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Abstract: Oral health and dentition have been associated with cognitive ability and frailty, but an
applicable screening tool has not yet been developed. This study aimed to establish risk prediction
models for dementia and frailty. A sample of 2905 community-dwelling older adults aged >58
years using the Taiwan Longitudinal Study on Aging (TLSA) survey was adapted and analyzed
for this study. Risk scores were estimated by stepwise logistic regression. In models adjusted for
covariates, increased age, female sex, no dental prosthesis (adjusted Odds ratio [adjOR], 1.61; 95%
confidence interval [CI], 1.11-2.35), diabetes mellitus, chronic kidney disease, and an increased Oral
Health Impact Profile (OHIP)-7T Q3 score (adjOR, 1.33; 95% CI, 1.19-1.49) were all significantly
associated with frailty. In addition to these factors, an inability to self-report height or weight
(adjOR, 4.52; 95% CI, 3.52-5.81) and an increased OHIP-7T Q7 score (adjOR, 1.21; 95% CI, 1.06-1.37)
were significantly associated with dementia. The cut-off points of the risk scores for frailty and
dementia were 80 (sensitivity, 80.0%; specificity, 81.2%) and 77 (sensitivity, 83.4%; specificity, 71.5%),
respectively. The findings highlighted a number of composite risk factors of frailty and dementia.
Importantly, the developed prediction models were easily applicable to screen for frailty and dementia
in communities or dental clinics.
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1. Introduction

The growing aging population has become an important health issue in many countries. To ensure
good health in elderly people, any aging related physiologic or psychologic changes such as functional
decline, cognitive impairment, and dentition changes would need to be prevented and managed [1].
Recently, many clinicians have paid attention to frailty, which is a common syndrome in older adults
that carries an increased risk of poor health outcomes including falls, incident disability, hospitalization,
and mortality [2—4]. Frailty is generally associated with a loss of skeletal muscle mass, diminished
muscle strength, clinical comorbidities and reduced physical performance, which together form a
vicious circle of disability [5]. The estimated prevalence of frailty among older adults ranges between
4.1% and 11.5% [6]. Concurrently, dementia, the decline in memory and other cognitive functions,
is also a common health problem with a prevalence of 8.8%-11.6% in the United States, and of
5.14%-18.6% in Asia including Japan, China, Korea, and Philippine [7-12]. Dementia patients lose
their independent function, which generally causes a large socioeconomic impact on patients, families,
and government programs [13]. While frailty and dementia have become challenging health issues
in aging populations, it is important to identify modifiable risk factors for the early intervention and
consequently reduce the incidence of these diseases.

The concept of oral health-related quality of life (OHRQoL) has been adapted in many studies to
evaluate the effect of oral disorders and dental treatments [14]. The most commonly used OHRQoL
instrument is the Oral Health Impact Profile (OHIP) [15], which is based on Locker’s conceptual
model. This model of OHRQoL describes that oral conditions and symptoms may lead to functional
limitations, and hence physical pain and psychological discomfort [16]. Therefore, the consequent
disability (physical, psychological, or social) can lead to handicap of quality of life. The OHIP initially
constituted a set of 49 items (OHIP-49) with seven dimensions (functional limitation, physical and
psychological discomfort, physical, psychological and social disability, and handicap) [15], and later a
short version of 14 items (OHIP-14) was also generated to be implemented in large-scale community
survey [17].

Oral health problems including tooth loss, the use of dentures, and reduced masticatory function
are widely prevalent in elderly adults. Notably, growing evidence has suggested that poor oral health
is significantly associated with frailty and dementia [18,19]. A systemic review also concluded that
mastication has a positive association with cognitive function among older adults [20]. Specifically,
one study showed that frail older adults had a lower number of remaining teeth and poorer oral
hygiene compared to robust and pre-frail elderly adults [21]. A previous study also showed that older
adults with oral pain or chewing problems had significantly higher risk of being frail [22]. In addition,
reduced masticatory function has been associated with lower cognitive function [23].

Although oral health was found to have a significant relationship with frailty and dementia in
previous studies, it had received little attention from public policy makers. Moreover, an applicable
screening tool of frailty and dementia has not yet been developed for dentists, which potentially can be
a part of primary screening. Therefore, the purpose of this study is to establish risk prediction models
for dementia and frailty based on OHIP, denture, and clinical characteristics, using a population-based
cohort of the Taiwan Longitudinal Study on Aging (TLSA).

2. Materials and Methods

2.1. Data Source

The TLSA is a population-based prospective cohort study, which was initiated by the Health
Promotion Administration, Ministry of Health and Welfare, Taiwan. This survey was firstly conducted
in 1989 on adult residents aged 60 or above in non-aboriginal townships of Taiwan [24]. A three-stage
systematic random sampling design was used for the selection of an equal probability sample. The first
stage sample was drawn from 331 townships, which were stratified by administrative level, three levels
of education, and three levels of total fertility rate into 27 strata of roughly equal size [25]. For the
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second stage, blocks in selected townships, which served as clusters, were selected with probabilities
proportional to their size by cumulation of the population. Systemic random sampling was made
with the interval of selection equal to the size of each selected township divided by the number of
blocks. In the third stage, two eligible respondents were selected by systematic random sampling
from each selected block. Data were collected through face-to-face personal interview conducted
by trained interviewers. The respondents were later followed every three to four years. Two fresh
population samples were selected by the TLSA study group in collaboration with Population Studies
Center, University of Michigan in 1996 and 2003 to maintain representativeness of the younger age
cohort and to extend representativeness of the sample to the population aged 50 and above. A total
of seven surveys were conducted in 1989, 1993, 1996, 1999, 2003, 2007, and 2011 (Wave I-Wave VII),
respectively (Supplementary Material Figure S1). In the Wave VII survey, a total of 3727 participants
completed interviews, achieving a high response rate of 88.3%. The details and design of the TLSA
have been described elsewhere [26].

