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The purpose of this study was to clarify the relationship between oral function and general condition
among Japanese nursing home residents. The hypothesis was that oral function is one of the most
important factors for the maintenance of general condition in dependent elderly. Seventy-mine residents
of a nursing home in Japan participated in this study (54 women and 25 men, age range: 65-95 years,
mean age: 82.2 + B.5). A water drinking test and gargling function were used as indicators of oral function.
Indicators of general condition included cognitive function (mini-mental state examination; MMSE), ADL
(Barthel index), and nutritional status (body mass index = BMI, and serum albumin level). To clarify the
relationship between oral function and general condition among dependent elderly, statistical evaluations of
correlations (Spearman rank correlation coefficient) and differences (Mann-Whitney U test, Student’s f test)
between groups were conducted. SPSS was used for the statistical analysis. The water drinking and gargling
function tests showed a strong correlation (p < 0.001) with cognitive function and ADL. The water dninking
and gargling function tests showed a correlation with BMI (p < 0.005, p < 0.01, respectively). and the water
drinking test showed a correlation with serum albumin level (p < 0.05). However, no correlation was
observed between the gargling function tests and serum albumin level. It is concluded that oral function is
closely related to cognitive function, ADL, and nutritional status. Oral function may play an important role in
maintaining general condition in dependent elderly, To prevent decreases in cognitive function, ADL and
nutritional status in dependent elderly, the importance of improvements in oral function cannot be over-
emphasized.

© 2007 Elsevier Ireland Lid. All nghts reserved.

1. Introduction

are considered to be nutritional disorders and breathing problems,
which are thought to be related to their impaired oral function.

In a number of societies, the proportion of elderly in the
population is rapidly increasing. In Japan. the proporuion of elderly
citizens has been increasing. and the government predicts that by
the year 2015 more than 25% of all citizens will be over 65 years of
age. With the rise in the elderly population, the issue of their health
is becoming a social problem. It is estimated that approximately 3
million elderly Japanese people have physical or mental dis-
abilities. and this number is predicted to rise to 5.3 million by 2025
(Ministry of Health, Labour and Welfare of Japan, 2003). Frail
elderly people often have serious dental problems, including
impaired oral functions. The main factors in death of elderly people
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Aspiration pneumonia is a prevalent and costly infection that is
a significant cause of morbidity and mortality, especially in the
elderly (Bentley, 1984), In addition to the risk factors ol impaired
cognitive function and ADL, aspiration due to impaired oral
function is also recognized as one of the main causes of aspiration
pneumonia, It has also been suggested that oral bacterial flora may
function as a reservair of potential respiratory pathogens that
facilitate colonization on the oropharynx (Sumi et al., 2002, 2003,
2006, 2007).

In Japan more than 8000 elderly people die annually from
asphyxia due to airway obstruction by food. A contributing factor
in this is thought to be decreased oral function, including in elderly
people who have no problems eating in their daily lives. There are
also reports of a relation between the nutritional status of elderly
people and their oral function, and the importance of improving
oral function in the elderly has been indicated (Ikebe et al., 2006).
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The need to improve oral function was recognized in general
society with the introduction in 2006 of measures to improve oral
function in the new care insurance prevention benefits in Japan,
Thus, it is important to examine the relationship between oral
function and general condition among dependent elderly. However,
the relationship between general health and oral function among
frail elderly people is unclear. The purpose of this study was taclarify
the relationship between oral function (water drinking and gargling
function tests) and general condition (cognitive function, ADL, and
nutritional status) in Japanese nursing home residents.

2. Subjects and methods
2.1. Subjects

Seventy-nine residents ol a nursing home in Japan participated
in this study (54 women and 25 men, age range: 65-95 years, mean
age: 82.2 + 8.5), after they or a family member fully understood the
purpose of the study and gave consent lor participation. Participants
whose general condition was bad on the day of the examination or
who could not be evaluated because of hospitalization or other
reasons were excluded from the analysis.

2.2 Methods

Indicators for oral function evaluation were: (1) gargling
function, a modified version of the gargling test (Ushiyama,
2003) was used (Table 1). (2) Water dninking test, a modified
version of the water drinking test of Tohara et al. (2003) was used
for evaluation (Table 2).

Indicators for general function evaluation were: (1) assessment
of cognitive function, the mini-mental state examination (MMSE)
(Folstein et al., 1975) was used by a psychiatrist. (2) Assessment of
ADL, the Barthel index (Collin et al., 1988) was used for assessment.
(3) Assessment of nutritional status, nutritional status was
assessed with the indicators of serum albumin level and BMI,
which were thought to reflect the nutritional status of the
participants.

