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Abstract: Oral function evaluation in older adults with dementia is important for determining
appropriate and practical dietary support plans; however, it can be challenging due to their difficulties
in comprehending instructions and cooperating during assessments. The feasibility of oral function
evaluation has not been well studied. This cross-sectional study aimed to determine the feasibility
of oral function evaluation in older adults with Alzheimer’s disease (AD) according to Functional
Assessment Staging of Alzheimer’s Disease (FAST) stages. In total, 428 older adults with AD (45 men
and 383 women; mean age: 87.2 ± 6.2 years) were included. Multilevel logistic regression models were
used to examine the prevalence of participants who were unable to perform oral function evaluations,
including oral diadochokinesis (ODK), repeated saliva swallow test (RSST), and modified water
swallow test (MWST). In comparison to the reference category (combined FAST stage 1–3), FAST stage
7 was associated with the infeasibility of ODK (adjusted odds ratio, 95% confidence interval = 26.7,
4.2–168.6), RSST (5.9, 2.2–16.1), and MWST (8.7, 1.6–48.5, respectively). Oral function evaluation is
difficult in older adults with severe AD. Simpler and more practical swallowing function assessments
and indicators that can be routinely observed are required.

Keywords: oral function; functional assessment staging of Alzheimer’s disease; oral diadochokinesis;
swallowing function; dementia; oral health; long-term care

1. Introduction

Almost 30 years ago, individuals with dementia had a survival period of 4 years following
disease onset [1]. However, today, those with dementia experience a longer disease duration
and survival period despite a decline in activities of daily living (ADLs) [2,3]. For instance,
the total duration of Alzheimer’s disease (AD) in a 70-year-old patient with AD-related
dementia is 20 years, with approximately 3 years in moderate-to-severe dementia. Similarly,
a female patient who develops dementia at 65 years of age may experience moderate-to-
severe dementia for approximately 6 years [4]. Therefore, the duration of care for patients
with moderate-to-severe dementia is longer today than in the past, making care planning
essential, especially for patients with dementia in long-term care. A particular issue in
patients with dementia in long-term care is that malnutrition is often observed. The results
of meta-analyses including studies of regions in Europe or South Asia pooled the prevalence
of malnutrition in this population at 57% [5]. This suggests that nutritional management
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is particularly important in planning care for patients with dementia. Evaluation of oral
function, including eating and swallowing abilities, in patients with dementia is important
for determining appropriate and practical dietary support plans. Oral function has been
shown to be related to nutritional intake [5,6], food forms [7,8], and nutritional status [9,10].
A study conducted in nursing home residents worldwide aged ≥65 years from Europe
and North America reported an association between the presence of dysphagia, evaluated
using responses of nursing homes staff and nutritional intake [6]. In contrast, a Japanese
piece of research with older adults in long-term care at home or nursing homes showed
an association between dysphagia, examined using cervical auscultation of swallowing
sounds of 3 mL of water with a stethoscope and malnutrition [7]. Regarding the number
of teeth, a cross-sectional study showed a lower body mass index (BMI) in nursing home
residents with dementia without molar occlusion than in those with molar occlusion [10].

It should be noted that oral function evaluation in older patients with dementia
presents challenges due to difficulties they encounter in comprehending instructions and
cooperating while undergoing these assessments [11–14]. Previous studies have assessed
swallowing function in hospitalized older patients with dementia using video fluorographic
examination of swallowing (VF) [15,16]. In addition, oral function of institutionalized older
patients with dementia has been assessed using simple measures, such as interviews with
caregivers, questionnaires, and observation of the oral cavity [9,17,18]. In other studies,
oral function evaluation included multiple swallowing assessments for mild cognitive
impairment (MCI) and mild dementia [19] or caregivers’ assessments of feeding and
swallowing functions were performed using the Clinical Dementia Rating [20]. However,
no reports have objectively evaluated eating and swallowing functions in patients with
severe dementia. Further, dementia severity was broadly defined in previous studies [10]
and should be examined in more detail.

Therefore, we conducted a cross-sectional study to assess the feasibility of oral function
evaluation in older patients with AD based on the stages outlined by the Functional
Assessment Staging of Alzheimer’s Disease (FAST) [21].

2. Materials and Methods
2.1. Study Setting, Design, and Participants

This study is a secondary analysis of data obtained from the Akita–Omorimachi
study [22,23]. The Akita–Omorimachi study is an epidemiological study conducted to
determine the factors related to health longevity of older adults in long-term care in the
Omorimachi area of Yokote City, Akita Prefecture, Japan. Data pertaining to the survey
items such as medical history, numbers of medication, ADL, height, weight, muscle mass,
cognitive function, nutritional status, and oral function were collected annually.

