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Abstract 

Objectives Oral frailty (OF) has been shown to be a predictor of disability. Therefore, it is important to be 

able to identify factors associated with OF in order to prevent long-term dependence. The purpose of this 

study was to clarify the relationships between OF, social frailty (SF), and physical frailty (PF) in 

community-dwelling older adults, with the overarching aim of informing the future development of 

effective measures to prevent frailty. 

Methods Oral, physical, and social function, nutritional and psychological status, and medical history were 

examined in 682 community-dwelling individuals (267 men, 415 women) aged ≥ 65 years. Ordinal logistic 

regression analysis with SF and PF as independent variables was performed with pass analysis to 

determine the relationship between the different types of frailty. 

Results Logistic regression analysis revealed significant associations between OF and decline in social 

function, physical function, and nutritional status, and an increase in the number of medications used. Path 

analysis showed that SF was directly related to OF and that OF and SF were directly related to PF. 

Conclusions These findings suggest that a decline in social function may directly influence a decline in 

oral and physical function. The results of this study provide initial evidence, that may guide the future 

development of measures that aim to prevent and manage OF. 

Key words: oral frailty, social frailty, physical frailty, path analysis, oral function, polypharmacy 

Abbreviations list  

GFI, goodness of fit index 

IADL, instrumental activities of daily living 

JST-IC, Japan Science and Technology Agency Index of Competence 

LTCI, Japanese public long-term care insurance system 

MMSE, Mini-Mental State Examination 

MNA-SF, Mini Nutritional Assessment-Short Form 

NFI, normed fit index 
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ODK, oral diadochokinesis 

OF, oral frailty 

PF, physical frailty 

RMSEA, root mean square error of approximation 

SF, social frailty 
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1. Introduction 

Frailty is an important consideration in the development of strategies that aim to optimize a healthy life 

expectancy in the super-aged population of Japan. Frailty is defined as “a clinical state in which there is an 

increase in an individual's risk of dependence and/or mortality when exposed to a stressor that can be reduced 

by taking appropriate measures” (Morley et al., 2013). Risk factors for frailty include chronic disease 

(Danon-Hersch, Rodondi, Spagnoli, & Santos-Eggimann, 2012; Denfeld et al., 2017), poor nutritional status 

(Soysal et al., 2019), and polypharmacy (Saum et al., 2017). There is also evidence suggesting a relationship 

between frailty, number of teeth present, and oral function (Hakeem, Bernabé, & Sabbah, 2019; Tanaka et 

al., 2018). 

Previous studies assessed oral function with only a single measure (e.g., tongue pressure or occlusal force) 

(Nakagawa et al., 2017; Tsuga, Maruyama, Yoshikawa, Yoshida, & Akagawa, 2011). Minakuchi et al. 

(2018) suggested that a multidimensional approach is necessary to evaluate oral function, which includes 

mastication, swallowing, and phonation. No recent studies have demonstrated that a combination of oral 

functional impairments can predict a decline in general function and disability. 

Tanaka et al. (2018) coined the term “oral frailty” (OF) to recognize the multidimensional nature of poor 

oral health status. In their longitudinal study on community-dwelling older adults, they found that OF was a 

predictor of physical frailty (PF), dependency, and mortality. 

Establishing management for OF appears to be important for the prevention of dependency. The relation 

factor of OF requires clarification before obtaining the basic information needed to establish appropriate 

management for OF. Moreover, there is an association between a decline in social function and decreases in 

subjective masticatory performance, number of teeth present, and tongue pressure (Mikami et al., 2019; 

Nagayoshi et al., 2017; Takeuchi, Aida, Kondo, & Osaka, 2013). Disability in social role functioning and 

intellectual activity were also identified as predictors of low performance in instrumental activities of daily 

living (IADL) (Fujiwara et al., 2003). This is of concern given that poor social relationships are recognized 

as a risk factor for mortality (Holt-Lunstad, Smith, & Layton, 2010). Makizako et al. (2015b) devised the 

term “social frailty” (SF) in a longitudinal study, that found a higher risk of disability in individuals with 

multiple indicators of social decline (e.g., living alone and decreased frequency of going out).  

Although two longitudinal studies in community-dwelling older adults have confirmed that both, OF 

(Tanaka et al., 2018) and SF (Makizako et al., 2015b) negatively impact health status, the relationship 

between OF and SF remains unclear. In the meantime, the effect seems to be limited in the alone measure 

for frailty, which is a multifaceted concept. If the relationship between OF, SF, and PF, which is a predictor 

of dependency, is clarified, more multifaceted and effective correspondence may be possible. 

We hypothesized that there would be associations between OF, SF, and PF. Therefore, in this study, we 

investigated the relationships between OF, SF, and PF in community-dwelling older adults using the 

definitions established for each type of frailty and a comprehensive range of variables, including nutritional 

status, sex, and medical history. 

 

2. Materials and Methods 
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2.1 Study Design 

This study had a cross-sectional design, and included subjects’ data collected from comprehensive health 

checkups conducted annually by the Tokyo Metropolitan Institute of Gerontology (Tokyo, Japan) as a part 

of the Otasha Kenshin study initiated in 2011. The subjects in these health checkups were selected from a 

total of 7,162 older adults (aged 65–84 years) residing in nine towns in the Itabashi ward of Tokyo in 2011. 

Invitations for health checkups were sent to 6,699 older people, excluding those who were residing in long-

term care institutions and those who had been subjects in previous research. In 2012, invitations for health 

checkups were sent to 7,015 older adults, excluding those who had reached 65 years of age or did not reside 

at the same address (according to the inhabitant registry) in the preceding fiscal year. Subsequent invitations 

for health checkups were sent in 2013–2018 to new study subjects, who had reached 65 years of age and to 

older adults who had participated in previous health checkups. In 2018, invitations were mailed to a total of 

2,440 older adults, including 1,463 who had participated in previous health checkups (in 2011–2017) and 

977 new study subjects, who had reached 65 years of age.  

We excluded individuals receiving long-term care via the Japanese public long-term care insurance (LTCI) 

system and those with cognitive impairment (as indicated by a Mini-Mental State Examination [MMSE] 

score ≤ 18) to ensure the reliability of the subjective assessments, which included a self-administered 

questionnaire (Tanaka et al., 2018). We also excluded individuals with missing cognitive or oral function 

assessment data. All study investigators received training, that included measurement methods (using 

standardized evaluation criteria) and the use of evaluation instruments. The study protocol was approved by 

the Ethics Committee of the Tokyo Metropolitan Institute of Gerontology (Approval No. 48 in 2011; 

Approval No. 16 in 2018) and conducted in accordance with the Strengthening the Reporting of 

Observational Studies in Epidemiology statement.  

 

2.2 Measurements 

2.2.1 Basic characteristics 

Information on sex, age, years of education, smoking status, and alcohol consumption was collected using 

a self-administered questionnaire. We used the Japan Science and Technology Agency Index of Competence 

(JST-IC) score to assess the ability to perform IADL (Iwasa et al., 2018). 

 

2.2.2 Nutritional status 

Any one of three registered dietitians evaluated the nutritional status of each subject. Body mass index was 

calculated from height and weight using the standard formula. Limb muscle mass was measured by the 

bioelectrical impedance method using an InBody 770 system (Biospace, Seoul, Korea). Skeletal muscle mass 

index was calculated by dividing the sum of limb muscle mass by the square of height in meters (Murakami 

et al., 2015). Nutritional status was assessed using the Mini Nutritional Assessment-Short Form (MNA-SF), 

on which a score of ≤ 11 is considered to indicate a risk of malnutrition (Soysal et al., 2019). 

 

2.2.3 Physical function  
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Any one of four specialist researchers assessed physical function. Grip strength was measured using a 

Smedley-type hand dynamometer (Yagami, Nagoya, Japan) and gait speed by the 5-m walk test (Kera et 

al., 2018). Researchers asked subjects to stand and grip the hand dynamometer as tightly as possible using 

their preferred hand. Tests were carried out twice, and the higher value was selected. To evaluate subjects’ 

gait, their usual walking speed was measured on a 5-m course, with 3-m acceleration and deceleration 

courses placed at each end of the courses. Researchers asked subjects to walk at their usual speed. 

 

 

2.2.4 Cognitive psychological function 

Any one of three nurses or two psychologists assessed cognitive function using the Japanese version of the 

MMSE (Folstein, Folstein, & McHugh, 1975; Sakuma et al., 2017). MMSE scores ≥ 19 were classified into 

three groups (≤ 24, moderate cognitive impairment; ≤ 27, mild cognitive impairment; and ≥ 28, preserved 

cognitive function) (Kaufer et al., 2008; Sakuma et al., 2017). Following the method devised by Fujisawa et 

al. (2005), the tendency for depression was investigated using a self-administered questionnaire containing 

the following five items: "Is your life pretty full? (last 2 weeks)" (yes); "Do you still enjoy doing the things 

you used to do? (last 2 weeks)" (yes); "Do you think it is too much trouble to do the things you used to do? 

(last 2 weeks)" (yes); "Do you feel that you are a useful person who is needed by others?" (yes); and "Do 

you feel tired without any specific reason? (last 2 weeks)" (yes). Subjects who met two or more criteria were 

considered to be depressed (Ihara et al., 2016). 

