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INTRODUCTION

ABSTRACT

Aims/Introduction: Though there are many differences in dietary habits and in the
metabolic basis between Western and Asian people, the actual dietary intake in Asian
patients with diabetes has not been investigated in a nationwide setting, unlike in
Western countries. We aimed to clarify dietary intake among Japanese individuals with
type 2 diabetes, and identify differences in dietary intake between Japanese and Western
diabetic patients.

Materials and Methods: Nutritional and food intakes were surveyed and analyzed in
1,516 patients with type 2 diabetes aged 40-70 years from outpatient clinics in 59 univer-
sity and general hospitals using the food frequency questionnaire based on food groups
(FFQQ).

Results: Mean energy intake for all participants was 1737 £ 412 kcal/day, and mean
proportions of total protein, fat, and carbohydrate comprising total energy intake were
15.7, 276 and 53.6%, respectively. They consumed a ‘low-fat energy-restricted diet’ com-
pared with Western diabetic patients, and the proportion of fat consumption was within
the suggested range that has been traditionally recommended in Western countries. As a
protein source, consumption of fish (100 g) and soybean products (71 g) was larger than
that of meat (50 g) and eggs (29 g). These results imply that dietary content and food
patterns among Japanese patients with type 2 diabetes are quite close to those reported
as suitable for prevention of obesity, type 2 diabetes, cardiovascular disease, and total
mortality in Europe and America.

Conclusions: A large difference was shown between dietary intake by Japanese and
Western patients. These differences are important to establish ethnic-specific medical
nutrition therapy for diabetes.

determine and assess dietary patterns in diabetes patients. How-

Medical nutritional therapy is an essential constituent in man-
aging existing diabetes and preventing, or at least slowing, the
development of diabetes complications'. Thus, it is necessary to
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ever, there have been no large-scale studies of dietary patterns
in nationwide settings from Asian regions except a recent study
of elderly diabetic patients®, although there have been many
such studies among populations with diabetes in Western
countries, such as the Diabetes Nutrition and Complications
Trial, Strong Heart Study, National Health and Nutrition
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Examination Survey, and European Diabetes Centers Study of
Complications in Patients with Insulin-Dependent Diabetes
Mellitus Complications Study Group®™®.

Dietary patterns in Asia are quite different from those of
Western countries because of differences in food culture, food
supply, dietary consumption and nutritional intake. For exam-
ple, according to a report of the Food and Agriculture Organi-
zation (FAO) of the United Nations in 20077, the total energy
supply and the energy supply from animal products in Asia
were lower than those in Western regions (2668 and 402 kcal/
day in Asia, 3748 and 1028 kcal/day in the USA, and 3406 and
942 kcal/day in Furopean regions, respectively), although the
percentage of energy from vegetable products was higher than
in Western regions (85% in Asia, 73% in the USA and 72% in
European regions).

In addition, in their joint position statement on the treat-
ment of hyperglycemia, the American Diabetes Association and
European Association for the Study of Diabetes encourage the
development of individualized treatment plans built around
racial and ethnic differences®. We reported previously that Japa-
nese type 2 diabetic patients had a much lower body mass
index (BMI) than Western patients, even though energy intake
was the same, and both groups were similar with regard to
age, diabetes duration, hemoglobin Alc (HbAlc) and other
clinical variables™. This suggests a different metabolic basis
between East Asians and Western patients with diabetes, such
as the degree and influence of insulin deficiency and resis-
tance'’. Furthermore, it was reported that the profiles of the
incidence of complications in diabetic patients differ between
Asian and Western countries, such as much lower risks of
myocardial infarction, stroke and congestive heart failure in
Asian patients compared with Western patients, despite a
higher risk of end-stage renal disease in Asian patients'”. It
could be possible that differences in eating patterns influence,
at least partly, the differences in profiles of complications
between the two groups.

Thus, given the differences in dietary habits and metabolic
basis between Western and Asian people, it is necessary to clar-
ify the actual dietary intake among Asian individuals with type
2 diabetes and compare it with that of Western diabetic
patients in order to rationally develop effective medical nutri-
tional therapy for diabetes. Our aim of the present study was
to elucidate the actual dietary intake among Japanese middle-
aged individuals with type 2 diabetes who participated in a
nationwide cohort study, and to identify differences between
Japanese and Western diabetic patients’ dietary intake.

