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Association between oral health
and dementia in the elderly: a
population-based study in Korea

Kyeong Hee Lee & Yoon Young Choi

We have investigated the association of oral health with development of dementia in elderly Koreans.
Data for subjects aged >65 years who underwent regular National Health Insurance Service check-

ups and received dental care in 2017 were analysed. Those treated for dementia in 2017 served as the
dementia group and those with no record of dementia in 2002-2017 as the control group. Explanatory
variables were sex, age, household income, place of residence, smoking status, alcohol consumption,
and presence of diabetes mellitus and hypertension, periodontitis, and removable dentures. Regression
analysis showed that dementia was significantly more common in women than in men and in those
aged >81 years than in those aged 65-70 years. The risk of dementia was highest in the ‘upper-middle’
income group and in the rural population. Smokers and those who consumed alcohol were less likely to
develop dementia. Subjects with diabetes were more likely to have dementia than those without it, as
were those with hypertension. Dementia was less likely in subjects with periodontitis and more likely in
those with removable dentures. Therefore, loss of teeth may contribute to development of dementia.

Dementia is a disease that causes loss of cognitive function and interferes with the ability to perform activities of
daily living and to participate in social activity'. Although not a disease developed exclusively by the elderly, the
most common form is ‘senile dementia, which is caused by degenerative brain disease, such as Alzheimer’s disease
(AD) or vascular dementiaZ.

The most common cause of dementia is AD, which accounts for 60-70% of all dementia cases®. According to a
UN report released in 2007, it is estimated that one in 85 people will be diagnosed with AD-associated dementia
by 2050*. However, a study reported in 2014 also suggested that a 20% reduction in the major risk factors for
dementia could reduce its incidence by 15.3% by 2050°. Therefore, there is a growing need to identify and manage
the risk factors associated with dementia. However, despite the number of issues identified and studies related to
dementia, there is still uncertainty concerning effective intervention strategies to reduce its prevalence®.

Norton ef al.’ reported low educational attainment, smoking, physical inactivity, depression, hypertension
in middle-age, diabetes mellitus, and mild obesity as risk factors for dementia. A retrospective cohort study that
included 10 years of follow-up and analysis of use of medical services by healthy subjects aged >60 years who had
undergone health care screening suggested that older age, female sex, eating habit, alcohol consumption, cigarette
smoking, obesity, high blood pressure, diabetes mellitus, hypertension, heart disease, stroke, depression, intracra-
nial injury, and mild cognitive impairment are risk factors for dementia’.

Oral health has also been reported to be strongly associated with dementia®-!'. Kusdhany et al. emphasized
that oral hygiene status is associated with cognitive function®. A 4-year prospective Japanese study of 2018 sub-
jects found that tooth loss was a strong risk factor for decreased cognitive function in the elderly’. Martande et
al. compared periodontal health status in patients aged 50-80 years and found that the values for all periodontal
variables evaluated were higher in patients with AD than in subjects with normal cognitive function and that
periodontal status deteriorated with progression of AD'’. Cho ef al. found that patients with natural dentition had
better cognitive ability (i.e., a higher Mini-Mental State Examination score) than those with removable dentures'!.
Poor oral health in the elderly has been reported to be strongly associated with dementia®~''; however, oral health
is still considered to be separate from and less important than systemic health!2,