 

2.2.5 Medical history and number of medications  

Either of two nurses recorded the medical history and number of medications taken. Information was sought 

about the following diseases, each of which has been associated with PF: hypertension (Danon-Hersch et al., 

2012), heart disease (Denfeld et al., 2017), diabetes mellitus (Danon-Hersch et al., 2012), hyperlipidemia 

(Ramsay et al., 2015), osteoporosis (Li et al., 2017), chronic obstructive pulmonary disease (Lee, Auyeung, 

Leung, Kwok, & Woo, 2014), osteoarthritis (Castell et al., 2015), spinal stenosis (Yagi et al., 2018), 

malignant neoplasm (Calado et al., 2016), anemia (Danon-Hersch, Rodondi, Spagnoli, & Santos-Eggimann, 

2016), stroke (Calado, Ferriolli, Moriguti, Martinez, & Lima, 2016), chronic kidney disease (Walker et al., 

2013), and fracture after 60 years of age (Kojima, 2016). Subjects were asked how many medications they 

were taking (0, 1, 2, 3, 4, or ≥ 5). The use of five or more medications related to PF was defined as 

polypharmacy (Saum et al., 2017).  

 

2.2.6 Oral function 

Any one of four dentists or four dental hygienists assessed oral function. The parameters measured were 

the number of teeth present, masticatory performance, tongue pressure, and oral diadochokinesis (ODK), 

which represents the dexterity of the tongue. The number of teeth present was defined as the number of 
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erupted teeth in the oral cavity, excluding retained roots and teeth with severe periodontitis. Masticatory 

performance was assessed using color-changeable chewing gum (Masticatory Performance Evaluating Gum 

Xylitol; Lotte Co., Ltd., Tokyo, Japan). The a* value for the gums after 1 minute of mastication was 

measured in three places using a color-difference meter (CR-20 Color Reader; Konica Minolta, Tokyo, 

Japan), with the mean value defined as the masticatory performance (Kugimiya et al., 2020). Tongue 

pressure was assessed using a JMS tongue pressure device (JMS Co., Ltd., Hiroshima, Japan). The tongue 

pressure probe was pinched between the tongue and palate, and tongue pressure was applied with maximal 

voluntary muscular effort for approximately 7 seconds. Three measurements were recorded, and the mean 

value was defined as the tongue pressure (Tsuga et al., 2011). ODK was assessed using an oral functions 

measurement device (Kenkokun Handy; Takei Scientific Instruments Co., Ltd., Niigata, Japan). The study 

subjects were asked to repeat each given syllable /ta/ sequentially as fast as possible for 5 seconds. The 

number of pronunciations per second was recorded (Watanabe et al., 2017). 

 

2.3 Definitions of frailty 

2.3.1 Oral frailty 

Referencing the report by Tanaka et al. (2018), the cut-off values for the individual components were 

defined as follows: number of teeth present (< 20); masticatory performance (men, < 14.2; women, < 10.8); 

tongue pressure (men, < 27.4 kPa; women, < 26.5 kPa); and ODK (men, < 5.2 times/second; women, < 5.4 

times/second). As a subjective evaluation, subjects who responded “yes” to "Do you have any difficulties 

eating tough foods compared to 6 months ago?" were considered to have decreased masticatory performance, 

and those who responded “yes” to "Have you choked on your tea or soup recently?" were considered to have 

decreased swallowing function. OF was evaluated according to the responses to six objective and subjective 

items, as previously described (Tanaka et al., 2018). Individuals who did not respond positively to any 

relevant items were regarded as robust. Those who responded positively to 1–2 items and ≥ 3 items were 

categorized as having as oral prefrailty (preOF) and OF, respectively. 

 

2.3.2 Social frailty 

SF was evaluated as in the report by Makizako et al. (2015b). Cut-offs were set for each of the five items 

as follows: “Do you go out less frequently compared with last year?” (yes), “Do you sometimes visit your 

friends?” (no), “Do you feel you are helpful to friends or family?” (no), “Do you live alone?” (yes), and “Do 

you talk with someone every day?” (no). Individuals who did not have any relevant items were regarded as 

robust. Those who had 1 item and ≥ 2 items were categorized as having social prefrailty (preSF) and SF, 

respectively. 

  

2.3.3 Physical frailty 

As in the report by Makizako, Shimada, Doi, Tsutsumimoto, and Suzuki (2015a), PF was assessed for each 

of the five categories with the following cut-off values: (1) unintentional weight loss, “Have you lost 2 kg 

or more in the past 6 months?” (yes); (2) exhaustion, “In the last 2 weeks, have you felt tired for no reason?” 



   9 

(yes); (3) low activity, “Do you engage in moderate levels of physical exercise or sports aimed at health?” 

and “Do you engage in low levels of physical exercise aimed at health?” (subjects who answered “no” to 

both of these questions were classified as having low activity); (4) weakness, decreased grip strength (men, 

< 26.0 kg, women, < 18.0 kg), and (5) slowness, decreased gait (< 1.0 m/s). Individuals who did not have 

any relevant items were regarded as robust. Those who had 1–2 items and ≥ 3 items were categorized as 

having physical prefrailty (prePF) and PF, respectively. 

 

2.4 Statistical analysis 

Sex-related differences were analyzed using the Mann-Whitney U test for continuous variables and the chi-

square test for categorical variables. Continuous variables were Bonferroni-corrected after the Jonckheere-

Terpstra trend test to examine trends in the robust OF, preOF, and OF groups. Categorical variables were 

analyzed using the chi-square test. Ordinal logistic regression analyses were then performed, treating the 

three OF groups as objective variables to identify factors associated with OF. Currently, there are few reports 

on factors associated with OF, but there is a report on the association between OF and PF (Tanaka et al., 

2018). Therefore, the factors related to PF were treated as independent variables. The number of medications 

was analyzed as a continuous variable with a cut-off value of five. Next, path analysis of the results of the 

ordinal logistic regression analysis was performed in order to examine the relationship between OF, SF, and 

PF. The fit of the models in the path analysis was evaluated using the goodness of fit index (GFI), normed 

fit index (NFI), and root mean square error of approximation (RMSEA). All statistical analyses were 

performed using SPSS Statistics version 23 and SPSS Amos version 23 (IBM Corp., Armonk, NY, USA) 

with a significance level of less than 5%. 

 

3. Results 

3.1 Subject characteristics 

Figure 1 shows a flow chart outlining the process used to select subjects for this study. Invitations for health 

checks were mailed to a total of 2,440 older adults, of whom 769 (31.5%) eventually participated. Individuals 

with an MMSE score ≤ 18 (n=6, 0.2%), those receiving LTCI support (n=16, 0.7%), and those with missing 

cognitive or oral function data (n=65, 2.7%) were excluded, leaving 682 (27.9%) subjects (267 men, 415 

women; mean age 73.3 ± 6.6 years) for inclusion in the analyses. The OF, PF, and SF rates are compared 

according to sex in Table 1. There was no significant sex-related difference in the OF or PF rate; however, 

SF was found to be more common in men. Table 2 shows the results for the study endpoints according to 

OF status. Three hundred and eighty (55.7%) of the 682 subjects had preOF and 65 (9.5%) had OF. Subjects 

with OF were older, were less independent in IADL, had lower physical and cognitive function, and tended 

to be depressed. Appendices A1-A3 show the respective correspondence rate for each item potentially 

associated with OF, SF, and PF. 
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Figure 1. Flow chart demonstrating the process used to select the study subjects.  

LTCI, Japanese Public Long-Term Care Insurance System; MMSE, Mini-Mental State Examination.
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Table 1. Characteristics of the study population 

Variable 

Overall (n = 682) Men (n = 267) Women (n = 415) 
P-

value 
Mean ± SD 

n (%) 
Median, [Q1, Q3] 

Mean ± SD 

n (%) 
Median, [Q1, Q3] 

Mean ± SD 

n (%) 
Median [Q1, Q3] 

Age, years 73.3 ± 6.6 72.0 [68.0, 78.0] 72.8 ± 6.6 71.0 [67.0, 78.0] 73.6 ± 6.5 73.0 [68.0, 79.0] 0.101 

Education, years 13.4 ± 2.8 12.0 [12.0, 16.0] 14.2 ± 2.8 16.0 [12.0, 16.0]  12.9 ± 2.7 12.0 [12.0, 14.0] <0.001 

Current or past 
248  (36.4) 

 

183  (68.5) 

 

65  (15.7) 

 

<0.001 
smoker, n (%)    

Drinks alcohol, n (%) 321  (47.1)  182  (68.2)  139  (33.5)  <0.001 

JST-IC score 12.1 ± 2.8 12.0 [11.0, 14.0]  12.0 ± 2.9 12.0 [10.0, 14.0] 12.2 ± 2.7 13.0 [11.0, 14.0] 0.222 

BMI  22.8 ± 3.3 22.7 [20.6, 24.7] 23.6 ± 3.2 23.3 [21.7, 25.4] 22.3 ± 3.4 22.1 [20.1, 24.2] <0.001 

SMI 6.5 ± 1.0 6.3 [5.7, 7.3] 7.5 ± 0.7 7.5 [7.0, 7.9] 5.9 ± 0.7 5.8 [5.4, 6.3] <0.001 

MNA-SF score 12.8 ± 1.3 13.0 [12.0, 14.0] 13.0 ± 1.3 13.0 [12.0, 14.0] 12.6 ± 1.3 13.0 [12.0, 14.0] <0.001 

