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Abstract: The purpose of this prospective cohort study was to identify predictors for frailty among
possible oral factors in community-dwelling older people. Ninety-seven participants (≥60 years old)
without frailty at baseline were included and assigned to either the robust or the frailty group after
2-year follow-up. The frailty was defined using the Japan Cardiovascular Health Study index. The
numbers of present and functional teeth and periodontal disease severity were recorded. Bacterial
counts on the dorsum of the tongue, oral moisture, tongue pressure, occlusal force, masticatory
ability, and the oral diadochokinesis (ODK) rate were measured. Swallowing function, along with
psychosocial status, relationships with communities and people, nutritional status, medical history,
and comorbidities were evaluated using a questionnaire. The newly identified frailty group at
follow-up showed significantly lower values in the number of teeth present, ODK/ta/sound and
ODK/ka/sound rates, and clinical attachment level at baseline compared to the robust group. A
logistic regression model showed a significantly negative association between the ODK/ta/sound
rate at baseline and the incidence of frailty. Articulatory oral motor skill was found to be a predictor
of frailty after two years.

Keywords: frailty; oral diadochokinesis; prospective cohort study

1. Introduction

Frailty is an age-related medical syndrome characterized by a decline in strength,
endurance, and physiological function that increases the likelihood of needing care or
dying [1]. Frailty has been shown to be associated with negative health outcomes, such
as hospitalization, institutionalization/dependency, and premature death [2]. Various
factors associated with frailty are demographic and socioeconomic factors [3], systemic
diseases [3,4], psycho-behavioral factors [3,5], and nutritional status [6].

Oral factors, such as oral health status and oral function, are also associated with
frailty [7]. Castrejón-Pérez et al. [8] reported the association of decreased number of
teeth present and severe periodontitis with development of frailty over a 3-year period in
community-dwelling older people. Velázquez-Olmedo et al. [9] reported the association
between poor oral health (caries, periodontal disease, dry mouth, etc.) and the incidence of
frailty over a 12-month period.

On the other hand, there have also been studies investigating the association between
oral function and frailty [8–12]. Most of these studies were cross-sectional, with few
longitudinal studies [11–13]. Moreover, despite there being a variety of means to measure
different kinds of oral function, some longitudinal studies focused on limited aspects of
oral function, such as occluding pairs of teeth [11] and occlusal force [12]. Therefore, there
are few reports that assessed a variety of oral functions simultaneously [12,13]. Watanabe
et al. [13] reported that the risk of frailty was associated with lower bite force, masseter
muscle thickness, and the oral diadochokinesis (ODK) rate.
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We hypothesized that, of the various oral health status and oral functions, there may
be factors that specifically predict frailty. The novelty of this longitudinal study was to
evaluate various oral functions and oral health status simultaneously and to determine
factors associated with the incidence of frailty. The purpose of this prospective cohort study
was to identify oral factors that predict frailty in community-dwelling older people.

2. Materials and Methods
2.1. Study Participants

To assess the factors that predict frailty, a prospective cohort study was conducted.
Participants who visited the Preventive Dentistry Clinic at Okayama University Hospital
between November 2017 and January 2021 and gave consent were included in the study.
The inclusion criteria were as follows: (1) aged 60 years or older; (2) able to understand the
questionnaire; (3) able to walk independently; (4) regular visits to the preventive dental
clinic; and (5) judged robust on frailty assessment. Exclusion criteria were data loss and no
follow-up visits. All participants gave their written, informed consent to participate in this
study. This study followed the STROBE guidelines.

2.2. Measurements

Well-trained dentists assessed frailty, oral status, and oral function. Prior to the study,
for calibration purposes, the staff received instructions from the authors on the correct
protocol for each measurement.

2.3. Assessment of Frailty

Frailty was defined using the Japan Cardiovascular Health Study (J-CHS) index based
on the CHS index criteria [14]. The components of frailty in the J-CHS index are the same
as in the original CHS index: weight loss, exhaustion, low level of activity, slowness, and
weakness.