2.2. Study Group Identification, Study Design and Ethical Approval

Since the OHIP-7T was added into the questionnaire since 2011, we analyzed the data collected in
the 2011 TLSA database. Of the 3727 eligible older adults aged 58 years and older, 391 participants
were excluded due to missing data in the OHIP-7T, Instrumental Activities of Daily Living (IADL) or
Short Portable Mental Status Questionnaire (SPMSQ) (Figure 1). Participants with a history of stroke
(n =177), cancer (n = 156), or hip fracture (n = 98) were excluded because these conditions can lead to
frailty or dementia [27-29]. Ultimately, data from 2905 older adults were utilized in the analysis. The
current study was approved by the Institutional Review Board-II of the Kaohsiung Medical University
Chung-Ho Memorial Hospital (approval no. KMUHIRB-E(II)-20190124) in 2019.

2011 Taiwan Longitudinal Study on Aging (TLSA)
Eligible older adults (age > 58 years)
n=3727

Total Exclusion, n = 822

* Missing data in Oral Health Impact Profile (OHIP), Instrumental
Activities of Daily Living (IADL) or Short Portable Mental Status
Questionnaire (SPMSQ), n= 391

+ Stroke, n=177

* Cancer,n=156

* Hip fracture, n =98

The older adults included in the analysis
n=2905

Figure 1. Flow diagram of patient inclusion process.

2.3. Research Variables

The gathered subject data comprised age, sex, level of education (uneducated, elementary school,
junior high school, senior high school, and college or above), marital status (married, cohabitant,
single, divorced, and widowed), self-reported height and weight, smoking, alcohol consumption,
and history of major diseases including hypertension, diabetes mellitus (DM), cardiovascular disease,
hyperlipidemia, chronic obstructive pulmonary disease (COPD), arthritis, chronic liver disease, and
chronic kidney disease (CKD). Body mass index (BMI) was calculated as a person’s weight in kilograms
divided by the square of their height in meters (kg/m?). BMI was categorized as underweight
(BMI < 18.5 kg/m?), normal weight (18.5 < BMI < 24.0 kg/m?), overweight (24.0 < BMI < 27.0 kg/m?),
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or obese (BMI > 27.0 kg/m?), according to the BMI category defined by the Health Promotion
Administration, Taiwan [30].

The OHIP-49 has been translated and validated in several countries, and different types of
short-form OHIPs for various populations and study purposes have been developed [17,31,32].
In Taiwan, the OHIP-14T and OHIP-7T were developed for use in assessing OHRQoL of older adults,
and were employed in national surveys [14,33]. Kuo et al. suggested a conceptual model that OHRQoL,
as an important mediator, linked clinical conditions, symptom status, nutritional status, and overall
HRQoL [34]. Oral health was assessed in the TLSA using the OHIP-7T and questions relating to dental
prosthesis. OHIP-7T was selected from questions in OHIP-49 by controlled regression procedure to
have a shorter list of items while maintaining a good reliability and validity [33]. OHIP question
responses used a 5-point Likert scale to indicate the frequency of an oral problem over the past 12
months: “very often” (score = 4), “fairly often” (score = 3), “occasionally” (score = 2), “hardly never”
(score = 1), or “never” (score = 0) [15]. Lower OHIP scores indicated a higher OHRQoL.

2.4. Definition of Frailty and Dementia

IADL scale is usually adapted for evaluating older adults with early-stage disease, in order to
assess both disease severity and the ability of self-care [35]. In this study, five activities were assessed
(preparing meals, shopping, managing money, using the telephone, and taking public transportations
independently) using an IADL scale proposed by Lawton and Brody [35]. Respondents who reported
that they had difficulty or were unable to carry out the task, or that they had received help or used
equipment when performing the task, were coded as having difficulty with the task (1 = yes, 0 = no).
IADL disability was defined as a total IADL score > 3 [36]. As observed in a previous study [37],
frailty phenotype was also defined by IADL disability in the current study.

Cognitive function was measured by the nine-item SPMSQ), in which correct answers were coded
0 and errors were coded 1, with total scores ranging from 0 to 9 [38]. In this study, the nine questions

”, 1 ., 4

included were: “where are you located now”; “what is your home address”; “what day, month,
and year is it”; “how old are you”; “who are the current and the last presidents”; and “subtract 3
from 20 four consecutive times” [39]. Participants with four or more errors were described as having
cognitive impairment, and a previous cohort study supported this cut-off point [40]. In this study,

dementia phenotype was defined by cognitive impairment in the SPMSQ.

2.5. Statistical Analyses

Descriptive statistics were applied to the demographics and characteristics of the participants.
Initially, univariate regression models were used to investigate the association between all variables
and frailty or dementia, which were expressed as odds ratios (OR) with 95% confidence interval (CI).
We have included all clinical variables including potential confounders in a multivariable logistic
regression. Then, the stepwise selection method was applied to the regression to select significant
factors [41]. Moreover, risk scores were calculated by stepwise logistic regression to evaluate the
association between the clinical covariates shown in Table 1 and frailty or dementia. After the variables
were selected, risk scores were computed by dividing the individual odds ratio by the smallest odds
ratio in the model and rounding this to the nearest integer. The receiver operating characteristic (ROC)
curve and Youden’s index were used to evaluate the diagnostic accuracy of cut-off points for risk scores
in the prediction of frailty and dementia [42]. All of the analyses were conducted using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA).
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Table 1. Characteristics of the participants of the 2011 Taiwan Longitudinal Study on Aging (TLSA)