METHODS

Study Population

The Japanese Diabetes Complications Study (JDCS) is a nation-
wide cohort study of Japanese patients with type 2 diabetes
from outpatient clinics in 59 university and general hospitals.
Participants were previously diagnosed patients with type 2
diabetes aged 40-70 years whose HbAlc levels were >6.5%.

Details of the study procedure were published elsewhere'. The
protocol for the study, which is in accordance with the Declara-
tion of Helsinki and the Ethical Guidelines for Clinical/Epide-
miological Studies of the Japanese Ministry of Health Labor
and Welfare, received ethical approval from the institutional
review boards of all of the participating institutes. Written
informed consent was obtained from all patients enrolled. A
dietary survey was carried out in the baseline year of 1996.
Nutrition and food intakes were assessed by the Food Fre-
quency Questionnaire based on food groups (FFQg). A total of
1,516 of the eligible 2,033 patients completed the FFQg, and
their data were analyzed in the present study.

Dietary Assessment

Nutrition and food intakes were assessed by the FFQg. The
FFQg is composed of items on 29 food groups and 10 kinds of
cookery, and elicits information on the average intake per week
of each food or food group in commonly used units or portion
sizes. After participants completed the questionnaire, a dietician
reviewed the completed questionnaire with the participant. The
FFQg was externally validated by comparison with weighed
dietary records for seven continuous days of 66 subjects aged
19-60 years“.

The correlation coefficients between the FFQg and dietary
records for energy, protein, fat, carbohydrate, and calcium
intakes were 0.47, 0.42, 0.39, 0.49, and 0.41, respectively. Intakes
of 26 of the 31 nutrients were not significantly different
between the two methods by paired t-tests. We used standard-
ized software for population-based surveys and nutrition coun-
seling in Japan (EIYO-KUN v.4.5, manufactured at the site of
the Shikoku University Nutrition Database)' to calculate nutri-
ent and food intakes, which were based on Japan Dietary Refer-
ence Intakes in 1996.

Other Assessments

Other measurements in addition to the dietary survey included
a physical examination, blood pressure measurement, neurolog-
ical/ophthalmological examination, and laboratory tests that
included HbAlc, fasting plasma glucose/insulin/C-peptide,
serum lipids/creatinine/urea nitrogen and urine analyses™.
HbAlc assays were standardized by the Lab Test Committee of
the Japan Diabetes Society (JDS)". HbAlc values were con-
verted from JDS values into National Glycohemoglobin Stan-
dardization Program (NGSP) equivalent values. NGSP
equivalent values were calculated using the following formula:
NGSP equivalent value (%) = JDS value (%) + 0.4'°. Physical
activity and smoking status were determined by a detailed
questionnaire.

Statistical Analysis

All data are presented as means + standard deviation unless
otherwise stated. Differences in the major characteristics between
participants who completed and did not complete the FFQg
were examined by t-tests. All P-values are two-sided, and the sig-
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nificance level is 0.05. All statistical analyses were carried out
using SAS packages version 9.1 (SAS Institute, Cary, NC, USA).

RESULTS
Table 1 shows the characteristics of the 1,516 type 2 diabetes
patients. Their mean BMI was 22.7 kg/m’, and 23% of the

Table 1| Characteristics of 1516 diabetic patients who participated in
the nutriional and food intake survey of the Japanese Diabetes
Complications Stucly

Men Wormen Total
(n = 807) (n = 709) (n=1516)
Mean  SD Mean  SD Mean  SD
Age (years) 584 +70 590 468 587 +6.9
Diabetes 15 +74 104 467 11 +7.1
duration (years)
Weight (kg) 62 486 542 483 584 403
BMI (kg/m?) 227 26 232 433 29 430
<185 kg/m’ 40% 6.8% 53%
>25 kg/m’ 19.3% 28,19% 234%
Waist 819 +78 766 +94 794 +90
circumference (cm)
Waist-to-hip ratio 089 +006 083 4007 086 X0
Fasting plasma 89 124 90  £25 89 124
glucose
{mmol/L)
HbAlC (%) 7.7 +1.2 81 +13 79 +13
Systolic blood 131 +157 131 +163 1314 £160
pressure (mmHg)
Diastolic blood 77 +98 76 +99 766  +99
pressure (mmtig)
Total serum 50  #09 54 09 52 #09
cholesterol
(mmol/L)
Serum LDL 30 +09 33 +08 3.2 +08
cholesterol
(mmol/L)
Serum HDL 14 +04 15 +05 14 +04
cholesterol
(mmol/L)
Serum 12 108 1.1 +08 1.1 +038
triacylglycerolt
(mmol/L)
eGFRT (mL/min 794 4330 818 1366 803 337
per 1.73 m?)
Treated by insulin 18.1% 221% 200%
(%)
Treated by OHA 64.7% 67.1% 65.8%
without insulin (%)
Current smoker () 464% 8.7% 28.7%

eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alg
HDL, high-density lipoprotein; LDL, low-density lipoprotein; OHA, oral
hypoglycemic agent; SD, standard deviation. TMedian and interquartile
range.

patients had a BMI >25 kg/m”. Their mean age was 59 years,
and mean HbAlc value was 7.9%.