Epidemiological data are needed to determine the risk factors for development of dementia. The aims of this
study were to confirm the prevalence of dementia and to investigate the relationship between dementia and oral
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Male Female
Characteristic Dementia Normal P-value’ | Dementia Normal P-value'
All 22,189 (4.0) | 529,802 (96.0) 35,088 (6.4) 515,399 (93.6)
65-70 5,268 (1.8) 287,735 (98.2) 7,548 (2.7) 276,151 (97.3)
71-75 4,835 (3.9) 117,811 (96.1) 7,208 (6.0) 112,702 (94.0)
Age, years <0.001 <0.001
76-80 7,487 (7.2) 96,612 (92.8) 12,543 (11.4) 97,858 (88.6)
>81 4,599 (14.3) 27,644 (85.7) 7,789 (21.4) 28,688 (78.7)
Low 2,912 (3.2) 87,076 (96.8) 5,512 (5.6) 93,628 (94.4)
Lower-middle 2,601 (2.8) 90,796 (97.2) 3,706 (6.3) 55,625 (93.8)
Household income? Middle 2,723 (2.8) 70,803 (96.3) <0.001 | 4,290 (6.4) 62,543 (93.6) <0.001
Upper-middle 4,638 (4.1) 108,313 (95.9) 6,850 (6.1) 106,445 (94.0)
High 9,315 (5.1) 172,814 (94.9) 14,730 (7.0) 197,158 (93.1)
Urban 17,666 (3.8) 451,638 (96.2) 27,202 (5.9) 436,738 (94.1)
Residence <0.001 <0.001
Rural 4,523 (5.5) 78,164 (94.5) 7,886 (9.1) 78,661 (90.9)
Yes 2,464 (2.9) 83,512 (97.1) 348 (5.8) 5,629 (94.2)
Smoking <0.001 0.079
No 19,725 (4.2) 446,290 (95.8) 34,740 (6.4) 509,770 (93.6)
Yes 3,434 (2.2) 149,583 (97.8) 610 (3.4) 17,138 (96.6)
Alcohol consumption <0.001 <0.001
No 18,755 (4.7) 380,219 (95.3) 34,478 (6.5) 498,261 (93.5)
Yes 9,665 (5.3) 172,648 (94.7) 14,304 (8.4) 156,517 (91.6)
Diabetes mellitus <0.001 <0.001
No 12,524 (3.4) 357,154 (96.6) 20,784 (5.5) 358,882 (94.5)
Yes 15,027 (4.7) 308,332 (95.4) 24,799 (7.5) 305,876 (92.5)
Hypertension <0.001 <0.001
No 7,162 (3.1) 221,470 (96.9) 10,289 (4.7) 209,523 (95.3)
Yes 1,157 (2.6) 43,012 (97.4) 1,793 (4.2) 41,069 (95.8)
Periodontitis <0.001 <0.001
No 21,032 (4.1) | 486,790 (95.9) 33,295 (6.6) 474,330 (93.4)
Yes 5,498 (6.6) 78,332 (93.4) 9,092 (10.4) 78,383 (89.6)
Denture wear <0.001 <0.001
No 16,691 (3.6) | 451,470 (96.4) 25,996 (5.6) 437,016 (94.4)

Table 1. Prevalence of dementia according to demographic characteristics and lifestyle factors. P-value
calculated by chi-squared test. *Quintiles based on the insurance fee imposed on each household. The data are
presented as n(%).

health in elderly Korean individuals using the Korean National Health Insurance Service (NHIS) database, which
contains representative health data for all Korean citizens.

Results

Overall prevalence of dementia. The overall prevalence of dementia was 5.2%. The prevalence was higher
in women than in men (6.4% vs 4.0%; Table 1) and in older subjects regardless of sex (P < 0.001). Dementia was
significantly less common in subjects with periodontitis than in those without periodontitis and significantly
more common in those with removable dentures (P < 0.001).

Oral health and prevalence of dementia by sex and age. We divided the study participants into 8
groups according to sex and age to minimize bias. The prevalence of dementia according to oral health status is
shown for each group in Table 2. The prevalence of dementia in each group according to confounders is shown
in Supplementary Tables S1-S4. In all groups, the prevalence of dementia was significantly lower in subjects with
periodontitis than in those without it. The prevalence of dementia was significantly higher in the subjects who
used a denture (P < 0.001), except in the group of women aged >81 years.

Association between periodontitis and dementia by sex and age. Table 3 shows the outcome of
the logistic regression analyses evaluating the association between periodontitis and dementia in each group.
The odds ratio (OR) for model 1 was estimated to be from 0.62 to 0.79 in men and from 0.62 to 0.86 in women
(P <0.01). The OR in model 3, which was adjusted for all confounding factors, was from 0.77 to 0.85 in men and
from 0.77 to 0.88 in women, with the ORs in all groups being statistically significant (P < 0.01), except for the
group of men aged >81 years.

Association between denture wear and dementia by sex and age. Logistic regression analyses
were performed to determine the association between denture use and dementia in each group. In men, the OR
was from 1.25 to 1.90 in model 1 and from 1.19 to 1.40 in model 3, with all ORs being statistically significant
(P <0.001; Table 4). The ORs for the 3 groups for women aged 65-70, 71-75, and 75-80 years were from 1.25 to
1.95 in model 1 and from 1.18 to 1.35 in model 3 (P < 0.001); however, the ORs in the group of women aged >81
years were not statistically significant.