(n =2905).
Age (Mean + SD) 69.46 + 9.26
Sex, n (%)
Male 1426 (49.1)
Female 1479 (50.1)
Height (cm) (mean + SD) (n = 2337) 160.28 + 7.81
Weight (kg) (mean + SD) (n = 2617) 62.66 + 10.64
BMI (kg/m2) (mean + SD) (n = 2289) 24.34 +3.43
Underweight (BMI < 18.5 kg/mz), n (%) 72 (2.5)
Normal weight (18.5 < BMI < 24 kg/mz), 1 (%) 1027 (35.4)
Overweight (24 < BMI < 27 kg/mz), 1 (%) 737 (25.4)
Obese (BMI > 27 kg/m?), 1 (%) 453 (15.6)
No self-reported height or weight, 1 (%) 616 (21.2)
Alcohol 909 (31.3)
Smoking 410 (14.1)
Marital status, 1 (%)
Married and Cohabitant 1977 (68.1)
Single and Divorced and Widowed 928 (31.9)
Education, n (%)
Uneducated 578 (19.9)
Elementary school 1299 (44.7)
Junior high school 352 (12.1)
Senior high school 365 (12.6)
College or above 311 (10.7)
Comorbidities, 1 (%)
Hypertension 1249 (43.0)
Diabetes mellitus 490 (16.9)
Cardiovascular disease 476 (16.4)
Hyperlipidemia 360 (12.4)
Chronic obstructive pulmonary disease 105 (3.6)
Arthritis 415 (14.3)
Chronic liver disease 261 (9.0)
Chronic kidney disease 246 (8.5)
Dental prosthesis, n (%) 2261 (77.8)
Fixed dental prosthesis, 1 (%) 1324 (45.6)
Removable dental prosthesis, 1 (%) 1112 (38.3)
3. Results

3.1. Characteristics of the Participants

The study sample comprised 2905 participants aged 58 years and above. The mean (+standard
deviation) age of the study population was 69.46 (+9.26) years. Of the participants, 50.1% were female,
68.1% were married or cohabitant, and 44.7% were educated to elementary level (44.7%) (Table 1).
The mean BMI was 24.34 (+£3.43) kg/m2 ; 35.4% were normal weight and 25.4% were overweight.
The top three most frequent comorbidities were hypertension (43.0%), diabetes mellitus (16.9%) and
cardiovascular disease (16.4%). Approximately 8.2% of participants were defined as frail by IADL
scale, and 15.0% had SPMSQ scores suggesting dementia.

1147 (39.5%) participants visited the dentist in the past year. Of the participants, 77.8% had dental
prosthesis; 45.6% had fixed dental prosthesis, and 38.3% had removable dental prosthesis. 1696 (58.4%)
participants reported at least one of the oral problems in the OHIP-7T, and the mean score of the
OHIP-7T was 3.80 (+5.06). The demographics of each question in the OHIP-7T are shown in Table 2.
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Table 2. Demographic distribution of the Taiwanese short-form of the Oral Health Impact Profile (OHIP-7T).

0-Never 1-Hardly Never  2-Occasionally 3-Fairly Often 4-Very Often Mean + SD
OHIP-7T Q1: self-conscious? (Q20) 1423 (49.0%) 387 (13.3%) 524 (18.0%) 396 (13.6%) 175 (6.0%) 114 +1.32
OHIP-7T Q2: interrupt meal? (Q32) 2034 (70.0%) 339 (11.7%) 272 (9.4%) 195 (6.7%) 65 (2.2%) 0.59 + 1.05
OHIP-7T Q3: uncomfortable to eat? (Q16) 1668 (57.4%) 331 (11.4%) 473 (16.3%) 324 (11.2%) 109 (3.8%) 092 +1.23
OHIP-7T Q4: concentration affected? (Q37) 2456 (84.5%) 207 (7.1%) 160 (5.5%) 60 (2.1%) 22 (0.8%) 027 £0.72
OHIP-7T Q5: trouble pronouncing words? (Q2) 2483 (85.5%) 181 (6.2%) 139 (4.8%) 78 (2.7%) 24 (0.8%) 0.27 +0.74
OHIP-7T Q6: difficult doing jobs? (Q43) 2645 (91.0%) 134 (4.6%) 72 (2.5%) 37 (1.3%) 17 (0.6%) 0.16 £ 0.57
OHIP-7T Q7: taste worse? (Q6) 2288 (78.8%) 239 (8.2%) 174 (6.0%) 155 (5.3%) 49 (1.7%) 043 +0.94

(Q) represents the question number from the Oral Health Impact Profile (OHIP)-49 items.

3.2. Development of Risk Models in the Prediction of Frailty and Dementia

We evaluated the association of each variable with frailty and dementia by univariate logistic
regression. Each question from OHIP-7T were significantly associated with frailty and dementia
(Supplementary Material Table S1). Moreover, the total OHIP-7T score was significantly associated
with frailty, with an OR of 1.11 (95% CI, 1.09-1.13; p < 0.001) and an area under the curve (AUC) of
0.668. In addition, the total OHIP-7T score was also significantly associated with dementia, with an
OR of 1.07 (95% CI, 1.05-1.09; p < 0.001) and an AUC of 0.590. The results showed that the higher the
OHIP-7T score, the higher the risk of frailty and dementia. However, total OHIP-7T score alone may
not be a sufficient screening factor for frailty or dementia due to the low AUC value in each model.
Therefore, we combined oral health variables, age, sex, BMI categorization and clinical comorbidities
in the risk models for predicting frailty and dementia selected by stepwise logistic regression.

In model 1 for the prediction of frailty, increased age (adjusted OR [adjOR], 1.17; 95% CI, 1.15-1.20),
female sex (adjOR, 1.67; 95% CI, 1.22-2.29), no dental prosthesis (adjOR, 1.61; 95% CI, 1.11-2.35), DM
(adjOR, 2.39; 95% (I, 1.68-3.40), CKD (adjOR, 2.59; 95% CI, 1.61-4.17), and an increased OHIP-7T Q3
(“uncomfortable to eat?”) score (adjOR, 1.33; 95% CI, 1.19-1.49) were all significantly associated with
frailty (Table 3). The result showed that risk model 1 had a cut-off point of 80 and an AUC of 0.861
(sensitivity, 80.0%; specificity, 81.2%) (Figure 2A).

Table 3. Prediction of frailty or dementia by the Oral Health for Frailty/Dementia (OHFD) Model.