For weight loss, participants were considered to have experienced weight loss if they
answered “yes” to the question, “Have you lost at least 2 kg in the past 6 months?” For
exhaustion, participants were judged to be fatigued if they answered “yes” to the question,
“In the past two weeks, have you ever felt tired for no reason?” Low level of activity was
judged as positive if the participant answered “no” to both the questions, “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?” Slowness was defined as a slower walking
speed under normal conditions. Participants were asked to walk at a normal walking
speed along an 11-m straight walkway set on a flat floor. Walking time was measured at a
distance of 5 m between marks located 3.0 m and 8.0 m from the starting point of the walk,
and the average walking speed (m/s) was calculated. The cutoff value for slowness was
set to be less than 1.0 m/s. Weakness was defined as a decrease in muscle strength based
on grip strength, measured using a hand-held dynamometer (Takei Scientific Instruments
Co., Ltd., Niigata, Japan). The sex-specific cutoff value for muscle weakness was defined as
less than 26 kg for males and less than 18 kg for females.

In the J-CHS index, the absence of any of five factors (weight loss, exhaustion, low
level of activity, slowness, and weakness) was classified as non-frailty, one or two factors as
pre-frailty, and three or more factors as frailty. In this study, the participants were classified
into two groups: a non-frailty group (robust group) and a pre-frailty and frailty group
(frailty group).

2.4. Assessment of Oral Function

The evaluation of oral function was made with reference to the 2016 diagnostic criteria
of the Japanese Geriatrics Society [15]. The examination methods for oral hypofunction
were as follows.
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2.4.1. Bacterial Counts on the Dorsum of the Tongue

Samples for bacterial counts on the dorsum of the tongue were collected by rubbing
the central part of the tongue with a sterile cotton swab [16]. A 1-cm distance was rubbed
back and forth three times. The swab was set in a constant-pressure sample collection
device, which was an accessory of a bacterial counter (Panasonic Healthcare, Tokyo, Japan).
The number of bacteria in 1 mL of the sample was then measured using a bacterial counter.
A device that maintains a constant rubbing pressure was used to reduce inter-operator
variability [17]. Measurements were taken twice, and the average value was calculated.

2.4.2. Oral Moisture

Using an oral moisture checker (Mucus®, Life Co., Ltd., Saitama, Japan), the degree of
moisture of the buccal mucosa on the right and left sides and the mucosa at the center of
the dorsum of the tongue, 1 cm away from the tip of the tongue, were measured [16]. With
the special sensor cover provided, the sensor was pressed with a force of about 200 g to
make uniform contact with the test surface and held for about 2 s until the measurement
values were displayed. Measurements were made twice each, and the average value of all
measurements was used as the oral moisture.

Oral moisture meters are suitable for quantitatively assessing the moisture content
of the measurement site [18]. In addition, the moisture content of soft tissues in the oral
cavity correlates with saliva secretion, and valid results have been reported for sensitivity
and specificity in screening people with reduced saliva secretion [19]. It is also effective for
comprehensively assessing oral moisture in participants who have difficulty producing
saliva and cannot be actively tested for secretion.

2.4.3. Tongue Pressure

Tongue pressure was measured using a tongue depressor (JMS Tongue Depressor
TPM-01, JMS Corporation, Hiroshima, Japan) to obtain the maximum tongue pressure [16].
The maximum tongue pressure measured with the tongue depressor was the pressure
generated when the balloon of the tongue depressor probe was crushed arbitrarily between
the tongue and palate at the front of the palate and kept pressed with maximum force for
several seconds. Measurements were taken with the dentures, if any, in use. Because of
the difficulty in positioning the balloon, practice was performed before the measurement.
Measurements were taken twice, with a break to avoid fatigue, and the average value was
calculated.

2.4.4. Occlusal Force

The occlusal forces were measured using an occlusal diagnostic system called the
Dental Prescale System [16]. A pressure-sensitive film (Dental Prescale® II, Fujifilm Corpo-
ration, Kuala Lumpur, Malaysia) and a pre-calibrated scanner (GT-X830, Seiko Epson Corp.,
Suwa, Japan) were used. Before the measurements, the participants sat in a dental chair
in a natural posture, looking as far forward as possible so that the Frankfurt plane was
parallel to the floor. Before measuring the occlusal force, the participants used the practice
sheet several times. All participants were asked to bite the film for 3 s at maximum biting
force. Denture wearers were measured with their dentures in place. The measurements
were performed once.

