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Fig. 1. Manufacturing process of the study diet (outling).

Methods
Study diet

Method for manufocruring the study diet

Figure 1 shows the outline for the manufacturing process of “jEa®"
{EN" Otsuka Pharmaceutical Co, Ltd.: study dict), Different methods were
used for vegerable foodstuffs, such as vegetables and legumes, and animal
foodsiaffs, such as meat and fish. The technique used for softening the
study diet is called enzyme homogeneous permeation, and is illustrated in
Figure 2,

Evaluation of appearance and measurement of hardness

Figure 3 shows the appearances of a blender diet (modified traditional diet)
and the study diet, The study diet retained similar appearances and colors to
ordinary foods cooked by typical methods, and the foods were barely distin-
guishable in appearance, whereas the blender diet showed a tremendous change
in appearance,

Table 1 lists the hardness values of the components of Chikuzenn
{simmered chicken and vegetables), a study diet meal, compared with those
of typically prepared components. The difference in hardness ranged by
12-fold hetween carrots, which were the softest, and bamboo shoots, which
were the hardest. On the contravy, all of the components were of similar
softness in the study diet. The physical property of hardness was measured
by a creep meter (RE2Z-33005B8: Yamaden) in accordance with the tost
method provided in the criteria for foods for mastication disorder (2009)
3330
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Nutrients of the study diet .

Table 2 Hsts the nuirients contained in each study diet menu. The nutrients
were calculated based on the fifth revised and enlarged version of the Standard
Tables of fosd Composition in Japan {12}

Method of warming meals before serving

The study diet consisting of rice, main dishes, .and side dishes was stored
frozen and subsequently thawedfheated at 80°C for 30 minin a steam convection
OVeR or steam MiCrOWave oven.

Participants

‘The study participants were Japanese inpatients under nutritional manage-
ment for mastication difficulty or resldents of nursing care facilities whose
energy requiremient was evaluated at 1200 keal to 1500 keal, but for whom the
actual mean consumption rate of a modified traditional diet was approgimarely
<75%, although the required amount was served. Consumption may or may not
have been assisted.

Survey method

A multicenter joint group comparison study was performed to compare the
modified traditional diet and the study diet, The study sites and investigators are
listed in Table 3.

Brealfast, lunch, and dinner were served during the study period of 7
consecutive days. The subjects were served the modified traditional diet on
days 1 and 2, the study diet on days 3, 4, and 5, and the modified traditional
diet on days 6 and 7. The consumption rate was calculated for each meal by the
weight differential method at breakfast, lunch, and dinner during the study
petind. The amounts of intake of energy, protein, lipids, carbohydrate, and
sodium werg calculated based on the consumption rate, The questionnaire was
given after each meal during the study period. The questionnaire for health
care professionals was completed by the heaith care professionals aftes
abserving the consumption state of the subject. Diarrhea, abdominal disten-
sion, nausea, vomiting,:and abdominal pain were investigated as digestive
symiptoms.

Before implementation of the survey, the appropriateness of the conduct
was reviewed by the institutional review board of each facility and approved:
Written informed consent was obtained from each patient or 2 proxy
consentern

Evaluation irems

The evaluation items were the consumption rate-and amounts of intake of
eneigy, protein, fipids, carbohydrare, and sodium, as well as the satisfaction level
evaluated by the responses to the questionnaires provided by the participants
and their health care professionals.

Evalustion methed

For the consumption rate and dietary nutrition intake, the mean scores for
3 d of study diet Ingestion and 4 d of modified wraditional dist Ingestion and the

2 Nutnent -

Fig. 2, Enzyme homogeneous permeation.
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Menu:
Chikuzenni

Blender diet

Study diet

Fig. 3. Comparison of the appearances of the blender diet and the study dier.

daily results were compared. The results of the questionnaires were evaluated by
six-stage grading and the mean values were calculated, The means of three meals
during the 3:d study diet period and the 4-d modified traditional diet period
were compared.

Seatistical analysis

The per-protocol population was the major analysis population. A paired
¢ test was performed for the consumption rate and amounts of intake of energy.
protein, lipids, carbohydsate, and sodium berween e modified traditlonal diex
and the study diet (level of significance, P < 0.05; two-sided). Wilcoxon's sigried
rank-sum test was performed for the results of the questionnaires. (level of
significance, P < 0.05; two-sided).

Results
Handling of cases

Of the 72 participants registered, 57 were included in the final
analysis after excluding 1 participant for violation of a served
meal, 8 participants who dropped out, and & participants who
had disease-induced fever or poor oral ingestion associated with
anticancer agents.

Patient demographic factors

Table 4 shows the demographic factors of the 57 participants
included in the study. Body mass index (BMI) was within the
standard range, but close to the lower limit at 18.5 kg/m® The
relatively low BM! was considered to reflect the nutrition state of
the participants who were served meals for patients with
impaired mastication, for which the consuription rate was <75%.
The demographic data revealed that the underlying diseases of
the participants were varied, and that meals for patients with
impaired mastication were served to patients with various
underlying diseases, rather than to patients with specific disease
types. There were no established names for the meals served at
the facilities, and various names were used at each facllity
{Table 5).

Table 1
Comparison of the hardness values of the study diet and 2 common meal
Menu ingredient Hardness® (%104 N/m?)
Comumon meal | jBag
Chilarzenni Carrot 81+13 04102
Chicken breast 69.02 18 i2x03
Bamboo sheot 1075 £17.0 02400
Burdock 331 £54 03201
Lotus root 80.5 90 10201

* The hardness was measured at 45°C, as the presumed heating temperature
before eating.

Consumption rate

Tabulation and analyses were performed for 55 partici-
panis after excluding 2 additional participants who were
served a modified traditional diet of porridge or thick porridge
during the study diet period instead of the study diet rice
(iEat® rice).

No significant differences were cbserved between the study
diet and the modified traditional diet for both the mean
consumption rates and daily consumption rates (Fig. 4).

Dietary nutrition intake

Tabulation and analyses were performed for 54 participants
after excluding another participant for whom information on
nutrienrs of the modified traditional diet was unknown.

The mean energy intake (EI} and mean protein intake were
significantly higher during the 23-d study diet peried than
during the 4-d modified traditional diet period. In a compar-
ison of day 2 and day 3, when the modified taditional diet
was swiiched to the study diet, the amounis of Ei, protein
and lipid intake were significantly higher on day 3. On the
contrary, in a comparison of day 5 and day 6, when the study
diet was switched back to the modified traditional diet, the
amount of intake of protein was significantly higher on day §
(Table 6).