  ≤ 11, n (%) 126  (18.5)  39  (14.6)  87  (21.0)  0.037 

Handgrip strength, kg 27.9 ± 8.5 26.0 [22.0, 34.0] 35.5 ± 6.9 36.0 [31.0, 40.0] 22.9 ± 5.1 23.0 [19.0, 26.0] <0.001 
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Gait speed, m/s 1.4 ± 0.3 1.4 [1.2, 1.6] 1.4 ± 0.3 1.4 [1.2, 1.6] 1.4 ± 0.3 1.4 [1.2, 1.6] 0.643 

MMSE score 28.6 ± 1.6 29.0 [28.0, 30.0] 28.4 ± 1.7 29.0 [28.0, 30.0] 28.7 ± 1.5 29.0 [28.0, 30.0] 0.028 

 ≤ 23, n (%) 10  (1.5)  5  (1.9)  5  (1.2)  

0.218  24−27, n (%) 126  (18.5)  57  (21.3)  69  (16.6)  

 ≥ 28, n (%) 546  (80.1)  205  (76.8)  341  (82.2)  

Depression, n (%) 153  (22.4)  51  (19.1)  102  (24.6)  0.094 

Oral function              

 Present teeth, n 21.6 ± 7.9 24.0 [18.0, 27.0] 22.5 ± 7.3 25.0 [20.0, 27.0] 21.1 ± 8.2 24.0 [18.0, 27.0] 0.046 

 Masticatory 

performance 
22.0 ± 4.9 22.8 [19.6, 25.4] 23.3 ± 4.2 23.9 [21.1, 26.3] 21.1 ± 5.1 22.16 [18.8, 24.8] <0.001 

 Tongue pressure, 

kPa 
33.0 ± 7.5 32.9 [28.1, 37.8] 33.7 ± 8.4 33.3 [27.8, 38.9] 32.6 ± 6.9 32.6 [28.3, 36.9] 0.109 

 ODK, times/s 6.4 ± 0.7 6.4 [6.0, 6.8] 6.4 ± 0.7 6.4 [6.0, 6.8] 6.4 ± 0.7 6.4 [6.0, 6.8] 0.853 

 Subjective difficulty 

in eating  
147  (21.6)  42  (15.7)  105  (25.3)  0.003 
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 Subjective difficulty 

in swallowing  
182  (26.7)  67  (25.1)  115  (25.7)  0.451 

Medical history              

 Hypertension, n (%) 282  (41.3)  129  (48.3)  153  (36.9)  0.003 

 Heart disease, n (%) 109  [16.0)  51  (19.1)  58  (14.0)  0.075 

 Diabetes mellitus, n 

(%) 
74  (10.9)  38  (14.2)  36  (8.7)  0.023 

 Hyperlipidemia, n 

(%) 
256  (37.5)  90  (33.7)  166  (40.0)  0.098 

 Osteoporosis, n (%) 113  (16.6)  11  (4.1)  102  (24.6)  <0.001 

 Chronic obstructive 

3  (0.4) 

 

3  (1.1) 

 

0  (0.0) 

 

0.030  pulmonary disease, n 

(%) 

   

 Osteoarthritis, n (%) 98  (14.4)  19  (7.1)  79  (19.0)  <0.001 

 Spinal stenosis, n 

(%) 
68  (10.0)  25  (9.4)  43  (10.4)  0.671 
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 Malignant 

neoplasm, n (%) 
98  (14.4)  35  (13.1)  63  (15.2)  0.451 

 Anemia, n (%) 20  (2.9)  8  (3.0)  12  (2.9)  0.937 

 Stroke, n (%) 40  (5.9)  25  (9.4)  15  (3.6)  0.002 

 Chronic kidney 
3  (0.4) 

 

1  (0.4) 

 

2  (0.5) 

 

0.836 
 disease, n (%)    

 Fracture, n (%) 122  (17.9)  31  (11.6)  91  (21.9)  0.001 

Medications ≥ 5, n 

(%) 
174  (25.5)  81  (30.3)  93  (22.4)  0.020 

Oral frailty              

 Robust, n (%) 237  (34.8)  100  (37.5)  137  (33.0)  

0.238  Prefrailty, n (%) 380  (55.7)  147  (55.1)  233  (56.1)  

 Frailty, n (%) 65  (9.5)  20  (7.5)  45  (10.8)  

Social frailty              

 Robust, n (%) 287  (42.1)  123  (46.1)  164  (39.5)  

0.001 
 Prefrailty, n (%) 237  (34.8)  71  (26.6)  166  (40.0)  
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 Frailty, n (%) 158  (23.2)  73  (27.3)  85  (20.5)  

Physical frailty              

 Robust, n (%) 346  (50.7)  136  (50.9)  210  (50.6)  

0.984  Prefrailty, n (%) 312  (45.7)  122  (45.7)  190  (45.8)  

 Frailty, n (%) 24   (3.5)   9   (3.4)   15   (3.6)   

 

Categorical variables are shown as the number (percentage) and were analyzed using the chi-square test. Continuous variables are expressed as the mean and standard 

deviation and were analyzed using the Mann-Whitney U test. A P-value of < 0.05 was considered statistically significant. The number of subjects taking more than 

five medications was not documented; therefore, the number of subjects on polypharmacy are shown as a proportion. BMI, body mass index; JST-IC, Japan Science 

and Technology Agency Index of Competence; MMSE, Mini-Mental State Examination; MNA-SF, Mini Nutritional Assessment-Short Form; ODK, oral 

diadochokinesis; Q1, first quartile; Q3, third quartile; SD, standard deviation; SMI, skeletal muscle mass index  

. 
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Table 2. Evaluation of items potentially affecting oral frailty status 

Variable 

Robust (n = 237)   preOF (n = 380)   OF (n = 65)   
P-

value 
Mean ± SD 

n (%) 
Median [Q1, Q3] 

Mean ± SD 

n (%) 
Median [Q1, Q3] 

Mean ± SD 

n (%) 
Median [Q1, Q3] 

Age, years 71.1 ± 5.7 69.0 [67.0, 75.0] 74.0 ± 6.6 74.0 [68.0, 79.0] 77.1 ± 6.5 78.0 [73.0, 81.0] <0.001 

Men, n (%) 100  (42.2)  147  (38.7)  20  (30.8)  0.238 

Education, years 13.9 ± 2.9 14.0 [12.0, 16.0] 13.2 ± 2.7 12.0 [12.0, 16.0] 12.5 ± 2.8 12.0 [10.5, 14.0] <0.001 

Current or past 
72  (30.4) 

 

150  (39.5) 

 

26  (40.0) 

 

0.060 
 smoker, n (%)    

Drinks alcohol, n (%) 123  (51.9)  182  (47.9)  16  (24.6)  <0.001 

JST-IC score 12.8 ± 2.3 13.0 [11.0, 15.0] 12.0 ± 2.8 12.0 [10.0, 14.0] 10.6 ± 3.4 11.0 [7.5, 13.0] <0.001 

BMI 23.1 ± 3.4 23.0 [21.0, 24.9] 22.7 ± 3.3 22.6 [20.5, 24.5] 22.4 ± 3.4 22.3 [20.0, 24.7] 0.049 

SMI 6.7 ± 1.1 6.6 [5.8, 7.5] 6.5 ± 1.0 6.3 [5.7, 7.3] 6.1 ± 0.9 5.9 [5.4, 6.6] <0.001 

MNA-SF score 13.0 ± 1.2 13.0 [12.0, 14.0] 12.7 ± 1.3 13.0 [12.0, 14.0] 12.4 ± 1.5 13.0 [11.0, 14.0] 0.002 

  ≤ 11, n (%) 32  (13.5)  75  (19.7)  19  (29.2)  0.010 
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Handgrip strength, kg 29.7 ± 8.6 28.0 [24.0, 37.0] 27.5 ± 8.3 26.0 [22.0, 33.0] 23.5 ± 7.4 24.0 [17.0, 27.0] <0.001 

Gait speed, m/s 1.4 ± 0.2 1.5 [1.3, 1.6] 1.4 ± 0.3 1.4 [1.2, 1.5] 1.2 ± 0.3 1.3 [1.1, 1.4] <0.001 

MMSE score 28.9 ± 1.4 29.0 [28.0, 30.0] 28.5 ± 1.7 29.0 [28.0, 30.0] 28.0 ± 1.9 29.0 [27.0, 29.0] <0.001 

 ≤23, n (%) 1  (0.4)  6  (1.6)  3  (4.6)  

0.009  24−27, n (%) 33  (13.9)  76  (20.0)  17  (26.2)  

 ≥ 28, n (%) 203  (85.7)  298  (78.4)  45  (69.2)  

Depression, n (%) 30  (12.7)  95)  [25.0)  (28)  [43.1)  <0.001 

Oral functions              

 Present teeth, n 26.1 ± 2.6 26.0 [24.0, 28.0] 20.5 ± 8.1 23.0 [16.0, 27.0] 11.4 ± 8.2 13.0 [4.0, 18.0] ― 