2.4.5. ODK

ODK was assessed to comprehensively measure the speed and elaboration of move-
ments of the tongue and lips [16]. The pronunciations of /pa/, which reflects the motor
function of the lips, /ta/, which reflects the motor function of the anterior tongue, and
/ka/, which reflects the motor function of the posterior tongue, were evaluated. Partici-
pants were instructed to repeat each as fast as possible for 5 s, and the number of times
they pronounced them was recorded by “Kenko-kun® Handy” (Takei Scientific Instru-
ments Co., Ltd., Niigata, Japan), and the number of times per second was calculated. The
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pronunciation of each sound was measured twice and the average value of each was
calculated.

2.4.6. Masticatory Ability

Masticatory ability was evaluated by the glucose concentration after chewing gummy
jelly. Participants chewed a gummy jelly containing glucose (Glucolumn®, GC, Tokyo,
Japan) as usual for 20 s [16]. They then gargled with 10 mL of water in their mouths and
drained it into a filtration kit. The glucose concentration in the filtrate was measured with
a glucose sensor (Glucosensor® GS-II, GC, Tokyo, Japan). The measurement was carried
out twice and the average value was calculated.

2.4.7. Swallowing Function

The Japanese version of the Eating Assessment Tool (EAT-10) (Nestlé Nutrition In-
stitute, Vevey, Switzerland) was used to assess swallowing function [16]. EAT-10 was a
useful dysphagia screening tool. It consists of 10 questions about swallowing, each of
which is answered on a 5-point scale (0: no problem, 4: severe problem). A lower total
score indicates no problem with swallowing function, whereas a higher score indicates a
severe problem.

2.5. Assessment of Oral Health Status
2.5.1. Number of Present and Functional Teeth

The oral examination consisted of counting the number of teeth present and the
number of functional teeth. The number of functional teeth was defined as natural teeth
present and prostheses replacing missing teeth. Teeth with severe decay and retained roots
were not considered present teeth [13]. The number of functional teeth was the number of
current teeth plus the number of artificial teeth, such as pontics, implants, and dentures.

2.5.2. Periodontal Status

Participants underwent a full-mouth periodontal examination at six sites per tooth
(mesio-buccal, mid-buccal, disto-buccal, disto-lingual, mid-lingual, and mesio-lingual). The
following parameters were evaluated and recorded: bleeding on probing (BOP), probing
pocket depth (PPD), and clinical attachment level (CAL) [20]. These parameters were
measured using a pocket probe (Williams Probe, Hu-Friedy Inc., Chicago, IL, USA) with
standardized force ranging from 20 to 25 g.

2.6. Questionnaire Survey
2.6.1. Subjective Oral Function

As a measure of subjective oral function, the difficulty of eating and swallowing was
evaluated using a questionnaire [21]. “Do you have any difficulties eating tough foods?”
and “Have you choked on your tea or soup recently?” were used to assess self-perceived
oral function. If the respondents answered “yes” to each question, they were rated as those
with difficulty in eating or swallowing.

2.6.2. The World Health Organization—Five Well-Being Index (WHO-5)

The WHO-5 [22] is one of the most widely used scales for assessing psychological
states to evaluate subjective psychological well-being. The WHO-5 has five positively
worded items, and respondents rate each statement for the past two weeks. The scores
range from 0 to 100, with higher scores indicating greater psychological well-being.

2.6.3. Relationships with Communities and People

The Lubben social network scale 6-item version [23] assesses relationships with com-
munities and people, and it consists of three questions that assess kinship ties and three
similar questions that assess non-kinship ties. The items dealing with kinship include
the following: “How many relatives do you see or keep in touch with at least once a
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month?”, “How many relatives do you see or talk to at least once a month?”, and “How
many relatives do you feel free to talk to about your private matters?” These three items are
repeated for connections other than relatives, replacing the word relatives with the word
friends. The score for the entire scale is an equally weighted version of the six items, with a
score range of 0–30.

2.6.4. The Life-Space Assessment

The life-space assessment [24] measures mobility based on the distance through which
a person reports moving during the 4 weeks preceding the assessment. Questions establish
movement to specific life-space “levels”, ranging from within one’s dwelling to beyond
one’s town. Frequency of movement and use of assistance (from equipment or persons)
were also assessed. Specific levels were assessed by asking: “During the past 4 weeks, have
you been to other rooms of your home besides the room where you sleep; to an area outside
your home such as your porch, deck or patio, hallway of an apartment building, or garage;
to places in your neighborhood, other than your own yard or apartment building; to places
outside your neighborhood but within your town; and to places outside your town?” The
overall scale score is based on dividing the living space into five levels and weighting them,
with a score range of 0–1.