In the statistical analysis, Spearman’s rank correlation coeffi-
cient was used for correlations. For tests between two groups, the
Mann-Whitney U test, Student’s  test, and Welch's ¢ test were
used with 4 as the threshold in the water drinking test and 2 as the
threshold for gargling function. The SPSS statistical software
package was used.

2.3. Ethical considerations

The ethical regulations of the National Center for Geriatrics and
Gerontology were strictly followed. The study was approved by the
National Center for Geriatrics and Gerontology.
3. Results

3.1. Relationship between oral function and cognitive function

The participants were divided into two groups according (o
gargling function, with 2 as the threshold, and cognitive function

Table 1

Gargling test

| Can be executed without problem

2 Can be executed with some difficulty

3 Water can be held in the mouth only

4 ‘Water can be put in the mouth, but is swallowed
5 Water cannot be put in the mouth

Table 2
Water drinking test

No swallowing: gulping and/or changes in respiration

Swallowing: no guiping; changes in respiration or moist hoarseness
Swallowing, gulping

Swallowing. no gulping. no most hoarseness

(In addition to 4) Swallowing can be repeated once in 30 s

I T

was investigated. It was found that the group with low gargling
function (gargling function score of 3 or more) had significantly
lower (p<0,001) cognitive function [MMSE). In a test of
correlation using Spearman’s rank correlation coefficient, a
negative correlation of ¥=0.766 (p < 0.001) was found between
gargling function and cognitive function (Fig. 1).

Participants were divided into two groups of those with a score
of 4 or less in the water drinking test and those with a score of 5,
and cognitive function was investigated. The group with the lower
score (4 or less) in the water drinking test had a significantly lower
(p < 0.001) cognitive function (MMSE). Correlation was tested
using Spearman’s rank correlation coefficient, and a positive
correlation of y=0.634 (p < 0.001) was found between gargling
function and cognitive function (Fig. 2).

3.2, Relationship between oral function and ADL

Participants were divided into two groups according to gargling
function, with 2 as the threshold, and ADL was investigated. It was
found that the group with low gargling function (gargling function
score of 3 or more) had significantly lower (p < 0.001) ADL (Barthel
index). In a test of correlation using Spearman’s rank correlation
coefficient, a negative correlation of y=0.8000 (p < 0.001) was
found berween oral function and ADL (Fig. 3).

Participants were divided into two groups of those with a score
of 4 or less in the water drinking test and those with a score of 5,
and ADL was investigated. The group with the lower score (4 or
less)in the water drinking test had a significantly lower (p < 0.001)
ADL (Barthel index). Correlation was tested using Spearman’s rank
correlation coefficient, and a positive correlation of y=0.754
(p < 0.001) was found between oral function and ADL (Fig. 4)

3.3 Relationship between oral function and nutritional starus

Participants were divided into two groups according to gargling
function, with 2 as the threshold, and BMI was investigated. It was
found that the group with low gargling function (gargling function
score of 3 or mare) had significantly lower (p < 0.005) nutritional
status (BMI). In a test of correlation using Spearman’s rank
correlation coefficient, a negative correlation of y=0.344
(p < 0.005) was found between oral function and BMI (Fig. 5).

Participants were divided into two groups of those with a
score of 4 or less in the water drinking test and those with a score
of 5, and BMI was investigated, The group with the lower score (4
or less) in the water drinking test had a significantly lower
(p = 0.05) nutritional status (BMI). Correlation was tested using
Spearman’s rank correlation coefficient, and a positive correla-
tion of y = 0.306 (p < 0.01) was found between oral function and
BMI (Fig. 6).

Serum albumin level was investigated in two groups divided
according to gargling function, with 2 as the threshold. The group
in which gargling function was lower (gargling function score of 3
or more) had a lower serum albumin level, but the difference
berween the two groups was not significant. In a test of correlation
with Spearman’s rank correlation coefficient, no correlation was
found berween gargling function and nutritional status (serum
albumin level) (Fig. 7).
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Fig. 1. Relationship between gargling function and cognitive function.

Fig. 2. Relationship between water drinking test and cognirive function.