Questionnaire

The mean satisfaction levels during the total ingestion period
of the study dier and modified traditional diet were evaluated
by the participants and their health care professionals. The
study diet had significantly higher scores than the modified
traditional dier for “appearance” when evaluated by the
participants, and for “ioy of eating” and “overall satisfaction
level” when évaluated by the health care professionals {Fig. 5).
No significant difference was observed between the modified
traditional diet and the study diet for sase of meal assistance
when evaluated by the health care professionals for 38
participants who required total or partial assistance with
consumption,

Gastrointestinal symptoms

Six occurrences of gastrointestinal (GI) symptoms {two of
abdominal pain, one of vomiting. two of nausea, and one of
abdominal distension) were reported in four participants, but all
of these occurrences were judged to be unrelated to the study
diet,
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Table 2
Nutrients of the study diet
Menu Weight (g}  Calories(keal)  Protein{g)  Lipids{g) Carbohydrate(g)  Sodium (mg)
Day3  Breakfast  Rice 183 200 3.1 07 45.4 38
Hrofled salmon 62 122 113 7.7 0.2 122
Chilkizenni 156 85 65 03 131 478
Breakfast total 401 407 214 87 58,7 s39
tunch Rice , 183 200 31 67 454 38
Chicken terlyaki 88 89 107 1.7 72 235
Creamed pork and beans 115 123 113 55 71 252
Lunch total 384 412 25.1 80 59.7 525
Dinner Rice 183 200 31 o7 454 38
Braised sablefish 77 151 8.1 105 46 255
Pot-au-feu 155 110 45 80 5.6 624
Apple 102 3 00 00 228 24
Dinner total 517 552 18.7 192 785 a41
Total 1302 1371 622 358 1968 2105
Day4  Breakfast  Rice 183 200 3.1 0.7 454 3|
Yellowtall teriyali 20 164 104 80 109 292
Nikujaza 168 119 58 28 79 393
Breakfast toral 439 483 193 113 742 723
Lunch Rice 83 200 34 07 454 38
Marinated pork I 112 104 48 58 235
Braised pumpkin and beans 91 102 123 27 6.5 238
Lunch total : . 367 413 . 258 8.1 57.4 512
Dinner Rice --183 200 il 67 454 38
Suldyaki 17 120 7.4 3.8 132 456
Pan-fried red fish with oyster sauce 77 76 10.4 24 2.8 272
White peach 102 103 0.3 oo 389 30
Dinner total 538 499 209 69 87.0 786
Total 1343 1395 66.0 263 2187 3031
Day5  Breakfast  Rice 183 200 31 07 454 38
Pan-fried shrimp and scallops 100 61 10.8 4.5 3.2 287
with vegetables
Grilled mackerel 196 10.3 161 02 153
Breakfast rotal 457 242 173 44.8 478
Luneh Rice. L o 200 3 6.7 45.4 38
Beef stir-fried with black pepper . 118 168 80 45 310
Chinese-style boiled vegerables 1 5 .43 0.8 100 o288
“olunehitomal oot C379 0 184 75 588 B47.
Dinner Rice . v 2000 L3 07 454 380
Chicken curry EH 108 12 8.7 248
Scallops and cauliflower 67 73 85 2.0 548
in sticky sauce .
Mango - 115 135 03 0.0 336 29
Dinner total ‘578 493 218 24 96.7 864
Total 1337 1329 64.1 271 205.4 1989
Tables Discussion
Study sites and investigators
Study site Investigator Study diet: iEat®
Sapporn Minami Seishu Hospital Nobithlea Nakajima
General Rehabilitation Mihiono Hospital Hirofumi Nishiyama Either minced diets or blender diets usually are served to
Xiv"am‘ya.ma“’ Hospital ShinFflf . patients having difficulty with mastication because of aging or
okuto City Koyo Hospital Hajime Nakase N . e i s .o .
Kanazawa Nish Hospital Tsutomu Kikuchi disease, to suit the individual conditions. Yamashita et al. [13]
Hirano General Hospital Makoto Shimazaki pointed out that the amounts of nutrients supplied in minced
Chita City Hospital ) Naoharu Morl and blender diets were reduced by the cooking process, because
"“{éggﬁ?m"m"m‘w Nanakuri Akihiro lto of the addition of water to soften the food or removal of com-
Owase General Hospital Hiroyuki Kato pon.ents that were difficult t? eal. Other_ pmb!er‘n's considered to
Tsu Seikyo Hospital Tomonori Mivazaki be inherent with blender diets and minced diets are that the
Japanese Red Cross Kyoto . Fumiko Oshima - addition of water and process of mincing increases the portion
§§"h‘ Hospital -~ e size and prevents sufficient nutritional intake, respectively,
gmﬁ;a ook ;‘gg‘;ﬁimﬁm gg;‘gg}'ggfm resulting in an undernutrition state. It is also a problem that the
Hospital appearance of foods cannot be retained after softening by these
Kaneda Hospital Takuji Mimura methods {14]. In Japan, attempts have been made to solve the
?éfiagsml:{aikaxi !gosmal ;ulgitsugg gﬁmoto problem of appearance by adding a thickener to blender diets to
sninbeppu Hospilal obuyuki Kikuchi i [ Yot by i jernie
Keimamoto Dafiehi Hospital Tetsuihi Nogamd reconstitute to the original appearance of the ingredients, but

this requires a human touch. Techniques for softening foads by
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Tabled Table 5
Demaographic factors Types of main and side dishes
n 1 Typeofmaindish = %
Popridge -~ - = L4 702
23 404 Sofesice s e B [+ . 173
34 , 58.6 Rieg : 2 '35
Thickened porridge : 2 35
34 59.6 Blender porridge 2 35
17 298 Gelled porridge ) 1 18
] 105 Total S 57 100
30 526 Type of side dish Co n ’ %
a1 474 Minced diet 32 56.1
Blender diet 6 165
Mean b Bite-sized food 5 103
81 diet* 5 88
78.5 %88 Soft foad 3 53
83.7 80 Soft-dish 3 53
818 +93 Pressure-cooked dia 1 18
; orfpod g o
1588 +63 Stewed food 1 18
1436 280 Total , .87 100
148.8 %106
« 5-1 diet is an intermediate between a blender diet.and a very finely minced
47.8 £9.2 diet, comprising 5 meal of a very finely minced diet in thick sauce.
387 +7.8
423 +94
traditional diet, and the study diet was an efficient diet rich in
190 +3.6 . ; . .
187 £33 nutrients in a smaller quantity of food. Clin et al. [18] also re~
188 +34 ported that serving a high-density meal is more cost-effective
for improving spontaneous El by the elderly, and the study
ggg«g :igg"; diet evaluated here would be positioned as a meal with such
83 e £140.7 characteristics.
Underlylng disease ... - B % Consumption rate
“Stroke {including sequelac) 19 333
Cancerfmalignant nicoplasm 9 158 No significant difference in the consumption rates was
. lincluding postsrgery) observed between the study diet and the modified traditional
‘Heart failura/heart disease 7 123 Lo . .
Prachite 5 28 diet in this study. Few reports have been published about the
Dehydration 4 7.0 effects of the appearance of a meal on the amount of food intake.
‘Pressure uicers 3 53 Listed as factors related 1o food intake are tastiness of a meal,
iﬁi‘;ﬁ?m g §§ number of people present, food accessibility, eating locations,
coPD 9 35 food color, ambient temperature and lighting, temperature of
Dementia 2 35 food, smell of fvod, time of consumption, and ambient sounds
Disbetes 1 18 {18]. The relationships among the people sharing 2 meal are
gi;msan*s disease 1; 2;; especially important, and it is generaily reported that the
No:: A 25 amount of dietary intake is increased when more people are

BEE, basal energy expenditure; BMI, body mass index; COPD, chronic obstructive
pulmonary disease

infusing hydrolytic enzymes, such as proteases and cellulases,
recently have been reported {15.16], These techniques make it
possible to serve softened foods without changing the original
appearances, which cannot be achieved using ordinary cooking
methads.

