-
ical inactivity, diabetes, and low social contact.**

Recently, increased research attention has been devoted to
the relationship between tooth loss and cognitive impairment,®
and tooth loss has been regarded as a possible risk factor of de-
mentia. It has also been described that the reduction of masti-
catory function due to tooth loss might negatively influence
learning and memory.®” Another prospective study showed
that fewer the remaining natural teeth, higher the incidence of
dementia.?® A retrospective study on an elderly population has
shown that those with greater number of extracted teeth ex-
hibited a significantly higher risk of dementia,' and that com-
plete edentulism might be one of the contributing sources to
the onset and progression of dementia.
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Several potential mechanisms have been proposed to ex-
plain the relationship between tooth loss and cognitive im-
pairment."! A preceding review suggested three mechanisms
of concern: 1) impaired chewing ability due to tooth loss leads
to reduced nutritional status; 2) “incremental tooth loss” causes
progressively fewer “interocclusal contact” and reduces so-
matosensory feedback; and 3) chronic periodontitis during the
active inflammatory stage propagates a systemic effect. These
mechanisms allegedly compromise the central nervous system
and lead to a progressive cognitive decline.” However, none of
the proposed mechanisms clearly explain the relationship be-
tween the rehabilitation of edentulism and dementia.

To add to this scientific evidence, we hypothesized that the
incidence of cognitive impairment, including dementia, would
decrease when masticatory function has been recovered using
prosthetic restoration, such as fixed bridge or dental implants.
Therefore, this study aimed to investigate the relationship be-
tween the changes in masticatory function and cognitive im-
pairment by analyzing the retrospective longitudinal data
from older Korean patients.

MATERIALS AND METHODS

Data source and study population

This retrospective study was performed using the Clinical Data
Warehouse of the Severance Clinical Research Analysis Portal
at Yonsei University Medical Center, Seoul, Korea. The partici-
pants selected for the present study were over 60 years of age,
and had detailed dental records and panoramic radiographs
taken at Yonsei University Dental Hospital between 2005 to
2010 (baseline; T1) and 2014 to 2020 (follow up; T2). Based on
whether the participant was diagnosed with dementia after
T2, the participants were allocated into two groups: the de-
mentia group (n=132) and the control group (n=5775). Partic-
ipants who had removable partial or complete dentures were
excluded (n=10), since masticatory function could not be as-
sessed using the dental panoramic radiography in denture
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wearers. Propensity score matching (PSM) was performed to
provide a matching control group, adjusted for age and sex. As
aresult, there were 122 and 366 (ratio of 1:3) participants from
the dementia and control groups, respectively, providing a to-
tal of 488 participants (Fig. 1). This study protocol was ap-
proved by the Institutional Review Board of Yonsei University
Dental Hospital (2-2020-0066) and the study was reported in
accordance with the STROBE (strengthening the reporting of
observational studies in epidemiology) guidelines.

Data collection

Demographic data, including age, sex, smoking and alcohol
consumption, were collected. Physician-diagnosed systemic
illnesses, including hypertension, diabetes, heart diseases (cor-
onary heart disease and arrhythmia), and cerebrovascular dis-
ease were recorded for each patient. Dental panoramic radio-
graph, periodontal diagnosis, and subsequent treatment received
for each patient were collected from the electronic dental re-
cords. Periodontal diagnoses had been made by periodontal
specialists at the Department of Periodontology according to
the 1999 periodontal disease classification system presented
by the American Academy of Periodontology."

Dementia diagnosis

The participants in the dementia group had never been diag-
nosed with dementia before T2. The dementia group had been
screened and clinically diagnosed by the respective physicians
who were either psychiatrists or neurologists with the aid of
either the Korean version of Mini-Mental State Examination
(MMSE-K) or the Korean MMSE (K-MMSE) questionnaires
after T2. The maximal threshold scores indicating dementia
were 22 and 18 out of 30 for MMSE-K and K-MMSE, respec-
tively.™ Classification of cognitive impairment included in this
study was in accordance with the International Classification
of Diseases, 10th Revision, Clinical Modification codes F00,
F01, F02, F03, and G30, which corresponds with dementia in
Alzheimer disease, vascular dementia, dementia in other dis-
eases classified elsewhere, unspecified dementia and Alzheim-

Total (n=5959) |

Dementia group

Missing case records
(n=52)

Control group

(n=132)

Excluded (n=10)
« Presence dentures

(n=b775)

‘ Propensity score matching 1:3 (age, sex) ‘

4
‘ Dementia group (n=122)

Fig. 1. Flow chart of this study.
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er’s disease, respectively.'