Table 2 shows the nutritional intake per day and the per-
centage of participants who met nutritional recommenda-

tions'””. The mean daily energy intake for all participants was

1737 + 412 kcal/day, and the mean proportions of total pro-
tein, fat and carbohydrate comprising total energy intake were
15.7, 27.6, and 53.6%, respectively. Saturated fatty acid intake
comprised 28.6% of total fat intake. Additionally, we evaluated
energy and nutritional intakes, respectively, by patients grouped
according to sex, age, intensity of physical activity during work,
HbAIC level and diabetes duration. Features of energy intake
and nutritional intake, and the percentage of participants who
met the nutritional recommendations by Japan and major Wes-
tern guidelines were similar for each comparison with the
exception that the men consumed 180 kcal/day more energy
than the women (1820 and 1640 g/day, respectively; Table 2).
As for intake of selected food groups per day, the mean total
vegetable intake for all participants was 324 g/day (Table 3). As
a protein source, consumption of fish (100 g) and soybean
products (71 g) was larger than that of meat (50 g) and eggs
(29 g). The male patients consumed approximately eightfold
more alcoholic beverages than the female patients (115 and
14 g/day, respectively), but the characteristics of food intake did
not differ greatly among the patient groups.

Table 4 summarizes the dietary composition of various study
populations with diabetes, including the current JDCS partici-
pants. The JDCS patients had higher carbohydrate consumption
and lower fat consumption than reported among diabetic
patients in Western countries (37-50% energy and 35-45%
energy, respectively)’ ®, However, it is necessary to note differ-
ences in methods for measurement of dietary intake among the
studies. In contrast, the JDCS patients had lower carbohydrate
consumption and higher fat consumption than reported for
type 2 diabetic patients in Korea®™ and South Africa®. The
energy intake of JDCS patients was similar to that for Western
diabetic patients”®, although the Western diabetic patients had
a higher BMI than the Japanese diabetic patients.

DISCUSSION

In the present study, we determined the actual dietary intake
among Japanese with type 2 diabetes in a nationwide large-
scale setting. We clarified that the JDCS patients consumed a
‘high-carbohydrate low-fat’ diet compared with Western dia-
betic patients, and that their energy intake was similar to that
of Western diabetic patients. In addition, the features of energy
intake, and nutritional and food intake among the JDCS
patients were similar regardless the  differences in sex, age,
intensity of physical activity during work, HbA1C level, and
diabetes duration.

According to the National Health and Nutrition Survey” car-
ried out the same year as the dietary survey of JDCS, energy
intake by Japanese men and women aged 40—69 years in the gen-
eral population ranged from 2214 kcal/day to 2319 kcal/day and
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Table 2 | Nutritional intake per day, and percentage of participants who met the nutritional recommendations of the Japan Diabetes Society,
Canadian Diabetes Association and American Diabetes Association