The study diet evaluated here was developed using an
enzyme-infusion method [17] that evenly infuses the enzyme
within the ingredients to adjust the entire meal to a homoge-
nieous softniess. Because the study diet does not require the
addition of water for softening, the nutrients are not diluted and
the serving portion is not increased. As shown in Figure 3, the
mean weight of food intake for the study diet was lower than
that for the modified traditional diet. However, the study diet
showed significantly higher levels of mean El and protein intake
than the modified traditional diet, The dietary nutrition intake
per weight was higher for the study diet than for the medified

present, A mealtime becomes more relaxed and longer when
eating with family or friends than when eating with strangers,
which consequently results in increased amounts of dietaty
intake [19]. Li et al. also reported that age, sex, educational
attainment, community, activity level, marital status, and
drinking were significantly associated with fruit and vegetable

-consumption {20}, The results of the present study suggest-that

not only the appearance of food, but also other ambient factors,
should be improved to increase the consumption rate. Lifestyle
factors may need to be considered when dietary pagern is
evaluated [21].

Although it is widely known that the results for consumption
rates differ considerably depending on the survey methods used
{22}, the weight differential method used in the present study is
considered to be the most accurate among the various methods
[3.23].

Dietary nutrition intake

In addition to the intake of an appropriate amount
of energy. intake of an appropriate amount of protein is

=104~



T. Higashiguchi / Nutrition 29 (2013} 858-864 863

Consumption rate by type of diet

Daily consuraption rate {(n=55)

100% $00%:
‘ T 1 H : 1
m S L A R T
Bo% 68‘? - B em wgox TORR BN EBIM GBI GAd%
§ 3 d
| A !
i 1 i i i i 4 H
40% 0%
2% - 2%
e m
iEaU3 days  Modifled traditional dia¥4 days Doyt Day? Day? Dayé Day$ Daye Day?
{n=55} (=55}
Statisticel d: Wikaxon signed tost. NS: nat significant.

Fig. 4, Results of the consumption rate survey. Days 1, 2, 6, and 7: medified traditional diet; days 3-5 study diet,

indispensable for improvement and maintenance of the
nutritional condition, and the requirement does not decrease
in the elderly [24]. As reported previously, the mean EI and
protein intake were significantly higher for the study diet than
for the modified traditional diet. The significantly lower
weight of food intake with the study diet compared with the
modified traditional diet means a higher dietary nutrition
intake per weight for the study diet compared with the
modified traditional diet. Tanaka et al. [25] reported that the
amount of protein intake from meat becomes lower with
aging, and that a reduction in the intake of meat with favorable
digestibility was the cause of lowered serum albumin, In the
study diet, the foods are made sufficiently soft to be mashed by
the tongue, even for meats that are difficult to soften by
ordinary cocking methods, and this physical property would
be one of the factors for the significantly higher level of protein
intake in this study. The present results for the study diet
suggest ‘the possibility of improving the decreased protein
intake associated with aging.

fable &
intake of nutrients

Survey of satisfaction level

With respect to the satisfaction level evaluated by the
participants, the study diet scored significantly higher than the
modified traditional diet for “appearance” based on the mean
scores of the modified traditional diet (4 d} and the study diet
(3 d). The effect of a difference in the appearance of 2 meal on the
satisfaction level was evaluated by the participants. “Eating” is
important for the elderly in terms of joy and purpose, and
mealtimes were reported to be the number one joy for eiderly
people admitted (institutionalized) to nursing care facilities {261
The joy of meals is expected to be enhanced by giving thought to
the appearance of the meals,

Based on the evaluation by the health care professionals, the
mean scores of “joy of eating” and “overall satisfaction level”
were significantly higher for the study diet than for the modified
traditional diet. It was shown that a ¢hange in the appearance of
a meal influenced the joy of eating and the satisfaction level of
the participants as evaluated by the health care professionals.

Consumption tate by type of diet: welght of ingested diet/amount of nutrients ingested

iEat (3 ¢) « . Modified traditional diet (4d)
S ‘ ; ‘Mean 5D . Mesm . x3D
Energy (ical) & 10972 #3950 1036.4 %3493
Protein (g) "1 4938 1841 400 141
Lipids (g) {NS) 252 +838 253 £10.8
Carbohydrate (g) [Ns} 1667 +61.6 1614 548
Sodium {mg) [NS] 23024 +873.9 2261.8 : £080.5
Total weight (g) 3] 1098.2 +406.8 12227 £4206
Daily consumption rate: weight of ingested diet/aimount of nutrients ingested ) .
o Modified traditional iEat Modified traditional diet
diet i
s Day1 Day 2 Day3 Day4 D5 - ~ Day6 . Dy
Energy(keal} © - 10320 10322 " 11280 11045 -[Ns} 10581 - 18323 10493
Protein (5) 392 406 = 488 506 1 493 388 - 408
tipids{z) : 237 255 [ 300 227 - [ws} 228 253 266
Carhohydrate (g} 168.1 1564 [NS} 1839 1723 [NS} 163.8 1639 722
“Sodinm (mg) 23157 22143 [NS} 2338.0 23534 [Nst 22158 22186 ¢ ©22985
Total weight (g) 12072 1208.1 {4 10925 11143 " 10507 12694 - 12087

Statistical method: ¢ test. {"*} P < 0.01, ]°} P < 0.05.
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Fig. 5. Comparison of satisfaction rates based on the questionnalre,

These findings clarified the significance of meals for not only
supplementing nutrients, but also satisfying the participants.

Conclusions

The present results suggest that the study diet may have
patential to replace modified traditional meals, such as minced
diets and blender diets, for patients with impaired mastication,
because it improved the satisfaction level for meals of patients
wha cannot eat ordinary meals, and increased El and protein
intake,
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Relationship between nutrition status and dental occlusion
in community-dwelling frail elderly people
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Independence af the Elderly, Tokyo Metmpohmﬂ Institute of Gerontology, *Rehabilitation Clinic for Speech and Swallowing Disorders,
The Nippon Dental University School of Life Dentistry at Tokyo, Dental Hospital, Tokyo, *Dental Department, Hiroshima City.
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Alms  This study aimed to determine the risk of malnutrition in some communities where the frail elderly receive
public long-term care insurance. We also clarified the dental problems in those ar risk of malnutrition.

Methods: A total of 716 frail elderly who lived in eight cities in Japan (240 males and 476 females with a mean age of
83.2 8.6 years) were divided into three groups according to Mini Nutritional Assessment short form results: well
nourished, at risk of malnutrition and malnourished, They were also divided into three groups in terms of remaining
teeth occlusion and denture occlusion: group A, natural dentition with adequate function; group B, partially or fully
edentulous, but maintaining functional occlusion with dentures in either or both jaws; and group C, functionally
inadequate occlusion withi no dentures. The relationship between nutrition status and dental occlusion was evaluated
using logistic regression analysis with sex, age, activities of daily living and cognitive function as covariates.

Results: The number of participanis in each of the groups was as follows: 251 well nourished, 370 at risk of
malnutrition and 95 malnourished. When they were divided into just two groups, (i) welt nourished and (i) at risk of
malnutrition plus malnourished, in order to study malnutrition risk factors, there were significant relationships
between their nutritious status and sex, Barthel index, and ocelusion.

Conclusion: This large-scale cross-sectional survey showed that loss of natural teeth occlusion was a risk factor for
malnutrition among community-dwelling frail elderly. Gerlaty Gerontol Int 2013; 13: 50-54.