Evaluation of masticatory function

Masticatory function was evaluated by analyzing the dental
chart and panoramic radiograph of each patient at two time
points (T1 and T2) by one experienced researcher (K.K.A). The
following parameters were considered:

1) Total functional tooth unit (T-FTU): Pairs of opposing
sound natural, restored, or replaced premolars and molars,
such that a total of 12 units represents a fully intact posterior
occlusion (molars=2 units; premolars=1 unit per quadrant).'®

2) Total number of teeth: The total number of crowns in
each patient including natural (sound and compromised) and
replaced teeth apart from the third molars.

3) Number of sound teeth: The number of teeth in each pa-
tient i) having periodontal alveolar bone loss limited to the cor-
onal third of the root, and ii) without any significant local pa-
thology, such as advanced dental caries, that may interfere
with mastication.

4) Number of compromised teeth: The number of teeth hav-
ing i) root fracture, ii) extensive coronal destruction caused by
dental caries or crown fracture, or iii) periodontal bone loss ex-
tending to the middle third of the root and beyond, and iv) pres-
ence of any symptoms or discomfort (e.g. pain) as recorded in
medical charts.

5) Number of artificial teeth: The number of pontics within
multi-unit fixed dental or implant prostheses.

6) Number of dental implants: The number of installed im-
plant fixtures.

T-FTU was chosen as the primary outcome to represent mas-
ticatory function. The changes in T-FTU between T1 and T2
were calculated. The incidence rate of extraction (%), the num-
ber of natural teeth lost, and the subsequent rehabilitation
were also evaluated. The number of replaced teeth and miss-
ing teeth neglected between T1 and T2 were also counted.

Risk factors for incidence of dementia

Based on a previous study, potential risk factors for dementia
with significant differences between groups were selected,”
and the strength of their association with incidence of demen-
tia were compared using multiple logistic regression. The re-
sult of the correlation analysis of masticatory factors showed that
the number of natural teeth lost might potentially confound
several factors, and the number of replaced teeth was selected
instead of the number of natural teeth lost, based on the hy-
pothesis of this study. The selected risk factors for comparison
were cerebrovascular disease, alcohol consumption, number
of replaced teeth, number of missing teeth neglected, and the
change in T-FTU between T1 and T2.

Statistical analysis
All analyses were performed using a dedicated statistical soft-
ware (SPSS version 23; IBM Corp., Armonk, NY, USA) apart
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from PSM, which was performed on another software (R ver-
sion 3.4.3; The R Foundation for Statistical Computing, Vien-
na, Austria). PSM was conducted to select a comparable co-
hort from the control group that matched the dementia group
with respect to age and sex. The ratio of population size was
set to 1:3 for dementia and control groups, respectively. Normal
distribution of data was evaluated using the Shapiro-Wilk test.
The chi-squared test was used to compare the demographic
characteristics between the two groups. Changes in mastica-
tory function parameters between T1 and T2 were analyzed
using Wilcoxon signed rank test, and the comparison between
the two groups was performed using Mann Whitney test. The
multiple logistic regression was used to estimate the relation-
ship between the change in dental status and later onset of de-
mentia. Statistical significance was considered when the p-val-
ue from two-tailed test was lower than 0.05. The data in this
study has been presented as meantstandard deviation.

RESULTS

Demographics information

Baseline demographic information has been presented in Table 1.
There were no significant differences in the baseline character-
istics, including sex, age, and geographical region, between the
two groups (p>0.05). The dementia group showed significant-
ly higher prevalence of cerebrovascular disease (p=0.023).
Hypertension, diabetes mellitus, and heart diseases were also
higher in the dementia group than in the control group; howev-
ey, the difference was not statistically significant. Alcohol and
cigarette consumption were higher in the dementia group;
however, only alcohol consumption showed statistical signifi-
cance (p<0.001). There was no significant difference in the prev-
alence of periodontal disease at baseline between the groups,
and all patients diagnosed with periodontal disease had under-
gone active periodontal therapy since then on. The mean fol-
low-up period between T1 and T2 was approximately 9 years,
which was similar in both groups.

