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Abstract

We examined factors related to dietary intake status (food form) of long-term care facility (LTCF) residents to identify
factors related to proper food form choice for older individuals requiring nursing care. We surveyed 888 residents from 37
LTCFs in Japan. We evaluated basic information (age, sex, body mass index [BMI]), food form (swallowing-adjusted diet
class), Barthel Index (BI), Clinical Dementia Rating (CDR), simply evaluated eating and swallowing functions, the number
of present/functional teeth, oral diadochokinesis, repetitive saliva swallowing test (RSST), and modified water swallowing
test. To clarify factors associated with food form, participants who had good nutrition by oral intake were categorized into
the dysphagic diet (DD) and normal diet (ND) groups. Multi-level analyses were used to detect oral functions associated
with food form status. Among objective assessments, BMI (odds ratio [OR] 0.979, 95% confidence interval [CI] — 0.022-
to 0.006, p=0.001), BI (OR 0.993, 95% CI — 0.007 to — 0.004, p<0.001), CDR 3.0 (OR 1.002, 95% CI 0.002—0.236,
p=0.046), present teeth (OR 0.993, 95% CI — 0.007 to — 0.001, p=0.011), functional teeth (OR 0.989, 95% CI — 0.011 to
—0.005, p<0.001), and RSST (OR 0.960, 95% CI — 0.041 to — 0.007, p=0.006) were significantly associated with DD vs
ND discrimination. Simple evaluations of coughing (OR 1.056, 0.054—0.198, p=0.001) and rinsing (OR 1.010, 0.010—0.174,
p=0.029) could also discriminate food form status. These simple evaluations provide insight into the discrepancies between
food form status and eating abilities of LTCF residents. Periodic evaluations by the nursing caregiver may help to prevent
aspiration by older individuals with dysphagia.

Keywords Coughing - Dysphagic diets - Food form - Long-term care facility - Rinsing - Deglutition disorders

Introduction able to determine rapidly whether an adequate food form

was provided in cases where the eating and swallowing func-

It is anticipated that the number of older people with eating
and swallowing dysfunction would increase in Japan, which
is a super-aging society [1]. The prevalence of swallowing
dysfunction has been reported to vary from 11.4% to 38.0%
in community-dwelling elderly and from 40.0% to 68.0% in
long-term care facilities (LTCFs) [2].

Providing adequate diet (food form) to older adults with
eating and swallowing dysfunction may help prevent aspira-
tion, asphyxia, and undernutrition [3-5]. However, in LTCFs
lacking experts on dysphagia, caregivers may often not be
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tion of the residents declines. When a caregiver does not rec-
ognize that the eating and swallowing function of an LTCF
resident has reduced in time, change to the appropriate food
form may be delayed, thus, leading to an increased risk of
aspiration, choking, and malnutrition. In cases of patients
with diseases such as stroke and Parkinson’s disease, such a
reduced function is expected and is understandable, and the
nursing caregiver should be typically aware of the possibil-
ity of eating and swallowing dysfunction. These residents
also undergo medical follow-up examination by a clinician,
and it is easy to respond quickly to eating and swallowing
dysfunction [6]. However, when aging and disuse are the
main causes of reduced eating and swallowing function, this
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reduction could not be easily noticed as the change is small
[6].

Video fluorography and video endoscopy performed by
experts on dysphagia are critical for assessing the eating and
swallowing function and determining the appropriate food
form [7, 8]. Nevertheless, they are difficult to implement fre-
quently for people in all health institutions, nursing homes,
and those living at home [9]. Thus, the eating and swallow-
ing function of older individuals requiring care should be
routinely observed by their nursing caregivers (nurses, those
in the nursing professions, and, in some cases, their families)
and not be impacted by the illness affecting these functions.
Moreover, they should examine whether such function grad-
ually decreases because of aging. This may facilitate detec-
tion of signs of mismatch between function and food form,
and may allow prompt referral of such individuals to medi-
cal institutions specializing in eating and swallowing dys-
function to ensure the provision of an adequate food form.
In cases where nurses, caregivers, families, and others can
work together to assess eating and swallowing function and
identify food form incompatibilities early, a timeous change
to the appropriate food form may be facilitated, thus, reduc-
ing the risks of pneumonitis, undernutrition, asphyxia, and
aspiration in older individuals with swallowing dysfunction.
Consequently, home care may be continued when hospitali-
zation treatment can be avoided, and medical expenditure
and nursing care expenditure may also decrease.

We hypothesized that it would be possible for nursing
caregivers to screen for cases of older individuals with dif-
ficulty in eating a normal diet (ND) in need of care and
transition to a dysphagic diet (DD) using brief eating and
swallowing function assessments that can be implemented
on a daily basis.

To evaluate this hypothesis, we investigated the diet (food
form) type provided to LTCF residents and examined brief
eating and swallowing function assessments that could be
performed by nursing caregivers on a daily basis. The main
aim of this study was to identify the factors that could be
considered when transitioning from an ND to DD. We also
evaluated factors related to the discrimination between NDs
and DDs in a cross-sectional study.

Materials and Methods
Study Design

This was a cross-sectional study of Japanese LTCF resi-
dents. The study was conducted with the approval of the
Ethics Committee of the Japanese Society of Gerodontol-
ogy (approval number: 2018-1) and the Ethics Committee
of the Graduate School of Dentistry, Hokkaido University
(approval number: 2020-4).

@ Springer

Participants

We first conducted a workshop for 30 members of the Spe-
cial Committee of the Japanese Society of Gerodontology to
explain the content of this study and unify the evaluation cri-
teria for the contents of the survey. The members explained
the content of this study to the director and staff of the LTCF
institution at which they worked. In total, we collaborated
with 37 LTCEF facilities in 17 regions in Japan. In September
2018, we informed all residents and their families regarding
the content of this study in writing; written informed consent
was obtained from 888 residents and their families for par-
ticipating in the study. Then, we conducted the survey from
October 2018 to February 2019.

Survey Items

Before the survey, the research members provided training
on the assessment of survey items to all nurses and adminis-
trative dietitians at the institution and standardized the evalu-
ation criteria. Subsequently, we distributed a questionnaire
and conducted the following survey regarding residents for
whom the nurses and administrative dietitians in each facil-
ity were responsible.

Survey by Questionnaire

The following information was obtained in the survey: The
administrative dietitian in charge of each participant tran-
scribed the data concerning the age, sex, and body mass
index (BMI) from the long-term care record. Other items,
such as oral survey data, Barthel Index (BI), and Clini-
cal Dementia Rating (CDR) were evaluated by the nurse
in charge. The final decision on the CDR was made by a
trained specialist.

Basic Information
Assessment of Life Function and Cognitive Function

A nurse in charge conducted a life-function assessment using
the BI [10]. Cognitive function was assessed using the CDR,
based on Morris’s assessment methods [11]. A psychiatrist
made the final determination of the CDR.

Oral Conditions

The nurse in charge performed an oral cavity investigation.
The oral cavity investigation was explained in advance using
a manual, and each nurse in charge tried to unify the stand-
ards. This survey included 12 items: language, drooling,
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halitosis, masticatory movement, tongue movement, perio-
ral muscle, left-right asymmetric movement of the mouth
angle, swallowing, coughing, changes in voice quality after
swallowing, respiratory observation after swallowing, and
rinsing. These brief assessments were based on prior discus-
sions with LTCF personnel regarding the assessments that
could be used as a reference for dietary morphology and
were summarized by the study members. In advance, we
discussed the manual with nurses, and researchers assessed
four to five participants together with the nurses to ensure
standardized evaluations.

The language was evaluated on a three-point scale: 0,
capable of speaking a language; 1, capable of speaking a
language but with poor articulation; and 2, unable to speak
a language. Zero was considered a good score, while 1 and
2 were considered poor scores.

Drooling was assessed as follows: 0, none; 1, occasional;
and 2, constant drooling. A score of O indicated a good
function, while scores of 1 and 2 indicated poor function.
Halitosis was assessed as follows: 0, none; 1, slight halito-
sis; and 2, severe halitosis. A score of 0 indicated a good
function, while scores of 1 and 2 indicated poor function.
Masticatory movement was evaluated as follows: scores of 0,
1, and 2 corresponded to cases of chewing movement when
food was put in the oral cavity, cases of chewing movement
when prompted by the voice of another person, and cases of
no chewing movement even prompted by another person,
respectively. A score of 0 was considered good, while those
of 1 and 2 were considered poor. Tongue mobility was also
evaluated in three grades: 0, nearly complete mobility; 1,
mobility within a small range; and 2, tongue immobility. A
score of 0 was considered good, while those of 1 and 2 were
considered poor. Perioral muscle movement was assessed in
three grades: 0, mobility; 1, slightly difficult movement; and
2, immobility. A score of 0 was considered good, while those
of 1 and 2 were considered poor. Left—right asymmetric
movement of the mouth angle was assessed in two phases:
0, absent; 1, present. Similarly, swallowing was assessed in
two grades: 0, possible, and 1, delayed.