 Masticatory 

performance 
23.8 ± 3.0 24.2 [21.9, 26.0] 21.9 ± 4.3 22.6 [19.2, 25.1] 15.4 ± 7.4 16.8 [10.2, 21.6] ― 

 Tongue pressure, 

kPa 
35.3 ± 5.8 34.1 [31.1, 38.3] 32.3 ± 7.7 32.1 [26.6, 37.6) 28.5 ± 9.1 26.2 [21.4, 36.1] ― 

 ODK, times/s 6.6 ± 0.6 6.6 [6.2, 7.0] 6.4 ± 0.7 6.4 [6.0, 6.8] 5.9 ± 1.0 6.2 [5.2, 6.6] ― 

 Subjective difficulty 

in eating  
0  (0.0)  92  (24.2)  55  (84.6)  ― 



   18 

 Subjective difficulty 

in swallowing  
0  (0.0)  144  (37.9)  38  (58.5)  ― 

Medical history              

 Hypertension, n (%) 92  (38.8)  160  (42.1)  30  (46.2)  0.513 

 Heart disease, n (%) 31  (13.1)  63  (16.6)  15  (23.1)  0.134 

 Diabetes mellitus, n 

(%) 
21  (8.9)  43  (11.3)  10  (15.4)  0.296 

 Hyperlipidemia, n 

(%) 
87  (36.7)  145  (38.2)  24  (36.9)  0.931 

 Osteoporosis, n (%) 26  (11.0)  74  (19.5)  13  (20.0)  0.016 

 Chronic obstructive 

0  (0.0) 

 

2  (0.5) 

 

1  (1.5) 

 

0.234  pulmonary disease, n 

(%) 

   

 Osteoarthritis, n (%) 30  (12.7)  61  (16.1)  7  (10.8)  0.346 

 Spinal stenosis, n 

(%) 
22  (9.3)  41  (10.8)  5  (7.7)  0.675 
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 Malignant 

neoplasm, n (%) 
22  (9.3)  70  (18.4)  6  (9.2)  0.003 

 Anemia, n (%) 5  (2.1)  10  (2.6)  5  (7.7)  0.053 

 Stroke, n (%) 8  (3.4)  21  (5.5)  11  (16.9)  <0.001 

 Chronic kidney 
1  (0.4) 

 

1  (0.3) 

 

1  (1.5) 

 

0.356 
 diseases, n (%)    

 Fracture, n (%) 35  (14.8)  71  (18.7)  16  (24.6)  0.154 

Medications ≥ 5, n 

(%) 
36  (15.2)  111  (29.2)  27  (41.5)  <0.001 

Social frailty              

 Robust, n (%) 118  (49.8)  155  (40.8)  14  (21.5)  

<0.001  Prefrailty, n (%) 84  (35.4)  131  (34.5)  22  (33.8)  

 Frailty, n (%) 35  (14.8)  94  (24.7)  29  (44.6)  

Physical frailty              

 Robust, n (%) 151  (63.7)  178  (46.8)  17  (26.2)  

<0.001 
 Prefrailty, n (%) 82  (34.6)  188  (49.5)  42  (64.6)  
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 Frailty, n (%) 4   (1.7)   14   (3.7)   6   (9.2)   

 

Categorical variables are shown as the number (percentage) and were analyzed using the chi-square test. A P-value < 0.05 was considered statistically significant.  

Continuous variables were analyzed with the Bonferroni-corrected Jonckheere-Terpstra test. A P-value < 0.006 was considered statistically significant. The Jonckheere-

Terpstra test was not used because it was clear that oral functions decreased with OF. The number of subjects taking more than five medications was not documented; 

Therefore, the number of subjects on polypharmacy are shown as a proportion. BMI, body mass index; JST-IC, Japan Science and Technology Agency Index of 

Competence; MMSE, Mini-Mental State Examination; MNA-SF, Mini Nutritional Assessment-Short Form; ODK, oral diadochokinesis; Q1, first quartile; Q3, third 

quartile; SD, standard deviation; SMI, skeletal muscle mass index. 
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3.2 Ordinal logistic regression analysis 1 

The results of the ordinal logistic regression analysis, which was performed to investigate the factors 2 

associated with OF, are shown in Table 3. There were significant associations with age (odds ratio [OR] 3 

1.075, 95% confidence interval [CI] 1.045 – 1.104), MNA-SF score (OR 0.837, 95% CI 0.735 – 0.953), 4 

stroke (OR 2.423, 95% CI 1.197 – 4.899), number of medications used (OR 1.127, 95% CI 1.010 – 1.259), 5 

SF (OR 1.680, 95% CI 1.080 – 2.612), and prePF (OR 1.726, 95% CI 0.202 – 2.479). 6 

 7 

Table 3. Ordinal logistic regression analyses 8 

 Variable OR 95% CI P-value 

Age 1.075 1.045 – 1.104 < 0.001 

Sex (0: men, 1: women) 0.797 0.555 – 1.145 0.219 

Education 0.948 0.892 – 1.007 0.082 

MNA-SF scores 0.837 0.735 – 0.953 0.007 

MMSE scores 0.987 0.888 – 1.097 0.810 

Depression (0: no, 1: yes) 1.508 0.970 – 2.347 0.068 

Hypertension (0: no, 1: yes) 0.780 0.539 – 1.129 0.188 

Heart disease (0: no, 1: yes) 1.021 0.653 – 1.597 0.927 

Diabetes mellitus (0: no, 1: 

yes) 
1.213 0.716 – 2.054 0.474 

Hyperlipidemia (0: no, 1: yes) 0.868 0.614 – 1.228 0.425 

Osteoporosis (0: no, 1: yes) 0.929 0.581 – 1.486 0.758 

Osteoarthritis (0: no, 1: yes) 0.976 0.617 – 1.543 0.918 

Spinal stenosis (0: no, 1: yes) 0.929 0.542 – 1.590 0.788 

Malignant neoplasm (0: no, 1: 

yes) 
1.408 0.899 – 2.208 0.136 

Anemia (0: no, 1: yes) 1.451 0.572 – 3.680 0.433 
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Stroke (0: no, 1: yes) 2.423 1.197 – 4.899 0.014 

Fracture (0: no, 1: yes) 1.010 0.662 – 1.540 0.963 

Number of medications 1.127 1.010 – 1.259 0.033 

SF Robust   1.000 （Reference）  

preSF 1.138 0.790 – 1.639 0.488 

SF 1.680 1.080 – 2.612 0.021 

PF Robust    1.000 （Reference）  

prePF 1.726 1.202 – 2.479 0.003 

PF 1.347 0.546 – 3.327 0.519 

 1 

MNA-SF and MMSE were analyzed as continuous variables. Age, MNA-SF, stroke, number of medications, 2 

SF, and prePF were significantly associated with OF. CI, confidence interval; MMSE, Mini-Mental State 3 

Examination; MNA-SF, Mini Nutritional Assessment-Short Form; OF, oral frailty; OR, odds ratio; PF, 4 

physical frailty; SF, social frailty 5 

 6 

3.3 Path analysis 7 

Path analysis is a statistical method used to analyze relationships between multiple factors. Figure 2 shows 8 

the path diagram derived by path analysis in this study. The best fit was selected among the path diagrams 9 

created by referring to the results of the ordinal logistic regression analysis. The pathway shows that the 10 

starting factor affected the stabbing factor. The diagram also shows that SF was directly related to OF and 11 

that the path coefficient from SF to OF was 0.141. Furthermore, both OF and SF were directly related to PF. 12 

The path coefficient from OF to PF was 0.155 and that from SF to PF was 0.206. All pathways were 13 

statistically significant. The GFI was 0.982, the NFI was 0.961, and the RMSEA was 0.026. 14 

 15 

 16 

 17 

 18 
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1 

Figure 2. A pathway diagram demonstrating the relationship between OF and SF. MNA-SF (Mini 2 

Nutritional Assessment-Short Form), MMSE (Mini-Mental State Examination), OF (oral frailty), SF (social 3 

frailty), PF (physical frailty), and number of medications used were analyzed as categorical variables. Sex 4 

(0, male; 1, female), medications (0, ≤ 4; 1, ≥ 5), OF, SF, PF (0, robust; 1, prefrailty; 2, frailty), MNA-SF 5 

(0, ≥ 12; 1, ≤ 11), MMSE (0, ≥ 28; 1, 24 – 27; 2, ≤ 23). OF was directly related to PF, and SF was in the 6 

background of OF. SF was directly associated with PF, and SF was associated with PF via OF. 7 

 8 

4. Discussion 9 

Longitudinal studies have shown that OF, an indicator of decline in oral function, and SF, an indicator of 10 

decline in social function, are both predictors of dependency (Makizako et al., 2015b; Tanaka et al., 2018). 11 