Men Women Age <60 years Age =60 years
(n = 807) (n = 709) (n = 755) (n=761)
Mean SD Mean sD Mean SD Mean SD
Nutritional intake
Energy
keal 1819 400 1643 405 1760 420 1714 403
Carbohydrate
% Energy 530 6.8 542 63 529 6.7 54.2 6.5
g 2396 554 220.1 485 2309 544 2300 520
Protein
% Energy 152 23 16.2 24 156 24 158 24
g 69.7 2038 67.2 27 69.0 221 680 214
Fat
% Energy 267 49 287 48 281 5.1 27.2 48
g 543 17.1 53.2 189 553 185 523 173
SFAs
% Energy 76 1.7 83 16 80 1.7 79 16
MUFAs
% Energy 88 20 93 20 93 21 88 20
PUFAs
% Energy 64 15 69 15 6.8 16 6.5 15
né .
% Energy 52 13 55 14 55 14 52 13
n3
% Energy 1.5 04 16 04 16 04 16 04
Cholesterol
mg 3169 1169 3069 1181 3131 1165 3113 1186
Ca
mg 6196 2283 661.0 2295 6289 2283 6489 2308
Fe )
mg 80 25 82 27 8.1 26 8.1 25
Dietary fiber, total
g 14.1 53 154 53 145 54 14.9 52
Sodium
g 41 15 43 16 4. 16 43 15
Recommendation met
Carbohydratet ‘
<55% Energy 61% 55% 61% 55%
55-60% Energy C24% 29% 25% 27%
>60% Energy 15% 17% 13% 18%
Fatt
<25% Energy 38% 21% 27% 33%
SFAst
<7% Energy 35% 17% 26% 27%
Fiber (total)t
>20 g 13% 17% 14% 16%
Sodiumt
<39¢g 50% 45% 50% 46%
© 2013 The Authors. Journal of Diabetes investigation published by AASD and Wiley Publishing Asia Pty Ltd J Diabetes Invest Vol. 5 No. 2 March 2014 179
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Table 2 | (Continued)

Sedentary occupation Non-sedentary HbAlC <7% HbATC =7%
(n=1032 occupation (n = 1,.266) (n = 250)
(n = 365)
Mean b Mean sD Mean SD Mean sD
Nutritional intake
Energy
keal 1,714 400 1,774 436 1,736 407 1,739 437
Carbohydrate
% Energy 536 6.5 539 69 534 6.7 546 62
g 2277 51, 2372 59.1 2295 521 2354 579
Protein
% Energy 15.7 24 153 24 157 24 155 22
g 679 210 686 23.1 686 217 679 217
Fat
% Energy 277 48 271 53 276 50 278 48
g 532 173 539 190 537 179 542 182
SFAs
% Energy 80 1.6 7.7 1.8 79 1.7 82 1.7
MUFAs
% Energy 90 20 88 2.1 90 21 9.1 20
PUFAs
% Energy 66 15 66 16 67 15 65 14
né
% Energy 53 13 53 14 54 14 52 12
n3
% Energy 16 04 15 04 16 04 15 04
Cholesterol
mg 3118 116.2 3050 1186 3122 1178 3122 116.2
Ca
mg 6374 2225 6312 2424 6372 2324 6480 2156
Fe
mg 8.1 24 81 27 8.1 26 81 25
Dietary fiber, total
g 14.7 52 144 55 14.6 53 15.1 55
Sodium
g 42 15 4.2 16 42 15 42 16
Recommendation met
Carbohydratet
<55% Energy 58% 57% 59% 52%
55-60% Energy 26% 26% 26% 28%
>60% Energy 16% 17% 15% 20%
Fatt
<25% energy 28% 36% 31% 28%
SFAst
<7% Energy 26% 30% 27% 23%
Fiber, totalt
>20g 16% 12% 15% 17%
Sodiumt
<39¢ 49% 50% 48% 48%
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Table 2 | (Continued)

Diabetes duration Diabetes duration Total
<10 years >10 years (n = 1516)
(n=737) (n =779
Mean SD Mean SD Mean SD
Nutritional intake
Energy
kcal 1,762 425 1,708 397 1,737 412
Carbohydrate
% Energy 533 65 539 6.7 536 66
g 2328 552 2280 510 2305 532
Protein
% Energy 156 24 157 24 157 24
g 69.5 226 673 207 685 217
Fat
% Energy 279 49 273 50 276 50
g 55.1 183 524 175 538 180
SFAs
% Energy 79 1.7 79 17 79 17
MUFAs
% Energy 9.1 20 89 20 90 20
PUFAs
% Energy 6.7 15 6.5 15 66 15
né
% Energy 54 14 52 13 53 14
n3
% Energy 16 04 15 04 16 04
Cholesterol
mg 316.1 1202 3072 1141 3122 1175
Ca
mg 644.5 2388 6323 2202 6390 2297
Fe
mg 83 26 79 25 8.1 26
Dietary fiber Total
g, 150 54 144 52 147 53
Sodium
g 43 16 41 15 42 15
Recommendation met
Carbohydratet
<55% Energy 5%% 57% 58%
55-60% Energy 27% 25% 26%
>60% Energy 13% 19% 16%
Fatt
<25% Energy 28% 32% 30%
SFAs
<7% Energy 27% 27% 27%
Fiber, totalt
>2049 17% 13% 15%
Sodiumt
<39¢g 48% 49% 48%