2.6.5. Nutritional Status

Nutritional status was assessed with the Mini Nutritional Assessment (MNA)® [25]
(Nestlé Nutrition Institute, Vevey, Switzerland), BMI, and body weight. MNA® is a 30-point
scale and consists of 18 questions: anthropometric assessment (BMI, weight loss, upper
middle arm circumference, calf circumference), global assessment (mobility, prescription
medications, independent living, psychological stress or acute disability, pressure ulcers or
bedsores, neuropsychological problems), dietary assessment (complete daily diet, decreased
dietary intake, fluid intake, protein intake, fruit and vegetable intake, and feeding methods),
and self-assessment (self-assessment of nutritional status and self-assessment of health
status). The higher the total score, the better the nutritional status.

2.6.6. Medical Interviews

A questionnaire was used to record medical history and number of medications
taken. It requested information on the following conditions that have been linked to
frailty: heart disease [26], osteoporosis [27], chronic obstructive pulmonary disease [28],
knee osteoarthritis [29], anemia [30], depression [31], number of chronic diseases [32],
Alzheimer’s disease [33], chronic kidney disease [34], rheumatoid arthritis [35], Parkinson’s
disease [36], and stroke [36].

2.6.7. Smoking and Alcohol History

Smoking and alcohol experience were confirmed by the questionnaire. Current and
past experiences in smoking [12] and drinking [13] were categorized as having experience.

2.7. Statistical Analysis

All participants diagnosed as without frailty at baseline were included for statistical
analysis, and they were encouraged to avoid dropping out of the study. Measurements
were taken by skilled personnel to avoid measurement bias.

Participants of a cross-sectional study [20] were included in this study. Therefore, the
sample size was not calculated.

Differences at baseline between the robust and frailty groups at reassessment were
analyzed using the Mann–Whitney U test for continuous variables and the chi-squared test
for categorical variables.

To examine the factors associated with the incidence of frailty during the study period,
a binomial logistic regression analysis (variable reduction method) was performed with
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the two frailty-based groups (robust and frailty) as dependent variables. The independent
variables were the items that showed p < 0.1 in the primary analysis.

The significance level was set at 0.05. Statistical analysis was performed using SPSS
statistics version 26.0 (IBM Corp., Tokyo, Japan).

2.8. Ethical Considerations

This study was conducted in accordance with the tenets of the Declaration of Helsinki,
and procedures involving human participants were approved by the ethics committee of
Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences
and Okayama University Hospital (approval number: 1803-038).

3. Results

At baseline, there were 107 participants who were robust on the frailty examination.
Two years later, eight participants did not participate in the assessment at follow-up. Of
the 99 study participants who participated in the follow-up assessment, 2 were excluded
due to missing data. Thus, 97 participants (34 males and 63 females; follow-up rate: 90.6%)
were included in the analysis.

Tables 1 and 2 summarize the characteristics of all enrolled participants at baseline
and at follow-up. At the time of reassessment, there were 63 participants in the robust
group and 34 participants in the frailty group. In the two-group comparisons, the frailty
group showed significantly lower values in the number of teeth present, ODK/ta/sound
rate, ODK/ka/sound rate, and clinical attachment level at baseline (p = 0.062, 0.027, 0.032,
and 0.042, respectively) compared to the robust group participants.

Table 1. Baseline characteristics (n = 97).

Variables Mean ± SD/n (%)

Sociodemographic data
Age 71.9 ± 5.4

Gender (men) 34 (35.1)
Dental status

Number of teeth present (n) 20.8 ± 6.9
Number of functional teeth (n) 26.4 ± 3.6

Periodontal status
%BOP 10.5 ± 8.9

PPD (mm) 2.1 ± 0.5
CAL (mm) 3.2 ± 1.2

Oral function
Bacterial counts on the dorsum of the tongue

(×106) (cfu/mL) 18.6 ± 17.8

Oral moisture 28.6 ± 2.2
Tongue pressure (kPa) 32.8 ± 8.2

Occlusal force (N) 595.1 ± 421.9
ODK/pa/sounds (times/second) 6.0 ± 0.8
ODK/ta/sounds (times/second) 6.1 ± 0.7
ODK/ka/sounds (times/second) 5.8 ± 0.9

Masticatory ability (mg/dL) 177.3 ± 61.0
EAT-10 score 0.6 ± 2.0

Subjective measures
Difficulty swallowing tea or soup (yes) 17 (17.5)

Difficulty in chewing foods as hard as squid or
takuan (yes) 11 (11.3)
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Table 1. Cont.