Evaluation of masticatory function

At T1, there was no difference between the dementia and con-
trol groups in terms of all parameters, including the T-FTU and
the number of teeth (p=0.098 and 0.110, respectively) (Table 2).
However, at T2, the dementia group exhibited a significant re-
duction in the meantstandard deviation T-FTU compared to
T1 (9.81+2.78 to 9.11+3.16, respectively; p=0.008), which was
accompanied by a significant reduction in the number of
functional teeth (26.61+1.99 to 25.55+3.43, p<0.001). For the
control group, there was also a significant reduction in the
number of functional teeth (26.95+1.57 to 26.58+2.31, p=0.002);
however, the T-FTU was maintained. Moreover, greater num-
ber of total functional teeth (p=0.019), specifically, sound
teeth (p=0.006), were lost in the dementia group compared to
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the control group (Table 3). Therefore, at T2, the T-FTU was
significantly smaller for the dementia group compared to the
control group (9.11+3.16 and 10.05+2.59, respectively; p=0.003).

There was no difference in the incidence of extraction in both
groups (73% and 72.1% for the control and dementia groups,
respectively) (Table 3). The number of dental implants had in-
creased significantly between T1 and T2 in both groups (p<
0.001), however, they were placed in greater numbers in the
control group than the dementia group (1.71+2.46 and 1.46+
2.74, respectively; p=0.002). The findings showed that the
number of natural teeth lost was greater in the dementia group
than in the control group (2.97+3.28 and 2.14+2.39, respective-
ly; p=0.045); however, these missing teeth were more often ne-
glected in the dementia group (1.26+2.27 and 0.64+1.29, respec-
tively; p=0.004).

Risk factors for the incidence of dementia

Regression analysis revealed that the number of missing teeth
neglected was a significant risk factor for dementia [odds ratio
(OR)=1.195, 95% confidence interval (CI)=1.025-1.393, p=
0.023]. The number of replaced teeth and change in T-FTU were

Table 1. Demographic Characteristics in Propensity Score-Matched Pa-
tients

. Control group Dementia grou
Characteristics group graup P

(n=366) (n=122) value*
Age (yr) 77.90+7.88 77.95+7.89 -
Sex -
Male 150 (40.9) 50 (40.9)
Female 216 (59.1) 72 (59.1)
Systemic disease
None 65(17.7) 15(12.3) 0.158
Hypertension 245 (66.9) 92(75.4) 0.080
Diabetes mellitus 109 (29.8) 40 (32.8) 0.532
Heart disease 127 (34.7) 48(39.3) 0.354
Cerebrovascular 12(3.3) 10(8.2) 0.023
Alcohal history <0.001
None 329(89.9) 95(77.9)
Past experienced 9(2.5) 14(11.5)
Current 28(7.6) 13(10.6)
Smoking history 0.086
None 337(92.1) 104 (85.2)
Former smoker 24 (6.5) 15(12.3)
Current smoker 5(1.4) 3(2.5)
Periodontal disease severity 0.198
Healthy 96 (26.2) 30 (24.6)
Incipient 117 (32.0) 48(39.4)
Moderate 119(32.5) 39(31.9)
Advanced 34(9.3) 5(4.1)
Mean F/U period between T1 and T 2 (year. month)
9.2 9.2

Data are presented as meanstandard deviation or n (%).
*p-value for chi-square test.
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not significant risk factors of dementia. Cerebrovascular dis-
ease presented a higher risk of dementia despite the lack of
statistical significance (OR=1.793, 95% CI=0.709-4.535). Past

Table 2. Evaluation of Masticatory Function
T T2

pvalue’

Total FTU
Control group 10.2742.45  10.05%2.59 0.131
Dementia group 9.81+2.78 9.11+3.16 0.008
p-valug* 0.098 0.003

Number of total teeth
Control group 26.95+1.57  26.58+2.31 0.002
Dementia group 26.61+1.99  2555+343  <0.001
p-value® 0.110 <0.001

Number of sound teeth
Control group 2492+358 2297+472  <0.001
Dementia group 24394371 21594542  <0.001
p-valug* 0.062 0.007

Number of compromised teeth
Control group 0.42+0.97 0.20+0.78 <0.001
Dementia group 0.42+0.92 0.25+0.66 0.113
p-value® 0.830 0.170

Number of artificial teeth
Control group 1.15%1.70 1.21+1.59 0.344
Dementia group 1.24+1.81 1.72£2.07 0.002
p-value* 0.790 0.013

Number of dental implants
Control group 0.38+1.43 210£295  <0.001
Dementia group 0.52+2.17 1.99+3.40 <0.001
p-value® 0.783 0.195

Data are presented as mean+standard deviation.
*Compared between groups; p-value for Mann-Whitney test; "Compared with-
in group; pvalue for Wilcoxon signed-rank test.