Coughing was rated on a 2-point scale: 0 was defined
as no coughing, while 1 was defined as coughing. Cough-
ing or no coughing was judged in cases when the patient
coughed or did not cough during the meal, respectively.
Changes in voice quality after swallowing were assessed as
follows: 0, absent; and 1, present. Respiratory observations
after swallowing were assessed as follows: 0, no anomaly;
and 1, shallower and faster respiration after swallowing.
The ability to rinse their mouths was assessed as follows:
0, able; 1, incomplete; and 2, unable. A score of 0 was con-
sidered good, while those of 1 and 2 were considered poor.
For rinsing, when water was put in the mouth, the cheeks
should be moved to the extent that the leftover food left in
the oral cavity could be removed. Moreover, the patient’s

ability to gargle was evaluated. For example, if a patient
placed water in their mouth and expectorated without mov-
ing their cheeks, this was evaluated as an inability to rinse
his/her mouth.

The oral residue after swallowing was classified at three
levels as follows: 0, none; 1, small amount of residue; and
2, marked amount of residue. A score of 0 was considered
good, while those of 1 and 2 were considered poor.

Total Energy Intake and Food Form

We used the Japanese Society for Feeding and Swallow-
ing Rehabilitation classification code 2013 as the reference
standard for the food form [12, 13]. To unify the contents
of the survey, the members of the Special Committee of the
Japanese Society of Gerodontology who participated in the
workshop ate the actual meals of the facility in charge.

I have confirmed compliance with the aforementioned
rehabilitation classification code. In addition, while con-
stantly observing the diet, it was ensured that the patients
ate the meal step by step, a safe form was selected, and the
diet form was adjusted.

In addition, ND was judged to be a diet other than the
four-stage dietary form belonging to the Swallowing Reha-
bilitation Classification Code 2013. The DD based on the
Swallowing Rehabilitation classification code 2013 in this
study was similar to the “minced & moist” or “soft & bite
size” forms proposed by the International Dysphagia Diet
Standardization Initiative (IDDSI).

Actual Survey

A survey was conducted by 30 dentists and dental hygienists
who had been pre-trained in the use of uniform evaluation
standards. The examined items were the following: number
of remaining teeth, number of functional teeth, oral diado-
chokinesis (ODK) evaluation, the Modified Water Swallow-
ing Test MWST), and the Repetitive Saliva Swallowing Test
(RSST).

Assessment of Oral Condition

The remaining teeth were considered the total number of
teeth erupting into the oral cavity, excluding the roots with
disintegrated crowns and the teeth affected by severe peri-
odontitis. Functional teeth were considered the sum of the
remaining and prosthetic teeth (e.g., implants, pontics, and
dentures).

Objective Assessment of Oral Function

The oral function was assessed using the ODK evaluation,
MWST, and RSST.

@ Springer
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ODK

ODK tests comprehensively measure the sophistication of
movements in the lips and tongue. As many pa//ta//ka/syl-
lables as possible were repeatedly pronounced in 5 s, and the
number of pronunciations of each syllable per second was
measured using automated instrumentation (Healthy Mouth
Smoking Handy, Takei Instrument Industry Co. Ltd., Nii-
gata, Japan) [14].

MWST

The MWST [15] was performed in combination with the
cervical auscultation technique [16]. According to the usual
method, 3 mL of cold water was poured into the oral floor
with a 5-mL syringe, and swallowing was indicated. Then,
changes in swallowing and breath sounds, before and after
swallowing, were evaluated with a stethoscope. They were
classified as abnormal when the pharyngeal swallowing
sounds were wet or in cases where bubbling sounds, wheez-
ing, or coughing reflexes were present [16].

RSST

Swallowing function assessment was also performed using
the RSST [17]. Each participant was instructed to repeat
an empty swallow as many times as possible in 30 s while
seated. The examiner placed the index and middle fingers
on the participant’s hyoid bone and laryngeal prominence
and counted the number of times the hyoid bone crossed the
fingers during the swallowing reflex.

Statistical Analysis

We first divided the participants into the parenteral inges-
tion and oral intake groups according to whether they had
received parenteral nutrition or enteral nutrition, respec-
tively. Next, the oral intake group was divided into the poor
nutrition status (daily dietary intake <75% of the number of
meals provided by the administrative dietitians) and well-
nourished groups (daily dietary intake >75% of the number
of meals). In addition, the group with good nutrition intake
status was divided into subgroups of patients consuming
either DD or ND. The examined items were compared
between the groups. Sex, oral context, and CDR were com-
pared using the chi-square test. Continuous variables were
first assessed for normal data distribution. This was followed
by an unpaired ¢ test for comparison of age and BMI, and the
Mann—Whitney U test was performed for the BI, functional
teeth, ODK, MWST, and RSST.

To investigate the factors associated with the food form
of older individuals requiring long-term care, two levels of
food form (ND or DD) were used as objective variables.

@ Springer

BMI [3], BI [18], and CDR [5], which have previously been
reported to be associated with age, sex, and dietary morphol-
ogy, as well as the remaining teeth, functional teeth, ODK,
RSST, and MWST, were used as explanatory variables in
the objective assessment of the oral cavity.

Similarly, two levels of food form were used as the objec-
tive variables in the simplified assessment of the oral cavity,
with age, sex, BMI, BI, CDR, remaining teeth, and func-
tional teeth used as covariates. Similarly, language, drooling,
halitosis, masticatory movement, tongue movement, perio-
ral muscle, left-right asymmetric movement of the mouth
angle, swallowing, coughing, changes in voice quality after
swallowing, respiratory observation after swallowing, rins-
ing, and oral residue were used as explanatory variables.
Moreover, the explanatory variables were divided into objec-
tive and simple evaluations, and a crude analysis was per-
formed. All significant items from the crude analysis were
included in a multilevel analysis. All statistical analyses
were performed using SPSS Statistics 26 (IBM, Armonk,
NY, USA) with a significance level of <5% (p <0.05).

Results

We conducted a survey of 888 residents from 37 LTCFs.
After the exclusion of 33 individuals who received paren-
teral nutrition, the data of 855 individuals (191 male and
664 female; mean age, 86.7 +7.9 years) were included in
the analyses (Fig. 1).

The analyzed participants had a BMI of 20.4 +3.6 kg/m>
and a BI of 30.0 [10.0, 50.0] {median [interquartile range
(IQR)]}. CDR values of 0, 0.5, 1, 2, and 3 were observed in 77
(9.0%), 160 (18.7%), 246 (28.8%), and 359 (42.0%) patients,
respectively. The median numbers of the remaining and func-
tional teeth were 5.0 [0.0, 15.0] and 26.0 [13.0, 28.0] [median
(IQR)]. Overall, 506 (59.2%) individuals received an ND.

Participants
37 Facilities, n =888

Parenteral ingestion
n =33

Oral intake
n =855

—

Poor nutritional status Good nutrition status

n =85 n=770
¥ 4
Dysphagic diet Normal diet
n =307 n=463

Fig. 1 Flowchart of study participation
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The MWST could be assessed in 97.5% of all partici-
pants, while the ODK and RSST could only be assessed
in 67.0% and 57.8% of the participants, respectively. In
comparison, in the brief assessment of the oral cavity, the
items could be assessed in 98.6—100% of individuals. The
groups with poor and good nutritional intake consisted of 85
(10.0%) and 770 (90.0%) individuals, respectively. A com-
parison between the two groups showed that the proportions
of people consuming an ND in the groups with poor and
good nutritional intake status were 50.6% and 60.1% (43 and
463 individuals, respectively). The group with good nutri-
tional intake status had significantly lower age and CDR and
included a lower proportion of women than the group with
poor nutritional intake status. In addition, BMI, BI, and the
number of functional teeth were significantly higher, and the
outcome of ODK and MWST was satisfactory in the group
with good nutritional intake. Significantly more individu-
als with masticatory movement, tongue mobility, perioral
muscle movement, left-right asymmetric movement of the
mouth angle, coughing, changes in voice quality after swal-
lowing, rinsing, and oral residue also had good outcomes
(Table 1).

The comparison showed that the group consuming an ND
had significantly lower age and CDR values as well as higher
BMI and BI values. Therefore, in this group, oral function
was more objectively assessed compared to the group con-
suming a DD. In addition, all brief assessments were associ-
ated with a significantly greater percentage of participants
with good survey outcomes (Table 2).

Assuming that the participant characteristics differed by
site, a multilevel analysis was conducted when the compari-
son analysis confirmed whether the multilevel analysis was
suitable. Therefore, we classified the received food forms
into two types (i.e., ND or DD) and performed multilevel
analyses with the two food forms as dependent variables. In
the objective assessment of oral function, BMI (p =0.001),
BI (»p<0.001), CDR score of 3.0 (p=0.046), number of
remaining teeth (p =0.011), number of functional teeth
(p<0.001), and RSST (p=0.006) were significantly asso-
ciated with discrimination between ND and DD (Table 3).

In addition to BMI and BI, coughing (» =0.001) and
rinsing (p =0.029) were significantly associated with the
discrimination between ND and DD (Table 4) in the brief
assessment of oral cavity conditions.

Discussion
Key Results
The aim of this study was to discover observational items

that would allow recognition of the difficulty in ND intake
and indicate the need to consider a transition to a DD.

Therefore, we investigated the actual condition of food forms
consumed by residents of Japanese LTCFs and examined
the factors associated with the discrimination between ND
and DD using cross-sectional data. Concerning the items of
objective assessments, which were performed by medical
professionals, we found that the MWST, number of remain-
ing teeth, and number of functional teeth were significantly
related to the received food form. We also investigated
whether coughing and rinsing ability, which could be easily
observed and evaluated by nursing caregivers, were signifi-
cantly related to food form. Interestingly, we found that both
items could distinguish between individuals consuming an
ND or DD.