A decline in oral and social function appears connected to the deterioration of an individual’s general health 12 

status. However, previous studies have not clearly defined the relationships between OF, SF, and PF. If a 13 

relationship between the three frailties could be clarified, a more multifaceted and effective method for 14 

preventing dependency could be established. The results of the present study suggest that SF directly relates 15 

to OF and that both, OF and SF are directly related to PF. 16 

 17 

The rate of PF in this study was 3.5%, which was lower than the prevalence of 7.4% reported by a meta-18 

analysis of Japanese community-dwelling older adults aged 65 years or older (Kojima et al., 2017). In the 19 

present study, the mean JST-IC score for IADL was 12.1 ± 2.8, which is higher than the mean value of 9.5 20 

previously reported for individuals aged 65 years or older (mean, 74.0 ± 2.8 years) in other regions of Japan 21 

(Iwasa et al., 2018). This study found that the ability to perform IADL was maintained; therefore, it is 22 

reasonable to assume that the subjects in this study maintained good physical function and that the rate of 23 
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PF was low. Furthermore, this study found that deterioration from robust oral function to OF tended to be 1 

more common in subjects who were older, less educated, had poor nutritional status, had poorer physical 2 

and cognitive function, tended to be depressed, and were on polypharmacy. These findings are similar to 3 

those reported by Tanaka et al. (2018). 4 

 5 

In accordance with previous studies, this investigation defined three stages of OF, SF, and PF, comprising 6 

robust (no functional decline), prefrailty (mild functional decline), and frailty (accumulation of several types 7 

of functional decline) (Makizako et al., 2015a; Makizako et al., 2015b; Tanaka et al., 2018). These definitions 8 

reflect the association of a more severe stage with a greater risk of dependency. 9 

Ordinal logistic regression analysis using the factors associated with PF as independent variables identified 10 

the factors associated with OF. Using path analysis, we examined how the factors associated with OF in the 11 

ordinal logistic regression analysis were associated with OF, SF, PF, and cognitive decline (Feng et al., 2017), 12 

which is an indicator of the psychological aspects of frailty. This study included a path analysis that could 13 

infer relationships between different types of frailty and clarify the factors associated with OF.  14 

 15 

The logistic regression analysis showed significant associations of OF with age, MNA-SF scores, history 16 

of stroke, number of medications used, SF, and prePF. 17 

The findings of the present study regarding the association between multidimensional aspects of oral and 18 

social function are consistent with those in several previous reports (Mikami et al., 2019; Nagayoshi et al., 19 

2017; Nakanishi et al., 1999; Takeuchi et al., 2013).  20 

There were reports of an association between decline in oral function and decline in physical function 21 

(Tanaka et al., 2018; Watanabe et al., 2017). Although the present study found no association between OF 22 

and PF, there was an association between prePF and OF. It was inferred that the lack of association between 23 

OF and PF in this study was due to the low PF rate of 3.5% (n = 24). A relationship between OF and the 24 

MNA-SF score was identified; this is consistent with the findings of previous studies on the association 25 

between a decline in oral function and decreased nutritional status (Kwon et al., 2017; Kwon, Suzuki, 26 

Kumagai, Shinkai, & Yukawa, 2006; Sura, Madhavan, Carnaby, & Crary, 2017).  27 

Older adults often have multiple comorbidities and are likely to be on polypharmacy (Sirois et al., 2019). 28 

Xerostomia is one of the adverse effects of several medications commonly used in older adults and is 29 

associated with caries, deterioration of masticatory performance, and dysphagia (Barbe, 2018). The risk of 30 

hazardous events caused by an increase in the number of medications may be associated with a decline in 31 

oral function; however, this relationship is unclear, because no information regarding the adverse effects of 32 

medications was collected in this study. The mechanism of declining oral function and number of 33 

medications used or medication-related adverse events warrants further investigation in future studies.  34 

Stroke has a variety of sequelae, including both, motor and sensory impairments (Winstein et al., 2016), 35 

and is responsible for considerable disability (Naruse, Sakai, Matsumoto, & Nagata, 2015). Patients 36 

requiring nursing care were excluded from this study, suggesting that the functional impairment attributable 37 

to stroke was mild. However, we demonstrated an association between stroke and OF; therefore, it may be 38 
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that various symptoms resulting from a history of stroke were related to a decline in oral function, even if 1 

they were mild. 2 

 3 

The results of path analysis showed that SF was directly related to OF. Kobayashi, Wardle, & von Wagner 4 

(2015) reported an association between decline in social function and decreased health literacy. Preservation 5 

of health literacy is useful for health maintenance in daily life; however, a decline in health literacy leads to 6 

worsening health care and ability to self-manage disease (Sørensen et al., 2012). Oral diseases, such as caries 7 

and periodontal disease, are associated with lifestyle habits, including diet and hygiene (Petersen, 2008). 8 

Therefore, a lowering of general health literacy, which stems from a decline in social function, seems to be 9 

connected with a lowering of oral health literacy. Decreased oral health literacy can lead to poor oral hygiene, 10 

tooth loss, and even a decline in oral function. Furthermore, the opportunities for conversation are likely to 11 

decrease alongside a decline in social function. Decreased speaking may lead to reduced tongue pressure as 12 

a result of a decrease in the tongue movements involved in speech intelligibility. Furthermore, tongue 13 

pressure is associated with masticatory performance and speed of tongue movement (Kugimiya et al., 2019; 14 

Sagawa et al., 2019). These reports suggest that decreased opportunities for conversation lead to decreased 15 

tongue pressure, decreased masticatory performance, and slowing of tongue movement. Therefore, the 16 

results of this path analysis, which demonstrate the possibility of SF in the background of OF, seem to be 17 

appropriate. This study found that SF was directly associated with PF, which is in line with previous research 18 

(Makizako et al., 2019). Shimada et al. (2010) reported that loss of social roles and difficulty in responding 19 

to environmental changes reduces the frequency of activity by narrowing the range of behaviors in older 20 

adults. Narrowing of the range and frequency of activity decreases the amount of physical activity, and this 21 

is linked to PF. This study found that SF was not only directly related to PF, but also indirectly via OF. 22 

Moreover, a decline in oral function was identified to be one of the factors through which a decline in social 23 

function was connected to a decline in physical function. The process by which this occurs may involve not 24 

only a decrease in physical activity, but also a decline in oral function due to a reduction in the amount of 25 

interaction with others and decreased opportunities for conversation. The decline in social function may lead 26 

to a lowering of oral health literacy via a weakening of relationships with others, and in turn, cause a decline 27 

in oral function. Therefore, strategies to prevent or manage a decline in oral function should also focus on 28 

maintaining and improving social function. This will involve securing opportunities to engage with others, 29 

with the aim of maintaining oral health literacy. 30 

Tanaka et al. (2018) reported that age and polypharmacy were directly related to OF. Barbe (2018) also 31 

reported an association of medication-induced xerostomia with caries, deterioration of masticatory 32 

performance, and dysphagia. Comorbidity and the long-term morbidity associated with several chronic 33 

diseases are also associated with frailty (Castrejón-Pérez, Gutiérrez-Robledo, Cesari, & Pérez-Zepeda, 2017). 34 

An accumulation of adverse events associated with chronic disease and polypharmacy and may be related 35 

to not only deterioration of general health status but also a decline in oral function. 36 

This study also found a direct association between the MNA-SF score and OF. There are reports of an 37 

association between masticatory performance and vitamin and mineral deficiency (Kwon et al., 2017), 38 
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deterioration in subjective masticatory performance with a decline in diversity in the diet (Kwon et al., 2006), 1 

and dysphagia with malnutrition (Sura et al., 2017). A decline in oral function, such as masticatory 2 

performance and swallowing, may negatively impact the intake of nutrients. The results of this study are 3 

consistent with these reports. It is clear that the risk of malnutrition was associated with a transition from 4 

robust oral function to OF. Therefore, management of OF may prevent undernutrition.  5 

The factors found to be directly related to OF in this study support the findings of previous reports. 6 

Furthermore, MNA-SF was directly associated with SF, suggesting that OF may lead to SF via malnutrition. 7 

The interaction between decreased social function and oral function may indeed be bidirectional, and should 8 

be investigated in future longitudinal and interventional studies. 9 

Age, the MNA-SF score, and polypharmacy were directly related to SF. Makizako et al. (2015b) reported 10 

an association between age and SF and Tani et al. (2015) identified an association between unhealthy dietary 11 

behaviors and eating or living alone. Furthermore, given that use of five or more medications was identified 12 

as a risk factor for falls (Kojima et al., 2012) and that falls are associated with social isolation (Pohl, Cochrane, 13 

Schepp, & Woods, 2018), the relationship between polypharmacy and SF is likely to be consistent. The 14 

relationship between SF and its background factors is in line with previous reports, and the results in this 15 

regard also support the validity of this study. 16 

Polypharmacy and the MMSE score were directly related to PF in this investigation; this is consistent with 17 

previous investigations that identified associations between polypharmacy and PF (Saum et al., 2017) and 18 

between cognitive decline and PF (Feng et al., 2017). Furthermore, the factors identified to be in the 19 

background of PF in this study are consistent with previous reports. Age, the MNA-SF score, and 20 

polypharmacy were directly related to the MMSE score, supporting previous reports, which identified an 21 

association between cognitive decline and aging (Sakuma et al., 2017), malnutrition (Ozawa et al., 2013), 22 

and polypharmacy (Niikawa et al., 2017). This study also identified that aging was directly related to 23 

polypharmacy, an association that has also been reported before (Saum et al., 2017). 24 