Variables Mean ± SD/n (%)

Medical history
Heart disease 12 (12.4)
Osteoporosis 6 (6.2)

Chronic obstructive pulmonary disease 0 (0.0)
Knee osteoarthritis 0 (0.0)

Anemia 0 (0.0)
Stroke 1 (1.0)

Chronic kidney disease 2 (2.1)
Rheumatoid arthritis 1 (1.0)
Parkinson’s disease 1 (1.0)
Alzheimer’s disease 0 (0.0)

Number of medications 0.8 ± 0.8
Nutritional status

MNA® 26.8 ± 2.4
BMI 22.7 ± 3.3

Body weight 57.6 ± 10.0
Psychosocial status

WHO-5 72.0 ± 16.2
Lubben social network scale 16.8 ± 5.8

Life-space assessment 100 ± 18.2
Smoking and alcohol history

Smoking experience 30 (30.9)
Drinking experience 45 (46.4)

SD: standard deviation, BOP: bleeding on probing, PPD: probing pocket depth, CAL: clinical attachment level,
ODK: oral diadochokinesis, EAT-10: Eating Assessment Tool 10, MNA: mini nutritional assessment, BMI: body
mass index, WHO-5: The World Health Organization—five well-being index.

Table 2. Baseline characteristics of the study population according to the presence of frailty at
follow-up.

Variables
Robust Group

(n = 63)
Frailty Group

(n = 34) p-Value
Mean ± SD/n(%) Mean ± SD/n(%)

Sociodemographic data
Age 72.1 ± 5.7 71.7 ± 5.0 0.483 *

Gender (men) 21 (33.3) 13 (38.2) 0.660 †

Dental status
Number of teeth present (n) 21.8 ± 6.7 19.1 ± 7.2 0.062

Number of functional teeth (n) 27.0 ± 2.0 25.3 ± 5.3 0.142
Periodontal status

%BOP 11.4 ± 9.1 8.8 ± 8.2 0.141
PPD (mm) 2.2 ± 0.5 2.1 ± 0.5 0.258
CAL (mm) 3.1 ± 1.3 3.4 ± 1.0 0.042

Oral function
Bacterial counts on the dorsum
of the tongue (×106) (cfu/mL) 19.3 ± 18.2 17.4 ± 17.2 0.631

Oral moisture 28.5 ± 2.2 28.7 ± 2.2 0.862
Tongue pressure (kPa) 32.8 ± 7.5 32.8 ± 9.6 0.717

Occlusal force (N) 642.4 ± 455.5 503.6 ± 335.5 0.225
ODK/pa/sounds
(times/second) 6.2 ± 0.7 5.8 ± 0.8 0.124

ODK/ta/sounds (times/second) 6.3 ± 0.7 5.9 ± 0.7 0.027
ODK/ka/sounds
(times/second) 5.9 ± 0.8 5.5 ± 0.9 0.032

Masticatory ability (mg/dL) 181.5 ± 62.4 169.4 ± 58.5 0.620
EAT-10 score 0.4 ± 1.1 1.1 ± 2.9 0.497
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Table 2. Cont.

Variables
Robust Group

(n = 63)
Frailty Group

(n = 34) p-Value
Mean ± SD/n(%) Mean ± SD/n(%)

Subjective measures
Difficulty swallowing tea or

soup (yes) 9 (14.3) 8 (23.5) 0.274

Difficulty in chewing foods
as hard as squid or takuan

(yes)
6 (9.5) 5 (14.7) 0.509

Medical history
Heart disease 8 (12.7) 4 (11.8) 1.000
Osteoporosis 4 (6.3) 2 (5.9) 1.000

Chronic obstructive
pulmonary disease 0 (0.0) 0 (0.0) -

Knee osteoarthritis 0 (0.0) 0 (0.0) -
Anemia 0 (0.0) 0 (0.0) -
Stroke 1 (1.6) 0 (0.0) 1.000