Simplified assessments were made using items that can
be assessed during daily food assistance given by the nurs-
ing caregiver close to the older individual requiring long-
term care. If changes in these assessments are a sign to
consider transitioning from ND to DD, it would be easy
to disseminate them to nursing care settings and would be
a useful finding to prevent undernutrition, aspiration, and
asphyxiation.

Coughing associated with the received food form is a
characteristic of the pharyngeal stage of Leopold’s five-
stage models of ingestion, while rinsing may be related to
the preparatory stage [19]. The finding of the significance of
rinsing was meaningful, as this ability could be determined
by gargling during oral health care. Conversely, most aspects
related to the preparatory stage, other than rinsing (i.e., mas-
tication), appear to be related to the received food forms.
However, we found no such association in practice. In this
regard, the group consuming a DD, which does not require
chewing or bolus formation, may not have been accurately
assessed because preparatory stage issues often arise in a
dietary context.

Consequently, the decision to provide an ND or DD was
based on the lower oral and pharyngeal stages, namely swal-
lowing function, in the actual nursing site. In particular, a
decrease in the swallowing function suggested the risk of
aspiration; thus, it could easily prompt the caregiver to
change the food form. Therefore, it should be carefully con-
sidered together with the eating function to ensure that the
food form is not changed prematurely.

In this study, there was no significant association between
the food form and age or CDR. Although it has been reported
that having dementia is associated with the presence of swal-
lowing dysfunction [20], the mean age of the participants in
this study was approximately 86 years, and the proportion
of cognitively impaired individuals with CDR score> 1 was
89.1%, which might have been insignificant. However, the
association between rinsing inability and cognitive decline
has been reported previously [21]. A previous study also
reported an association between cognitive decline and the
received food form [5], and the finding of an association
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Table 1 Characteristics of study participants, comparison between the poor and good nutrition status groups

Variable Participants Overall (n=855) Poor nutritional status (r=85)  Good nutrition status (n=770) p value
n (%) Mean+SD n Median [Q1, Mean +SD Median [Q1, Mean+SD n Median [Ql1,
(%) Q3] n (%) Q3] (%) Q3]
Age (years) 851 (99.5) 86.7+7.9 87.0 [82.0, 88.5+7.8 89.0 [85.5,94.0186.5+7.9 87.0[82.0,92.0] 0.022
93.0]
Sex (male: 855 (100) 664 (77.7) 74:87.1 590:76.6 0.028
female)
Body mass 852 (99.6) 20.4+3.6 20.1[17.8, 18.2+2.9 17.7 [16.2,20.2] 20.7 £ 3.6 20.5 [18.2,22.9] <0.001
index (kg/ 22.7]
m?)
Barthel Index 855 (100) 32.6+26.0 30.0 [10.0, 2334242 15.0 [0.0, 40.0] 33.6+26.0 30.0[10.0, 50.0] <0.001
(total points) 50.0]
Clinical 842 (98.5)
dementia
rating (total
points)
0,0.5 77 (9.0) 5(5.9) 72 (9.3) <0.001
1 160 (18.7) 7(8.2) 153 (19.9)
2 246 (28.8) 22 (25.9) 224 (29.1)
3 359 (42.0) 50 (58.8) 309 (40.1)
Food form 855 (100) 506 (59.2) 43 (50.6) 463 (60.1) 0.089

(normal diet)
Objective evaluation of oral function
Remaining 845 (98.8) 8.38+8.80 5.0 [0.0, 15.0] 7.06=+8.00 4.010.0, 13.0] 8.53+9.00 5.00 [0.0, 16.00] 0.203
teeth
Functional 845 (98.8) 19.9+10.3 26.0 [13.0, 15.6+114 15.5[4.0,28.0] 20.3+10.1 26.0 [14.0, 28.0] <0.001
teeth 28.0]

ODK (/ta/) 573 (67.0) 340+1.70 3.6[2.2,4.8] 2.98+1.80 2.7[1.95,4.2513.47+1.70 3.6 [2.4,4.8] 0.039

RSST 494 (57.8) 2.54+1.50 3.0[1.0,4.0] 2.33+1.60 2.0[1.0,3.0] 2.56+1.50 3.0[1.0,4.0] 0.211

MWST 834 (97.5) 3.11+£2.00 4.0[0.0,5.0] 2.48+2.20 3.0[0.0,4.0] 3.18+2.00 4.0 [0.0, 5.0] 0.004

Simple evaluations (oral conditions)

Language 854 (99.9) 570 (66.7) 57 (67.1) 513 (66.7) 0.948
(possible)

Drooling 852 (99.6) 638 (74.9) 59 (69.4) 579 (75.5) 0.220
(none)

Halitosis 855 (100) 558 (65.3) 52 (61.2) 506 (65.7) 0.404
(none)

Masticatory 855 (100) 730 (85.4) 61 (71.8) 669 (86.9) 0.001
movement
(move)

Tongue 841 (98.4) 574 (68.3) 46 (55.4) 528 (69.7) 0.008
movement
(move)

Perioral mus- 843 (98.6) 671 (79.6) 56 (66.7) 615 (81.0) 0.002
cle (move)

Left-right 851 (99.5) 735 (86.4) 66 (77.6) 669 (87.3) 0.014
asymmetric
move-
ment of
the mouth
angle (not)

Swallowing 854 (99.9) 682 (79.9) 62 (72.9) 620 (80.6) 0.094
(possible)

Coughing 854 (99.9) 539 (63.1) 41 (48.2) 498 (64.8) 0.003
(not)
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Table 1 (continued)
Variable Participants Overall (n=855) Poor nutritional status (r=85)  Good nutrition status (n=770) p value
%
n (%) Mean+SD n Median [Q1, Mean + SD Median [Q], Mean+SD n Median [Ql,
(%) Q3] n (%) Q3] (%) Q3]
Changes 851 (99.5) 735 (86.4) 65 (76.5) 670 (87.5) 0.005
in voice
quality after
swallowing
(not)
Respiratory 855 (100) 816 (95.4) 79 (92.9) 737 (95.7) 0.267
observation
after swal-
lowing (no
abnormal-
ity)
Rinsing (pos- 855 (100) 491 (57.4) 36 (42.4) 455 (59.1) 0.003
sible)
Oral residue 854 (99.9) 401 (47.0) 26 (30.6) 375 (48.8) 0.001
(none)

Categorical variables are presented as numbers (percentages) and were analyzed using the chi-square test

Continuous variables (age, body mass index) were analyzed with the  test

Continuous variables (Barthel Index, Clinical Dementia Rating, functional teeth, oral diadochokinesis, Modified Water Swallowing Test, Repeti-

tive Saliva Swallow Test) were analyzed with the Mann—Whitney U-test

MWST Modified Water Swallowing Test, ODK oral diadochokinesis, Q1 first quartile, Q3 third quartile, RSST Repetitive Saliva Swallowing

Test, SD standard deviation
All p values < 0.05 were considered statistically significant

between rinsing and food form in this study complements
the findings of these previous studies.

ODKSs and RSST, which are objective assessments of oral
function, were not significantly associated with the received
food form. For ODKs and RSST, the participants should
understand the content of the test and need to be motivated
to perform it more than for the MWST. When water is placed
in the mouth, the MWST can assess instinctive swallowing
movements, regardless of the participant’s comprehension,
the test content, or willingness to perform the test. There-
fore, the lack of significant differences between the two for-
mer tests may have been influenced by the small number
of people who could perform and understand the purpose
of the tests and were willing to perform them. The MWST
was found to be highly sensitive and specific for detecting
swallowing dysfunction with small amounts of water [15],
as also observed in this study.

Regarding the brief simplified assessment, the researchers
used the manual to explain these observations to nurses in
advance and evaluated four to five participants along with
the nurses to achieve standardization of the criteria. Video
endoscopic evaluation of swallowing [22, 23] or video fluor-
oscopic examination of swallowing [24], the gold standard
for eating and swallowing function work-ups, could not be
performed in this study. As these tests are difficult to be
performed frequently in LTCFs and are performed in non-
routine settings, daily eating and swallowing function may

not always be assessed. The simplified assessment used in
this study was significantly associated with the received food
form and could detect inconsistencies between the usual eat-
ing and swallowing function and the food form. It seems
to be a valid screening assessment that can provide valid
outcomes without specific training or other measures and
may indicate the need to seek medical attention from spe-
cialized medical institutions and experts on dysphagia. It is
likely that this easy assessment would be useful and can be
disseminated among LTCFs in the future.