The path model used in this investigation had a high level of fit, and all pathways showed a relationship 25 

between OF, SF, and PF, as in previous research. The congruence between these results and those in previous 26 

reports confirm the generalizability of these findings. 27 

 28 

There are several limitations to this study. First, the associations between decline in oral function and 29 

cognitive decline (Kugimiya et al., 2019; Watanabe et al., 2018), social relationships and risk of dementia 30 

(Kuiper et al., 2015), and dietary patterns and risk of dementia (Ozawa et al., 2013) have already been 31 

reported. Although the path analysis showed a relationship between the MNA-SF and MMSE scores, there 32 

was no significant pathway between OF or SF and the MMSE score. The path analysis also indicated a 33 

circular relationship between OF, SF, and the MNA-SF score, suggesting that a deterioration in nutritional 34 

status was involved in the process which decreased oral and social function lead to cognitive decline. OF, 35 

SF, malnutrition, and cognitive decline are associated with PF and dependency (Feng et al., 2017; Makizako 36 

et al., 2015b; Soysal et al., 2019; Tanaka et al., 2018). The fact that the relationships between these four 37 

factors could be inferred in this study is one of the important grounds for investigating effective measures 38 
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for the multifaceted concept of frailty in the future. These relationships could not be determined in this study 1 

because of its cross-sectional design; therefore, longitudinal and intervention studies are needed. Second, 2 

although Makizako et al. (2015a) have reported an association between age and PF, there was no significant 3 

pathway between these two variables in this study, possibly because the older subjects had already 4 

participated in previous health checkups and maintained their level of physical function over the course of 5 

the study. Third, although Soysal et al. (2019) reported an association between malnutrition and PF, we could 6 

not identify a significant pathway between the MNA-SF score and PF in this study. The MNA-SF score was 7 

indirectly associated with PF via SF, and the MMSE score but was not directly associated with PF. However, 8 

there seemed to be a connection between malnutrition and a decline in physical function via declines in 9 

social and cognitive function. Therefore, it will be necessary to consider decreased social function and 10 

cognition when the relationships between malnutrition and decline in physical function are examined in the 11 

future. Fourth, this study only included older individuals who were able to independently attend for 12 

assessment and excluded those with severe deterioration of physical and cognitive function; this could have 13 

introduced a degree of selection bias. Therefore, the results of this study cannot be generalized to persons 14 

with severe psychosomatic impairment. Finally, the cross-sectional nature of the study meant that no causal 15 

relationships could be identified; however, the path model used in the study had a high level of fit. All OF, 16 

SF, and PF pathways were significant, as in previous reports, and are generalizable to older independent 17 

adult populations. This study suggests that the relationship between OF, SF, and PF would lead to a general 18 

deterioration in health. This may provide an important perspective for future research on frailty. 19 

 20 

The logistic regression analysis showed that the factors associated with OF were a decline in social function, 21 

a decline in physical function, decreased nutritional status, and an increased number of medications used. 22 

These are known frailty-related factors (Makizako et al., 2015b; Saum et al., 2017; Soysal et al., 2019). It is 23 

important to detect OF at an early stage and use a multifaceted approach to maintain general health. The 24 

results of the path analysis highlight the possibility that SF is connected to OF. Therefore, the development 25 

of comprehensive and effective methods to manage declines in oral function will also need to consider 26 

evaluation of social function and its role in the maintenance of oral health literacy. 27 

5. Conclusion 28 

In this study, OF, SF, and PF were found to be mutually related in community-dwelling older adults. SF 29 

was directly related to OF, and OF in turn was directly related to PF. A decline in social function may 30 

contribute to decreased oral and physical function. This implies that optimal management of OF will also 31 

require evaluation and management of SF. These associations will be important considerations when 32 

devising appropriate measures for management of OF. 33 

 34 

Funding 35 

This work was supported by JSPS KAKENHI (grant numbers: 16K01853 and 18K18462), 2018 Health 36 

and Labor Sciences Research Grants (46–35), and 2018 Research Funding for Longevity Sciences (28–30 37 



   28 

and 29–42) from the National Center for Geriatrics and Gerontology (NCGG), Japan. 1 

 2 

Declarations of interest 3 

None. 4 

 5 

Acknowledgments 6 

We express our gratitude to the local authorities responsible for the Itabashi Ward for their support and 7 

thank everyone who participated in the study. We would also like to thank the members of the Otasha 8 

Kenshin study staff for their cooperation. 9 

 10 

References 11 

Barbe, A. G. (2018). Medication-induced xerostomia and hyposalivation in the elderly: Culprits, 12 

complications, and management. Drugs & Aging, 35, 877–885. https://doi.org/10.1007/s40266-13 

018-0588-5. 14 

Calado, L. B., Ferriolli, E., Moriguti, J. C., Martinez, E. Z., & Lima, N. K. (2016). Frailty syndrome in 15 

an independent urban population in Brazil (FIBRA study): A cross-sectional populational study. Sao 16 

Paulo Medical Journal, 134, 385–392. https://doi.org/10.1590/1516-3180.2016.0078180516. 17 

Castell, M. V., van der Pas, S., Otero, A., Siviero, P., Dennison, E., Denkinger, M., et al. (2015). Osteoarthritis 18 

and frailty in elderly individuals across six European countries: Results from the European Project 19 

on OSteoArthritis (EPOSA). BMC Musculoskeletal Disorders, 16, 359. 20 

https://doi.org/10.1186/s12891-015-0807-8. 21 

Castrejón-Pérez, R. C., Gutiérrez-Robledo, L. M, Cesari, M., & Pérez-Zepeda, M. U. (2017). Diabetes 22 

mellitus, hypertension and frailty: A population-based, cross-sectional study of Mexican older adults. 23 

Geriatrics & Gerontology International, 17, 925–930. https://doi.org/10.1111/ggi.12805. 24 

Danon-Hersch, N., Rodondi, N., Spagnoli, J., & Santos-Eggimann, B. (2012). Prefrailty and chronic 25 

morbidity in the youngest old: An insight from the Lausanne Cohort Lc65+. Journal of the American 26 

Geriatrics Society, 60, 1687–1694. https://doi.org/10.1111/j.1532-5415.2012.04113.x. 27 

Denfeld, Q. E., Winters-Stone, K., Mudd, J. O., Gelow, J. M., Kurdi S., & Lee, C. S. (2017). The prevalence 28 

of frailty in heart failure: a systematic review. International Journal of Cardiology, 236, 283–289. 29 

https://doi.org/10.1016/j.ijcard.2017.01.153. 30 

Feng, L., Nyunt, M. S., Gao, Q., Feng, L., Lee, T. S., Tsoi, T., et al. (2017). Physical frailty, cognitive 31 

impairment, and the risk of neurocognitive disorder in the Singapore longitudinal ageing studies. 32 

The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences, 72, 369–375. 33 

https://doi.org/10.1093/gerona/glw050. 34 

Fhon, J. R., Rodrigues, R. A., Neira, W. F., Huayta, V. M., & Robazzi, M. L. (2016). Fall and its association 35 

with the frailty syndrome in the elderly: Systematic review with meta-analysis. University of São 36 



   29 

Paulo Nursing School Journal, 50, 1005–1013.  1 

https://doi.org/10.1590/S0080-623420160000700018. 2 

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). "Mini-mental state". A practical method for grading 3 

the cognitive state of patients for the clinician. Journal of Psychiatric Research, 12, 189–198. 4 

https://doi.org/10.1016/0022-3956(75)90026-6. 5 

Fujisawa, D., Tanaka, E., Sakamoto, S., Neichi, K., Nakagawa, A., & Ono, Y. (2005). The development of a 6 

brief screening instrument for depression and suicidal ideation for elderly: The Depression and 7 

Suicide Screen. Psychiatry and Clinical Neurosciences, 59, 634–638.  8 

https://doi.org/ 10.1111/j.1440-1819.2005.01429.x. 9 

Fujiwara, Y., Shinkai, S., Kumagai, S., Amano, H., Yoshida, Y., Yoshida, H., et al. (2003). Longitudinal 10 

changes in higher-level functional capacity of an older population living in a Japanese urban 11 

community. Archives of Gerontology and Geriatrics, 36, 141–153.  12 

https://doi.org/10.1016/s0167-4943(02)00081-x. 13 

Hakeem, F. F., Bernabé, E., & Sabbah, W. (2019). Association between oral health and frailty: A systematic 14 

review of longitudinal studies. Gerodontology, 36, 205–215. https://doi.org/10.1111/ger.12406. 15 

Holt-Lunstad, J., Smith, T. B., & Layton, J. B. (2010). Social relationships and mortality risk: A meta-analytic 16 

review. PLoS Medicine, 7, e1000316. https://doi.org/10.1371/journal.pmed.1000316. 17 

Ihara, K., Yoshida, H., Jones, P. B., Hashizume, M., Suzuki, Y., Ishijima, H., et al. (2016). Serum BDNF 18 

levels before and after the development of mood disorders: A case–control study in a population 19 

cohort. Translational Psychiatry, 6, e782. https://doi.org/10.1038/tp.2016.47.  20 

Iwasa, H., Masui, Y., Inagaki, H., Yoshida, Y., Shimada, H., Otsuka, R., et al. (2018). Assessing competence 21 

at a higher level among older adults: Development of the Japan Science and Technology Agency 22 