The eligibility criteria for the current study were delineated as follows: The inclusion
criteria comprised the following: (i) those who participated in the Akita–Omorimachi study
spanning from 2015 to 2020 and (ii) those with a diagnosis of AD extracted from their
medical records, subsequently verified by a psychiatrist. The exclusion criteria were as
follows: (i) those who were unable to intake food orally and (ii) those with incomplete data.

The type of dementia was specified as a survey item within the Akita–Omorimachi
Study from 2015. The survey was transcribed from the participant’s medical record by
staff at each facility. Subsequently, these records for each participant across the survey year
(between 2015 and 2020) were in aggregate and utilized as cross-sectional data for this study.
Given the nature of this investigation as a derivative study from the Akita–Omorimachi
Study, no specific sample size calculation was performed. All individuals meeting the
eligibility criteria from the original Akita–Omorimachi Study cohort were included in the
current analysis.

The methodology employed in this study received approval from the ethics committee
of the Tokyo Metropolitan Institute for Geriatrics and Gerontology (approval numbers: 26,
R17-15, and 37; approval dates: 17 June 2013, 8 September 2017, and 13 November 2019).
All activities adhered to the guidelines outlined in the Declaration of Helsinki concerning
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experiments involving human participants. Explicit written informed consent was acquired
from either the study participants or their respective families.

2.2. Assessment of Dementia Severity

The severity of dementia was assessed by two certified geriatric nutritional physicians
accredited by the Japan Geriatrics Society using FAST. FAST is a validated method used to
assess the extent of impairment caused by dementia, dividing it into 16 distinct levels [21].
These 16 FAST levels are further grouped into 7 major stages, each representing different
degrees of impairment: “1, normal aging; 2, possible MCI; 3, MCI; 4, mild dementia; 5, mod-
erate dementia; 6, moderately severe dementia; and 7, severe dementia”. Because only
1 (0.2%), 18 (3.8%), and 12 (2.5%) participants were in FAST stages 1, 2, and 3, respectively,
they were included in a single combined category (i.e., combined FAST stage 1–3).

2.3. Assessment of Oral Function Evaluation

The feasibility of oral function evaluation was determined by whether a score could be
recorded when the measurement was performed as follows: Oral function was evaluated
by either dentists or dental hygienists, with all investigators undergoing thorough training
beforehand to ensure consistent examination standards.

Objective evaluations were performed using oral diadochokinesis (ODK), repeated
salivary swallow test (RSST), and modified water swallow test (MWST).

In the ODK test, participants repeated the monosyllable /ta/ for 5 s rapidly, and the
number of times it was pronounced was recorded [24]. A digital counter (T.K.K. 3350 digital
counter; Takei Rika Kikai Kikai, Niigata, Japan) was utilized to perform the ODK test, which
is an index used to assess the motor function of the lips and tongue. In this study, we
focused on the monosyllable /ta/, which is related to the motor function of the anterior
part of the tongue.

In the RSST, the participants are asked to swallow their saliva repeatedly for a duration
of 30 s [25]. This test measures the number of swallows performed by a participant within
a definite period. The assessment is conducted by gently palpating the laryngeal ridge,
a prominent structure in the neck, to detect each swallow. It is a simple method used to
assess swallowing function.

The MWST involves injecting 3 mL of cold water into the bottom of the mouth with
a 5 mL syringe and instructing the participants to swallow [26]. To better assess the
swallowing status, a stethoscope is placed on the throat to auscultate the swallowing and
breathing sounds in the pharynx [27]. This is quantified using a five-point scale based on
the participant’s ability to swallow, occurrence of swallowing, and associated breathing
difficulties or hoarseness.

2.4. Data Collection for Basic Information

Data pertaining to demographic factors (sex and age), comorbidities (Parkinson’s
disease, neurological disease, respiratory disease, stroke, cardiovascular disease, diabetes
mellitus, and cancer), body weight, body height, and nutritional status were collected
using questionnaires. BMI was calculated as weight in kilograms divided by height in
meters squared.