Generalizability

The mean age of the analyzed individuals was 86.5 years,
the percentage of cognitively compromised individuals with
CDR score > 1 was 89.1%, and 39.9% of the individuals con-
sumed a DD. In a survey of nursing home residents (average
age 84 years) in the United States, it has been reported that
they half-consumed puree-like meals and thickened foods
[25]. In the investigation of a special nursing home in Korea,
the average age of the residents was 80.7 years, the propor-
tion of patients with mildly to severely reduced cognitive
function was 85.8%, and 23.0% of the patients consumed a
DD [20]. In a survey focused on Japanese LTCFs, the mean
age of residents was 85.2 years, the percentage of cogni-
tively impaired persons with CDR score > 1 was 91.3%, and
52.3% of the patients consumed a DD [26]. The participants
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Table 2 Comparison of characteristics of study participants in the Normal and Dysphagia diet groups

Variable Dysphagia diet (n=307) Normal diet (n=463) p value
Mean+SD n (%) Median [Q1, Q3] Mean+SD n (%) Median [Q1, Q3]
Age (years) 87.7+7.4 88.0(83.0,93.0] 85.6x8.1 86.0 [81.1,92.5] <0.001
Sex (male: female) 240:78.2 350:75.6 0.407
Body mass index (kg/m?) 19.4+29 19.2 [17.3,21.3] 21.5%3.7 21.5[19.0,23.7] <0.001
Barthel Index (total points) 17.6 +19.1 10.0 [0.0,30.0] 44.2+244 45.0 [25.0,65.0] <0.001
Clinical dementia rating (total points)
0,0.5 10 (3.3) 62 (13.4) <0.001
1 27 (8.8) 126 (27.2)
2 69 (22.5) 155 (33.5)
3 191 (62.2) 118 (25.5)
Objective evaluation of oral function
Remaining teeth 6.65+8.0 3.0[0.0, 11.75] 9.77+9.3 7.0 (0.0, 18.0] <0.001
Functional teeth 159+11.5 18.0[3.0,28.0] 23.3+7.8 28.0 [21.0,28.0] <0.001
ODK (/ta/) 2.75+1.90 3.0[1.2,4.15] 3.79+£1.53 4.0[2.8,5.0] <0.001
RSST 2.15+1.43 2.0[1.0, 3.0] 2.69+1.44 3.0[2.0,4.0] <0.001
MWST 2.11+2.1 3.0 [0.0, 4.0] 39+1.58 4.0 [4.0, 5.0] <0.001
Simple evaluations (oral conditions)
Language (possible) 150 (49.0) 363 (78.4) <0.001
Drooling (none) 177 (57.8) 402 (87.2) <0.001
Halitosis (none) 182 (59.3) 324 (70.0) 0.002
Masticatory movement (move) 224 (73.0) 445 (96.1) <0.001
Tongue movement (move) 147 (48.8) 381 (83.4) <0.001
Perioral muscle (move) 201 (66.8) 414 (90.4) <0.001
Left-right asymmetric movement of the mouth angle 249 (81.9) 420 (90.9) <0.001
(not)
Swallowing (possible) 188 (61.4) 432 (93.3) <0.001
Coughing (not) 125 (40.8) 373 (80.6) <0.001
Changes in voice quality after swallowing (not) 230 (75.4) 440 (95.4) <0.001
Respiratory observation after swallowing (no abnormal- 281 (91.5) 456 (98.4) <0.001
ity)
Rinsing (possible) 100 (32.6) 355 (76.7) <0.001
Oral residue (none) 106 (34.5) 269 (58.2) <0.001

Categorical variables are presented as numbers (percentages) and were analyzed using the chi-square test

Continuous variables (Age, Body mass index) were analyzed with the ¢ test

Continuous variables (Barthel Index, Clinical Dementia Rating, functional teeth, oral diadochokinesis, Modified Water Swallowing Test, Repeti-

tive Saliva Swallow Test) were analyzed with the Mann—Whitney U-test

MWST Modified Water Swallowing Test, ODK oral diadochokinesis, Q7 first quartile, Q3 third quartile, RSST Repetitive Saliva Swallowing

Test, SD standard deviation

All p values <0.05 were considered statistically significant

of Japanese studies were older, with a higher proportion of
people with cognitive decline. However, older individu-
als comprise approximately 28.4% of Japan’s population,
which is the highest worldwide, and the percentage of people
with cognitive decline is also high. Consequently, the par-
ticipants of this study were typical Japanese LTCF residents
and likely to be representative of future LTCF residents of
the super-aging country. However, those on parenteral nutri-
tion were excluded from the analyses of food form in this

@ Springer

study. Therefore, not all residents of Japanese LTCFs were
considered in this study.

Validity of the Research Methods

We assumed that when the individuals included in the group
with good nutritional intake had a poor nutritional intake
despite receiving a food form appropriate for their eating
and swallowing function, the food form might not have been
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Table 3 Objective evaluation of

. OR crude 95% CI crude OR adjusted  95% CI adjusted p value
oral function
Age 0.999 —0.001 to 0.006 0.999 —0.001 to 0.006 0.242
Sex (1: male; 2: female) 0.946 —0.056 to 0.075 0.939 —0.063 to 0.068 0.940
Body mass index 0.979 —0.021 to — 0.006 0.979 —0.022 to — 0.006 0.001
Barthel Index 0.993 —0.007 to — 0.004  0.993 —0.007to — 0.004  <0.001
Clinical dementia rating
0,0.5 Reference Reference
1 0.900 —0.105t0 0.104 0.904 —0.101 t0 0.109 0.938
2 0.918 —0.085t00.126 0.918 —0.086 to 0.125 0.719
3 1.024 0.024 to 0.257 1.002 0.002 to 0.236 0.046
Remaining teeth 0.993 —0.007 to — 0.001  0.993 —0.007 to — 0.001 0.011
Functional teeth 0.989 —0.011 to — 0.006 0.989 —0.011t0o-0.005 <0.001
ODK (/ta/) 0.967 —0.033 to 0.008
RSST 0.961 —0.040 to 0.007
MWST 0.960 —0.041 to — 0.007  0.960 —0.041 to — 0.007 0.006

CI confidence interval, MWST Modified Water Swallowing Test, ODK oral diadochokinesis, OR odds ratio,
RSST Repetitive Saliva Swallowing Test

Table 4 Simple evaluations (oral conditions)

OR crude 95% CI crude OR adjusted 95% CI adjusted p value

Age 0.999 —0.001t0 0.006  0.999 —0.001 to 0.006 0.122
Sex (male: female) 0.946 —0.056t00.075  0.425 — 0.855 t0 0.049 0.590
Body mass index 0.979 —0.021 to — 0.006 0.980 —0.020 to — 0.004 0.003
Barthel Index 0.993 —0.007 to — 0.004 0.995 —0.005 to — 0.001 <0.001
Clinical dementia rating

0,0.5 Reference Reference

1 0.900 —0.105t00.104  0.895 —0.111 to0 0.096 0.889

2 0.918 —0.085t00.126 0913 —0.091t00.119 0.793

3 1.024 0.024 to 0.257 0.963 —0.038 to 0.197 0.182
Remaining teeth 0.993 —0.007 to — 0.001 0.994 — 0.006 to 0.000 0.044
Functional teeth 0.989 —0.011 to — 0.006 0.990 —0.010to — 0.004 <0.001
Language (1: good; 2: bad) 1.013 0.013t0 0.144 0.924 —0.079 to 0.066 0.865
Drooling (1: no; 2: yes) 1.037 0.037t0 0.177 0.942 —0.060 to 0.091 0.688
Halitosis (1: no; 2: yes) 0.952 —0.049 to0 0.075
Masticatory movement (1: good; 2: bad) 1.092 0.088 to 0.260 0.989 —0.011t00.187 0.082
Tongue movement (1: good; 2: bad) 1.095 0.091 to 0.226 0.997 —0.003 to 0.169 0.058
Perioral muscle (1: good; 2: bad) 1.024 0.024 t0 0.179 0.848 —0.165 t0 0.029 0.168
Left—right asymmetric movement of the mouth angle (1: good; 0.935 —0.067 to 0.095

2: bad)
Swallowing (1: good; 2: bad) 1.131 0.123 t0 0.272 0.995 —0.005 to 0.174 0.063
Coughing(1: no; 2: yes) 1.124 0.117 to 0.242 1.056 0.054 t0 0.198 0.001
Changes in voice quality after swallowing (1: no abnormality; 2:  1.069 0.067 to 0.236 0.952 —0.049 t0 0.135 0.364

abnormality)
Respiratory observation after swallowing (1: good; 2: bad) 0.891 —0.116 to 0.145
Rinsing (1: possible; 2: impossible) 1.091 0.087 to 0.227 1.010 0.010t0 0.174 0.029
Oral residue (1: no; 2: yes) 1.008 0.008 to 0.136 0.926 —0.077 to 0.058 0.779

CI confidence interval, OR odds ratio
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suitable for them. In the comparison between the groups
with good and poor nutrition intake, the proportion of the
group with a good nutrition intake status consuming an ND
was approximately 60.1% (n=463) compared to 50.6%
(n=43) in the group with poor nutrition intake status. In
addition, those in the group with good nutritional intake
were significantly younger, had a lower CDR, and signifi-
cantly higher BMI, BI, and number of functional teeth than
those in the group with poor nutritional intake. In addition,
the results of the performed ODK evaluations and RSST
were good, with a significantly higher proportion of people
showing good results, even in the short-form assessment of
nine out of 15 items. Thus, those with good nutritional status
were unlikely to have received a food form that exceeded
their functional ability.

In the comparison between the ND and DD groups, there
were significant differences in all items, except for sex.
These findings also suggested that the food forms suited
to the eating and swallowing function of residents were
provided.

Significance of the Study

As dementia progresses, appetite decreases, and the amount
of received food reduces. It has also been reported that
changes in eating behavior because of the progression of
dementia are preceded by a decrease in independent eating
and swallowing dysfunction [27]. These changes have been
reported to reduce food intake and cause undernutrition,
dehydration, reduced performance status, and decreased
immune and cognitive function, thus, resulting in aspiration
pneumonia and increased risk of mortality [27, 28].