Serum albumin level was investigated in participants divided 4. Discussion

into two groups of those with a score of 4 or less in the water

drinking test, and those with a score of 5. The group with the lower Relatively little attention has been paid to the impact of oral
score on the water drinking test (4 or less) had a significantly health, and a similar diet is generally provided for all residents
(p < 0.05) lower nutritional status (serum albumin level), In a test regardless of oral function in institutions. Many elderly people
of correlation with Spearman’s rank correlation coefficient, a wish to take meals without feeding assistants, but they often have
correlation of = 0.280(p < 0,05) was found between oral function physical functional disorders or mental iliness that may influence
and serum albumin level (Fig. B). their eating ability. Self-feeding ability is an important part of ADL

£
i

Fig. 3. Relationship between gargling funcrion and ADL
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Fig. 4. Relationship between water drinking test and ADL

Fig. 5. Relationship between gargling function and BML

throughout human life. Our previous report indicated that the
highest risk for losing self-feeding ability was the inability to wash
one’s own mouth (gargling function) (Arai et al,, 2003). Gargling
function is also very important for the maintenance of oral health,
as oral pathogenic microbes are spit out with washing agents from

the oral cavity. If elderly people have frail airways and defective
oral functions, oral pathogenic microbes might intermittently
invade their airways (Preston et al., 1999). In fact, it was reported
that a higher rate of morbidity, especially aspiration pneumonia,
and mortality were found among persons who required assistance

Fig. 6. Relationship between water drinking test and BML.
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Fig. 7. Relationship between gargling function and serum albumin level

with eating when compared with those who did not (Blaum et al,,
1995; Langmore et al., 1998).

One fundamental way for the elderly to maintain the quality of
life (QoL) is to obtain nutrition by safely enjoying delicious food. To
maintain QoL of the elderly, prevention of dental disease and
maintenance of oral function is essential. Maintenance or
improvement of oral function is related to prevention of the
life-threatening disease of aspiration pneumonia, as well as to
prevention of asphyxia, dehydration, and poor nutrition, and is
therefore extremely important from the perspective of extending
healthy life and improving Qol.

Low body weight and rapid unintentional weight loss are highly
predictive of mortality and morbidity in elderly populations
(Fischer and Johnson, 1990), Malnutrition and dehydration are
common problems in the institutionalized elderly ( Simmons et al.,
2001, 2003; Castellanos et al., 2004) The factors that contribute to
poor nutritional status include alternations in the gastrointestinal
tract, functional disabilities, lower socioeconomic status, social
isolation, and chewing problems. It has been reported that dental
status can affect food preference, dietary intake, and nutrition. The
results of some epidemiological studies suggest that oral health is
related to physical, mental and social health (Aviund et al., 2001;
Shimazaki et al, 2001). In particular, it has been reported that
chewing ability influences nutritional status, overall health, and
ADL in the elderly (Agerberg and Carlsson, 1980; Horwath, 1989;

Miura et al, 1997, 1998). In an assessment of the relationship
between oral health status and nutritional condition, it was
reported that older peaple in Britain with more than 20 teeth are
more likely to have a normal BMI (Sheiham et al, 2002). Sahyoun
et al. (2003) reported that dental health is closely associated with
nutritional status and suggested that status of dentition should be
considered in nutritional counseling and assessment of older
adults. However, compared to number of remaining teeth or type
of dentition, oral functions such as gargling function and water
drinking have received less attention. There are many studies on
dental health and general condition, but few reported studies on
the relationship between oral function (gargling function and
water drinking test) and cognitive function, ADL and nutritional
condition.

The results of this study indicated that the water drinking and
gargling function tests were strongly correlated (p < 0.001) with
cognitive function and ADL The water drinking and gargling
function tests showed a correlation with BMI (p < 0.005, p < 0.01,
respectively), and the water drinking test showed a correlation
with serum albumin level (p < 0.05). However, no correlation was
observed between the gargling function test and serum albumin
level.

Based on the results of this study, it is concluded that oral
function is closely related to cognitive function, ADL, and
nutritional status. It is suggested that oral function is one of the

Fig 8. Relationship between water drinking test and serum albumin level
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most important factors for the maintenance of general condition in
dependent elderly. To prevent decreases in cognitive function, ADL
and nutritional status in dependent elderly, the importance of
improvements in oral function cannot be overemphasized. From
the perspective of preventing the need for new or more intensive
care in the elderly, the necessity of strategies to prevent decreased
aral function has become clear.
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AEZ EVioit, DXARAZRET SR +
bbANL LT84 POt (R : BMC bone
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