Factors affecting the prevalence of dementia. Table 5 shows the results of multiple logistic regression
analysis of the explanatory variables, including sex, age, household income, place of residence, smoking, alcohol
consumption, presence of diabetes, hypertension, periodontitis, and using removable dentures, as well as of the
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Age, Male Female
s
years Oral health Dementia Normal P-value' | Dementia Normal P-value'
Yes 377 (1.4) 27,161 (98.6) 617 (2.3) 25,816 (97.7)
Periodontitis <0.001 <0.001
65-70 No 4,891 (1.8) 260,574 (98.2) 6,931 (2.7) 250,335 (97.3)
Yes 795 (2.5) 30,579 (97.5) 989 (3.8) 25,394 (96.3)
Denture wear <0.001 <0.001
No 4,473 (1.7) 257,156 (98.3) 6,559 (2.6) 250,757 (97.5)
Yes 284 (3.1) 8,988 (96.9) 425 (4.8) 8,526 (95.3)
Periodontitis <0.001 <0.001
7175 No 4,551 (4.0) 108,823 (96.0) 6,783 (6.1) 104,176 (93.9)
Yes 982 (5.1) 18,247 (94.9) 1,520 (7.7) 18,245 (92.3)
Denture wear <0.001 <0.001
No 3,853 (3.7) 99,564 (96.3) 5,688 (5.7) | 94,457 (94.3)
Yes 349 (5.7) 5,751 (94.3) 552 (8.8) 5,706 (91.2)
Periodontitis <0.001 <0.001
680 No 7,138 (7.3) 90,861 (92.7) 11,991 (11.5) | 92,152 (88.5)
Yes 2,060 (9.0) 20,872 (91.0) 3,669 (13.1) 24,350 (86.9)
Denture wear <0.001 <0.001
No 5,427 (6.7) 75,740 (93.3) 8,874 (10.8) 73,508 (89.2)
Yes 147 (11.7) 1,112 (88.3) 199 (16.3) 1,021 (83.7)
Periodontitis 0.007 <0.001
>81 No 4,452 (14.4) 26,532 (85.6) 7,590 (21.5) 27,667 (78.5)
- Yes 1,661 (16.1) 8,634 (83.9) 2,914 (21.9) | 10,394 (78.1)
Denture wear <0.001 0.055
No 2,938 (13.4) 19,010 (86.6) 4,875 (21.0) 18,294 (79.0)

Table 2. Prevalence of dementia according to oral health status and age category. "P-value calculated by chi-
squared test. The data are presented as n(%).

Age, Model 1* Model 2" Model 3¢

Sex years OR 95% CI OR 95% CI OR 95% CI
All 0.62"* 0.59-0.66 0.79"* 0.74-0.84 0.79"* 0.74-0.83
65-70 0.74** 0.67-0.82 0.77°** 0.69-0.85 0.77°** 0.69-0.85

Male 71-75 0.76"" 0.67-0.85 0.77"" 0.68-0.87 0.77"" 0.68-0.87
76-80 0.77°** 0.69-0.86 0.80°"* 0.72-0.90 0.80°"" 0.72-0.89
>81 0.79% 0.66-0.94 0.86 0.72-1.02 0.85 0.71-1.02
All 0.62""* 0.59-0.65 0.82°* 0.78-0.86 0.81°"* 0.77-0.85
65-70 0.86"* 0.79-0.94 0.89™ 0.82-0.96 0.88™ 0.81-0.96

Female 71-75 0.77°"* 0.69-0.85 0.79"* 0.72-0.88 0.79"* 0.71-0.87
76-80 0.74** 0.68-0.81 0.79"** 0.72-0.86 0.78"* 0.72-0.86
>81 0.71" 0.61-0.83 0.77"* 0.66-0.90 0.77"* 0.66-0.89

Table 3. Association between periodontitis and dementia by sex and age. *Model 1 was unadjusted; "model
2 was adjusted for age, household income, and residence; ‘model 3 was adjusted for age, household income,
residence, smoking, alcohol consumption, diabetes mellitus, and hypertension. Response variable; dementia
(ref. no). "P < 0.05, "P < 0.01, “P < 0.001. CI, confidence interval; OR, odds ratio.

Age, Model 1* Model 2" Model 3¢

Sex years OR 95% CI OR 95% CI OR 95% CI
All 1.90" 1.84-1.96 1.32" 1.28-1.36 1.32" 1.28-1.36
65-70 150" 1.39-1.61 143" 1.32-1.54 1.40"* 1.30-1.51

Male 71-75 1.39™ 1.29-1.49 1.39" 1.29-1.49 1.37" 1.27-1.47
76-80 1.38" 1.31-1.45 1.33"* 1.26-1.40 1.34"* 1.27-1.41
>81 1.25" 1.17-1.33 117 1.10-1.25 1.19" 1.11-1.27
All 1.95™ 1.90-2.00 1.19" 1.16-1.22 1.19" 1.15-1.22
65-70 149" 1.39-1.59 139" 1.30-1.49 135" 1.26-1.45

Female 71-75 1.38" 1.31-1.47 1.31" 1.24-1.39 1.30™" 1.22-1.38
76-80 125" 1.20-1.30 1.18™ 1.13-1.23 1.18"* 1.13-1.23
>81 1.05 1.00-1.11 1.01 0.95-1.06 1.01 0.96-1.06