Index of Competence (JST-IC). Aging Clinical and Experimental Research, 30, 383–393. 23 

https://doi.org/10.1007/s40520-017-0786-8. 24 

Kaufer, D. I., Williams, C. S., Braaten, A. J., Gill, K., Zimmerman, S., & Sloane, P. D. (2008). Cognitive 25 

screening for dementia and mild cognitive impairment in assisted living: comparison of 3 tests. 26 

Journal of the American Directors Association, 9, 586–593. 27 

https://doi.org/10.1016/j.jamda.2008.05.006. 28 

Kera, T., Kawai, H., Hirano, H., Kojima, M., Watanabe, Y., Fujiwara, Y., et al. (2018). Comparison of body 29 

composition and physical and cognitive function between older Japanese adults with no diabetes, 30 

prediabetes and diabetes: A cross-sectional study in community-dwelling Japanese older people. 31 

Geriatrics & Gerontology International, 18, 1031–1037. https://doi.org/10.1111/ggi.13301. 32 

Kobayashi, L. C., Wardle, J., & von Wagner, C. (2015). Internet use, social engagement and health literacy 33 

decline during ageing in a longitudinal cohort of older English adults. Journal of Epidemiology and 34 

Community Health, 69, 278–283. https://doi.org/10.1136/jech-2014-204733. 35 

Kojima, T., Akishita, M., Nakamura, T., Nomura, K., Ogawa, S., Iijima, K., et al. (2012). Polypharmacy as 36 

a risk for fall occurrence in geriatric outpatients. Geriatrics & Gerontology International, 12, 37 

425–430. https://doi.org/10.1111/j.1447-0594.2011.00783.x. 38 



   30 

Kojima, G. (2016). Frailty as a predictor of fractures among community-dwelling older people: A 1 

systematic review and meta-analysis. Bone, 90, 116–122. 2 

https://doi.org/10.1016/j.bone.2016.06.009. 3 

Kojima, G., Iliffe, S., Taniguchi, Y., Shimada, H., Rakugi, H., & Walters, K. (2017). Prevalence of frailty 4 

in Japan: A systematic review and meta-analysis. Journal of Epidemiology, 27, 347–353. 5 

https://doi.org/10.1016/j.je.2016.09.008. 6 

Kugimiya, Y., Ueda, T., Watanabe, Y., Takano, T., Edahiro, A., Awata, S., et al. (2019). Relationship 7 

between mild cognitive decline and oral motor functions in metropolitan community-dwelling 8 

older Japanese: The Takashimadaira Study. Archives of Gerontology and Geriatrics, 81, 53–58. 9 

https://doi.org/10.1016/j.archger.2018.11.008. 10 

Kugimiya, Y., Watanabe Y., Igarashi, K., Hoshino, D., Motokawa, K., Edahiro, A., et al. (2020). Factors 11 

associated with masticatory performance in community-dwelling older adults: A cross-sectional 12 

study. Journal of the American Dental Association. 151, 118–126.  13 

https://doi.org/10.1016/j.adaj.2019.10.003 14 

Kuiper, J. S., Zuidersma, M., Oude Voshaar, R. C., Zuidema, S. U., van den Heuvel, E. R., Stolk, R. P., et 15 

al. (2015). Social relationships and risk of dementia: A systematic review and meta-analysis of 16 

longitudinal cohort studies. Ageing Research Reviews, 22, 39–57. 17 

https://doi.org/10.1016/j.arr.2015.04.006. 18 

Kwon, J., Suzuki, T., Kumagai, S., Shinkai, S., & Yukawa, H. (2006). Risk factors for dietary variety 19 

decline among Japanese elderly in a rural community: A 8-year follow-up study from TMIG-20 

LISA. European Journal of Clinical Nutrition, 30, 305–311. 21 

https://doi.org/10.1038/sj.ejcn.1602314. 22 

Kwon, S. H., Park, H. R., Lee, Y. M., Kwon, S. Y., Kim, O. S., Kim, H. Y., & Lim, Y. S. (2017). 23 

Difference in food and nutrient intakes in Korean elderly people according to chewing difficulty: 24 

Using data from the Korea National Health and Nutrition Examination Survey 2013 (6th). 25 

Nutrition Research and Practice, 11, 139–146. https://doi.org/10.4162/nrp.2017.11.2.139. 26 

Lee, J. S., Auyeung, T. W., Leung, J., Kwok, T., & Woo, J. (2014). Transitions in frailty states among 27 

community-living older adults and their associated factors. Journal of the American Directors 28 

Association, 15, 281–286. https://doi.org/10.1016/j.jamda.2013.12.002. 29 

Li, G., Thabane, L., Papaioannou, A., Ioannidis, G., Levine, M. A., & Adachi, J. D. (2017). An overview 30 

of osteoporosis and frailty in the elderly. BMC Musculoskeletal Disorders, 18, 46. 31 

https://doi.org/10.1186/s12891-017-1403-x. 32 

Makizako, H., Shimada, H., Doi, T., Tsutsumimoto, K., & Suzuki, T. (2015a). Impact of physical frailty on 33 

disability in community-dwelling older adults: a prospective cohort study. BMJ Open, 5, e008462. 34 

https://doi.org/10.1136/bmjopen-2015-008462. 35 

Makizako, H., Shimada, H., Tsutsumimoto, K., Lee, S., Doi, T., Nakakubo, S., et al. (2015b). Social frailty 36 

in community-dwelling older adults as a risk factor for disability. Journal of the American 37 

Directors Association, 16, 1003.e7–11. https://doi.org/10.1016/j.jamda.2015.08.023. 38 



   31 

Makizako, H., Kubozono, T., Kiyama, R., Takenaka, T., Kuwahata, S., Tabira, T., et al. (2019). 1 

Associations of social frailty with loss of muscle mass and muscle weakness among community-2 

dwelling older adults. Geriatrics & Gerontology International, 19, 76–80.  3 

https://doi.org/10.1111/ggi.13571. 4 

Mikami, Y., Watanabe, Y., Motokawa, K., Shirobe, M., Motohashi, Y., Edahiro, A., et al. (2019). 5 

Association between decrease in frequency of going out and oral function in older adults living in 6 

major urban areas. Geriatrics & Gerontology International, 19, 792–797. 7 

https://doi.org/10.1111/ggi.13715. 8 

Minakuchi, S., Tsuga, K., Ikebe, K., Ueda, T., Tamura, F., Nagao, K, et al. (2018). Oral hypofunction in 9 

the population: Position paper of the Japanese Society of Gerodontology in 2016. Gerodontology, 10 

35, 317–324. https://doi.org/10.1111/ger.12347. 11 

Morley, J. E., Vellas, B., van Kan, G. A., Anker, S. D., Bauer, J. M., Bernabei, R., et al. (2013). Frailty 12 

consensus: A call to action. Journal of the American Directors Association. 14, 392–397. 13 

https://doi.org/10.1016/j.jamda.2013.03.022. 14 

Murakami, M., Hirano, H., Watanabe, Y., Sakai, K., Kim, H., & Katakura, A. (2015). Relationship 15 

between chewing ability and sarcopenia in Japanese community-dwelling older adults. Geriatrics 16 

& Gerontology International, 15, 1007–1012. https://doi.org/10.1111/ggi.12399. 17 

Nagayoshi, M., Higashi, M., Takamura, N., Tamai, M., Koyamatsu, J., Yamanashi, H., et al. (2017). Social 18 

networks, leisure activities and maximum tongue pressure: Cross-sectional associations in the 19 

Nagasaki Islands Study. BMJ Open, 7, e014878. https://doi.org/10.1136/bmjopen-2016-014878. 20 

Nakagawa, K., Matsuo, K., Takagi, D., Morita, Y., Ooka, T., Hironaka, S., & Mukai, Y. (2017). Effects of 21 

gum chewing exercises on saliva secretion and occlusal force in community-dwelling elderly 22 

individuals: A pilot study. Geriatrics & Gerontology International, 17, 48–53.  23 

https://doi.org/10.1111/ggi.12670. 24 

Nakanishi, N., Hino, Y., Ida, O., Fukuda, H., Shinsho, F., & Tatara, K. (1999). Associations between self-25 

assessed masticatory disability and health of community-residing elderly people. Community 26 

Dentistry and Oral Epidemiology, 27, 366–371.  27 

https://doi.org/10.1111/j.1600-0528.1999.tb02033.x. 28 

Naruse, T., Sakai, M., Matsumoto, H., & Nagata, S. (2015). Diseases that precede disability among latter-29 

stage elderly individuals in Japan. Bioscience Trends, 9, 270–30 

274.https://doi.org/10.5582/bst.2015.01059. 31 

Niikawa, H., Okamura, T., Ito, K., Ura, C., Miyamae, F., Sakuma, N., et al. (2017). Association between 32 

polypharmacy and cognitive impairment in an elderly Japanese population residing in an urban 33 

community. Geriatrics & Gerontology International, 17, 1286–1293. 34 

https://doi.org/10.1111/ggi.12862. 35 

Ozawa, M., Ninomiya, T., Ohara, T., Doi, Y., Uchida, K., Shirota, T., et al. (2013). Dietary patterns and 36 

risk of dementia in an elderly Japanese population: The Hisayama Study. American Journal of 37 