Nutritional status was assessed using the Mini Nutritional Assessment®-Short Form
(MNA®-SF) [28], which consists of six questions as follows: (i) food intake decline over the
last 3 months (scoring: 0 = severe decrease; 1 = moderate decrease; and 2 = no decrease in
food intake); (ii) weight loss during the last 3 months (0 = weight loss > 3 kg; 1 = does not
know; 2 = weight loss between 1 and 3 kg; and 3 = no weight loss); (iii) mobility (0 = bed or
chair bound; 1 = able to get out of bed/chair but does not go out; and 2 = able to go out);
(iv) psychological stress or acute disease in the last 3 months (0 = yes; 2 = no); (v) neuropsy-
chological problems (0 = severe dementia or depression; 1 = mild dementia; and 2 = no
psychological problems); and (vi) BMI (0 = BMI < 19 kg/m2; 1 = 19 ≤ BMI < 21 kg/m2;
2 = 21 ≤ BMI < 23 kg/m2; and 3 = BMI ≥ 23 kg/m2). The total scores for the six questions
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pertain to the nutritional status, with lower scores indicating malnutrition (range: 0–14).
A score of 0–7 indicated malnutrition, 8–11 a risk of malnutrition, and 12–14 good nutri-
tional status.

2.5. Statistical Analysis

Initially, the characteristics of participant records were delineated based on the FAST stages.
The Shapiro–Wilk test was used to assess the normal distribution of continuous variables.

Subsequently, the association between FAST stages and feasibility of oral function
evaluation was evaluated using a multilevel logistic regression analysis. Given that the
record served as the unit of analyses, a multilevel model was applied to mitigate correlations
among records within the same participant. The macro-level variable included the survey
year, while micro-level variables included the remaining variables. Exposure variables
included FAST stages (combined FAST stages 1–3 were set as the reference category).
The outcome variable was the feasibility of oral function evaluation (coding; 0: possible,
1: impossible to perform the evaluation). Both univariable and multivariable analyses were
performed to estimate odds ratios (ORs) along with 95% confidence intervals (CIs) for the
infeasibility of oral function evaluation. Covariates for multivariable analysis were selected
based on a priori knowledge [23] as follows: age, sex, BMI, and number of comorbidities.

The software for statistical analyses was the IBM SPSS Statistics for Windows software
(version 29.0; IBM Corp., Armonk, NY, USA). A p value < 0.05 was defined as statisti-
cally significant.

3. Results

Between 2015 and 2020, we acquired 2370 records corresponding to 962 individuals.
Among these, 521 records pertained to individuals with AD. We eliminated 60 records from
individuals who were unable to orally ingest and 33 records from those with incomplete
datasets. Ultimately, our analysis included 428 records from 211 individuals. These
comprised 31, 19, 59, 143, and 176 records from participants categorized with FAST stages
1–3, 4, 5, 6, and 7, respectively. The summary characteristics of participants by the FAST
stage are presented in Table 1. The participants were mostly female (89.5%), with a median
age of 88 years. Overall, the infeasibility percentages were 27.3%, 34.1%, and 11.0% for ODK,
RSST, and MWST, respectively. The body composition of the participants was as follows:
median height of 145.0 cm, median weight of 45.5 kg, and median BMI of 21.6 kg/m2.
In addition to dementia, the most prevalent comorbidities were cardiovascular disease
(53.0%), stroke (18.9%), and diabetes mellitus (15.2%). Furthermore, nutritional status was
evaluated using MNA-SF, revealing that 18.7% participants were classified as normal, 47.9%
were at risk, and 33.4% were undernourished. Moreover, the prevalence of malnutrition,
as determined by MNA-SF in correlation with FAST, was 9.7% in participants with FAST
stages 1–3, 15.8% in those with FAST stage 4, 16.9% in those with FAST stage 5, 26.6% in
those with FAST stage 6, and 50.6% in those with FAST stage 7.

Table 2 shows the multilevel logistic regression results. AD severity, as gauged by
the FAST stage, exhibited associations with the feasibility of ODK, RSST, and MWST
evaluations. The univariate ORs (95% CI) for inability to assess ODK in participants
with FAST stages 4–7 (compared with those with a combined FAST stages 1–3) were 0.00
(0.00–0.00), 0.49 (0.04–6.78), 3.28 (0.52–20.66), and 32.46 (5.42–194.35), respectively. The
corresponding figures for infeasibility in RSST were 0.21 (0.02–2.18), 0.17 (0.03–0.92), 1.05
(0.39–2.84), and 7.61 (2.92–19.80), respectively. Additionally, the corresponding figures for
infeasibility in MWST were 0.00 (0.00–0.00), 0.00 (0.00–0.00), 0.00 (0.00–0.00), and 13.06
(1.95–87.42), respectively. In addition, the multivariate model included sex, age, BMI
and number of comorbidities as covariates. The multivariable adjusted ORs (95% CIs)
for infeasibility in ODK across FAST stages 4 to 7 (compared with the combined FAST
stage 1–3) were 0.00 (0.00–0.00), 0.38 (0.02–6.78), 2.94 (0.44–19.70), and 26.67 (4.22–168.61),
respectively. The corresponding values for infeasibility in MWST were 0.00 (0.00–0.00), 0.00
(0.00–0.00), 0.22 (0.02–2.42), and 8.70 (1.56–48.53), respectively. Furthermore, there was a
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nonlinear relationship between the FAST stage and the feasibility of RSST. Relative to the
combined FAST stage 1–3, ORs (95% CIs) for infeasibility in RSST were 0.15 (0.03–0.82) for
FAST stage 5 and 5.94 (2.20–16.05) for FAST stage 7.