Table 4. Association between denture wear and dementia by sex and age. *Model 1 was unadjusted; *"model
2 was adjusted for age, household income, and residence; “model 3 was adjusted for age, household income,

residence, smoking, alcohol consumption, diabetes mellitus, and hypertension. Response variable: dementia
(ref. no). *P < 0.05, **P < 0.01, ***P < 0.001. CI, confidence interval; OR, odds ratio.
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Characteristic B SE B OR 95% CI x2 P-value®
Constant —422 [0.02 64596.14 | <0.001
Sex (male=1) 0.36 001 |0.10 143 | 141 [146 141678 <0.001
Age, years (65-70=1)

71-75 0.76 001 [0.17 213|208 [219 |335234 <0.001
76-80 1.37 001 [0.30 392 [3.83 |401 |12877.58 | <0.001
>81 2.08 001 [028 800 |778 |822 [21987.18 | <0.001
Household income® (low=1)

Lower-middle 0.01 0.02 |0.00 101 097 [1.04 |o010 0.748
Middle 0.06 002 |0.01 107|103 [110 |14.08 <0.001
Upper-middle 0.08 002 |[0.02 109 [1.05 |112 3008 <0.001
High 0.07 001 |0.02 108 [1.05 [110 |2895 <0.001
&ersgji“:cel) 0.30 001 |0.06 135 [132 | 137 |746.63 <0.001
Smoking (no=1) —008 [002 |—001 092 [088 |09 |1639 <0.001
E’;}g‘i“l’l) consumption | 47 1902 | —0.09 |063 |060 |065 |716.26 <0.001
?n ig":etﬁs mellitus 0.38 001 [0.10 146 [143 |149 |1722.26 <0.001
ggf{;““"“ 016 001 [004 |17 |L15 |119 |25847 <0.001
Periodontitis (no=1) | —0.22 | 0.02 |—0.03 |0.80 |0.77 |0.83 |126.75 <0.001
Denture (no=1) 0.23 001 |0.05 126 |124 [129 |490.23 <0.001

Table 5. Factors affecting the prevalence of dementia. x* = 40963.03, P < 0.001, Nagelkerke R? = 0.109.
TP-value calculated by logistic regression analysis. *Quintiles based on the insurance fee imposed on each
household. B, unstandardized beta; SE, standardized error; 3, standardized beta; OR, odds ratio; CI, confidence
interval.

response variable, i.e., the prevalence of dementia. All explanatory variables were found to have a statistically sig-
nificant effect on the likelihood of developing dementia (P < 0.001) and were therefore included in the regression
model. The fitted regression model was statistically significant (P < 0.001) and the Nagelkerke R? value was 0.109.

Dementia was more common in women than in men (OR 1.43; P < 0.001) and more common in those aged
>81 years than in those aged 65-70 years (OR 8.00; P < 0.001). Subjects with an ‘upper-middle’ household
income were more likely to have dementia (OR 1.09; P < 0.001), as were residents of rural areas when compared
with those from urban areas (OR 1.35; P < 0.001). Dementia was less common in smokers than in non-smokers
(OR 0.92; P < 0.001) and in those who consumed alcohol than in those who did not (OR 0.63; P < 0.001). Subjects
with diabetes were more likely to have dementia than those who did not (OR 1.46; P < 0.001), as were those
with hypertension (OR 1.17; P < 0.001). Dementia was less common in subjects with periodontitis (OR 0.80;
P < 0.001) but was more common in those with removable dentures (OR 1.26; P < 0.001).

Discussion

Dementia is a disease that progresses slowly over a period of 5-20 years after onset, and prevention is most
important'®. Health determinants that act as risk factors for dementia, including sociodemographic character-
istics, health behaviours, and systemic diseases, should be recognized in an effort to prevent the disease®. This
study investigated a large number of variables, including sex, age, household income, and place of residence as
sociodemographic characteristics, smoking and drinking as health behaviours, and diabetes and hypertension as
systemic diseases.

Advanced age is the strongest risk factor for dementia. In a previous study', the prevalence of dementia at the
age of 65-69 years was 1.3%, with a two-fold increase every 5 years; thereafter, the prevalence in the population
aged >85 years has been reported to be 30.5%“. In the present study, the prevalence of dementia was 14.3% and
21.4% for men and women in the group aged >81 years and 1.8% and 2.7% in the group aged 65-70 years, which
is consistent with a previous report'%. Moreover, in a study reported in 2018, the risk of dementia was significantly
higher in women than in men, in smokers than in non-smokers, and in those who consumed alcohol than in
those who did not'>. Furthermore, Kim!® reported that female sex, age >70 years, a low educational level, and
alcohol abuse were risk factors for cognitive impairment. The results of multiple logistic regression analysis in the
present study also showed that women were more likely to develop dementia than men (OR 1.43; P < 0.001) while
subjects aged >81 years were more likely to have dementia than those aged 65-70 years (OR 8.00; P < 0.001).
However, in this study, smokers were less likely to have dementia than non-smokers and the same was true for
alcohol consumption. These findings may reflect the fact that subjects who had drinking or smoking habits may
have quit them after the onset of dementia either on their own or under the care of nursing homes and caregivers.
Therefore, it was difficult to determine the effects of smoking and alcohol consumption on dementia in this study.