For those who need to rely on care for most of their daily
life activities, eating is one of the few remaining desires.
It has been reported that reduced eating and swallowing
function increases the risk of undernutrition and the risk
of asphyxia and aspiration, while improving the food form
allows the patient to continue eating palatably and safely
[29].

The signature that examines the transition from ND to
DD revealed by this study may become a valid tool for main-
taining dietary safety and appetite in older individuals with
a reduced cognitive function requiring nursing care and may
inhibit the development of undernutrition, choking, and aspi-
ration in LTCF residents of institutions where experts on
dysphagia are not available.

Study Limitations
It should be noted that the facilities surveyed in this study
are members of the Society of Geriatrics and Dentistry and

that biases in institutional sampling may exist. This study
did not perform gold standard tests for assessing eating and
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swallowing function, such as video fluoroscopy and video
endoscopy. However, as objective assessments of the MWST
were conducted by dentists specializing in eating and swal-
lowing dysfunction and geriatric dentistry, and an associa-
tion with the food form was also observed, we believe that
the primary endpoint of the food form and its consequences
were reasonable. In addition, in this research, we investi-
gated the levels of all examined items in the participants
that received the DD, but as the sample size was small, the
analysis for all levels did not provide significant results. In
addition, as we focused on the distinction between DD and
ND, we divided the analysis into those receiving ND and
DD. Therefore, we could not analyze each DD separately.
Regarding the DD provided in each facility, the viscosity
and hardness were not measured. Given that only subjective
evaluations were performed according to the IDDSI, it is
possible that the standards for thickening were not consist-
ent within and across facilities. We may have had to evaluate
factors such as hardness, adhesivity, and cohesivity objec-
tively for the DDs provided by each facility to identify and
consider DD biases. Therefore, a study focused on these
issues should be conducted in the future. Finally, as the cur-
rent study was a cross-sectional study, we could not deter-
mine the causality between the simplified assessment and
the received food form. We plan to follow-up our study’s
participants and investigate causality.

Conclusion

In conclusion, this study showed that deterioration in the
results of a simple assessment such as the ability to cough
and rinse that can be implemented on a daily basis by nurs-
ing professionals may signal a need to consider changing
from ND to DD. It is difficult to perform frequent special-
ized assessments on eating and swallowing function in nurs-
ing care settings. Appropriate switching of food forms may
help prevent undernutrition, pneumonitis, asphyxia, and
aspiration in older individuals with eating and swallowing
dysfunctions. If this simple assessment can be performed
periodically by nursing professionals, a mismatch between
the received food form and eating and swallowing function
can be identified early. The simple evaluation derived in this
study should be more widely disseminated.
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Abstract: This one-year multicenter longitudinal study aimed to assess whether older adult residents
of long-term care facilities should switch from a normal to a dysphagia diet. Using the results of our
previous cross-sectional study as baseline, older adults were subdivided into those who maintained a
normal diet and those who switched to a dysphagia diet. The explanatory variables were age, sex,
body mass index (BMI), Barthel Index, clinical dementia rating (CDR), and 13 simple and 5 objective
oral assessments (remaining teeth, functional teeth, oral diadochokinesis, modified water swallowing
test, and repetitive saliva swallowing test), which were used in binomial logistic regression analysis.
Between-group comparison showed a significantly different BMI, Barthel Index, and CDR. Significant
differences were also observed in simple assessments for language, drooling, tongue movement,
perioral muscle function, and rinsing and in objective assessments. In multi-level analysis, switching
from a normal to a dysphagia diet was significantly associated with simple assessments of tongue
movement, perioral muscle function, and rinsing and with the objective assessment of the number of
functional teeth. The results suggest that simple assessments can be performed regularly to screen for
early signs of discrepancies between food form and eating/swallowing functions, which could lead
to the provision of more appropriate food forms.

Int. ]. Environ. Res. Public Health 2022, 19, 6586. https:/ /doi.org/10.3390/ijerph19116586

https:/ /www.mdpi.com/journal/ijerph


https://doi.org/10.3390/ijerph19116586
https://doi.org/10.3390/ijerph19116586
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-4983-2399
https://orcid.org/0000-0002-1294-256X
https://orcid.org/0000-0002-5739-2936
https://orcid.org/0000-0003-3548-3017
https://orcid.org/0000-0002-0691-6111
https://orcid.org/0000-0001-6703-5978
https://orcid.org/0000-0002-8018-4537
https://orcid.org/0000-0002-8458-1329
https://orcid.org/0000-0002-4469-2366
https://orcid.org/0000-0003-2981-4641
https://doi.org/10.3390/ijerph19116586
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19116586?type=check_update&version=1

Int. |. Environ. Res. Public Health 2022, 19, 6586 20f 13

Keywords: food form; eating/swallowing functions; dysphagia diet; long-term care facility; tongue
movement; perioral muscle function; rinsing

1. Introduction

The prevalence of dysphagia among older adults in Japan is expected to increase,
as the country enters a “super-aging” phase [1]. According to a recent Japanese study,
the prevalence of dysphagia among healthy older adults living in the community and in
nursing homes is 25.1% and 53.8%, respectively [2]. Providing the appropriate food form to
patients with dysphagia can help prevent aspiration, asphyxia, and undernutrition as well
as maintain quality of life (QOL) [3,4]. However, delayed transition to the appropriate food
form due to unnoticed reduced eating/swallowing functions in older adults can increase
their risks of preventable complications of dysphagia.

Video fluorography (VF) and video endoscopy (VE) performed by dysphagia special-
ists are important tools for evaluating the eating/swallowing functions and decide what
food form to provide [5,6]. However, these procedures are difficult to perform frequently
at home, in certain medical institutions, and in nursing institutions [7].

Caregivers (e.g., nurses, nursing care staff, and family members) may be able to notice
a decline in the eating/swallowing functions in older adults who require nursing care for
daily activities such as meals, conversations, and oral hygiene. However, if the reduced
eating/swallowing functions are mainly due to aging or disuse, the deterioration is often
gradual, and the changes are minimal and, thus, can go unnoticed [8].

Promptly detecting discrepancies between eating/swallowing functions and food form
through examination at a medical institution specializing in dysphagia and subsequently
providing the appropriate food form based on the evaluation is deemed highly important
in preventing aspiration, asphyxia, and undernutrition and for maintaining QOL [3].

Previously, we compared older adults requiring nursing care in Japan who were on a
normal diet (ND group) with those on a dysphagia diet (DD group) [9]. We conducted a
cross-sectional survey based on the hypothesis that non-specialist caregivers could screen
food forms through a simple assessment of the eating/swallowing functions that were
readily observable, including whether the patient was choking or engaging in rinsing.
Therefore, based on the hypothesis that simple assessments could be used to predict switch-
ing from a normal to a dysphagia diet, we conducted a one-year prospective multicenter
longitudinal study among long-term care facility (LTCF) residents in Japan. We aimed to
identify variables that could be used to predict a switch from a normal to a dysphagia diet.

2. Materials and Methods
2.1. Study Design and Participants

This was a one-year prospective multicenter longitudinal study on older adults who
were LTCF residents in Japan. We conducted a training session for 30 members of a special
committee of the Japanese Society of Gerodontology to explain the study and to standardize
the evaluation criteria of the survey. Each member explained the study to the directors
and staff of the LTCF they worked with, and eventually 37 LTCF in 17 regions of Japan
agreed to participate. The survey was conducted from October 2018 to February 2019. In
September 2019, we asked the 37 facilities that had participated in the previous year’s study
to take part in another survey. Twenty-five facilities agreed, and 431 residents who had
completed the previous year’s study agreed to participate. The study was approved by
the ethics committees of the Japanese Society of Gerodontology (2018-1) and the Hokkaido
University Faculty of Dental Medicine (2020 No. 4). Written informed consent was obtained
from the 455 residents who had participated in the first year’s survey [10]. The survey was
conducted in the same manner as the baseline survey (Figure 1).
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Figure 1. Flow chart of study participation.

2.2. Survey Items

Before the survey, the study members conducted a training session for all the nurses
and registered dietitians at their respective facilities on how to evaluate the survey items to
standardize the assessment criteria. Thereafter, the survey forms were distributed to the
nurses and registered dietitians at each facility to assess the resident participants.

2.2.1. Questionnaire Survey
Basic Information

The registered dietitians obtained the residents’ age, sex, and body mass index (BMI)
from the nursing care records. The BMI was categorized as follows: 0, >18.5 kg/m?; 1,
<185 kg/m? [11].

Life and Cognitive Function Assessment

The nurses conducted a basic assessment of activities of daily living using the Barthel
Index (BI) [12]. Cognitive function was evaluated using the Clinical Dementia Rating (CDR)
based on the method of Morris et al. [13]. The CDR determines the severity of dementia
on a five-point scale as follows: 0, healthy; 0.5, suspected dementia; 1, mild dementia; 2,
moderate dementia; 3, severe dementia. One Japanese psychiatrist specializing in dementia
and certified as a dementia specialist in Japan checked all assessments and determined the
final CDR score.

2.2.2. Oral Status

The nurses assessed the status of the oral cavity based on a food form survey conducted
in advance by the LTCEF staff, which was collated by the investigators. A manual was used
to explain the assessments to the nurses. The nurses were accompanied by an investigator
to evaluate 4-5 residents to ensure that the assessment criteria were standardized.