Chronic kidney disease 0 (0.0) 2 (5.9) 0.120
Rheumatoid arthritis 1 (1.6) 0 (0.0) 1.000
Parkinson’s disease 0 (0.0) 1 (2.9) 0.351
Alzheimer’s disease 0 (0.0) 0 (0.0) -

Number of medications 0.7 ± 0.7 0.9 ± 0.8 0.246
Nutritional status

MNA® 27.0 ± 2.0 26.5 ± 2.8 0.767
BMI 22.5 ± 3.5 23.2 ± 2.9 0.102

Body weight 56.8 ± 10.5 59.2 ± 8.8 0.132
Psychosocial status

WHO-5 72.7 ± 16.5 70.7 ± 15.8 0.277
Lubben social network scale 17.2 ± 6.1 16.0 ± 5.2 0.294

Life-space assessment 100.4 ± 19 99.2 ± 17 0.646
Smoking and alcohol

history
Smoking experience 17 (27.0) 13 (38.2) 0.261
Drinking experience 30 (47.6) 15 (44.1) 0.832

* Mann–Whitney U test, † chi-square test, SD: standard deviation, BOP: bleeding on probing, PPD: probing pocket
depth, CAL: clinical attachment level, ODK: oral diadochokinesis, EAT-10: Eating Assessment Tool 10, MNA: mini
nutritional assessment, BMI: body mass index, WHO-5: The World Health Organization—five well-being index.

Table 3 shows the results from the logistic regression models for the association between
oral status and onset of frailty. The ODK/ta/sound rate at baseline was significantly associated
with onset of frailty (odds ratio = 1.85, 95% confidence interval = 1.02–3.35, p = 0.044).

Table 3. Predictors of frailty on stepwise binary logistic regression analysis.

Model/Variables OR 95% CI p-Value

Model1
ODK/ta/sound 1.847 1.017–3.354 0.044
ODK/ka/sound —

Number of teeth present —
CAL —

Model2
ODK/ka/sound 1.597 0.977–2.608 0.062

Number of teeth present —
CAL —

Model3
ODK/ta/sound 1.847 1.017–3.354 0.044

Number of teeth present —
CAL —

OR: odds ratio, CI: confidence interval, ODK: oral diadochokinesis, CAL: clinical attachment level.
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4. Discussion

In this longitudinal cohort study, various oral functions were assessed and it was
found that higher ODK/ta/sound rates were directly associated with lower frailty at 2
years. Although there have been several cross-sectional studies that have examined the
relationships of oral function and oral health status with frailty, few longitudinal studies
have been reported. Oral factors assessed in the longitudinal studies were current number
of teeth and occlusal area [10], bite force of first molars [11], current number of teeth,
periodontal status, subjective xerostomia and difficulty in chewing, and presence of cold
water pain [37]. Some studies have examined the relationship between 16 oral functions
and frailty [12]. Most of these studies assessed oral function as an individual function
rather than with a comprehensive assessment. Therefore, oral health functions, including
ODK, were simultaneously examined in the present study, and the ODK/ta/sound rate
was found to be a predictor of frailty two years later.

The results of the present study show that ODK affects frailty, but the mechanism is
not completely understood. One possibility is that poor ODK decreases nutritional status,
which leads to frailty. Tanaka et al. [12] proposed an index combined with the current
number of teeth, masticatory ability, articulatory oral motor ability (ODK), tongue pressure,
and subjective eating and swallowing difficulties. The index was associated with physical
frailty in their 2-year cohort study. They reported that oral frailty diagnosed using the
index may affect physical frailty through nutritional status. A previous study [21] also
reported that oral function, including ODK, was related to nutritional status two years later.
It is possible that ODK affects nutritional status, and nutritional status affects frailty.

On the other hand, in the present cohort study, nutritional status was not associated
with the onset of frailty at 2 years. In many articles reporting the relationship between
nutrition and frailty, the percentage of subjects with good MNA scores ranged from 38.7%
to 84.9% [38–41], but it was 91.8% in the present study. Since most of the participants had
relatively good nutritional status, the effect of poor nutrition on frailty might have been
small. In addition, nutritional status was not assessed between baseline and reassessment
in this study. If nutritional status had been assessed between the baseline and 2-year
follow-up, it might have been possible to clarify the relationships among oral function,
frailty, and nutritional status.