Keywords: frail elderly people, Mini Nutritional Assessment short form, nutrition, occlusion.

Several screening methods are available for determin-
ing malnutrition, but the use of a questionnaire is a
simpler and more convenient method for a large-scale
survey.! Especially, The Mini Nuiritional Assessment

Introduction

The intake of nutrients from daily meals is the founda-
tion of life. Low nutrition decreases the immunological

defenses, reduces physicai functions, and can be a direct
or indirect cause of morbidity and mortality among the
elderly.'* It has been reported that 1~15% of outpatiénts
and 15-60% of the institutionalized elderly suffer from
protein-energy malnutrition (PEM),” suggesting that the
condition of elderly at risk of malnutrition should be
investigated and improved without delay.
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short form (MNA-SF) has been highly utilized world-
wide, and its sensitivity and specificity have already been
shown >

The present study evaluated the malnutrition risk for
community-dwelling frail eldetly receiving public long-
term homecare insurance in Japan using the MNA-SF
to determine whether dental occlusion might influence
the risk of malnutrition.

Methods

The participants were 716 elderly individuals living at
home and receiving public long-term care insurance
services (240 males and 476 females with a mean age of

© 2012 Japan Geriatrics Society
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83.2 + 8.6 years) in eight prefectures in Japan (Tokyo,
Fukushima, Kanagawa, Yamanashi, Shizuoka, Niigata,
Fukuoka and Okinawa). Their malnuirition risk was
evaluated using the MNA-SF, and also age, sex and
underlying medical problems using the Charlson index”
were determined. In addition, activities of daily living
{ADL) and cognitive function were evaluated using the
Barthel - index® and the - Clinical Dementia* Rating,’
respectively, based on information from caregivers or
care managers. This evaluation also determined one of
the living environment factors, whether or not living
alone.

The participants received oral examinations by a
dentist or dental hygienist at home or at the day care
facility they usually used, and molar occlusion was clas-
sified into the following three groups according to eden-
tulous condition and denture-wearing status:
¢ Group A, natural dentition with adequate function
» Group B, partially or fully edentulous, but mainsain-

ing functional occlusion with dentures in either or

both jaws
¢ Group C, functionally inadequate occlusion with no
dentures

Swallowing function was evaluated using a stetho-
scape to determine whether cervical auscultation of
swallowing sounds was normal or abnormal.’® Before
the examination, the dentist and dental hygienist in
charge were instructed about the cervical auscultation
method. ,

The participants were divided into three groups
according to the result of the MNA-SF: (i) well-
nourished; (il ar risk of malnurrition; and (i) malnour-
ished. The relationship between participants’ general
condition and oral status was analyzed using the y-test
and one-way ANOVA, In addition, participants were also
divided into two groups: (i) well-nourished; and (i) at
risk of malnutrition or malnourished. Logistic regres-
sion analysis was carried out to study the significant risk
factors influencing malnutrition. Pacticipanis were also
divided into two groups according to whether they were:

{iy well-nourished plus those at risk of malnutrition; and
(i) malnourished. Logistic regression analysis was
carried out to clarify the characteristics of malnourished

_subjects. PASW Statistics 18 (IBM, Tokyo,; Japan) was

used for statistical analysis with the significance level set
at 95%. : o

Results

The MNA-SF showed the following: 251 individuals
{94 males and 157 {females) were well nourished, 370
{120 males and 250 females) were at risk of malnutrition
and 25 (26 males and 69 females) were malnourished.
Table 1 shows the general condition of participants,
number of missing teeth and number of remaining teeth
roots among those without occlusion according to
nutrition group. The number of participants who lived
alonie by nutrition group was 30 in the well-nourished
group (17.9%), 29 in the at risk of malnutrition group
(14.0%) and 16 in the malnourished group (28.6%;
P<0.05)

The number of participants by occlusal relationship
was 174 in group A {80 males and 94 fernales with a mean
age of 78.7 & 9.0 years), 421 in group B {120 males and
301 fernales with 2 mean age of 84.6 8.0 years) and 121
in group C (40 males and 81 females with a mean age of
84.9 £ 7.7 years), which indicated that there was a sig-
nificant correlation between occlusal relationship and
nutrition status (P < 0.03; Fig. 1).

Cervical auscuitation showed that the 316 partici-
pants exhibited normal swallowing sounds (151
males and 365 females with a mean age of
82.8 £ 8.4 years) and 200 had abnormal swallowing
sounds {89 males and 111 females with a mean age of
84.0 £ 9.0 years). There was a significant relationship
berween normal swallowing sounds and nutrition status
(P < 0.05, Fig. 2). '

The resulis of the logistic regression analysis showed
a significant relationship between malnutrition risk and
sex, Barthel index, and ocelusal relationship (Table 2).

Table1 General condition and the number of missing teeth by nutrition group

Well nourished At risk of malnutrition Malnourished
Age 81.9+£8.6 83.9 +8.3% 83.6£9.3
Chatlson index 14x1.5 1.6+14 1.8 1.4%%
Barthel index 77.1220.8 57.2 £27.8% 34.3 & 28.6FwwaR
Clinical dementia rating 0.8x0.9 1.2 1.0% 1.4£1.1%%
No. missing teeth 202 +10.6 22.4£9.8% 2124956
No. remaining teeth root 0.9+2.2 1.7+3.3% 2.3+ 4.0
No. occlusal group {(group A/B/C) 80/145/26 66/232/72 28744/23%
No. swallowing sounds {normal/abnormal) 208/43 262/108 467491

One-way ANOVA and Games-Howell pairwise comparison test were used for parametric variables, #P < 0,08, well-nourished
versus at risk of malnutrition; **P < 0.03, well nourished versus malnourished; *##P < 0.05, at risk of malnutrition versus
malnourished. ¥The y*test was used for non-parametric variables (<0.05).
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Figure 1 Relationship between nutrition and occlusion
(*-1esy, P < 0.08). Group A: natural dentition with adequate
function. Group B: partially or fully edentulous, but
maintaining functional occlusion with dentures in either or
both jaws. Group C: functionally inadequate occlusion with
no dentures:

100% +

80%

60% Cervical
ausculfation

40% o Abnormal
sounds

20%1 o No abnormal

0% sounds

Well-nourished Altrdskof  Malnourished

malnutrition

Figure 2 Relationship between nutrition and abnormal
swallowing sounds detected by cervical auscultation (y%-test,
P <0.05).

A significant relationship was also observed between
malnutrition and Barthel index, abnormal swallowing
sounds by cervical auscultation, and living alone
{Table 3}.

Discussion

The results of the present study showed that the
number of frail elderly with malnutridon was 13.3%
{95), which is nearly in agreement with the results of a
previous study carried out in Japan.!! Furthermore, the
number of the participants at risk of malnutrition,
including those in the at risk of malnutrition and
malnourished groups was 64.9% (4685), which surpri-
singly exceeded 50% of the patticipants. This result
shows that improvement in the nutrition status of frail
elderly living in home care needs to be urgently
addressed.

The Barthel index was the significant factor docu-
menting both malnutrition risk and malnourishment in
the present study. Many researchers agree that there is a

52 |

relationship between physical function and nutrition
status,™ It might be concluded that individuals whose
daily activity is limited tend to avoid shopping for food
items, resulting in nutrittonal disturbance.