Language was assessed in three grades: 0, able to speak; 1, able to speak but with poor
articulation; and 2, unable to speak. An assessment of 0 was classified as “good”, while
that of 1 or 2 was classified as “poor”. Drooling was assessed in three grades: 0, never; 1,
sometimes; and 2, always. An assessment of 0 was classified as “good”, while that of 1 or 2
was classified as “poor”. Halitosis was assessed in three grades: 0, none; 1, slight, and 2,
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severe. An assessment of 0 was classified as “good”, while that of 1 or 2 was classified as
“poor”. Tongue movement was assessed in three grades: 0, nearly complete movement; 1,
small range of motion; and 2, no movement. An assessment of 0 was classified as “good”,
while that of 1 or 2 was classified as “poor”. Perioral muscle function was assessed in three
grades: 0, movement; 1, slight difficulty; and 2, no movement. An assessment of 0 was
classified as “good”, while that of 1 or 2 was classified as “poor”. Left-right asymmetric
movement of the mouth angle was assessed in two grades: 0, no; and 1, yes. Rinsing
was assessed in three grades: 0, capable; 1, capable but imperfect; and 2, incapable. An
assessment of 0 was classified as “good”, while that of 1 or 2 was classified as “poor”.

Masticatory movement was assessed in three grades: 0, has movement; 1, moves when
spoken to; and 2, almost no movement. An assessment of 0 was classified as “good”, while
that of 1 or 2 was classified as “poor”. Swallowing was assessed in two grades: 0, capable,
and 1, delayed but capable. Coughing was assessed in two grades: 0, no coughing, and 1,
coughing. Changes in voice quality after swallowing was assessed in two grades: 0, no,
and 1, yes. Respiratory observation after swallowing was assessed in two grades: 0, no
abnormalities, and 1, becomes shallow and fast. Oral residue was assessed in three grades:
0, none; 1, a small amount; and 2, present. An assessment of 0 was classified as “good”,
while that of 1 or 2 was classified as “poor”. The oral condition was assessed by observing
it after ordinary meals.

Food form was classified using the Japanese Society of Dysphagia Rehabilitation’s
2013 dysphagia diet classification codes [14,15]. The dietitian in charge identified diets
classified as dysphagia diets. The nature of the diet and its contents, whether solid or liquid,
depended on each subject. This is because the diet being consumed by the residents at
the LTCFs was not prepared for the purpose of this study; it was the diet that participants
usually ate. Diets containing food cooked or modified to be soft and chewable with weak
force and food that did not require special cooking or modification were classified as
normal diets.

2.2.3. Measurements

The surveys were conducted by 30 dentists and dental hygienists who were trained in
advance and used standardized evaluation criteria.

Oral Status Assessment

The number of functional teeth was the sum of the number of remaining teeth and
prosthetic teeth (e.g., implants, pontics, dentures).

Objective Assessment of the Oral Function
1.  Oral diadochokinesis (ODK)

This test is a comprehensive measurement of the motor dexterity of the tongue and
lips. The residents repeated the sounds /pa//ta//ka/ for 5 s to measure the number
of times each syllable was spoken per second using an automatic measuring instrument
(Kenkou-kun Handy, Takei Scientific Instruments Co., Niigata, Japan). The cutoff values
for /ta/ used in this analysis were 5.2 and 5.4 for men and women, respectively. Therefore,
men were assessed as 0: <5.2, 1: >5.2, and women as 0: <5.4, 1: >5.4 [16].

2. Modified water swallowing test (MWST)

The cervical auscultation method [17] was used with the MWST [18] to evaluate the
swallowing function. Following the normal method, 3 mL of cold water was poured into
the floor of the oral cavity using a 5 mL syringe, and the resident was instructed to swallow.
A stethoscope was then used to evaluate changes in swallowing and respiratory sounds
before and after swallowing. An abnormality was considered present (0, abnormal; 1,
normal) if there were wet or foamy sounds during pharyngeal swallow or if wheezing or a
cough reflex was observed [17].
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3. Repetitive saliva swallowing test (RSST)

The RSST [19] was used to evaluate the swallowing function. The investigator in-
structed the residents to perform as many empty swallows as possible in 30 s in a sitting
position. The investigator placed the index and middle fingers on the resident’s hyoid bone
and laryngeal prominence and counted the number of times the hyoid bone moved above
the investigator’s fingers during the swallowing reflex. The total number of times was
recorded. The results were classified as 0, total <3 and 1, total >3.

2.3. Statistical Analysis

The residents were first classified into a group with poor nutritional intake status
(<75% of the mean) and a group with good nutritional intake status (>75% of the mean).
The reference values denote that the average daily dietary intake is <75% or >75% of
the diet provided by a registered dietitian based on a previous study on dysphagia [9].
Residents with poor nutritional status were excluded because they might be provided with
food forms that were not suitable for the assessment of eating and swallowing function.
The good group was then subdivided into a group that was on a dysphagia diet at baseline
(DD group) and a group that was on a normal diet at baseline (ND group). In addition, the
ND group was subdivided into a group that was on an ND one year after baseline (ND
maintenance group) and a group that was on a DD (DD switched group). The baseline
survey items were compared between the two groups. The comparisons between the
groups in terms of sex, simple assessments of oral status, and CDR were analyzed using the
chi-square test. Continuous variables were tested for normality; subsequently, an unpaired
t-test was used for age and BMI, and the Mann-Whitney U test was used for Bl, remaining
teeth, functional teeth, ODK, MWST, and RSST.

As data from multiple institutions were analyzed, a random effect from the institution
was confirmed using multi-level analysis. To examine the factors associated with switching
from a normal diet to a dysphagia diet, a multi-level analysis was performed on the
251 residents in the ND group, with staying on an ND one year after baseline or switching
to a DD as the dependent variable to calculate the odds ratio (OR) and 95% confidence
interval (CI).

The explanatory variables were age and sex, and the covariates were BMI [20], BI [21],
and CDR [4], which have been reported to be associated with food form. In addition, re-
maining teeth, functional teeth, ODK, RSST, and MWST were used as explanatory variables
for the objective oral assessments. The explanatory variables of the simple oral assessments
included language, drooling, halitosis, masticatory movement, tongue movement, perioral
muscle function, left-right asymmetric movement of the mouth angle, swallowing, cough-
ing, changes in voice quality after swallowing, respiratory observation after swallowing,
rinsing, and presence of oral residues. All statistical analyses were performed using SPSS
Software version 26 (IBM Corp, Armonk, NY, USA), and the significance level was set at
5% (p < 0.05).

3. Results

A total of 431 LTCF residents (84 men, 347 women, mean age 87.4 £ 7.9 years) par-
ticipated in the baseline survey and the survey one year later. Of the 400 residents in the
good nutritional intake group, 149 (37.3%) were on a dysphagia diet at baseline in 2018,
and 251 (62.7%) were on a normal diet. The ND group had a significantly lower age and
CDR, significantly higher BMI and BI, and more functional teeth than the DD group. In
addition, this group had significantly higher proportions classified as “good” for all the
simple and objective assessment items (Table 1).
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Table 1. Comparison of characteristics of the study participants in the 2018 Normal and Dysphagic

Diet groups.
2018 Dysphagia Diet 2018 Normal Diet Good Nutritional Status
(n =149) (n = 251) (n = 400)
. -Val
Variable Mean + SD Median, Mean + SD Median, Mean + SD Median, p-yatue
n (%) [Q1, Q3] n (%) [Q1, Q3] n (%) [Q1, Q3]
Age 875 =+ 7.6 89.0 [83.0,93.0] 859 =+ 7.8 86.5 [81.0, 92.0] 86.5 =+ 7.7 87.0 [82.0,92.0] 0.042
Sex (female), n (%) 120 (80.5) 201 (80.1) 321 (80.3) 0.912
Body mass index 194 =+ 2.7 19.4[17.4,21.3] 219 =+ 3.7 21.6[19.5,24.1] 210 =+ 3.6 20.8 [18.5,22.9] <0.001
Barthel Index 177 + 194 10.0 [0.0, 30.0] 440 + 248  450[250,600] 342 + 262  35.0[10.0,55.0] <0.001
(Total points)
Clinical dementia
rating (Total points)
0,05 4 (2.7) 40 (15.9) 44 (11.0)
1 14 (9.4) 70 (27.9) 84 (21.0)
<0.001
2 36 (4.2) 84 (33.5) 120 (30.0)
3 90 (60.2) 56 (22.3) 146 (36.5)

Simple evaluations
(Oral conditions)

Language (possible) 80 (53.7) 203 (80.9) 283 (70.8) <0.001
Drooling (none) 87 (58.4) 222 (88.4) 309 (77.3) <0.001
Halitosis (none) 88 (59.1) 178 (70.9) 266 (66.5) 0.015