Those with an ‘upper-middle’ household income were more likely to develop dementia (OR 1.09; P < 0.001)
in this study. This finding is different from that in the study by Ribeiro et al., who showed that patients with
AD had a lower average monthly income'’, and from that in a study of urban-dwelling African-Americans that
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investigated factors influencing cognitive function, which showed that a low income level was associated with
poor cognitive function'®. Further studies are needed to verify these findings.

Rural residents were more likely to have dementia than their urban counterparts (OR 1.35; P < 0.001). This
finding may reflect the effects of social isolation on development of dementia found by Lee'® in a study that
investigated dementia and social isolation among the rural elderly in Korea. Hence, elderly individuals residing
in rural areas may have an increased risk of dementia because of their limited social networks when compared
with elderly residents of urban areas.

Hypertension and diabetes mellitus are known to be risk factors for dementia®>?!, with an increase in the
prevalence of the disease as age increases. Being elderly is an uncontrollable risk factor for dementia; however,
hypertension and diabetes mellitus are controllable risk factors®. In this study, patients with diabetes mellitus
were also more likely to have dementia than healthy elderly subjects (OR 1.46; P < 0.001) and the same was true
for patients with hypertension (OR 1.17; P < 0.001). Therefore, continuous health care before the onset of old age
to prevent chronic illnesses such as hypertension and diabetes mellitus may help to lower the risk of dementia.

Periodontitis is a chronic inflammatory disease that has been identified as a potential risk factor for a variety
of systemic disorders, including cardiovascular disease, diabetes mellitus, hypertension, respiratory disease, oste-
oporosis, metabolic syndrome, and rheumatoid arthritis®***. An association between periodontitis and dementia
has also been suggested®-8. The direct and indirect causes of dementia are thought to involve inflammatory
reactions, damage caused by oxygen-derived free radicals that damage cells, and toxic substances; periodontitis,
a chronic inflammatory disease, is thought to impair cognition via this mechanism?*?. Periodontitis has been
reported to be a risk factor for the onset and progression of AD? and has been suggested to exacerbate inflamma-
tory conditions in the elderly, thereby accelerating the progression of neurodegenerative diseases?. Furthermore,
a longitudinal study investigating the risk of dementia following chronic periodontitis in Koreans by Cox pro-
portional hazards regression recently suggested that chronic periodontitis could increase the risk of dementia®.
However, in the present study, subjects with periodontitis were less likely to have dementia (OR 0.80; P < 0.001),
and the prevalence of dementia was lower in subjects with periodontitis even when analysed by sex and age. We
expected that the elderly with dementia would have more tooth loss than their counterparts without dementia,
as previously reported®**2, and in this study considered that tooth loss would reduce the need for treatment of
periodontitis and decrease its prevalence. Using the NHIS data, we determined the presence of chronic disease
by using a diagnostic code for medical and dental care®, but the true prevalence of periodontal disease might
not have been reflected if individuals with a given disease stopped treatment. Therefore, there is a possibility of
underestimation of prevalence. However, it is also possible that the prevalence of periodontitis is low in patients
with dementia. This possibility needs investigation in the future.

Subjects using a removable partial denture or full dentures are very likely to have lost a high number of teeth.
Our results showed that patients with removable dentures were more likely to have dementia (OR 1.26; P < 0.001)
regardless of sex and age. Syrjali et al.** reported that subjects with dementia are likely to be edentulous (OR 5.2;
95% CI 1.0-26.6). Moreover, Cho®! reported that for persons with 0-10 residual teeth, the OR for probability of
dementia was 3.527 (95% CI 1.382-8.997) based on the Mini-Mental State Examination score in individuals with
a residual tooth number of >21. Other studies have also found that individuals with cognitive impairment have
fewer remaining teeth than those without cognitive impairment*. However, in a study examining the relationship
between dental health and dementia in the elderly using the Korean Dementia Screening Questionnaire>*, nei-
ther the number of functional teeth, including implants and fixed prostheses, nor use of dentures had a significant
effect on the risk of dementia, unlike in previous studies.