In addition to the Barthel index, sex was found to be
a significant factor influencing malnutrition risk, The
present study showed that older females had a 1.845~
fold greater malnutrition risk than older males (95% Cli
1.121-8.036), which agreed with the results of a previ-
ous study that showed that older females were more
likely to develop nutritional disturbance, both obesity
and malnutriton.™

Furthermore, occlusal status was significantly related
to malnutrition risk. The group C individuals {function-
ally inadequate occlusion with no dentures) had a
3.189-fold greater malnutrition risk than group A
{natural dentition with adequate function; 95% Cl
1.437~7.080), Chewing efficiency, for example, the rate
of breakdown of food during mastication, is clearly cor-
related with features of the dentition, such as number of
posterior teeth and occlusal relationships,™ The most
pronounced difference in intake involves hard-to-chew
foods, such as vegetables and some fruits, therefore
tooth loss affects elements of nutritional intake, such as
dietary fiber and vitamins.” These micronutiients are
the key clement in maintaining good nutrition, which
suggests that lack of such food might result in greater
malnutrition risk.

In addition, group B (partially or fully edentulous,
but maintaining functional occlusion with dentures in
cither or both jaws) had a 1.704-fold greater malnu-
trition risk than group A (95% CI 1.013-2.864). Pre-
vious studies have shown that individuals who have
lost natural molar contacts consume lesser amounts of
hard-to-chew foods, such as vegetables and fruits,
even though they use their dentures during food
intake.’ Our findings in the present study support the
view that denture use is not sufficient to compensate
for natural teeth. "{ecemiy, Bradbury et al. showed that
food instruction encourages an increase in the con-
sumption of vitamins and minerals among new
denture wearers.”” In general, denture treatment has
not usually included in such dietary intervention.
Future studies will be required to identify the effect of
dietary interventon on the prevention of malmuatrition
in denture users.

In contrast, there was no significant relationship
between malnourishment and occlusion in frail elderly
participants.  There were  significant  relationships
betweeni malnutrition and Barthel index, abnormal
swallowing sounds detected by cervical auscultation,
and living alone. These results suggest that malnour-
ished elderly have already developed dysphagia resulting
in dictary modification;® therefore, their malnutrition
might be less influenced by a proper occlusal relation~
ship. A vicious cycle, in which decreased ability to

© 2012 Japan Geriatrics Society
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Table2 liems significantly involved in malnuwition risk

P-value

B Standard  Wald Exp (B}  95% Confidence
. deviation < ' interval
Sex ‘0612 0.254 5.803  0.016 1.845 1121 3.036
Age -0.001  0.015 0.006 0989 0999 0971 1.028
Charlson index 0.089  0.082 1.168  0.280 1.093 0.930 1.284
Barthel index ~{.036  0.005 43.381 0.000 0.963 0.958 0.975
Clinical Dementia Rating 0,156  0.140 1.251 (.263 1.169 0.889 1.537
Swallowing sounds 0.482 0.297 2.627 0,108 1.619 0.904 2.900
Occlusal relationship (a) group A'vs 0.538 0265 4039 0044 1.704 1.013 2,864
group B
QCeclusal relationship (b} group A vs 1160 0.407 8125  0.004 3.189 1.437 7.080
group C
Living alone 0.358  0.301 1.380  0.240 1.424 0.790 2.567
Constant 1.701 1.265 1.807 0179 5.479

The participants were divided ifito two groups according to thelr nugrition status: () a well-nourished group; and i) 4 group
that included those at risk of malnutrition and malnourished. Group A, natural dentition with adequare functon; group B,
partially or fully edentulous, but mabiaining functional occlusion with dentures in either or both jaws; group C, functionaily

inadequate occlusion with iio dentures,

Table3 Iltems significantly involved in malnutrition

B Standard Wald Pevalue Exp (B} 95% Confidence
deviation interval
Sex 0,613 0.388 2.501 0114 1.846 0.864 3947
Age -0.002 - 0.021 8.007 0933 0.998 0.958 1.040
Charlson Index 0.014  0.104 0.019  0.891 1.014 0.827 1.244
Barthel Index -=0.035  0.007 27.940 0000 0.966 0.953 0.978
Clinical Dementia Rating ~0.072  0.178 0165  0.685 0.930 0.657 1.318
Swallowing sounds 1.060 0340 9.684  0.002 2.885 1.480  5.623
Occlusal relationship (a) group Avws  -0.453 0391 1343 0.246 0.636 0.295 1.368
group B
Occlusal relationship (b) group Awvs 0485  0.520 0.871  0.351 0.616 - 0.222 1.705
group C
Living alone 1461 0403 13.143  0.000 4.312 1.957 9.502
Constant -0.746 1777 0.176  0.674 0.474

Participants were divided into two groups according to their nutritious status: (i) a group of well-nourished individuals and
those at risk of malnutrition; and (i) a2 group of malnourished individuals, Group A, natural dentition with adequate function;
group B, partially or fully edentulous, bur maintaining functional occlusion with dentures in cither or both jaws; gioup C,

functionally inadequate occlusion with no dentures.

swallow food could accelerate malnutrition, was also
considered. Elderly people who live alone are less likely
to follow through with dietary modification,” and it
might fead 1o malnutrition regardless of occlusal
status,

In conclusion, the present study, as well as previous
studies, has shown that retaining the natural teeth plays
an important role in the prevention of nutritional dis-
turbance, and that early dental treatment in the elderly
is important to protect their teeth and ocelusion. Dieti-
cians, as well as other care staff, should monitor oral

© 2012 Japan Gerlatries Society

conditions, such as remaining teeth and occlusion, in
the elderly in order to prevent malnutrition. We also
suggest that all dentists enhance their skills and knowl-
edege in the fields of swallowing function and nutritional
guidance.
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A novel repid oral bacteria detection apparatus for effective oral care to prevent pneumonia

Objective: To clarily the oral environment, we evaluated the uselulness and clinical applicability of a new
apparatus developed for the simple and rapid quaniification of oral bacieria.

Background: Professiorial oral health care can reduce the number of oral bacteria and days of fever and
inhibit the development of pnewmonia. A novel detection apparatus was developed by applying the
dielectrophoretic impedance measurement method.

Methods: First, 1o determine the accuvacy of this apparatus, employing standard samples of Escherichia
coli. Next, 1o evaluate the oral environment, samples were taken from the tongue in elderly {mean age:
86.6 years) in nursing home.

Results: In the first siudy, a good correlation was observed between the two methods (R = 0.999). In the
second study, there were significant correlations between measurement vahies obtained using this appa-
ratus and those obtained by the culiure method (R = 0.852), as well as those obtained by the FM method
{R = 0.885).

Conclusion: Our data showed that this rapid oral bacierial detection apparatus is effective in evaluating
thie oral hiygiene to prevent pneumonia in the elderly.

Keywords: oral health care, number of oral bacteria, dielecrophoretic impedance measurement.

Accepred 29 November 2010

Introduction

Aspiration pneumnonia is an alrway infection
induced by the aspiration of pathological microor-
ganisms.’ Oropharyngeal aspiration is an importamt
aeticlogical  factor leading 1o pneumonia,
particularly in the elderly. The incidences of cere-
brovascular and degenerative neurclogic diseases
‘increase with ageing, and these disorders are asso-
ciated with dysphagia and an impaired cough
reflex, thus resulting in an increased likelihood of
oropharyngeal aspiration.”