Table 3. Changes in Masticatory Function between T1 and T2

Control Dementia .
group group .
(n=366)  (n=tz2) “AM°
Changes in masticatory function
Number of total teeth -0.04+2.08 -1.05£3.04 0.019
Number of sound teeth -1.94+298  -2.80+£3.04 0.006
Number of compromised teeth -0.21£1.18  -0.17x£1.16  0.404
Number of artificial teeth 0.06+1.18 047178 0.060
Number of dental implants 1.71+246  1.46+2.74 0.002
Total FTU 0224259 -0.70£298 0.151
History of extraction and restoration
Extraction incidence’ 267 (73.0)" 88(72.1) -
Number of natural teeth lost 214239  2.97£328 0.045
Number of replaced teeth 1.45+2.06 171245 0811

Number of missing teeth neglected 0.64+1.29  1.26+2.27 0.004

Data are presented as mean+standard deviation.
*Compared between groups; p-value for Mann-Whitney test; 'Calculated
percentage total number of control group, dementia group.
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Table 4. Multiple Lgistic Regression for Incidence of Dementia

YMJ

Predictor Regression coefficient (B) SE pvalue Exp (B) (95% CI)
Cerebrovascular (ref: none) 0.584 0.474 0.218 1.793(0.709-4.535)
Alcohol (ref: none)

Past experienced 1.492 0.453 0.001* 4.445(1.831-10.795)
Current 0.318 0.368 0.387 1.374 (0.669-2.826)
Number of replaced teeth 0.042 0.049 0.392 1.043(0.947-1.148)
Number of missing teeth neglected 0.178 0.078 0.023* 1.195(1.025-1.393)
Change in T-FTU 0.001 0.048 0.987 1.001(0.911-1.099)
Cl, confidence interval; T-FTU, total functional tooth unit.
*p<0.05.

alcohol drinkers who have abstained from drinking, as well as
the current drinkers, were both presented with higher risk of
dementia compared to the non-drinkers (OR=4.445, 95%
CI=1.831-10.795 and OR=1.374, 95% CI=0.669-2.826, respec-
tively); however, only the abstainers showed statistical signifi-
cance (p=0.001) (Table 4).

DISCUSSION

In the present study, we investigated the relationship between
the loss of oral masticatory function and the risk of dementia
using a 9-year longitudinal data of an older Korean population.
The main findings of this study were as follows: 1) the number
of neglected missing teeth and past alcohol consumption were
significant risk factors for dementia and 2) T-FTU, which is an
index for masticatory function, was significantly reduced in the
dementia group at T2, whereas no change was shown in the
control group.

T-FTU was primarily used in this study as an indicator of the
masticatory function in the study population. A critical consid-
eration would be whether T-FTU can accurately represent one’s
chewing ability. According to the literature, the number of teeth
needed to maintain adequate oral function remained contro-
versial; nonetheless, it is widely accepted that the number and
distribution of remaining teeth are closely related to the chew-
ing ability." A recent study suggested that at least 10 FTUs were
required for satisfactory chewing if the posterior compartment
consisted of both natural and fixed prosthesis.'® In the current
study, the mean T-FTU of the control group was maintained
above 10, whereas that of the dementia group was below 10 even
at baseline and was significantly reduced after 9 years. Since the
diagnosis of cognitive impairment was made after the study pe-
riod, the data from this study might reveal a possible causative
relationship between diminishing masticatory function and
cognitive decline. This result was in line with several epidemio-
logical studies, in which the loss of posterior occluding pairs
was associated with cognitive impairment.'**

The regression analysis in this study revealed that the num-
ber of neglected missing teeth and previous alcohol consump-
tion were significant risk factors of cognitive impairment. Sim-

https://doi.org/10.3349/ym;.2022.63.8.783

ilar association between tooth loss and cognitive impairment
has also been demonstrated by several other epidemiological
studies.'®* In addition, a recently published retrospective study
based on two USA national health surveys reported that eden-
tulism was highly associated with cognitive decline, and that
there was a gradient effect between a decreasing number of
teeth and an increasing risk of cognitive impairment.” Anoth-
er recent study of national database from Japan reported that
older people with fewer teeth were more likely to develop Al-
zheimer’s disease.”