Model 1: Prediction of Frailty

Risk Score Items Odds Ratio 95% CI p Value Risk Score Weights !
Age 117 1.15-1.20 <0.001 1
Female 1.67 1.22-2.29 0.001 1
OHIP-7T Q3 score 2 1.33 1.19-1.49 <0.001 1
No dental prosthesis 1.61 1.11-2.35 0.01 1
Diabetes mellitus 2.39 1.68-3.40 <0.001 2
Chronic kidney disease 2.59 1.61-4.17 <0.001 2

Model 2: Prediction of Dementia

Risk Score Items Odds Ratio 95% CI p Value Risk Score Weights !
Age 112 1.10-1.13 <0.001 1
Female 2.84 217-3.72 <0.001 3
OHIP-7T Q3 score 2 117 1.01-1.37 0.04 1
OHIP-7T Q7 score 3 121 1.06-1.37 0.005 1
No dental prosthesis 1.45 1.07-1.97 0.02 1
Inability to self-report height or weight 4.52 3.52-5.81 <0.001 4

Model 3: Prediction of Frailty or Dementia

Risk Score Items Odds Ratio 95% CI p Value Risk Score Weights !
Age 1.14 1.12-1.15 <0.001 1
Female 2.50 1.95-3.19 <0.001 2
OHIP-7T Q3 score 2 112 1.02-1.24 0.02 1
OHIP-7T Q7 score 3 1.22 1.08-1.38 0.001 1
No dental prosthesis 1.51 1.13-2.01 0.005 1
Inability to self-report height or weight 3.68 2.89-4.69 <0.001 3
Diabetes mellitus 142 1.07-1.89 0.02 1
Chronic kidney disease 1.56 1.04-2.33 0.03 1

1 Odds ratios were calculated by stepwise logistic regression. Risk scores were computed by dividing the individual
odds ratio by the smallest odds ratio in the model and rounding this to the nearest integer. 2 OHIP-7T Q3: “Are you
uncomfortable to eat due to oral problem in recent 12 months?” * OHIP-7T Q7: “Do you taste worse due to oral
problem in recent 12 months?” CI, confidence interval.
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Figure 2. Receiver operating characteristics (ROC) curve of prediction models. The cut-off point was
showed as the red dot and number in each ROC curve. (A) Model for frailty. (B) Model for dementia
(C) Model for frailty or dementia. AUC, area under the curve.

In model 2 for dementia, increased age (adjOR, 1.12; 95% CI, 1.10-1.13), female sex (adjOR, 2.84;
95% CI, 2.17-3.72), no dental prosthesis (adjOR, 1.45; 1.07-1.97), the score of OHIP-7T_3 (adjOR, 1.17;
95% CI, 1.01-1.37), an increased OHIP-7T Q7 (“taste worse?”) score (adjOR, 1.21; 95% CI, 1.06-1.37),
and an inability to self-report height or weight (adjOR, 4.52; 95% CI, 3.52-5.81) were all significantly
associated with dementia (Table 3). Model 2 had a cut-off point of 77 and an AUC of 0.834 (sensitivity,
83.4%; specificity, 71.5%) (Figure 2B).

In model 3 for frailty or dementia, increased age (adjOR, 1.14; 95% CI, 1.12-1.15), female sex
(adjOR, 2.50; 95% CI, 1.95-3.19), increased OHIP-7T Q3 (adjOR, 1.12; 1.02-1.24) or Q7 (adjOR, 1.22; 95%
CI, 1.08-1.38) score, no dental prosthesis (adjOR, 1.51; 95% CI, 1.13-2.01), DM (adjOR, 1.42; 95% ClI,
1.07-1.89), CKD (adjOR, 1.56; 95% CI, 1.04-2.33), and an inability to self-report height or weight (adjOR,
3.68; 95% CI, 2.89-4.69) were selected as significant risk factors by stepwise logistic regression (Table 3).
Model 3 had a cut-off point of 79 and an AUC of 0.842 (sensitivity, 77.7%; specificity, 77.6%) (Figure 2C).

4. Discussion

The current study, using a community representative sample of Taiwan, is the first to develop the
easily applicable composite risk scores for the prediction of frailty and dementia. From our results,
we found that more frequent oral problems and aging were associated with a higher risk of frailty
and dementia with equivalent weighting. We named our risk models collectively as Oral Health
for Frailty/Dementia (OHFD) model, which is available online at https://ohfd.riskestimate.online/.
Moreover, we found that patients who cannot self-report their height or weight had a statistically
higher risk of cognitive impairment. These findings highlight the importance of oral health in older
adults and its potential contribution to the early detection of frailty and dementia in dental clinics.

Previous studies have also shown that oral health and function are significantly associated with
frailty. The possible mechanisms underlying the associations between oral health and frailty may
include nutrition status and oral inflammation [43,44]. Kamdem et al. showed that self-reported
oral pain (adjOR, 1.72; 95% CI, 1.17-2.53) and chewing impairment (adjOR, 1.70; 95% CI, 1.07-2.72)
were associated with frailty, and demonstrated that this was not solely a result of involuntary weight
loss [22]. In addition, patients who rated their oral health as “worse” had a higher likelihood of being
frail (OR, 1.56-3.20). Furthermore, cumulative oral health problems (one oral health problem: OR, 2.48;
2 cumulative problems: OR, 2.74; 3 cumulative problems: OR, 3.45) were associated with an increased
incidence of frailty [19,45]. The current study showed a consistent result that an individual’s answer to
“uncomfortable to eat?” was an independent factor in the prediction of frailty.

Apart from subjective oral problems, objective oral problems are also associated with frailty
from previous cross-sectional studies. Especially in older adults aged > 70, Watanabe et al. reported
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that frail group had significantly fewer present teeth (15.2 + 5.3 vs. 21.5 + 7.8), lower occlusal force
(317.2 £ 258.0 vs. 509.2 + 276.7), lower masseter muscle thickness (2.5 = 0.9 vs. 2.8 + 1.0), and lower
oral diadochokinesis rate than the robust group [18]. Moreover, Semba et al. showed that proportion
using dentures were significantly different among non-frail, pre-frail, and frail women, which was
58%, 66%, and 73%, respectively. Women who used dentures and reported difficulty chewing or
swallowing had lower five-year survival (Hazard Ratio (HR), 1.43; 95% ClI, 1.05-1.97) [46]. In the
current study, we demonstrated that having no dental prosthesis was a significant risk factor for frailty
and dementia. Additionally, Tanaka et al. reported that accumulated poor oral status such as decreased
chewing ability, articulatory oral motor skill, and tongue pressure strongly predicted the incidence of
physical frailty (HR, 2.2) and disability (HR, 2.3) among the community-dwelling older adults [47].
Nevertheless, the association between periodontal disease and frailty was still inconclusive [19,46,48].
Therefore, it is likely that early detection of oral health problems and prevention of oral frailty at an
earlier stage is essential for healthy aging.