Muliiple strategies have been proposed to prevent
aspiration pneumonia, including changes in diet

@560

consistency (thickened fluids}, use of positioning
technigues {chin-down position), oral rinsing and,
for seniors with feeding rubes, changes in position
of the tube or method of food delivery >

Many studies on the relationship between aspi-
ration pneumonia and the oral environment have
been reported.'®'? In the oral cavity, there are
many bacterial species that can cause pneumo-
nia,’*'? and selective decontamination to prevent
ventilator-associated  pneumonia  presumes  an
oropharyngeal source of bacteria,' Inglis er o/,
reported that the major factor in the development
of pneumonia was not the wpe of oral bacteria, but
the amount of bacteria aspiraied.'® Prolessional

@ 2011 The Gerodontology Sociely and John Wiley & Sons A/S, Geradontology 2012; 29: e560~0565
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oral health care provided by the dentist and dental

hygienist is able 1o veduce the number of gral
bacteria,'®!7 reduce the number of days of fever,
inhibit the development of preumonia’®'? and
reduce the mortality vate. caused by pneumo-
nia.'™*® These reports suggested that the dentist
and dental hygienist should play the role of pre-
venting pneumonia by professional oral health
care,

Methods for the quantification of oral bacteria

include the counter method, in which bacteria are
directly counted under a microscope, the turbidity-
measurement method, in which the turbidity of
bacterial solutions is measured using a photoclec-
tric colorimeter after culture, and the colony-count
method, in which colonies formed alter culture in
medium are counted. However, none of these

methods aliow rapid measurement in clinical set-

tings. The apparatus used in this study was devel-
oped by applying ihe dielectrophoretic impedance
measurement (DEPIM) method, consisting of
diclectrophoresis and impedance measurement.”’
We then evaluated the effects of oral health care in
elderly requiring long-term care and the usefulness
of this apparatus in monitoring the degree of con-
tamination in the oral cavity.

Materials and methods

Rapid oral bacteria detection apparaius

The apparaws used in this study consisted of the
clements necessary {or measurement by the DEPIM
method.?! These elements included an electrode
chip to capture bacteria, a cell-retaining sample
solution, an alternating current circuit for dielec-
trophoresis and an impedance measurement cir-
cuit. Measurement was initiated by placing the
sample solution {(about 5 ml} and elecirode chip
inside the device and pressing a button. The resulls
of measurement were then shown on a liquid
crystal display (Fig. 1}

First study fo evaluate the relationship between DEPIM
wmethod and conventional culture method

To confirm the basic performance for the mea-
surement of bacteria, the relationship between the
DEPIM method and the culture method was eval-
uated using  Escherichia coli (E. coli) K-12 strain
(NBRC3301; National Institute of Technology and
Evaluation, Tokyo, Japan), which was aerobically
cultured in agar medium (MB0010; Eiken XKizal,
Tokyo, Japan) at 37°C for 16h. Cells were
harvested and suspended in 0.3 M mannitol.

Rapid oral bacieria dewection apparatus €56}

Figure 1 Rapid oral bacteria detection apparaius.

Centrifugation (4500 g, 3 min) and re-suspension
were repeated three times, and the solution was
diluted to obtain the concentrations of 1.3 x 10°,
1.3%x10° or 1.3 x 107 cfu/ml, and these were
subjecied to measurement.

For the culture method, bacterial suspensions
were spread over agar plates and aerobically cul-
tred at 37°C for 16 h, and bacterial concentrations
were determined from the number of colonies on
the plates. For the DEPIM method, the oral bacteria
detection apparatus was used, and the samples
were measured over a period of 20 g, eightumes for
cach diluted sample,

Second study fo evaluaie the association between DEPIM
method and culture wiethod, fluovescence microscopy
miethods using oral samples

The subjects were 110 elderly residents (84 men
and 26 women) aged 86.6 & 7.6 years: (mean
age + SD) in a welfare facility for the elderly
requiring long-term care. The samples were col-
lected on three randomly selected days. The num-
ber of collected samples was 260, Seventy samples
could not be collected because some residents were
in a poor condition or ere out of nursing home on
the day of sample collecting. Based on the resulis of
the first study, the samples were collected Irom the
median area of the tongue in contact with the

@ 2011 The Gerodontology Society and John Wiley & Sons A/S, Geradontology 2012; 29: ¢560-¢565
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mandibular first molar a1 1 h or more after break-
fast. Drinking water immediately before sample
coliection was prohibired. The collection pressure
was about 20 g, and a l-cm distance was rubbed
back and forth three times with a swab, The
obtained samples were suspended in 7 ml of 0.1 M
mannitol, and 5 mi was used as a sample {or testing
with this apparatus, while the remaining solution
was employed as a sample for the conventional
culture and fluorescence microscopy (FM) meth-
ods. Correlations in daia obtained by these methods
were then evaluated.

For the culture method, samples were appropri-
ately diluted in 0.1 M mannitol, spread over blood
agar plates (1-2 plates for each sample) using a
spiral plating apparatus (Autoplate 4000; Spiral
Biotech Inc., Norwood, MA, USA), followed by
anaerobic culture at 37°C for 48 h. The colonies
were counted using a colony counter {Acolyte;
Synbiosys, Cambridge, UK), and bacterial concen-
trations in the samples were determined.

For the FM method, the appropriately diluted
samples were stained with diamidino-2-phenylin-
dole, and the bacteria were trapped on membrane
filters (AD20A047A; Advantec Toyo Roshi Kaisha,
Lid., Tokyo, Japan} observed and counted under a
fluorescence microscope (BX51; Olvmpus Corp,
Tokyo, Japan). The bacterial concentrations in the
sample were determined by conversion based on
the bacierial number in the visual field area.

Statistical analysis

Statistical analysis was performed by means of sess
16 for Windows software (SPSS Inc., Chicago, IL,
USA). Pearson’s correlation coefficient was calcu-
lated to study the relationships among the meth-
ods, and p < 0.05 was considered to be statistically
significant.

Ethics

The purpose and procedure of this study was
explained to the subjects both orally and in writing,
and written informed consent was obtained from
all participants. The study was approved by the
Ethics Comunittee of The Nippon Dental University
School of Life Dentistry at Tokyo.

Results

First study

When the amount of bacterla was measured using
the DEPIM method or the conventional culture

method, a significant  correlation (R = 0.999,
2 < 0.01) was observed between the measured
values {Fig. 2).

Second study

There were significant correlations between mea-
surement values obtained using this apparatus and
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Figure 2 Relationship between dielecirophoretic imped-
ance measurement (DEPIM) method and culure method
{Escherichin colfy. There was a significant correlation
between the DEPIM and conventional culiure methods
(R=0.999, p < 0.01).
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Figure 3 Relationship between dielectrophoreticimped-
ance measurement (DEPIM) method and culiure meth-
od. There was a significant correlation between the
DEPIM and culrure methods (R = 0.852, p < .01},
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those obtained by the culture method (R = 0.852,
p < 0.01), as well as those obtained by the FM
method (R = 0.885, p < 0.01}. Moreover, there was
a significant correlation between the data obtained
by the culture method and those obtained by the
FM method (R = 0.934, p < 0.01) (Figs 3-5).