Another possibility explaining the relationship between ODK and frailty might de-
pend on sociological aspects. The presence of very unpleasant speaking problems was
significantly associated with stress [42]. Communication disorders in older people, in-
cluding voice and hearing loss, were important independent predictors of a decrease in
the number of friends in social networks, certain elements of social support, and social
participation [43]. The elaboration of movements of the tongue affects pronunciation. Poor
tongue movement makes it difficult to speak and may be associated with stress-induced
weakness. Of those over 70 years of age, the group with a reduced frequency of going
out had higher subjective difficulty in mastication than the group with no reduction in the
frequency of going out [44]. Poor tongue movement may have affected withdrawal.

Evaluation of ODK is relatively easy among the several measures to objectively evalu-
ate oral function. The ODK measurement device is easy to use and highly reproducible.
The number of times per second is displayed on the screen by simply pressing a button
once and pronouncing a specific sound for 5 s. The measurement can be carried out by the
participant himself/herself. The 3-month health program maintained improvements in the
repetition rate of the monosyllables /pa/, /ta/, and /ka/ and physical function in older
women [45]. Therefore, ODK evaluation appears useful to predict/prevent frailty.

Several longitudinal studies with follow-up periods of 2 to 5 years have reported
that the number of teeth affects frailty [8,10,37]. They discussed the direct impact of the
number of teeth on frailty, which may have been mediated by nutrition. In the present
study, the number of teeth present did not affect frailty after 2 years. The median number
of teeth present of the participants in the present study was 23.0, which was higher than
that (19.0) reported by Iwasaki et al. [10]. Since most of the participants in the present study



Int. J. Environ. Res. Public Health 2022, 19, 1145 10 of 13

had regular visits to the university hospital and their oral condition was relatively well
managed, it is possible that the effect on frailty was small.

Iwasaki et al. [11] observed that bite force was associated with frailty at 5 years. They
considered that the effect of bite force on frailty may have been mediated by nutrition,
since previous studies have reported that bite force affects nutritional status. In the present
study, the value of bite force was higher in the robust group than in the frailty group, but
the difference was not significant. Iwasaki et al. [11] measured the bite force at the first
molar, but the total occlusal force of all the teeth was measured in the present study. The
discrepancy between the study by Iwasaki et al. [11] and the present study might depend
on the difference in measurement methods.

Castrejón-Pérez et al. [8] evaluated periodontal status using the modified periodontal
screening and recording index [46] to determine the presence of severe periodontitis, and
they reported its relationship with frailty after 3 years. Since the participants of this study
were periodontal maintenance participants who had regular dental visits about every three
months, their periodontal condition was considered to be relatively stable. Therefore, it is
possible that the effect on frailty was low.

Frailty refers to a state of mental and physical fragility caused by the gradual decline
of various mental and physical functions due to aging or illness. Frailty is not a condition
that requires complete nursing care, and it is known that life functions can be improved to
the previous state with appropriate lifestyle modification and treatment. Recently, frail oral
function has been attracting attention as a condition that can be improved by appropriate
intervention. In Japan, oral function improvement programs have been recommended as a
countermeasure for oral function frailty. Although various exercises have been devised,
most of them incorporate all aspects of oral function into the exercises indiscriminately
without preliminary evaluation of individual oral factors. If ODK affects physical weakness
among various oral functions, it would be beneficial to consider oral exercises that focus on
tongue articulation.

There are several strengths of this research. The follow-up rate was high (90.6%).
In addition, detailed oral data were acquired. The evaluation of frailty was objective.
However, there were several limitations to this study. First, the participants were patients
attending a university hospital and may have been in better physical condition than the
general older population. External validity may not be high. In comparison with the
study by Iwasaki et al. [10,11], in which unbiased participants were recruited, there is
no significant difference with respect to the number of teeth in a similar age population.
The external validity might not be so poor. Second, the socioeconomic factors reported
to affect physical vulnerabilities [47] have not been examined in detail. Education [48],
occupation [49], income [50], and wealth [50] were found to be associated with frailty in
longitudinal studies.

5. Conclusions

Various oral functions were investigated in detail in older people (≥60 years old).
Although oral health status, medical history, nutritional status, and psychosocial status
were not associated with frailty, lower articulatory oral motor skill was found to be a
predictor of frailty after two years.
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