The association between cognitive decline and a low number of teeth was firstly reported by
Stein et al. [49]. There has been growing evidence suggesting that poor oral health is associated with
cognitive impairment in older adults. The issue highlights the role of the brain-stomatognathic axis
in geriatric medicine [50]. Previous studies have demonstrated that suboptimal dentition (<20 teeth)
and poorer mastication are associated with a higher risk of dementia or cognitive decline [20,51].
Moreover, the associations between decline in olfactory and gustatory systems and Alzheimer disease
was reported [52]. However, a systematic review reported that the association between oral health and
cognitive status was inconclusive [53]. The current study showed that having no dental prosthesis and
an increased “uncomfortable to eat?” score was significantly associated with cognitive impairment.
In addition, an increased “taste worse?” score was also associated with cognitive impairment. It was
speculated that gustatory dysfunction may be an early symptom of dementia.

Limitations

There are some limitations to this study. Firstly, our observational studies cannot examine
causal relationships. The current study adopted a cross-sectional design, which cannot establish the
association between the risk models and the incidence of frailty and dementia. However, the items
in the risk scores were collected in the wave VIII TLSA survey in 2015. Therefore, we would be able
to verify the effectiveness of the models after the release of the dataset. Secondly, the mechanism
underlying the observed association between oral health and frailty and dementia were not established,
so further research is required to elucidate these. Thirdly, although the use of dentures is an adjustable
risk factor in older patients, the current study did not demonstrate whether providing suitable dentures
could decrease the incidence of frailty and dementia. Fourthly, although we tried our best to evaluate
most confounding factors collected in the TLSA database, there are possible unmeasured confounders
in the current study. Finally, the current study did not objectively evaluate articulatory oral motor
skill, functional performance of the tongue, or masticatory and swallowing function, which may be
associated with frailty and dementia.

5. Conclusions

Our findings highlight a number of composite risk factors including age, sex, comorbidities and
oral health problems in the prediction of frailty and dementia. We developed easily applicable OHFD
models which can be used to screen for frailty and dementia in communities or dental clinics.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/6/1997/s1,
Figure S1: The Establish of Taiwan Longitudinal Study on Aging (TLSA) and Follow-up; Table S1: Univariate
logistic regression model in prediction of frailty or dementia.

Author Contributions: For research articles with several authors, a short paragraph specifying their individual
contributions must be provided. The following statements should be used “Conceptualization, C.-].T., J.-H.C., and
Y.-H.Y.; methodology, Y.-H.Y.; formal analysis, Y.-H.Y. and C.-].T.; resources, Y.-H.H. and M.-C.L.; writing—original


http://www.mdpi.com/1660-4601/17/6/1997/s1

Int. |. Environ. Res. Public Health 2020, 17, 1997 9of 11

draft preparation, C.-J.T. and T.-G.T.; writing—review and editing, J.-H.C., Y.-T.L., M.-C.L.; visualization, C.-].T.
and T.-G.T; supervision, Y.-H.Y.; project administration, Y.-H.H.; funding acquisition, M.-C.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by Ministry of Health and Welfare, Taiwan (Grant number: M06M2346,
awarded to M.-C. Lee).

Acknowledgments: We thank our colleagues from the Center for Medical Informatics and Statistics, Kaohsiung
Medical University, Kaohsiung, Taiwan for providing supports in statistical analysis.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Lamster, I.B.; Asadourian, L.; Del Carmen, T.; Friedman, PK. The aging mouth: Differentiating normal aging
from disease. Periodontol. 2000 2016, 72, 96-107. [CrossRef] [PubMed]

2. Germain, C.M,; Vasquez, E.; Batsis, J.A.; McQuoid, D.R. Sex, race and age differences in muscle strength
and limitations in community dwelling older adults: Data from the Health and Retirement Survey (HRS).
Arch. Gerontol. Geriatr. 2016, 65, 98-103. [CrossRef] [PubMed]

3. Theou, O.; Sluggett, ] K; Bell, J.S.; Lalic, S.; Cooper, T.; Robson, L.; Morley, J.E.; Rockwood, K.; Visvanathan, R.
Frailty, Hospitalization, and Mortality in Residential Aged Care. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2018,
73,1090-1096. [CrossRef] [PubMed]

4. Jayanama, K; Theou, O.; Blodgett, ].M.; Cahill, L.; Rockwood, K. Frailty, nutrition-related parameters, and
mortality across the adult age spectrum. BMC Med. 2018, 16, 188. [CrossRef]

5. Merchant, R.A.; Chen, M.Z,; Tan, LW.L,; Lim, M.Y.; Ho, HK,; van Dam, R.M. Singapore Healthy Older
People Everyday (HOPE) Study: Prevalence of Frailty and Associated Factors in Older Adults. |. Am. Med
Dir. Assoc. 2017, 18, 734-€9. [CrossRef]

6. Langa, K.M.; Larson, E.B.; Crimmins, E.M.; Faul, ].D.; Levine, D.A.; Kabeto, M.U.; Weir, D.R. A Comparison
of the Prevalence of Dementia in the United States in 2000 and 2012. JAMA Intern. Med. 2017, 177, 51-58.
[CrossRef]

7. Ohara, T,; Hata, J.; Yoshida, D.; Mukai, N.; Nagata, M.; Iwaki, T.; Kitazono, T.; Kanba, S.; Kiyohara, Y.;
Ninomiya, T. Trends in dementia prevalence, incidence, and survival rate in a Japanese community. Neurology
2017, 88, 1925-1932. [CrossRef]