In addition, it is well-known that excessive alcohol consump-
tion over a prolonged period can lead to detrimental brain
damage and increase the risk of dementia.* In this study, only
the cross-sectional data was available on whether the partici-
pant was an ongoing drinker, an abstainer, or a non-drinker. The
results revealed that abstainers were 4.5 times as likely to devel-
op dementia compared to the non-drinkers, whereas the ongo-
ing drinkers were not significantly different from the non-
drinkers. Neither the exact timing of abstinence nor the amount
and frequency of alcohol consumption had been recorded for
analysis in this study. A prospective cohort study of 9087 partic-
ipants over 23 years has shown a comparable outcome to the
current study, as the risk of dementia increased in people who
abstained from alcohol in midlife.”> The same study also dem-
onstrated that the increased risk of dementia in abstainers can
be attributed to the greater risk of cardiometabolic disease in
those people. Therefore, it can be interpreted that the reason for
modification of drinking habits in those subjects was other de-
bilitating health-related problems, which are also known to
have positive associations with dementia.*®

It has been indicated in the literature that the recovery of mas-
ticatory function using prosthetic dentures would be an impor-
tant factor for reducing the risk of cognitive impairment.**® Pre-
vious studies have shown that the improvement of masticatory
ability by prosthetic restoration stimulates the masticatory mus-
cles and enhances the cognitive function.*** Another system-
atic review on the influence of dental prostheses on cognitive
health reported that denture played an important role in pre-
venting cognitive impairment. However, most of those studies
had a cross-sectional design of oral rehabilitation with partial
or removable denture and cognitive impairment decline.">*"* A
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clear mechanism through longitudinal studies is yet to be re-
vealed.

Based on the previously reported findings, we speculated that
the restoration using fixed substitutes for missing teeth would
be an important factor in preventing cognitive impairment. In
the present study, both groups exhibited similar incidence of
extraction during the study period, but the number of natural
teeth lost in the dementia group was greater than that of the
control group (2.97+3.28 and 2.14+2.39, respectively). In addi-
tion, the number of replaced teeth was similar, but the number
of missing teeth neglected was twice of larger values in the de-
mentia group than in the control group (1.26+2.27 and 0.64+
1.29, respectively, p=0.004). Therefore, this finding suggests that
rehabilitation of edentulism is inversely associated with cogni-
tive decline.

Chewing has been reported to be the most common daily
activity affected by impaired dental status.® Since substantial
food products require considerable amount of chewing, it has
been argued that reduced chewing ability due to fewer teeth
and occluding posterior pairs may lead to compromised nutri-
tion.* In the context of cognitive impairment, various nutri-
tional deficiencies have been indicated as a potential contrib-
uting factor. For example, the lack of serum vitamin D levels
has been shown to be positively associated with dementia and
Alzheimer’s disease,” as well as folate, cobalamin, and dietary
fatty acids.* Furthermore, it has been suggested that mastica-
tion stimulates specific areas of the brain, which produces a
preventive effect on cognitive health.*’

Nevertheless, these mechanisms have yet to receive wide-
spread scientific support. There are other confounding vari-
ables, such as socioeconomic status, access to quality dental and
medical care, and the level of education, which can also contrib-
ute to tooth loss and dementia in the later years of life. Addition-
ally, it is also possible that the causative relationship has been
reversed. Subjects with cognitive decline have reduced ability to
maintain oral hygiene, which will inevitably lead to increased
tooth loss.*®

Our study had some limitations. First, the FTU index used
in this study was based only on the dental records and radio-
graphic data for the dentition status of each subject, and this
could not indicate the clinical diagnosis of the presence or ab-
sence of direct occlusal contact and occlusal force. Second,
there was a paucity of data to confirm the correlation between
masticatory function and dementia risk. Therefore, the results
of this study should be interpreted with caution.

Within the limitations of this study, there might be a caus-
ative relationship between the neglected missing posterior
dentitions and the onset of dementia. In addition, the history
of alcohol consumption was a significant risk factor for de-
mentia.
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