Table 1. Case characteristics according to FAST.

Overall
(n = 428)

Combined FAST
Stage 1–3
(n = 31)

FAST Stage 4
(n = 19)

FAST Stage 5
(n = 59)

FAST Stage 6
(n = 143)

FAST Stage 7
(n = 176)

Feasibility of oral function evaluation
ODK, impossible 117 (27.3) 1 (3.2) 0 (0) 2 (3.4) 16 (11.2) 98 (55.7)
RSST, impossible 146 (34.1) 6 (19.4) 1 (5.3) 3 (5.1) 31 (21.7) 105 (59.7)
MWST, impossible 47 (11.0) 1 (3.2) 0 (0) 0 (0) 2 (1.4) 44 (25.0)

Other characteristics
Sex, female 383 (89.5) 30 (96.8) 17 (89.5) 50 (84.7) 125 (87.4) 161 (89.5)
Age, years 88 (83–91) 90 (86–91) 86 (82–89) 87 (81–92) 86 (83–90) 88.5 (84–92)

Height, cm 145.0
(140.0–150.0)

143.0
(140.2–150.0)

145.4
(143.0–155.6)

145.0
(140.5–151.0)

145.0
(140.0–150.0)

144.0
(138.0–150.0)

Weight, kg 45.5 (39.4–52.2) 45.5 (36.5–55.8) 46.8 (40.2–52.8) 48.8 (43.5–55.2) 47.7 (42.0–53.6) 42.5 (37.3–47.8)
BMI, kg/m2 21.6 (18.8–24.4) 22.4 (18.1–26.7) 21.6 (18.6–24.3) 22.6 (20.5–25.8) 22.6 (19.8–25.0) 20.5 (18.4–22.8)
Medical history

Cancer 27 (6.3) 0 (0) 1 (5.3) 6 (10.2) 11 (7.7) 9 (5.1)
Cardiovascular disease 227 (53.0) 21 (67.7) 11 (57.9) 32 (54.2) 69 (48.3) 94 (53.4)
Stroke 81 (18.9) 8 (25.8) 1 (5.3) 6 (10.2) 27 (18.9) 39 (22.2)
Diabetes mellitus 65 (15.2) 4 (12.9) 6 (31.6) 5 (8.5) 14 (9.8) 36 (20.5)
Neurological disorders 6 (1.4) 2 (6.5) 0 (0) 0 (0) 4 (2.8) 0 (0)
Parkinson’s disease 10 (2.3) 1 (3.2) 1 (5.3) 2 (3.4) 2 (1.4) 4 (2.3)
Respiratory diseases 28 (6.5) 0 (0) 2 (10.5) 5 (8.5) 8 (5.6) 13 (7.4)

MNA®-SF
Normal 80 (18.7) 12 (38.7) 8 (42.1) 19 (32.2) 36 (25.2) 5 (2.8)
At risk 205 (47.9) 16 (51.3) 8 (42.1) 30 (50.8) 69 (48.3) 82 (46.6)
Malnutrition 143 (33.4) 3 (9.7) 3 (15.8) 10 (16.9) 38 (26.6) 89 (50.6)

Data are presented as n (%) or the median (IQR). FAST, Functional Assessment Staging of Alzheimer’s Disease;
ODK, oral diadochokinesis; RSST, Repeated Salivary Swallow Test; MWST, Modified Water Swallowing Test; BMI,
body mass index; MNA®-SF, Mini Nutritional Assessment®-Short Form; IQR, interquartile range.

Table 2. ORs for feasibility of oral function evaluation according to FAST.