8. Hurd, M.D.; Martorell, P,; Delavande, A.; Mullen, K.J.; Langa, K.M. Monetary costs of dementia in the United
States. N. Engl. . Med. 2013, 368, 1326-1334. [CrossRef]

9.  Prince, M,; Ali, G.C.; Guerchet, M.; Prina, A.M.; Albanese, E.; Wu, Y.T. Recent global trends in the prevalence
and incidence of dementia, and survival with dementia. Alzheimer’s Res. Ther. 2016, 8, 23. [CrossRef]

10. Jia,].; Wang, F.; Wei, C.; Zhou, A;; Jia, X,; Li, F; Tang, M.; Chu, L.; Zhou, Y.; Zhou, C.; et al. The prevalence of
dementia in urban and rural areas of China. Alzheimer’s Dement. |. Alzheimer’s Assoc. 2014, 10, 1-9. [CrossRef]

11. Dominguez, J.; Fe de Guzman, M.; Reandelar, M.; Thi Phung, T.K. Prevalence of Dementia and Associated
Risk Factors: A Population-Based Study in the Philippines. J. Alzheimer’s Dis. JAD 2018, 63, 1065-1073.
[CrossRef] [PubMed]

12. Kim, YJ.; Han, JJW.; So, Y.S.; Seo, ].Y.; Kim, K.Y.; Kim, K.W. Prevalence and trends of dementia in Korea:
A systematic review and meta-analysis. J. Korean Med. Sci. 2014, 29, 903-912. [CrossRef]

13.  Sado, M.; Ninomiya, A.; Shikimoto, R.; Ikeda, B.; Baba, T.; Yoshimura, K.; Mimura, M. The estimated cost of
dementia in Japan, the most aged society in the world. PLoS ONE 2018, 13, e0206508. [CrossRef]

14. Kuo, H.C,; Chen, J.H.; Wu, ]. H.; Chou, TM.; Yang, Y.H. Application of the Oral Health Impact Profile (OHIP)
among Taiwanese elderly. Qual. Life Res. Int. . Qual. Life Asp. Treat. Care Rehabil. 2011, 20, 1707-1713.
[CrossRef] [PubMed]

15. Slade, G.D.; Spencer, A.J. Development and evaluation of the Oral Health Impact Profile.
Community Dent. Health 1994, 11, 3-11. [PubMed]

16. Locker, D. Measuring oral health: A conceptual framework. Community Dent. Health 1988, 5, 3-18.

17.  Kushnir, D.; Zusman, S.P.; Robinson, P.G. Validation of a Hebrew version of the Oral Health Impact Profile
14. J. Public Health Dent. 2004, 64, 71-75. [CrossRef]


http://dx.doi.org/10.1111/prd.12131
http://www.ncbi.nlm.nih.gov/pubmed/27501493
http://dx.doi.org/10.1016/j.archger.2016.03.007
http://www.ncbi.nlm.nih.gov/pubmed/27017414
http://dx.doi.org/10.1093/gerona/glx185
http://www.ncbi.nlm.nih.gov/pubmed/29985993
http://dx.doi.org/10.1186/s12916-018-1176-6
http://dx.doi.org/10.1016/j.jamda.2017.04.020
http://dx.doi.org/10.1001/jamainternmed.2016.6807
http://dx.doi.org/10.1212/WNL.0000000000003932
http://dx.doi.org/10.1056/NEJMsa1204629
http://dx.doi.org/10.1186/s13195-016-0188-8
http://dx.doi.org/10.1016/j.jalz.2013.01.012
http://dx.doi.org/10.3233/JAD-180095
http://www.ncbi.nlm.nih.gov/pubmed/29710725
http://dx.doi.org/10.3346/jkms.2014.29.7.903
http://dx.doi.org/10.1371/journal.pone.0206508
http://dx.doi.org/10.1007/s11136-011-9901-z
http://www.ncbi.nlm.nih.gov/pubmed/21472393
http://www.ncbi.nlm.nih.gov/pubmed/8193981
http://dx.doi.org/10.1111/j.1752-7325.2004.tb02730.x

Int. |. Environ. Res. Public Health 2020, 17, 1997 10 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Watanabe, Y.; Hirano, H.; Arai, H.; Morishita, S.; Ohara, Y.; Edahiro, A.; Murakami, M.; Shimada, H.;
Kikutani, T.; Suzuki, T. Relationship Between Frailty and Oral Function in Community-Dwelling Elderly
Adults. J. Am. Geriatr. Soc. 2017, 65, 66-76. [CrossRef]

Ramsay, S.E.; Papachristou, E.; Watt, R.G.; Tsakos, G.; Lennon, L.T.; Papacosta, A.O.; Moynihan, P; Sayer, A.A;
Whincup, PH.; Wannamethee, S.G. Influence of Poor Oral Health on Physical Frailty: A Population-Based
Cohort Study of Older British Men. J. Am. Geriatr. Soc. 2018, 66, 473-479. [CrossRef]

Tada, A.; Miura, H. Association between mastication and cognitive status: A systematic review. Arch. Gerontol.
Geriatr. 2017, 70, 44-53. [CrossRef]

Hasegawa, Y.; Sakuramoto, A.; Sugita, H.; Hasegawa, K.; Horii, N.; Sawada, T.; Shinmura, K.; Kishimoto, H.
Relationship between oral environment and frailty among older adults dwelling in a rural Japanese
community: A cross-sectional observational study. BMC Oral Health 2019, 19, 23. [CrossRef] [PubMed]
Kamdem, B.; Seematter-Bagnoud, L.; Botrugno, F.; Santos-Eggimann, B. Relationship between oral health
and Fried’s frailty criteria in community-dwelling older persons. BMC Geriatr. 2017, 17, 174. [CrossRef]
[PubMed]

Weijenberg, R.A.; Lobbezoo, F; Visscher, C.M.; Scherder, E.J. Oral mixing ability and cognition in elderly
persons with dementia: A cross-sectional study. J. Oral Rehabil. 2015, 42, 481-486. [CrossRef] [PubMed]
Health Promotion Administration, Ministry of Health and Welfare, Taiwan. Taiwan Longitudinal Study
on Aging (TLSA). Available online: https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=1077&pid=6197
(accessed on 27 April 2019).