Masticatory movement 116 (77.9) 241 (96.0) 357 (89.3) <0.001
(move)
Tongue movement 76 (51.0) 207 (82.5) 283 (70.8) <0.001
(move)
Perioral muscle function 102 (68.5) 221 (88.0) 323 (80.8) <0.001
(move)
Left-right asymmetric
movement of the mouth 116 (77.9) 229 91.2) 345 (86.3) <0.001
angle (not)
Swallowing (possible) 91 (61.1) 235 (93.6) 326 (81.5) <0.001
Coughing (not) 57 (38.3) 201 (80.1) 258 (64.5) <0.001
Changes in voice quality
after swallowing (not) 115 (77.2) 237 (94.4) 352 (88.0) <0.001
Respiratory observation after
swallowing (No 140 (94.0) 247 (98.4) 387 (96.8) 0.015
abnormality)
Rinsing (possible) 48 (32.2) 196 (78.1) 244 (61.0) <0.001
Oral residue (none) 53 (35.6) 137 (54.6) 190 (47.5) <0.001
Objective evaluation of oral
function
Remaining Teeth 60 =+ 7.7 3.0[0.0,10.8] 101 + 9.5 7.0[0.0, 19.0] 86 =+ 9.1 5.0 [0.0, 17.0] <0.001
Functional teeth 164 =+ 11.5 21.5[3.3,28.0] 233 + 7.5 28.0 [21.0, 28.0] 20.7 + 9.8 27.0 [15.5, 28.0] <0.002
ODK (ta) 29 + 29 3.0 [0.95, 3.8] 39 + 20 4.0[2.4,5.0] 36 + 23 3.6[22,5.0] <0.003
RSST 19 =+ 1.2 2.0[1.0, 3.0] 27  * 1.4 3.0[2.0,4.0] 26 =+ 1.4 3.0[2.0,3.0] <0.004
MWST 20 =+ 2.1 0.0 [0.0, 4.0] 38 =+ 1.7 4.0[4.0,5.0] 31 + 2.1 4.0[0.0, 5.0] <0.005

SD = standard deviation, Q = quartile, ODK = oral diadochokinesis, RSST = Repetitive saliva swallowing test,
MWST = modified water swallowing test.

Of the 251 residents on a normal diet in 2018, 47 (18.7%) had switched to a dysphagia
diet in 2019, and 204 (81.3%) remained on a normal diet. The ND maintenance group had a
significantly lower CDR and significantly higher BMI and BI than the DD-switched group.
Moreover, the ND maintenance group had significantly higher proportions classified as
“good” in the following simple assessments: language, drooling, tongue movement, perio-
ral muscle function, and rinsing. Moreover, the ND maintenance group had significantly
higher proportions classified as “good” in the following objective assessments: number of
functional teeth, ODK, RSST, and MWST (Table 2).
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Table 2. Comparison of characteristics of the study participants in the 2019 Normal and Dysphagic

Diet groups.
2019 Dysphagia Diet 2019 Normal Diet Maintained
(n=47) (n =204)
Variable Mean + SD Median, Mean + SD Median, p-Value
n (%) [Q1, Q3] n (%) [Q1, Q3]
Age 86.3 + 76 86.0 [81.0, 93.0] 85.8 + 738 87.0[81.0,92.0] 0.853
Sex (female), n (%) 35 (74.5) 166 (81.4) 0.285
Body mass index 20.8 + 37 20.7 [18.3, 23.0] 221 + 36 21.8[19.7,24.3] 0.029
Barthel Index (Total points) 35.5 + 200 35.0 [25.0, 50.0] 46.0 + 254 45.0[25.0, 65.0] 0.009
Clinical Dementia Rating (Total points)
0,05 1 2.1) 39 (19.1)
1 14 (29.8) 56 (27.5)
2 20 (42.6) 64 (31.4) 0.036
3 11 (234) 45 (22.1)
Simple evaluations (oral conditions)
Language (possible) 33 (70.2) 170 (83.3) 0.039
Drooling (none) 39 (83.0) 183 (89.7) 0.16
Halitosis (none) 30 (62.8) 148 (72.5) 0.235
Masticatory movement (move) 44 (93.6) 197 (96.6) 0.351
Tongue movement (move) 30 (63.8) 177 (86.8) <0.001
Perioral muscle function (move) 35 (74.5) 186 91.2) 0.003
Ilfcf:l—tﬁ%}:g?zy(rriggetric movement of the 40 (89.4) 187 917) 0.936
Swallowing (possible) 41 (87.2) 194 (95.1) 0.047
Coughing (not) 34 (72.3) 167 (81.9) 0.141
Changes. in voice quality after 1 (89.4) 195 (95.6) 0.094
swallowing (not)
cwalowing (No abrormalty) 5 957) 202 990 0106
Rinsing (possible) 29 (61.7) 167 (81.9) 0.003
Oral residue (none) 23 (48.9) 114 (55.9) 0.37
Objective evaluation of oral function
Remaining teeth 9.0 + 92 5.0[0.0, 18.3] 10.3 + 95 8.0 [0.0, 19.0] 0.475
Functional teeth 20.9 + 95 25.0 [16.3, 28.0] 23.8 + 69 28.0[22.0, 28.0] 0.08
ODK (ta) 44 + 14 4.6[3.4,5.4] 3.8 + 21 3.8[2.4,5.0] 0.03
RSST 2.0 + 12 2.0[1.0,3.0] 3.0 + 14 3.0 [2.0,4.0] 0.003
MWST 3.3 + 19 4.0[2.3,5.0] 4.0 + 16 4.0[4.0,5.0] 0.011

SD = standard deviation, Q = quartile, ODK = oral diadochokinesis, RSST = Repetitive saliva swallowing test,
MWST = modified water swallowing test.

A multi-level analysis supported the assumption that the characteristics of the par-
ticipants would differ between institutions. Therefore, the group that was on a normal
diet in 2018 was classified into two groups—those who maintained a normal diet (ND
maintenance group), and those who switched to a dysphagia diet (DD-switched group) in
2019. These were used as the dependent variables in a multi-level analysis.

First, analysis of each of the simple assessments individually showed that the following
were significantly associated with the distinction between a normal and a dysphagia diet:
language (OR: 1.02, 95% CI: 0.02-0.25), tongue movement (OR: 1.14, 95% CI: 0.13-0.38),
perioral muscle function (OR: 1.13, 95% CI: 0.12-0.42), swallowing (OR: 1.01, 95% CI:
0.01-0.40), coughing (OR: 1.00, 95% CI: 0.00-0.24), and rinsing (OR: 1.11, 95% CI: 0.10-0.32).
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In contrast, significant differences were only observed for the objective evaluation of the
number of functional teeth (OR: 1.00, 95% CI: 0.00-0.02) (Table 3: Model 1).

Table 3. Results of the multi-level analysis of simple evaluation (oral conditions) and objective
evaluation of the oral function.

Model 1 Model 2 Model 3
Oral Status OR 95% CI OR 95% CI OR 95% CI

Language (1: good, 2: bad) 102  * 002 - 025 093 —0.08 - 017 093 -0.07 - 017
Drooling (1: no, 2: yes) 0.94 —-0.06 - 024 0.89 -012 - 0.18 0.89 -012 - 0.18
Halitosis (1: no, 2: yes) 0.94 —0.06 - 0.15 0.88 -013 - 0.08 0.88 -013 - 0.08
Masticatory movement (1: good, 2: bad) 0.97 —-0.03 - 045 093 -0.07 - 039 0.93 —-0.07 - 040
Tongue movement (1: good, 2: bad) 114  * 013 - 038 1.06 * 0.06 - 031 1.06 * 0.06 - 0.31
Perioral muscle function (1: good, 2: bad) 113 *»* 012 - 042 1.06 * 0.06 - 036 1.05 * 0.05 - 0.36
aneOf;‘tﬁga}:galzy(T‘gsgéc ;’f‘l’)‘;g?em of the 0.80 —022 - 011 077 026 - 005 077 026 - 005
Swallowing (1: good, 2: bad) 1.01 * 001 - 040 091 -0.09 - 029 091 -0.09 - 029
Coughing (1: no, 2: yes) 1.00 * 000 - 024 094 -0.07 - 017  0.94 —-0.06 - 0.18
(lezlifég;ségr\ﬁiii}?g?ligfnz?g;;/:;)HOWing 0.92 —008 - 033 0.84 017 - 023 084 017 - 024
ﬁ?sgpégﬁg’o;yg’:;)ervmon after swallowing 5 g9 013 - 060 0.84 017 - 052 085 016 - 054
Rinsing (1: possible, 2: impossible) 111 * 010 - 032 1.00 * 001 - 025 101 * 001 - 025
Oral residue (1: no, 2: yes) 0.99 —-0.01 - 0.19 093 —0.08 - 013 093 -0.07 - 014
Objective evaluation of oral function OR 95% CI OR 95% CI OR 95% CI

Remaining teeth 1.00 0.00 - 0.01 1.00 0.00 - 0.01 1.00 0.00 - 001
Functional teeth 1.00 *  0.00 - 0.02 1.00 * 0.00 - 001 100 * 000 - 0.1
ODK (ta) male 0.73 -032 - 026 0.66 —042 - 023 0.66 —042 - 0.24
ODK (ta) female 0.78 —0.24 0.04 0.78 —0.25 0.04 077 —0.26 0.04
RSST 0.70 -036 - 018 0.84 -018 - 0.03 0.93 —-0.08 - 0.15
MWST 0.93 —0.07 - 022 094 —0.06 - 016 094 —-0.06 - 0.16

CI = confidence interval, OR = odds ratio, ODK = oral diadochokinesis, RSST = Repetitive saliva swallowing test,
MWST = modified water swallowing test; * p < 0.05, ** p < 0.01.

Binomial logistic analyses of individual adjustment variables (age, sex, BMI, BI, CDR),
with the two categories of maintaining a normal diet and switching to a dysphagia diet as

the dependent variable, found significant differences in BMI, BI, and CDR (Table 4).