Outcome Variables

Exposure Variable ODK
(0: Possible, 1: Impossible)

RSST
(0: Possible, 1: Impossible)

MWST
(0: Possible, 1: Impossible)

Univariable model OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

FAST 1–3 Ref. Ref. Ref.
FAST 4 0.00 0.00–0.00 1.000 0.21 0.02–2.18 0.193 0.00 0.00–0.00 0.998
FAST 5 0.49 0.04–6.78 0.590 0.17 0.03–0.92 0.040 0.00 0.00–0.00 0.994
FAST 6 3.28 0.52–20.66 0.205 1.05 0.39–2.84 0.925 0.00 0.00–0.00 0.976
FAST 7 32.46 5.42–194.35 <0.001 7.61 2.92–19.80 <0.001 13.06 1.95–87.42 0.008

Multivariable model * Adjusted
OR 95% CI p-value Adjusted

OR 95% CI p-value Adjusted
OR 95% CI p-value

FAST 1–3 Ref. Ref. Ref.
FAST 4 0.00 0.00–0.00 1.000 0.18 0.02–1.65 0.129 0.00 0.00–0.00 0.998
FAST 5 0.38 0.02–6.78 0.511 0.15 0.03–0.82 0.029 0.00 0.00–0.00 0.996
FAST 6 2.94 0.44–19.70 0.266 0.89 0.32–2.52 0.830 0.22 0.02–2.42 0.216
FAST 7 26.67 4.22–168.61 <0.001 5.94 2.20–16.05 <0.001 8.70 1.56–48.53 0.014

* Except for sex, age, body mass index, and number of comorbidities, ORs and CIs of being positive are presented.
ODK, oral diadochokinesis; RSST, Repeated Salivary Swallow Test; MWST, Modified Water Swallowing Test; CI,
confidence interval; FAST, Functional Assessment Staging of Alzheimer’s Disease; OR, odds ratio; Ref., reference.

4. Discussion

The results of this study showed a trend toward failure of performance of the ODK
test, RSST, and MWST in participants with severe dementia. In addition, RSST showed a
nonlinear association with the feasibility of assessments according to dementia severity. To
the best of our knowledge, this is the first study to determine the feasibility of oral function
evaluations in older adults with AD according to the severity of dementia as assessed
by FAST.
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ODK was not feasible in a higher percentage of participants in FAST stage 7. The
results were similar to those of a previous study of older adults requiring long-term care,
although the method of assessing the severity of dementia was different [29]. In AD,
speech apraxia occurs as the disease progresses [30]. Therefore, it is conceivable that more
participants with FAST stage 7, in which pronouncing a predetermined syllable becomes
more difficult, were unable to perform ODK. In addition, most individuals with severe
dementia were unable to comprehend examiners’ instructions because of cognitive decline.
The difficulty in pronouncing the same syllable consecutively, even when assessing only the
clarity of pronunciation, underlies this result. ODK is a measure of lip and tongue motor
functions but is also associated with dysphagia [31] and tongue coating [32]. Therefore, if it
is difficult to assess persons with severe dementia, other assessment methods should be
considered depending on the purpose of assessment.

RSST is considered to be a simple assessment tool that can be performed by caregivers
and family members who are not experts [33]. However, significantly more individuals with
severe dementia were unable to undergo RSST. The evaluation method of RSST requires
individuals to voluntarily repeat saliva swallowing without the use of water, following
verbal instructions. Therefore, many individuals with FAST stage 7 could not perform this
test because of cognitive function and ADL decline. Similar results were obtained with
the MWST, which is used in screening for dysphagia [26]; however, it is not frequently
used in nursing home facilities as participants often drink water with a thickening agent.
Therefore, a simpler evaluation method for swallowing function is required for individuals
with severe dementia. In cases where fluid intake is difficult, tests that use semisolid foods
may be performed [34,35]. In addition, as a simple indicator, it is necessary to assess the
rinsing ability, which has been shown to be associated with dysphagia [36,37], and monitor
daily eating habits [38].

In contrast, RSST was not feasible in a lower percentage of participants with FAST
stage 5 than of participants with combined FAST stage 1–3. One reason for this was that
some participants with the combined FAST stage 1–3 were resistant to placing hands on
the pharyngeal region. Therefore, more participants with combined FAST stage 1–3 were
unable to perform the test than those with FAST stage 5. Although the manifestation rate
of agitation symptoms is not proportional to the severity of dementia and refusal of care
is rare in participants with FAST stage 1–3 [39], performing RSST is different from usual
care. It is also possible that the surveyor, rather than the caregiver who routinely provides
care, inspected the individuals, which may have contributed to their refusal. Thus, physical
contact and a lack of trust in the investigator may be related. This is different from the
reason of inability of participants with severe dementia to undergo the examination because
of poor comprehension.