Taiwan Provincial Institute of Family Planning; Population Studies Center and Institute of Gerontology,
University of Michigan. 1989 Survey of Health and Living Status of the Elderly in Taiwan: Questionnaire and
Survey Design; Population Studies Center, University of Michigan: Ann Arbor, MI, USA, 1989.

Liang, J.; Wang, C.N.; Xu, X,; Hsu, H.C.; Lin, H.S,; Lin, Y.H. Trajectory of functional status among older
Taiwanese: Gender and age variations. Soc. Sci. Med. (1982) 2010, 71, 1208-1217. [CrossRef] [PubMed]
Mijajlovi¢, M.D.; Pavlovi¢, A.; Brainin, M.; Heiss, W.D.; Quinn, T.J.; Ihle-Hansen, H.B.; Hermann, D.M.;
Assayag, E.B.; Richard, E.; Thiel, A.; et al. Post-stroke dementia - a comprehensive review. BMC Med. 2017,
15, 11. [CrossRef] [PubMed]

Huisingh-Scheetz, M.; Walston, J. How should older adults with cancer be evaluated for frailty?
J. Geriatr. Oncol. 2017, 8, 8-15. [CrossRef]

Zaslavsky, O.; Li, W.; Going, S.; Datta, M.; Snetselaar, L.; Zelber-Sagi, S. Association between body composition
and hip fractures in older women with physical frailty. Geriatr. Gerontol. Int. 2017, 17, 898-904. [CrossRef]
Chang, H.T.; Hsu, N.-W.; Chen, H.C.; Tsao, H.M,; Lo, S.S.; Chou, P. Associations between Body Mass Index
and Subjective Health Outcomes among Older Adults: Findings from the Yilan Study, Taiwan. Int. ]. Environ.
Res. Public Health 2018, 15, 2645. [CrossRef]

Wong, M.C.; Lo, E.C.; McMillan, A.S. Validation of a Chinese version of the Oral Health Impact Profile
(OHIP). Community Dent. Oral Epidemiol. 2002, 30, 423—-430. [CrossRef]

Ekanayake, L.; Perera, I. Validation of a Sinhalese translation of the Oral Health Impact Profile-14 for use
with older adults. Gerodontology 2003, 20, 95-99. [CrossRef]

Kuo, H.C.; Chen, J.H.; Lai, SK.; Shen, Y.C.; Wang, ].C.; Yang, Y.H. Development and validation of the
Taiwanese short-form of the Oral Health Impact Profile (OHIP-7T). Taiwan |. Public Health 2013, 32, 393-402.
Kuo, H.C.; Wang, R.H.; Wang, ].C.; Yang, Y.H. Assessing a conceptual model with both oral health and health
related quality of life in community-dwelling elders. Arch. Gerontol. Geriatr. 2018, 79, 27-31. [CrossRef]
[PubMed]

Lawton, M.P.;; Brody, E.M. Assessment of older people: Self-maintaining and instrumental activities of daily
living. Gerontologist 1969, 9, 179-186. [CrossRef] [PubMed]

Chiu, C.J.; Wray, L.A.; Ofstedal, M.B. Diabetes-related change in physical disability from midlife to older
adulthood: Evidence from 1996-2003 Survey of Health and Living Status of the Elderly in Taiwan. Diabetes
Res. Clin. Pract. 2011, 91, 413-423. [CrossRef]

Gobbens, R.J.; van Assen, M.A. The Prediction of ADL and IADL Disability Using Six Physical Indicators of
Frailty: A Longitudinal Study in the Netherlands. Curr. Gerontol. Geriatr. Res. 2014, 2014, 358137. [CrossRef]
Pfeiffer, E. A short portable mental status questionnaire for the assessment of organic brain deficit in elderly
patients. J. Am. Geriatr. Soc. 1975, 23, 433—441. [CrossRef]


http://dx.doi.org/10.1111/jgs.14355
http://dx.doi.org/10.1111/jgs.15175
http://dx.doi.org/10.1016/j.archger.2016.12.006
http://dx.doi.org/10.1186/s12903-019-0714-8
http://www.ncbi.nlm.nih.gov/pubmed/30669995
http://dx.doi.org/10.1186/s12877-017-0568-3
http://www.ncbi.nlm.nih.gov/pubmed/28764647
http://dx.doi.org/10.1111/joor.12283
http://www.ncbi.nlm.nih.gov/pubmed/25711519
https://www.hpa.gov.tw/Pages/Detail.aspx?nodeid=1077&pid=6197
http://dx.doi.org/10.1016/j.socscimed.2010.05.007
http://www.ncbi.nlm.nih.gov/pubmed/20667642
http://dx.doi.org/10.1186/s12916-017-0779-7
http://www.ncbi.nlm.nih.gov/pubmed/28095900
http://dx.doi.org/10.1016/j.jgo.2016.06.003
http://dx.doi.org/10.1111/ggi.12798
http://dx.doi.org/10.3390/ijerph15122645
http://dx.doi.org/10.1034/j.1600-0528.2002.00013.x
http://dx.doi.org/10.1111/j.1741-2358.2003.00095.x
http://dx.doi.org/10.1016/j.archger.2018.07.011
http://www.ncbi.nlm.nih.gov/pubmed/30081329
http://dx.doi.org/10.1093/geront/9.3_Part_1.179
http://www.ncbi.nlm.nih.gov/pubmed/5349366
http://dx.doi.org/10.1016/j.diabres.2010.12.003
http://dx.doi.org/10.1155/2014/358137
http://dx.doi.org/10.1111/j.1532-5415.1975.tb00927.x