Discussion

In the long-term care of elderly individuals, the
incidence of aspiration pneumonia as a serious
complication is high.**** Oral health care is an
important preventative measure against aspiration
pneumonia in the elderdy.’™'? When aspivation
pneumonia becomes serious, high medical costs
related to hospital admission and medications are
inevitable. To prevent aspiration pneumonia
through oral health care maintains cost efficiency;
lower-cost interventions in oral hygiene thus
reduce some of the higher-cost cutcomes of aspi-
ration pneumonia.* People requiring or receiving
care often cannot adequately maintain  oral
hygiene alone.*>*® Therefore, caregivers and
nursing staff are essential to maintain their oral
environment, evaluation of oral conditions, plan-
ning of oral health care and oral health care by
dental staff. Furthermore, to elfectively design and
conduct an oral health care plan, the state of oral
health of individuals must first be darified.

There are various. bacterial species that cause
aspiration pneumonia, with the major factor in the

DEPIM fLogi0 {(/mi}]

R=10.885
3

' i
4 5 3 7 8 ]
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Figure 4 Relationship between dielectrophoretic imped-
ance measurement (DEPIM} method and fluorescence
microscopy {FMy method, There was a significant corre-
lation between the DEPIM and FM methods (R = 0,885,
p < 0.01).
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development of pneumonia being the amount ra-
ther than the fype of oral bacteria aspirated.!® Thus,
measurement of the number of bacteria should be
important in assessing the risk of aspiration pneu-
monia. In the field of dentisiry, the amount of
Candida albicans has been measured for the diag-
nosis  of oral candidiasis, and the amounis of
streptococc and lactobaciili have also been mea-
sured in plaque and saliva 10 evaluate the risk of
caries. Methods to prevent these diseases and to
reduce their risks have frequenty been used in
clinical practice. These methods include simple
evajuations employing a colorimetric reagent that
reacts with the acid metabolites of microorgan-
isms”” and the evaluation of colonies formed on
selecive media after culture.®®?° On the other
hand, as oral care parameters, observation of dental
plaque accumulation®®®! and tongue coating sta-
ws>#*3* have been clinically applied, with both
techniques found to-be subjective.

The present apparatus using the DEPIM method
consisting of . dielectrophoresis - and  impedance
measurement, requires only 20 s for a measure-
ment and can be readily performed in a short per-
iod of time by any examiner.’® The results of this
study showed a high correlation between data
obtained by the DEPIM method and the-conven-
tional culture method using E. coli samples, as well
as between the DEPIM method and both the cul-
ture and FM methods using oral samples contain-
ing a mixture of various bacterial species.
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Figure 5 Relationship between culture method and
fluorescence microscopy (FM) method. There was a
significant correlation between the culture and FM
methods (R = 0.934, p < 0.01).
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Conclusion

The present apparatus is usetul for measuring the
number of oral bacteria and could be important in
maintaining the quality of oral health care.
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S.IZAWA'? H. ENOKI*?, J. HASEGAWA?, T. HIROSE*, M. KUZUYA®

1. Department of Health and Nutrition, Faculty of Psychological and Physical Science, Aichi Gakuin University, Nisshin, Aichi, Japan; 2. Department of Sports and Health Sciences,
Faculty of Health and Medical Sciences, Aichi Shukutoku University, Nagoya, Japan; 3. Department of Community Healthcare and Geriatrics, Nagoya University Graduate School of
Medicine, Nagoya, Japan; 4, Department of Comprehensive Community Care Systems, Nagoya University Graduate School of Medicine, Nagoya, Japan. Corresponding author:
Sachiko Izawa, Department of Health and Nutrition, Faculty of Psychological and Physical Science, Aichi Gakuin University,12 Araike, Iwasaki-cho, Nisshin, Aichi 470-0195, Japan.

TEL: +81-561-73-1111; FAX: +81-561-73-1142. E-mail address:izawa@dpc.agun.ac.jp

Abstract: Objective: A number of other studies have been conducted to verify the Mini Nutritional Assessment
(MNA) or the MINA short form (MNA-SF) as a nutritional assessment/screening tool in various clinical settings
or communities. However, there are few longitudinal studies using these tools to analyze which factors affect the
incidence of deteriorating nutritional status, We tried to identify the factors associated with deterioration of
MNA-SF status of nursing home residents during a 2-year period. Methods: Participants were 392 people with a
mean age of 84.3 in 12 nursing hornes in Japan. The factors associated with deterioration in MNA-SF categories
during the study period compared to stable/improved MNA-SF categories were identified. Results: At baseline,
19.9% of the participants were malnourished and 60.2% were at risk of malnutrition, according to the MNA-SF
classification. After 2 years, 66.3% participants maintained and 6.1% participants improved their nutritional
status according to the MINA-SF classification, while 27.6% showed deterioration in MNA-SF status. Stepwise
logistic-regression procedure indicated that basic ADL impairment and hospitalization during the follow-up
period were associated with declining MNA-SF status. Conclusions: Poor basic ADL status and hospitalization
during the follow-up period were associated with malnutrition and risk of malnuirition as assessed by MNA-SF
of nursing homes residents during a 2-year period.

Key words: The factors associated with deterioration of Mini Nutritional Assessment-Short Form stage, frail

elderly, nursing home.

Introduction

Japan has the most rapidly aging population in the world and
soon will have the largest percentages of elderly and very
elderly in its population. In 2011, the rate of the population
over age sixty-five was 23.3%. Elderly persons 100 years or
older numbered 47,756 and 87.1% of these were women. The
numbers of frail elderly people living in the community or
institutions for the aged are increasing, along with their hospital
admissions.

The nutritional status of older people is an important
determinant of guality of life, morbidity and mortality (1-3).
The relationship between poor nutritional status and impaired
immune functions, the development of pressure sores, and
impaired muscle function is well established (4-6). Therefore, it
is quite important for the elderly to maintain good nuiritional
status.

The Mini-Nutritional Assessment (MINA) is a simple clinical
scale for the evaluation of the nutritional status of frail elderly
subjects (4, 7, 8). We evaluated the MINA test as a screening
tool for malnutrition in the Japanese elderly population and
concluded that the MINA full test is a useful screening tool for
identifying Japanese elderly with malnutrition or a risk of
malnutrition (9). A number of other studies have been
conducted to verify the MNA or the MNA short form (MNA-
SF) as a nutritional assessment/screening tool in various
clinical settings or communities. However, there are few
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longitudinal studies using these tools to analyze which factors
affect the incidence of deteriorating nutritional status.

In the present prospective study we tried to identify the
factors associated with deterioration of MINA-SF status of
residents of nursing homes during a 2-year period.

Methods

Subjects

The study population consisted of 649 residents of 12
nursing homes located in Nagoya City (116 men and 533
women, age 65 years or older). Twelve nursing homes
belonged to a single social welfare corporation and staffs of
nursing homes received the same education training. The
dietitians carry out the nutritional assessment of the nursing
home residents according to the Long-Term Care Insurance
(LTCI) program. These participants, who were enrolled
between May 1 and June 30, 2009, were scheduled to undergo
comprehensive assessments by trained nursing home staff at
baseline, and at 12 and 24 months. At 3-month intervals, data
were collected about any important events in the lives of the
participants, including admission to the hospital, and mortality.
Written informed consent for participation, according to
procedures approved by the institutional review board of
Nagoya University Graduate School of Medicine, was obtained
from the residents or, for those with substantial cognitive
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impairment, from a surrogate (usually the closest relative or
legal guardian).