In the early stages of AD, dysphagia is more likely to occur because of oral dysfunction,
such as decreased tongue motor and masticatory functions [36] and challenges in the oral
phase of swallowing (i.e., the first stage of the swallowing process [40]), such as delayed
swallowing reflexes. Although oral phase challenges are associated with longer mealtimes
and the risk of malnutrition [41,42], they do not pose clinical challenges and are often
unnoticed by caregivers [15]. In moderate and severe AD, dysphagia is caused by cognitive
and motor decline [43]. Aspiration pneumonia is a common cause of death, especially
in older adults with severe dementia, and the management of dysphagia is important to
prevent aspiration pneumonia [44]. Furthermore, we suspect that the inability to properly
assess oral function may have influenced the selection of appropriate food forms. Food form
is associated with energy intake [45] and selecting the appropriate food form contributes
to improved nutritional status [46]. In nursing homes, assessing swallowing function is
difficult because of the absence of specialist staff. In clinical settings, nursing staff should be
able to easily screen and change food forms [47]. Therefore, in both severities of dementia,
the evaluation of oral function, including swallowing function, is important. The results
of this study showed that several swallowing tests could not be performed in adults with
dementia, especially those with severe dementia in FAST stage 7. Changes in routine
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care, such as observation during meals, should be performed, in addition to oral function
evaluation, because assessment using questionnaires may be impossible in this condition.

This study has several limitations. First, because of the small number of participants
with MCI based on age appropriateness, FAST stages 1, 2, and 3 were combined into one
category for analysis. Furthermore, the number of participants was insufficient to estimate
the OR for the feasibility of performing ODK and MWST, even in participants with FAST
stages 4 and 5. Although this study sheds light on challenges related to oral function
evaluation in older adults with severe dementia, analogous issues in older adults with
milder dementia warrant further investigation in future studies. Second, this study did
not evaluate the reasons for the inability to examine oral function in detail. Reasons for
non-acceptance of examination included physical refusal, decline in ADL, and inability to
understand the examination procedure. In particular, a participant’s cognitive function,
which should be considered while selecting an assessment, is very different when the
reason for not allowing the assessment is physical refusal or inability to understand the
instructions. Therefore, further studies should focus on the reasons for the impossibility
of the assessment of oral function. Third, oral function evaluations performed in this
study were limited in terms of evaluation methods. In previous studies on dysphagia in
AD [48], dietary observations [49] and VF [50] were used to evaluate eating and swallowing
functions. Many other evaluation methods [51,52] require the consumption of solid foods
or sufficient time for investigation. Although they are useful for screening, such as in the
selection of food forms, they are difficult to use in epidemiological studies, such as this
one. As the study targeted individuals requiring care at multiple facilities, a method that
could be employed in a limited timeframe was required, which would be relatively easy to
perform by the study participants.

This study was conducted in several nursing homes and designed to examine the most
common form of AD in adults with dementia. As this study was not performed in a specific
facility and the data were obtained from an observational cohort study, the impact of indi-
vidual facilities is expected to be small, with limited variation among facilities and regions.
Therefore, we contend that the findings from this study will be beneficial for performing
oral function evaluation in other facilities for older adults requiring nursing care.

5. Conclusions

The results of this study indicate that oral function evaluation is difficult in older
adults with severe AD. The reasons for the difficulty in performing RSST and MWST
were varied, depending on the severity of dementia. Appropriate implementation of the
assessment requires an understanding of the instructions and the voluntary cooperation
of older adults with dementia. Therefore, it is necessary to consider simpler and more
practical assessments of swallowing function and indicators that can be routinely assessed.
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27. Dudik, J.M.; Coyle, J.L.; Sejdić, E. Dysphagia screening: Contributions of cervical auscultation signals and modern signal-
processing techniques. IEEE Trans. Hum. Mach. Syst. 2015, 45, 465–477. [CrossRef] [PubMed]

28. Montejano Lozoya, R.; Martinez-Alzamora, N.; Clemente Marin, G.; Guirao-Goris, S.J.A.; Ferrer-Diego, R.M. Predictive ability of
the Mini Nutritional Assessment Short Form (MNA-SF) in a free-living elderly population: A cross-sectional study. PeerJ 2017,
5, e3345. [CrossRef] [PubMed]

29. Konishi, M. Can oral diadochokinesis be used as an assessment tool of oral function in older adults requiring care in nursing
home? J. Oral Rehabil. 2024, 51, 328–333. [CrossRef]

30. Cera, M.L.; Ortiz, K.Z.; Bertolucci, P.H.; Minett, T.S. Speech and orofacial apraxias in Alzheimer’s disease. Int. Psychogeriatr. 2013,
25, 1679–1685. [CrossRef]

31. Rech, R.S.; de Goulart, B.N.G.; Dos Santos, K.W.; Marcolino, M.A.Z.; Hilgert, J.B. Frequency and associated factors for swallowing
impairment in community-dwelling older persons: A systematic review and meta-analysis. Aging Clin. Exp. Res. 2022, 34,
2945–2961. [CrossRef]