This study has several limitations. It is difficult to infer a causal relationship between dementia and the risk
factors for dementia using a cross-sectional study design. Furthermore, the NHIS data do not reveal the num-
ber of teeth lost, so there is a limit to estimation of tooth loss when using data for subjects treated with remov-
able dentures. However, despite these limitations, it was possible to control recall bias, which is common in
questionnaire-based research, because of use of NHIS data, which is meaningful for confirmation of the effect of
dental health on dementia in the elderly. Therefore, we are planning a longitudinal cohort study to investigate the
causal relationship between dementia and oral health. In the meantime, we hope that our findings will contribute
to the development of health promotion programs and effective strategies for prevention of dementia.

Methods

Participants. The study protocol was approved by the Institutional Review Board of Shinhan University
(SHIRB-201806-HR-082-01) and conducted following the guidelines of the Declaration of Helsinki. The require-
ment for written informed consent was waived because the study used the NHIS database, which contains only
anonymised secondary data.

Almost all Korean citizens (approximately 98%) are covered by Korean national health insurance, and their
sociodemographic and medical records, prescription medication history, and history of medical and dental health
screening are stored in the NHIS database. This database contains data for patients aged >65 years who received
dental treatment in 2017, who was an eligibility criterion for this study. Patients who also underwent regular
health check-ups performed by the NHIS were selected as the final subjects for this study (Fig. 1).

Study variables. Subjects who had a history of treatment for dementia in their medical records for 2017
were defined as patients with dementia and those with no record of dementia treatment between 2002 (the year
medical records started) and 2017 were classified as normal subjects. The diagnostic code for dementia was
based on the International Classification of Diseases 10" (ICD-10); dementia was determined by FO0 (Dementia
in Alzheimer’s disease), FO1 (Vascular dementia), FO2 (Dementia in other diseases classified elsewhere), FO3
(Unspecified dementia), and F05.1 (Delirium superimposed on dementia).
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NHIS holder
(n=50,763,283)

Holder aged > 65 years
(n=6,445,212)

Participants receiving dental care
in 2017 (n=3,335,007)

Final participants undergoing
health check-up (n=1,102,478)

| Chi-squared test | | Logistic regression |

Figure 1. Flow of participants through the study. NHIS, National Health Insurance Service.

The explanatory variables used in this study were sex, age, household income, place of residence, smoking and
drinking status, presence of diabetes mellitus and hypertension, periodontitis, and wearing of removable den-
tures. Age was classified as 65-70, 71-75, 76-80, and >81 years. Household income was classified into quintiles
(low, lower-middle, middle, upper-middle, high) based on the cost of the health insurance paid, and place of res-
idence was classified as urban or rural. Furthermore, current smoking status and drinking status were examined
based on the responses to the NHIS health screening questionnaire. Ex-smokers were classified as non-smokers,
and current drinking status was judged based on drinking alcohol more than once a week.

Diabetes, hypertension, periodontitis, and wearing a denture were assessed according to the medical records
of dental and medical institutions. First, based on the ICD-10, we looked at the medical records of the sub-
jects to see if there were any records corresponding to the diagnostic code for diabetes mellitus (E10-E14) or
hypertension (I10-115). The definition of periodontitis was modified for the purposes of this study with ref-
erence to a previous definition®. Patients who had had periodontal treatment (U1010; subgingival curettage,
U1051-1052; periodontal flap operation, U1060; root conditioning, U1071-1072; bone graft for alveolar bone
defects, U1081-1083; guided tissue regeneration) with a diagnostic code for periodontitis (K05.2; acute perio-
dontitis, K05.3; chronic periodontitis, K05.4; other periodontal disease, K05.6; periodontal disease unspecified)
were defined as patients with periodontitis. Furthermore, subjects were deemed to use a removable denture if
there were any medical records including the treatment code related to the manufacturing process of a removable
partial denture (UA301-UA359, UA401-UA419), the treatment code related to the manufacturing process for
a full denture (UA101-UA149, UA201-UA209, UA501-UA549), and the treatment code related to the denture
repair (U1511-U1542).

Statistical analysis. The differences in prevalence of dementia according to subject characteristics were ana-
lysed using the chi-square test. We also divided the study participants into 8 groups according to sex and age and
analysed the prevalence of dementia according to the oral health of each group. Furthermore, multiple regression
analyses were conducted to determine the associations of periodontitis and denture wear with dementia in each
group, with sequential inclusion of confounding factors in the models 1-3. Finally, multiple logistic regression
analysis was performed with all confounding factors using periodontitis and denture wear as explanatory varia-
bles and dementia as the response variable. All statistical analyses were performed using SAS software (version
9.4; SAS Institute Inc., Cary, NC, USA). A P-value of 0.05 was considered statistically significant.