Clinical Nutrition, 97, 1076–1082. https://doi.org/10.3945/ajcn.112.045575.  38 



   32 

Petersen, P. E. (2008). World Health Organization global policy for improvement of oral health – World 1 

Health Assembly 2007. International Dental Journal, 58, 115–121. https://doi.org/10.1111/j.1875-2 

595x.2008.tb00185.x. 3 

Pohl, J. S., Cochrane, B. B., Schepp, K. G., Woods, N. F. (2018). Falls and social isolation of older adults 4 

in the National Health and Aging Trends Study. Research in Gerontological Nursing, 11, 61–70. 5 

https://doi.org/10.3928/19404921-20180216-02. 6 

Ramsay, S. E., Arianayagam, D. S., Whincup, P. H., Lennon, L. T., Cryer, J., Papacosta, A. O., et al. 7 

(2015). Cardiovascular risk profile and frailty in a population-based study of older British men. 8 

Heart, 101, 616–622. https://doi.org/10.1136/heartjnl-2014-306472. 9 

Sagawa, K., Furuya, H., Ohara, Y., Yoshida, M., Hirano, H., Iijima, K., & Kikutani, T. (2019). Tongue 10 

function is important for masticatory performance in the healthy elderly: A cross-sectional survey 11 

of community-dwelling elderly. Journal of Prosthodontic Research, 63, 31–34.  12 

https://doi.org/10.1016/j.jpor.2018.03.006. 13 

Sakuma, N., Ura, C., Miyamae, F., Inagaki, H., Ito, K., Niikawa, H., et al. (2017). Distribution of Mini-14 

Mental State Examination scores among urban community-dwelling older adults in Japan. 15 

International Journal of Geriatric Psychiatry, 32, 718–725. https://doi.org/10.1002/gps.4513. 16 

Saum, K. U., Schöttker, B., Meid, A. D., Holleczek, B., Haefeli, W. E., Hauer, K., & Brenner, H. (2017). 17 

Is polypharmacy associated with frailty in older people? Results From the ESTHER Cohort Study. 18 

Journal of the American Geriatrics Society, 65, e27–e32. https://doi.org/10.1111/jgs.14718. 19 

Shimada, H., Ishizaki, T., Kato, M., Morimoto, A., Tamate, A., Uchiyama, Y., & Yasumura, S. (2010). 20 

How often and how far do frail elderly people need to go outdoors to maintain functional 21 

capacity? Archives of Gerontology and Geriatrics, 50, 140–146. https://doi.org/ 22 

10.1016/j.archger.2009.02.015. 23 

Sirois, C., Domingues, N. S., Laroche, M. L., Zongo, A., Lunghi, C., Guénette, L., et al. (2019). 24 

Polypharmacy definitions for multimorbid older adults need stronger foundations to guide 25 

research, clinical practice and public health. Pharmacy (Basel), 29, 7(3). pii: E126. 26 

https://doi.org/10.3390/pharmacy7030126. 27 

Sørensen, K., Van den Broucke, S., Fullam, J., Doyle, G., Pelikan, J., Slonska, Z., & Brand, H; (HLS-EU) 28 

Consortium Health Literacy Project European. (2012). Consortium Health Literacy Project 29 

European. Health literacy and public health: A systematic review and integration of definitions 30 

and models. BMC Public Health, 12, 80. https://doi.org/10.1186/1471-2458-12-80. 31 

Soysal, P., Veronese, N., Arik, F., Kalan, U., Smith, L., & Isik, A. T. (2019). Mini Nutritional Assessment 32 

Scale-Short Form can be useful for frailty screening in older adults. Clinical Interventions in 33 

Aging, 14, 693–699. https://doi.org/10.2147/CIA.S196770. 34 

Sura, L., Madhavan, A., Carnaby, G., & Crary, M. A. (2012). Dysphagia in the elderly: Management and 35 

nutritional considerations. Clinical Interventions in Aging, 7, 287–298. https://doi.org/ 36 

10.2147/CIA.S23404. 37 



   33 

Takeuchi, K., Aida, J., Kondo, K., & Osaka, K. (2013). Social participation and dental health status among 1 

older Japanese adults: A population-based cross-sectional study. PLoS One, 8, e61741. 2 

https://doi.org/10.1371/journal.pone.0061741. 3 

Tanaka, T., Takahashi, K., Hirano, H., Kikutani, T., Watanabe, Y., Ohara, Y., et al. (2018). Oral frailty as 4 

a risk factor for physical frailty and mortality in community-dwelling elderly. The Journals of 5 

Gerontology. Series A, Biological Sciences and Medical Sciences, 73, 1661–6 

1667.https://doi.org/10.1093/gerona/glx225. 7 

Tani, Y., Kondo, N., Takagi, D., Saito, M., Hikichi, H., Ojima, T., et al. (2015). Combined effects of 8 

eating alone and living alone on unhealthy dietary behaviors, obesity and underweight in older 9 

Japanese adults: Results of the JAGES. Appetite, 95, 1–8. 10 

https://doi.org/10.1016/j.appet.2015.06.005. 11 

Tsuga, K., Maruyama, M., Yoshikawa, M., Yoshida, M., & Akagawa, Y. (2011). Manometric evaluation 12 

of oral function with a hand-held balloon probe. Journal of Oral Rehabilitation, 38, 680–685. 13 

https://doi.org/10.1111/j.1365-2842.2011.02202.x. 14 

Walker, S. R., Gill, K., Macdonald, K., Komenda, P., Rigatto, C., Sood, M. M., et al. (2013). Association 15 

of frailty and physical function in patients with non-dialysis CKD: A systematic review. BMC 16 

Nephrology, 14, 228. https://doi.org/10.1186/1471-2369-14-228. 17 

Watanabe, Y., Hirano, H., Arai, H., Morishita, S., Ohara, Y., Edahiro, A., et al. (2017). Relationship 18 

between frailty and oral function in community-dwelling elderly adults. Journal of the American 19 

Geriatrics Society, 65, 66–76. https://doi.org/10.1111/jgs.14355. 20 

Watanabe, Y., Arai, H., Hirano, H., Morishita, S., Ohara, Y., Edahiro, A., et al. (2018). Oral function as an 21 

indexing parameter for mild cognitive impairment in older adults. Geriatrics & Gerontology 22 

International, 18, 790–798. https://doi.org/10.1111/ggi.13259. 23 

Winstein, C. J., Stein, J., Arena, R., Bates, B., Cherney, L. R., Cramer, S. C., et al. (2016). Guidelines for 24 

adult stroke rehabilitation and recovery: A guideline for healthcare professionals from the 25 

American Heart Association/American Stroke Association. Stroke, 47, e98–e169. 26 

https://doi.org/10.1161/STR.0000000000000098. 27 

Yagi, M., Fujita, N., Okada, E., Tsuji, O., Nagoshi, N., Tsuji, T., et al. (2018). Impact of frailty and 28 

comorbidities on surgical outcomes and complications in adult spinal disorders. Spine, 43, 1259–29 

1267. https://doi.org/10.1097/BRS.0000000000002596. 30 

  31 



   34 

Appendices 1 

Table A1. Correspondence rate for each item potentially associated with oral frailty 2 

  Overall Men  Women  

Oral frailty  n (%)  n (%)  n (%) 

Number of present teeth  190 (27.9) 64 (24.0) 126 (30.4) 

Masticatory performance 27 (4.0) 7 (2.6) 20 (4.8) 

Tongue pressure 141 (20.7) 62 (23.2) 79 (19.0) 

ODK /ta/  39 (5.7) 9 (3.4) 30 (7.2) 

Subjective difficulty in eating (yes) 147 (21.6) 42 (15.7) 105 (25.3) 

Subjective difficulty in swallowing (yes) 182 (26.7) 67 (25.1) 115 (27.7) 

ODK, oral diadochokinesis 3 
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 8 

 9 

 10 

 11 
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Table A2. Correspondence rate for each item potentially associated with social frailty  1 

  Overall Men  Women 

Social frailty  n (%)  n (%)  n (%) 

Living alone (yes)  185 (27.1) 42 (15.7) 143 (34.5) 

Going out less frequently compared with 

last year (yes) 
127 (18.6) 50 (18.7) 77 (18.6) 

Visits friends sometimes (no) 211 (30.9) 108 (40.4) 103 (24.8) 

Feels helpful to friends or family (no) 57 (8.4) 36 (13.5) 21 (5.1) 

Talks with someone every day (no) 65 (9.5) 27 (10.1) 38 (9.2) 

 2 
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 8 

 9 
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 11 
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Table A3. Correspondence rate for each item potentially associated with physical frailty  1 

  Overall Men  Women 

Physical frailty  n (%)  n (%)  n (%) 

Unintentional weight loss 83 (12.2) 47 (17.6) 36 (8.7) 

Exhaustion 171 (25.1) 59 (22.1) 112 (27.0) 

Low activity 102 (15.0) 39 (14.6) 63 (15.2) 

Weakness 85 (12.5) 25 (9.4) 60 (14.5) 

Slowness 47 (6.9) 17 (6.4) 30 (7.2) 

 2 