32. Kikutani, T.; Tamura, F.; Nishiwaki, K.; Suda, M.; Kayanaka, H.; Machida, R.; Yoshida, M.; Akagawa, Y. The degree of tongue-
coating reflects lingual motor function in the elderly. Gerodontology 2009, 26, 291–296. [CrossRef]

33. Kim, S.; Lee, K.; Liu, W. Chewing and Swallowing Abilities of Persons Living with Dementia: A Systematic Review of
Psychometric Properties of Instruments. Innov. Aging 2023, 7, igad052. [CrossRef]

34. Park, Y.H.; Bang, H.L.; Han, H.R.; Chang, H.K. Dysphagia screening measures for use in nursing homes: A systematic review. J.
Korean Acad. Nurs. 2015, 45, 1–13. [CrossRef] [PubMed]

35. Marques, C.H.; de Rosso, A.L.; Andre, C. Bedside assessment of swallowing in stroke: Water tests are not enough. Top. Stroke
Rehabil. 2008, 15, 378–383. [CrossRef] [PubMed]

36. Sato, E.; Hirano, H.; Watanabe, Y.; Edahiro, A.; Sato, K.; Yamane, G.; Katakura, A. Detecting signs of dysphagia in patients with
Alzheimer’s disease with oral feeding in daily life. Geriatr. Gerontol. Int. 2014, 14, 549–555. [CrossRef] [PubMed]

37. Okabe, Y.; Takeuchi, K.; Izumi, M.; Furuta, M.; Takeshita, T.; Shibata, Y.; Kageyama, S.; Ganaha, S.; Yamashita, Y. Posterior teeth
occlusion and dysphagia risk in older nursing home residents: A cross-sectional observational study. J. Oral Rehabil. 2017, 44,
89–95. [CrossRef]

38. Simoes, A.L.S.; Oliva Filho, A.; Hebling, E. Signs for Early Detection of Dysphagia in Older Adults with Severe Alzheimer’s
Disease. J. Nutr. Health Aging 2020, 24, 659–664. [CrossRef]

39. Volicer, L.; Bass, E.A.; Luther, S.L. Agitation and resistiveness to care are two separate behavioral syndromes of dementia. J. Am.
Med. Dir. Assoc. 2007, 8, 527–532. [CrossRef]

40. Matsuo, K.; Palmer, J.B. Anatomy and physiology of feeding and swallowing: Normal and abnormal. Phys. Med. Rehabil. Clin. N.
Am. 2008, 19, 691–707. [CrossRef]

41. Namasivayam-MacDonald, A.M.; Morrison, J.M.; Steele, C.M.; Keller, H. How Swallow Pressures and Dysphagia Affect
Malnutrition and Mealtime Outcomes in Long-Term Care. Dysphagia 2017, 32, 785–796. [CrossRef]

42. Espinosa-Val, M.C.; Martin-Martinez, A.; Graupera, M.; Arias, O.; Elvira, A.; Cabre, M.; Palomera, E.; Bolivar-Prados, M.; Clave, P.;
Ortega, O. Prevalence, Risk Factors, and Complications of Oropharyngeal Dysphagia in Older Patients with Dementia. Nutrients
2020, 12, 863. [CrossRef] [PubMed]

43. Mira, A.; Goncalves, R.; Rodrigues, I.T. Dysphagia in Alzheimer’s disease: A systematic review. Dement. Neuropsychol. 2022, 16,
261–269. [CrossRef]

44. Kalia, M. Dysphagia and aspiration pneumonia in patients with Alzheimer’s disease. Metabolism 2003, 52, 36–38. [CrossRef]
45. Keller, H.H.; Carrier, N.; Slaughter, S.E.; Lengyel, C.; Steele, C.M.; Duizer, L.; Morrison, J.; Brown, K.S.; Chaudhury, H.; Yoon,

M.N.; et al. Prevalence and Determinants of Poor Food Intake of Residents Living in Long-Term Care. J. Am. Med. Dir. Assoc.
2017, 18, 941–947. [CrossRef]

46. Ott, A.; Senger, M.; Lotzbeyer, T.; Gefeller, O.; Sieber, C.C.; Volkert, D. Effects of a Texture-Modified, Enriched, and Reshaped Diet
on Dietary Intake and Body Weight of Nursing Home Residents with Chewing and/or Swallowing Problems: An Enable Study. J.
Nutr. Gerontol. Geriatr. 2019, 38, 361–376. [CrossRef] [PubMed]