Data Availability

The data that support the findings of this study are available from the National Health Insurance Service-National
Sample Cohort but restrictions apply to the availability of these data, which were used under license for the cur-
rent study, and so are not publicly available.

References
1. Lee, J. E. & Jang, Y. J. A comparative study of factors affecting adolescents’ attitudes towards dementia. Health Social Welfare Rev. 36,
233-260 (2016).
2. Kim, J. K. & Chong, B. H. Effect of physical activity of patient with dementia. J. Soc. Occup. Ther. Aged Dement. 1, 70-79 (2007).

SCIENTIFIC REPORTS |

(2019) 9:14407 | https://doi.org/10.1038/s41598-019-50863-0


https://doi.org/10.1038/s41598-019-50863-0

www.nature.com/scientificreports/

10.
11.
12.
13.
14.
15.
16.
. Ribeiro, G. R, Costa, J. L., Ambrosano, G. M. & Garcia, R. C. Oral health of the elderly with Alzheimer’s disease. Oral Surg. Oral
18.
19.

20.
21.

22.
23.
24.
25.

26.
27.

28.
29.
30.
31.
32.
33.

34.
35.

. Yang, D. W,, Cho, B. L., Chey, J. Y., Kim, S. Y. & Kim, B. S. The development and validation of Korean dementia screening

questionnaire (KDSQ). J. Korean Neurol. Assoc. 20, 135-141 (2002).

. Brookmeyer, R., Johnson, E., Ziegler-Graham, K. & Arrighi, H. M. Forecasting the global burden of Alzheimer’s disease. Alzheimers.

Dement. 3,186-191 (2007).

. Norton, S., Matthews, F. E., Barnes, D. E., Yaffe, K. & Brayne, C. Potential for primary prevention of Alzheimer’s disease: an analysis

of population-based data. Lancet Neurol. 13, 788-794 (2014).

. Ko, S.J., Jung, Y. H. & Kim, D. Y. The social burden and care management for people with dementia. Research Report of Korea

Institute for Health and Social Affairs 2016, 1-115 (2016).

. Kang, J.-H. The factors influencing dementia using National Health Insurance claims data. Master’s thesis. Seoul, Korea: University

of Yonsei; (2013).

. Kusdhany, L. S. et al. Oral hygiene status and cognitive function in Indonesian elderly. Int. J. Clin. Prev. Dent. 11, 261-264 (2015).
. Saito, S. et al. Association between tooth loss and cognitive impairment in community-dwelling older Japanese adults: a 4-year

prospective cohort study from the Ohasama study. BMC Oral Health. 18, 142 (2018).

Martande, S. S. et al. Periodontal health condition in patients with Alzheimer’s disease. Am. J. Alzheimers. Dis. Other Demen. 29,
498-502 (2014).

Cho, M. ], Park, D. O. & Song, K. B. Influence of denture wearing on a Mini-Mental State Examination (MMSE-K) in the elderly. J.
Korean Soc. Dent. Hyg. 16,295-301 (2016).

Kwak, J. S., Woo, S. H. & Lee, J. R. Recognition towards oral health care and plaque removal in the elderly people. J. Korean Soc. Dent.
Hyg. 15,727-733 (2015).

Ryoo, E. N. & Park, K. S. Validity, reliability and efficiency of pain self-report scale in elderly with dementia. Korean J. Adult Nurs.
23,111-122 (2011).

Ministry of Health and Welfare (2008; 2012). National prevalence rate of dementia. Available at, http://www.mohw.go.kr (Accessed:
April, 2019)

Song, Y. S., Kim, T. B., Bae, N. G. & Cho, Y. C. Relating factors on mental health status (depression, cognitive impairment and
dementia) among the admitted from long-term care insurance. Journal of the Korean Academia-Industrial Cooperation Society 19,
247-260 (2018).

Kim, E.-]. Factors influencing cognitive impairment of the elderly residents. J. East-West Nurs. Res. 16, 122-130 (2010).

Med. Oral Pathol. Oral Radiol. 114, 338-343 (2012).

Wright, R. S. et al. Multiple influences on cognitive function among urban-dwelling African Americans. J. Racial Ethn. Health
Disparities, https://doi.org/10.1007/s40615-019-00584-x 2019 Mar 26.

Lee, S. The effect of social isolation on dementia in rural elderly: comparison between young-old and old-old group. Korean Journal
of Social Welfare Studies. 48, 143-171 (2017).