Int. |. Environ. Res. Public Health 2020, 17, 1997 11 of 11

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Yen, C.H,; Yeh, CJ.; Wang, C.C.; Liao, W.C.; Chen, S.C.; Chen, C.C.; Liang, J.; Lai, T.J.; Lin, H.S.; Lee, S.H.;
et al. Determinants of cognitive impairment over time among the elderly in Taiwan: Results of the national
longitudinal study. Arch. Gerontol. Geriatr. 2010, 50 (Suppl. 1), S53-S57. [CrossRef]

Euser, S.M.; Schram, M.T.; Hofman, A.; Westendorp, R.G.; Breteler, M.M. Measuring cognitive function with
age: The influence of selection by health and survival. Epidemiology 2008, 19, 440-447. [CrossRef]

Lemon, S5.C.; Roy, J.; Clark, M.A_; Friedmann, P.D.; Rakowski, W. Classification and regression tree analysis
in public health: Methodological review and comparison with logistic regression. Ann. Behav. Med. 2003, 26,
172-181. [CrossRef]

Ruopp, M.D.; Perkins, N.J.; Whitcomb, B.W.; Schisterman, E.F. Youden Index and optimal cut-point estimated
from observations affected by a lower limit of detection. Biom. J. Biom. Z. 2008, 50, 419-430. [CrossRef]
Gil-Montoya, J.A.; Ponce, G.; Sanchez Lara, I.; Barrios, R.; Llodra, J.C.; Bravo, M. Association of the oral
health impact profile with malnutrition risk in Spanish elders. Arch. Gerontol. Geriatr. 2013, 57, 398-402.
[CrossRef] [PubMed]

Bakker, M.H.; Vissink, A.; Spoorenberg, S.L.W.; Jager-Wittenaar, H.; Wynia, K.; Visser, A. Are Edentulousness,
Oral Health Problems and Poor Health-Related Quality of Life Associated with Malnutrition in
Community-Dwelling Elderly (Aged 75 Years and Over)? A Cross-Sectional Study. Nutrients 2018,
10, 1965. [CrossRef] [PubMed]

Castrejon-Perez, R.C.; Borges-Yanez, S.A.; Gutierrez-Robledo, L.M.; Avila-Funes, J.A. Oral health conditions
and frailty in Mexican community-dwelling elderly: A cross sectional analysis. BMIC Public Health 2012, 12,
773. [CrossRef] [PubMed]

Semba, R.D.; Blaum, C.S.; Bartali, B.; Xue, Q.L.; Ricks, M.O.; Guralnik, J.M.; Fried, L.P. Denture use,
malnutrition, frailty, and mortality among older women living in the community. J. Nutr. Health Aging 2006,
10, 161-167. [PubMed]

Tanaka, T.; Takahashi, K.; Hirano, H.; Kikutani, T.; Watanabe, Y.; Ohara, Y.; Furuya, H.; Tetsuo, T.; Akishita, M.;
Iijima, K. Oral Frailty as a Risk Factor for Physical Frailty and Mortality in Community-Dwelling Elderly.
J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2018, 73, 1661-1667. [CrossRef]

Hakeem, EE,; Bernabe, E.; Sabbah, W. Association between oral health and frailty: A systematic review of
longitudinal studies. Gerodontology 2019. [CrossRef]

Stein, P.S.; Desrosiers, M.; Donegan, S.J.; Yepes, ].F,; Kryscio, R.J. Tooth loss, dementia and neuropathology in
the Nun study. J. Am. Dent. Assoc. 2007, 138, 1314-1322. [CrossRef]

Lin, C.S. Revisiting the link between cognitive decline and masticatory dysfunction. BMC Geriatr. 2018, 18, 5.
[CrossRef]

Cerutti-Kopplin, D.; Feine, J.; Padilha, D.M.; de Souza, R.F.; Ahmadi, M.; Rompre, P.; Booij, L.; Emami, E.
Tooth Loss Increases the Risk of Diminished Cognitive Function: A Systematic Review and Meta-analysis.
JDR Clin. Transl. Res. 2016, 1, 10-19. [CrossRef]

Aliani, M.; Udenigwe, C.C.; Girgih, A.T.; Pownall, T.L.; Bugera, ].L.; Eskin, M.N. Aroma and taste perceptions
with Alzheimer disease and stroke. Crit. Rev. Food Sci. Nutr. 2013, 53, 760-769. [CrossRef]

Wu, B,; Fillenbaum, G.G.; Plassman, B.L.; Guo, L. Association Between Oral Health and Cognitive Status:
A Systematic Review. J. Am. Geriatr. Soc. 2016, 64, 739-751. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0167-4943(10)70014-5
http://dx.doi.org/10.1097/EDE.0b013e31816a1d31
http://dx.doi.org/10.1207/S15324796ABM2603_02
http://dx.doi.org/10.1002/bimj.200710415
http://dx.doi.org/10.1016/j.archger.2013.05.002
http://www.ncbi.nlm.nih.gov/pubmed/23763956
http://dx.doi.org/10.3390/nu10121965
http://www.ncbi.nlm.nih.gov/pubmed/30545100
http://dx.doi.org/10.1186/1471-2458-12-773
http://www.ncbi.nlm.nih.gov/pubmed/22971075
http://www.ncbi.nlm.nih.gov/pubmed/16554954
http://dx.doi.org/10.1093/gerona/glx225
http://dx.doi.org/10.1111/ger.12406
http://dx.doi.org/10.14219/jada.archive.2007.0046
http://dx.doi.org/10.1186/s12877-017-0693-z
http://dx.doi.org/10.1177/2380084416633102
http://dx.doi.org/10.1080/10408398.2011.559557
http://dx.doi.org/10.1111/jgs.14036
http://www.ncbi.nlm.nih.gov/pubmed/27037761
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Source 
	Study Group Identification, Study Design and Ethical Approval 
	Research Variables 
	Definition of Frailty and Dementia 
	Statistical Analyses 

	Results 
	Characteristics of the Participants 
	Development of Risk Models in the Prediction of Frailty and Dementia 

	Discussion 
	Conclusions 
	References