47. Takeda, M.; Okada, K.; Kondo, M.; Taira, K.; Watanabe, Y.; Ito, K.; Nakajima, J.; Ozaki, Y.; Sasaki, R.; Nishi, Y.; et al. Factors
Associated with Food Form in Long-Term Care Insurance Facilities. Dysphagia 2022, 37, 1757–1768. [CrossRef]

https://doi.org/10.3390/ijerph18041723
https://www.ncbi.nlm.nih.gov/pubmed/33579046
https://doi.org/10.3390/ijerph20053841
https://www.ncbi.nlm.nih.gov/pubmed/36900852
https://doi.org/10.1111/j.1447-0594.2012.00930.x
https://www.ncbi.nlm.nih.gov/pubmed/22963330
https://doi.org/10.1007/s00455-002-0063-6
https://www.ncbi.nlm.nih.gov/pubmed/12140653
https://doi.org/10.1007/s00455-002-0095-y
https://doi.org/10.1109/THMS.2015.2408615
https://www.ncbi.nlm.nih.gov/pubmed/26213659
https://doi.org/10.7717/peerj.3345
https://www.ncbi.nlm.nih.gov/pubmed/28533984
https://doi.org/10.1111/joor.13594
https://doi.org/10.1017/S1041610213000781
https://doi.org/10.1007/s40520-022-02258-x
https://doi.org/10.1111/j.1741-2358.2008.00258.x
https://doi.org/10.1093/geroni/igad052
https://doi.org/10.4040/jkan.2015.45.1.1
https://www.ncbi.nlm.nih.gov/pubmed/25743729
https://doi.org/10.1310/tsr1504-378
https://www.ncbi.nlm.nih.gov/pubmed/18782740
https://doi.org/10.1111/ggi.12131
https://www.ncbi.nlm.nih.gov/pubmed/23992204
https://doi.org/10.1111/joor.12472
https://doi.org/10.1007/s12603-020-1382-8
https://doi.org/10.1016/j.jamda.2007.05.005
https://doi.org/10.1016/j.pmr.2008.06.001
https://doi.org/10.1007/s00455-017-9825-z
https://doi.org/10.3390/nu12030863
https://www.ncbi.nlm.nih.gov/pubmed/32213845
https://doi.org/10.1590/1980-5764-dn-2021-0073
https://doi.org/10.1016/S0026-0495(03)00300-7
https://doi.org/10.1016/j.jamda.2017.05.003
https://doi.org/10.1080/21551197.2019.1628158
https://www.ncbi.nlm.nih.gov/pubmed/31223063
https://doi.org/10.1007/s00455-022-10440-6


Nutrients 2024, 16, 992 10 of 10

48. Affoo, R.H.; Foley, N.; Rosenbek, J.; Kevin Shoemaker, J.; Martin, R.E. Swallowing dysfunction and autonomic nervous system
dysfunction in Alzheimer’s disease: A scoping review of the evidence. J. Am. Geriatr. Soc. 2013, 61, 2203–2213. [CrossRef]
[PubMed]

49. Correia Sde, M.; Morillo, L.S.; Jacob Filho, W.; Mansur, L.L. Swallowing in moderate and severe phases of Alzheimer’s disease.
Arq. Neuro-Psiquiatr. 2010, 68, 855–861. [CrossRef]

50. Suh, M.K.; Kim, H.; Na, D.L. Dysphagia in patients with dementia: Alzheimer versus vascular. Alzheimer Dis. Assoc. Disord. 2009,
23, 178–184. [CrossRef]

51. Trapl, M.; Enderle, P.; Nowotny, M.; Teuschl, Y.; Matz, K.; Dachenhausen, A.; Brainin, M. Dysphagia bedside screening for
acute-stroke patients: The Gugging Swallowing Screen. Stroke 2007, 38, 2948–2952. [CrossRef] [PubMed]

52. Huckabee, M.L.; McIntosh, T.; Fuller, L.; Curry, M.; Thomas, P.; Walshe, M.; McCague, E.; Battel, I.; Nogueira, D.; Frank, U.; et al.
The Test of Masticating and Swallowing Solids (TOMASS): Reliability, validity and international normative data. Int. J. Lang.
Commun. Disord. 2018, 53, 144–156. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/jgs.12553
https://www.ncbi.nlm.nih.gov/pubmed/24329892
https://doi.org/10.1590/S0004-282X2010000600005
https://doi.org/10.1097/WAD.0b013e318192a539
https://doi.org/10.1161/STROKEAHA.107.483933
https://www.ncbi.nlm.nih.gov/pubmed/17885261
https://doi.org/10.1111/1460-6984.12332
https://www.ncbi.nlm.nih.gov/pubmed/28677236

	Introduction 
	Materials and Methods 
	Study Setting, Design, and Participants 
	Assessment of Dementia Severity 
	Assessment of Oral Function Evaluation 
	Data Collection for Basic Information 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