Data collection

The data were collected at the nursing homes using
structured interviews with residents and nursing home staff, and
from nursing home records taken by trained nurses. The data
included clients’ demographic characteristics and a rating for
ten basic Activities of Daily Living (ADL: getting out of bed,
transferring, walking, bathing, grooming, dressing, putting on
and taking off pants, feeding, bowel and bladder management).
For each ADL task, nurses rated residents as independent (a
score of 10, able to perform the activity without help), partially
dependent (a score of 5, requiring some assistance), or
completely dependent (a score of 0, needing help for the entire
activity). The sum of these scores theoretically range from O
(total disability) to 100 (no disability). Nurse ratings were based
on direct observation, interviews with residents, and
information from staff. Information obtained from nursing
homes records included data on the following physician-
diagnosed chronic conditions: ischemic heart disease,
congestive heart failure, cerebrovascular disease, diabetes
mellitus, dementia, cancer, neurodegenerative disorders
including Parkinson’s disease, and other diseases comprising
the Charlson Comorbidity Index (10), which represents the sum
of weighted indexes taking into account the number and
seriousness of preexisting comorbid conditions. Chewing
ability was categorized into three groups: difficulty chewing
even soft food items such as boiled rice, tuna sashimi, and
grilled eel (poor), difficulty chewing harder foods such as hard
rice crackers, peanuts, and yellow pickled radish (fair), and no
difficulty chewing harder foods (good). Dietitian ratings were
based on direct observation and information from other staff.

Anthropometry

Height and weight data were generally measured at the
nursing homes and collected by trained staff. Weight was
measured in light clothing without shoes using a portable
weight scale at the nursing homes. Height was generally
measured in an upright position using a tape measure attached
to the wall. However, when participants could not maintain an
upright position, height measurements were obtained in a prone

position.

Nutritional Assessment

The MNA-SF is composed of a combination of six questions
taken from the full MNA about appetite loss, weight loss,
mobility, stress/acute disease, dementia/depression, and body
mass index (BMI). The score of the MNA-SF was used to
classify subjects’ nutritional status as well-nourished (a score of
12-14), at-risk for malnutrition (a score of 8-11), or
malnourished (a score of 0-7). The MNA-SF was administered
by dietitians, except for the mental state questionnaire which
was obtained from nursing staff members or medical records at

baseline, at 1 year later and at 2 years later.

Study participants

Among 450 survivors, the participants who stayed in the
nursing home and were re-assessed at both baseline and at 2
years later were 392. The 60 participants who were assessed as
malnourished according to the MINA-SF at both baseline and at
2 years later were excluded from our analysis to identify the
factors associated with becoming malnourished or at risk of
malnutrition.

Statistical analysis

The Student’s t-test and Chi-squared test were used to
compare differences between participants with the MNA-SF
stage decline and those without decline (improved or stable
MNA-SF stage). The 392 study participants were divided into
tertiles according to the basic ADL score at baseline (first, 55-
100; second, 20-50; third, 0-15). The significance level was set
at P< 0.05 and quoted are two-sided.

Univariate and multivariate logistic regression models were
used to identify independent predictors of declining MNA-SF
status. The following baseline data were used in univariate
analysis: gender, age, basic ADL, ability of chewing, and
hospitalization during the 2-year period. The covariates
included in the multivariate analysis were those variables
associated with dependent variables at a level of P< 0.05 in
univariate analysis. Stepwise logistic-regression procedure was
conducted. The risk of a variable was expressed as an odds ratio
(OR) with a corresponding 95% confidence interval (CI).

All analyses were performed using the Statistical Package
for the Social Sciences (SPSS) Version 20.0. A probability
value of 0.05 or less was considered significant.

Results

Among the 649 participants, 199 subjects died during the 2-
year study period. It should be noted that mean MINA-SF score
of 199 at the base line was significantly lower than that of 450
survivors (8.2 (SD 2.0) vs 9.3 (8D 2.4), P<0.001).

Table 1 shows the characteristics of the 392 participants at
baseline. The mean age was 84.3 (SD 7.21) years, with 49.7%
of the subjects 85 years or older and 82.9% of them women.
The mean BMI, MNA-SF score and basic ADL score were 20.3
(SD 3.7) kg/m2, 9.3 (S§D 2.3) points, and 37.3 (SD 29.7) points,
respectively. The participants had a high prevalence of
dementia (56.9%), cerebrovascular disease (49.9%) and
hypertension (46.4%). Among the 392 participants, 20.1%
participants had poor chewing ability.

At baseline, 19.9% of the participants were malnourished
and 60.2% were at risk of malnutrition, according to the MNA-
SF classification (Table 1). As shown in table 2, after 2 years,
37.2% of the participants were classified as malnourished and
49.2% were at risk of malnutrition, according to the MNA-SF
classification. Among the 392 participants, 260 (66.3%)
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Table 1
Baseline characteristics of the 392 frail elderly

total (m 392)
n % of total mean SD
Age (years) 392 843 72
Body Mass Index (kg/m?) 392 20,3 37
MNA-SF score (max. 14 points) 392 93 23
MNA-SF classification
malnourished 78 199
at risk of malnutrition 236 60,2
well-nourished 78 199
Charlson comorbidity index (range, 0-19) 392 2.3 1,6
Chronic diseases
dementia 223 56,9
cerebrovascular disease 195 499
hypertension 182 464
heart failure 61 156
ischemic heart disease 62 15,8
diabetes mellitus 60 15,3
Parkinson's disease 24 6,1
Basic ADL (range, 0-100) 392 373 29,7
Chewing ability
good 129 332
fair 181 46,6
poor 78 20,1
Table 2
Mini Nutritional Assessment Short Form status at baseline and at 2-year follow-up
MNA-SF status at 2-yr follow-up
Baseline MNA-SF Malnourished At risk of malnutriton Well-nourished Total
Malnourished
number of participants 60 18 0 78
% of baseline 76 9% 23,1% 0,0% 100,0%
% of at 2-year 41,1% 9.3% 0.0% 19.9%
At risk of malnutrition
number of participants 77 153 6 236
% of baseline 32,6% 64,8% 2.5% 100,0%
% of at 2-year 52,7% 79,3% 11,3% 60,2%
Well-nourished
number of participants 9 22 47 78
% of baseline 11,5% 28.2% 60,3% 100,0%
% of at 2-year 6,.2% 11,4% 88,7% 19.9%
Total
number of participants 146 193 53 392
% of baseline 37.2% 49.2% 13,5% 100,0%
% of at 2-year 100,0% 100,0% 100,0% 100,0%

participants maintained and 24 (6.1%) participants improved
their nutritional status according to the MNA-SF classification
(18 moved from “malnuirition” to “at risk of malnutrition”; 6
from “at risk” to “normal nutrition”), while 108 (27.6%)
showed deterioration of MNA-SF categories during the study
period (9 from normal nutrition to malnutrition, 22 from
normal nutrition to at-risk status, and 77 from at-risk to
malnutrition). Sixty (15.3%) participants were assessed as

malnourished at both baseline and at 2 years later (Table 2).
Therefore, the number of participants with improved/stable and
deteriorating status according to MINA-SF classification, after
excluding participants with mainutrition at both baseline and
follow-up, were 224 and 108, respectively.

Table 3 compares the baseline characteristics of participants
whose MNA-SF status deteriorated and remained
stable/improved during the 2-year period. No differences were