Table 4. Adjustment variables.

Variable OR 95% CI

Age 1.00 —0.01 - 0.01
Sex (1: male, 2: female) 0.92 —0.08 - 0.15
Body mass index 0.97 * —0.03 - 0.00
Barthel Index 0.99 ** —0.01 - 0.00
Clinical Dementia Rating

0,05 Reference

1 1.09 * 0.08 - 0.36
2 1.16 ** 0.15 - 0.43
3 1.14 ** 0.13 - 0.45

CI = confidence interval, OR = odds ratio; * p < 0.05; ** p < 0.01.
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Thus, when the BMI, BI, and CDR were used to analyze the simple assessments,
significant differences were observed in tongue movement (OR: 1.06, 95% CI: 0.06-0.31),
perioral muscle function (OR: 1.06, 95% CI: 0.06-0.36), and rinsing (OR: 1.01, 95% CI: 0.01-
0.25). In contrast, significant differences were only observed for the objective evaluation of
the number of functional teeth (OR: 1.00, 95% CI: 0.00-0.01) (Table 3: Model 2).

The age, BMI, B, and CDR were then used as the adjustment variables to analyze
each of the simple assessments; significant differences were found in tongue movement
(OR: 1.06, 95% CI: 0.06-0.31), perioral muscle function (OR: 1.05, 95% CI: 0.05-0.36), and
rinsing (OR: 1.01, 95% CI: 0.01-0.25). Moreover, a significant difference was observed in the
objective evaluation of the number of functional teeth (OR: 1.00, 95% CI: 0.00-0.01) (Table 3:
Model 3).

Models 1, 2, and 3 showed significant differences for the simple assessments of tongue
movement, perioral muscle function, and rinsing, but only for the objective evaluation of
the number of functional teeth.

4. Discussion

The objective of this study was to identify observational items that can predict switch-
ing from a normal to a dysphagia diet. The results showed that simple assessments that
caregivers can observe in daily activities—tongue motions, perioral muscle functions,
and rinsing—as well as objective evaluations that can be performed by a dentist or other
specialist—number of functional teeth—were associated with switching from a normal to a
dysphagia diet. The simple assessments were items that could be observed and evaluated
by caregivers who are familiar with older adults requiring nursing care for everyday activi-
ties such as dietary assistance and oral care. If changes in these assessments are in fact signs
that can predict switching from a normal to a dysphagia diet, this method would be easy
to disseminate in nursing care settings and could be used to help decide whether to refer
older adults who require nursing care to a medical institution specializing in dysphagia,
subsequently preventing undernutrition, aspiration, and asphyxiation.

In our previous cross-sectional study that considered on older adults on a normal
and a dysphagia diet as the dependent variable, the simple assessments of coughing and
rinsing and the objective evaluations of the number of teeth, number of functional teeth,
and RSST were associated with the distinction between a normal and a dysphagia diet.
The present study was a longitudinal survey, and we consider the findings beneficial, as
the dependent variable was maintaining a normal diet or switching from a normal to a
dysphagia diet for each resident.

Coughing, which was associated with food form in the cross-sectional study, is a
finding of the pharyngeal stage in the five-phase model of eating and swallowing move-
ments described by Leopold et al., and rinsing is a finding of the preparation stage [22].
Rinsing was significant, possibly because it could be assessed in oral care situations, such
as gargling, that are unrelated to food form.

Both tongue movement and perioral muscle function that exhibited significant differ-
ences in the present study are preparation stage findings. As these are muscle movements
involved in mastication and are related to the food form, the result seems reasonable.

One factor that may have contributed to coughing not showing a significant association
in the present longitudinal study is that in the group that switched to a dysphagia diet in
2019, the swallowing function may have declined, and the cough reflex may have been
impaired. Therefore, even if the swallowing function declines, if the residents do not cough,
it is impossible to make an assessment based on whether the person coughed.

The objective evaluations ODK and RSST, which did not exhibit significant associations
in the cross-sectional study, also did not exhibit significant associations in the present
longitudinal study. Further, while the MWST exhibited a significant association in the
cross-sectional study, it was only significant in Model 1 in the present study. As discussed
in the cross-sectional study, for ODK and RSST, the residents should understand and be
willing to perform the tests. Comparing the CDR between the residents of the previous
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study and those of the present study, we observed that in the previous study, 9.3% of the
residents had a CDR of 0 or 0.5, and 19.9% had a CDR of 1, while in the present study, 15.9%
had a CDR of 0 or 0.5, and 27.9% had a CDR of 1, indicating that even if the group had a
high proportion of participants with relatively good cognitive function, fewer participants
were able to perform the test; even among those who could perform the test, only few
understood its purpose or had the motivation to perform it. When water is placed in
the oral cavity, the MWST can assess instinctive swallowing movements, regardless of
the patient’s understanding of or willingness to perform the test. While the MWST can
reportedly detect dysphagia with high sensitivity and specificity using small amounts of
water [18], a significant difference was not observed in the present longitudinal study.

The number of functional teeth was significantly different in both the present lon-
gitudinal study and the cross-sectional study, which provides supporting evidence for
the previous study. The simple assessments performed in the present study were only
explained in advance to the nurses by an investigator using a manual, then the criteria
were standardized by performing the evaluations together with an investigator on 4-5
residents; nonetheless, valid results were still obtained. This indicates that a valid result
can be obtained without special training, and disseminating this approach is both easy and
beneficial.

VE [23,24] and VF [25], the gold standards for conducting a thorough examination
of the eating/swallowing functions, could not be performed in the present study [23,24].
However, because these tests are performed in unusual settings, they do not necessarily
assess everyday eating/swallowing functions. Further, it is challenging to perform these
tests frequently at an LTCF.

Therefore, if a discrepancy between a patient’s everyday eating/swallowing functions
and food form can be detected by the simple observational items that exhibited significant
differences in the present study, this could serve as an effective screening tool for referral to
a specialist or specialized medical institution.

We hypothesized that if the nutritional intake status was good, food forms suitable to
residents’ eating /swallowing functions would be provided. This is because if food forms
that go beyond their eating/swallowing functions are provided, the residents are unable
to eat them, which would result in the deterioration of their nutritional intake status. In
fact, the group with a good nutritional intake status had a significantly higher BMI and
more functional teeth than the group with a poor status. Moreover, the good group had
significantly higher proportions with good results in several of the simple assessments,
including tongue and perioral muscle function. Based on these findings, we believe that
residents with a good nutritional intake status are unlikely to be given food forms that go
beyond their functional abilities.

When comparing the groups that were on a normal and a dysphagia diet in 2018,
significant differences were observed in all items except sex. This result also suggests that
food forms suitable to the residents’ eating/swallowing functions were being provided.

It is known that when dementia progresses, appetite and food intake decrease. It has
also been found that this is preceded by changes in eating behavior due to the progression
of dementia, reduced dietary independence, and dysphagia [26]. These changes have
been reported to reduce food intake, leading to undernutrition, dehydration, a poorer
general condition, and decreased immune and cognitive functions, resulting in an increased
risk of aspiration pneumonia and death [26,27]. Another study found that when the
eating/swallowing functions decline, in addition to the risk of undernutrition, the risk of
suffocation and aspiration also increases [28]. Thus, it is possible to modify the food form
so the person can continue eating safely and enjoy meals [29].

The appearance of undernutrition due to decreased eating/swallowing functions in
older adults who require nursing care has been reported to substantially affect the severity
of their nursing care needs and survival prognosis [30].

In an LTCE, the prevention of incidents such as asphyxiation and aspiration is priori-
tized over trying to maintain food forms, and many cases of switching to a dysphagia diet
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have been reported [10,31]. However, Endo et al. reported that switching from a normal
to a dysphagia diet is associated with weight loss in LTCF residents [10], which suggests
that the food form should not be changed hastily without any evaluation. The findings that
predict switching from a normal to a dysphagia diet as revealed by the present study could
be an effective tool to maintain dietary safety and appetite in older adults with cognitive
decline who require a high level of nursing care and may help prevent undernutrition,
suffocation, aspiration, and other conditions in LTCF that do not have in-house specialists.

This study has some limitations. First, it should be noted that the institutions in this
study are affiliated with members of the Japanese Society of Gerodontology, and thus there
may be bias in the sampling. Next, the presence/absence and content of dental therapies
that could have caused the onset of new diseases, exacerbated comorbidities, or affected
oral intake during the study period were not considered. However, as these are highly
individualized and infrequent, we believe they had minimal impact on the results. In
addition, it should be noted that the results of this study were obtained from people with a
good nutritional intake. Lastly, we did not conduct swallowing endoscopy or swallowing
angiography, which are the gold standards for assessing the swallowing function. While
these examinations are difficult to perform in a multi-center study with many participants,
we believe a more detailed study that includes these examinations should be conducted in
the future.

5. Conclusions

Our results suggest that items such as tongue movement and perioral muscle function
can predict switching from a normal to a dysphagia diet. If these simple assessments could
be performed regularly by nursing care workers to screen for early signs of discrepancies
between food form and eating/swallowing functions, it could help prevent undernutrition,
pneumonia, asphyxia, and aspiration in older adults with dysphagia who require nursing
care. Going forward, we intend to take the simple assessments examined in this study to
nursing care settings to verify their effects.
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