Iadecola, C. & Gottesman, R. F. Neurovascular and cognitive dysfunction in hypertension. Circ. Res. 124, 1025-1044 (2019).
Sinclair, A. J., Hillson, R. & Bayer, A. J. Diabetes and dementia in older people: a Best Clinical Practice Statement by a
multidisciplinary National Expert Working Group. Diabet. Med. 31, 1024-1031 (2014).

Ku, B. D. & Kim, S. Y. Attentional differences according to the subcortical white matter hyperintensities in patients with Alzheimer
disease and subcortical vascular dementia using Attention Questionnaire Scale. Dement. Neurocogn. Disord. 10, 80-87 (2011).
Grasso, M. A., Comer, A. C., DiRenzo, D. D., Yesha, Y. & Rishe, N. D. Using big data to evaluate the association between periodontal
disease and rheumatoid arthritis. AMIA Annu. Symp. Proc. 589-593 (2015)

Chou, Y. Y, Lai, K. L., Chen, D. Y., Chen, H. H. & Lin, C. H. Rheumatoid arthritis risk associated with periodontitis exposure: a
nationwide, population-based cohort study. PLoS One. 10, 0139693 (2015).

Chalmers, J. M., Carter, K. D. & Spencer, A. J. Oral diseases and conditions in community- living: older adults with and without
dementia. Spec. Care Dentist. 23,7-17 (2003).

Ghezzi, E. M. & Ship, J. A. Dementia and oral health. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 89, 2-5 (2000).

Sparks Stein, P. et al. Serum antibodies to periodontal pathogens are a risk factor for Alzheimer’s disease. Alzheimers. Dement. 8,
196-203 (2012).

Teixeira, E B. et al. Periodontitis and Alzheimer’s disease: a possible comorbidity between oral chronic inflammatory condition and
neuroinflammation. Front. Aging Neurosci. 9, 327 (2017).

Choi, S. et al. Association of chronic periodontitis on Alzheimer’s disease or vascular dementia. J. Am. Geriatr. Soc, https://doi.
org/10.1111/jgs.15828 2019 Mar 15.

Syrjald, A. M., Ylostalo, P, Sulkava, R. & Knuuttila, M. Relationship between cognitive impairment and oral health: results of the
Health 2000 Health Examination Survey in Finland. Acta Odontol. Scand. 65, 103-108 (2007).

Cho, M. J. The relationship between dementia and the number of remaining tooth of the elderly women on senior center. J. Digit.
Converg. 14, 279-286 (2016).

Okamoto, N. et al. Relationship of tooth loss to mild memory impairment and cognitive impairment: findings from the Fujiwara-
kyo study. Behav. Brain Funct. 6,77 (2010).

Kim, C. H. The pattern and its change of common multimorbidity in South Korea using Korean Health insurance sample cohort
database. Doctoral thesis. Seoul, Korea: University of Hanyang; (2015).

Go, H. B. et al. The relationship between dementia and oral health in some elderly in Daejeon. J. Dent. Hyg. Sci. 16, 481-487 (2016).
Choi, J. K. et al. Effect of periodontitis on the development of osteoporosis: results from a nationwide population-based cohort study
(2003-2013). BMC Womens Health. 17,77 (2017).

Acknowledgements
This study was conducted using data from the National Health Insurance Service (Research Control No.: NHIS-
2019-1-061).

Author Contributions
L.K.H. conceived and designed the study and developed and reviewed the manuscript. C.Y.Y. designed the study,
collected data, analysed the data, and reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-50863-0.

Competing Interests: The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2019) 9:14407 | https://doi.org/10.1038/s41598-019-50863-0


https://doi.org/10.1038/s41598-019-50863-0
http://www.mohw.go.kr
https://doi.org/10.1007/s40615-019-00584-x
https://doi.org/10.1111/jgs.15828
https://doi.org/10.1111/jgs.15828
https://doi.org/10.1038/s41598-019-50863-0

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS|  (2019) 9:14407 | https://doi.org/10.1038/s41598-019-50863-0


https://doi.org/10.1038/s41598-019-50863-0
http://creativecommons.org/licenses/by/4.0/

	Association between oral health and dementia in the elderly: a population-based study in Korea

	Results

	Overall prevalence of dementia. 
	Oral health and prevalence of dementia by sex and age. 
	Association between periodontitis and dementia by sex and age. 
	Association between denture wear and dementia by sex and age. 
	Factors affecting the prevalence of dementia. 

	Discussion

	Methods

	Participants. 
	Study variables. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Flow of participants through the study.
	Table 1 Prevalence of dementia according to demographic characteristics and lifestyle factors.
	Table 2 Prevalence of dementia according to oral health status and age category.
	Table 3 Association between periodontitis and dementia by sex and age.
	Table 4 Association between denture wear and dementia by sex and age.
	Table 5 Factors affecting the prevalence of dementia.