MUFAs, mono-unsaturated fatty acids; n3, n-3 fatty acids; n6, n-6 fatty acids; PUFAs, poly-unsaturated fatty acids; SD, standard deviation; SFAs,

saturated fatty acids. tCarbohydrate intake, 50-60% of total energy; fat intake, <25% total energy; fiber, >20 g/day; and sodium, <39 g (<10 g as
salt) were recommended by the Japan Diabetes Society'”. #Saturated fat intake should be <7% of total energy as recommended by the Canadian

Diabetes Association'® and the American Diabetes Association.®
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Table 3 | Intake of selected food groups per day

Men Women Age <60 years Age =60 years
(n = 807) {n =709 (n = 755) (h =767
Mean sD Mean D Mean D Mean SD
Grains (g) 207 58 173 40 194 54 189 V 52
Potato/aroid (g) 50 40 58 50 50 41 - 57 49
Soybeans/soy products (g) 68 49 75 54 71 51 72 52
Fruits (g) 121 101 148 108 126 107 140 103
Green-yellow vegetables (g) 130 69 147 66 136 67 140 68
Other vegetables (@) 174 103 200 99 184 100 188 104
Meat (g) 52 37 47 39 54 40 46 36
Fish (g) 103 61 97 59 101 61 100 60
Eggs (@) 30 18 28 16 29 16 29 17
Milk/dairy products (g) 165 109 177 94 168 108 173 97
Sweets/snacks (g) 16 20 20 21 18 21 17 20
Oil (@ 17 9 17 9 18 9 16 8
Alcoholic beverages (g) 155 195 14 48 99 180 80 142
Other beverages (g) 44 85 28 67 41 84 33 70
Sedentary Non-sedentary HbAlc <7% HbATc 27%
occupation occupation (n = 1266) (n = 250
(n = 1032 {n = 366)
Mean SD. Mean SD Mean SD Mean SD
Grains (@) 187 50 202 62 191 53 194 54
Potato/aroid (g) 53 42 55 45 53 42 57 58
Soybeans/soy products () 70 49 72 57 72 53 67 44
Fruits’ (g) 139 105 118 109 132 104 141 112
Green-yellow vegetables (g) 139 68 132 67 137 67 143 70
Other vegetables (g) 188 102 176 100 184 102 195 103
Meat (g) 49 37 48 39 49 38 52 42
Fish (g) 9 60 100 62 102 61 93 58
Eggs (@) 29 17 28 6 29 17 30 16
Milk/dairy products (g) 170 101 169 107 168 102 184 105
Sweets/snacks (g) 18 20 19 2 17 20 20 23
Cil (@ 17 9 17 9 17 9 17 9
Alcoholic beverages (g) 83 160 103 166 9% 169 54 116
Other beverages () 35 77 45 83 36 76 4 85
Diabetes duration Diabetes duration Total
<10 years (n = 737) >10 years (n = 779) (n=1516)
Mean SD Mean SD Mean SD
Grains (g) 191 54 192 53 191 53
Potato/aroid (g) 56 45 51 45 54 45
Soybeans/soy products (g) 73 - 55 69 48 71 52
Fruits (g) 138 116 129 93 133 105
Green-yellow vegetables (g) 41 67 135 69 138 68
Other vegetables (g) 191 100 187 104 186 102
Meat (g) 51 39 48 37 50 38
Fish (g) 102 62 98 .58 100 60
Egos (@) 29 17 29 16 29 17
Milk/dairy products (g) 169 107 172 98 170 103
Sweets/snacks (g) 19 22 17 19 18 21
Oil (g) 18 9 16 9 17 9
182 J Diabetes Invest Vol. 5 No. 2 March 2014 © 2013 The Authors. Journal of Diabetes investigation published by AASD and Wiley Publishing Asia Pty Ltd
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Table 3 (Continued)

Diabetes duration Diabetes duration Total

<10 years (n = 737) >10 years (n = 779) (n=1516)

Mean SD Mean SD Mean sD
Alcoholic beverages (g) 91 174 86 147 89 162
Other beverages (g) 38 81 35 73 37 77

HbA1c, glycated hemoglobin; SD, standard deviation.

1836 kecal/day to 1916 kcal/day, respectively. Thus, the JDCS
patients consumed an energy-restricted diet reduced by 400-
500 kcal/day in men and 200-300 kcal/day in women compared
with Japanese men and women in the general population.

In addition, the energy intakes by the JDCS patients and
Western patients with type 2 diabetes were similar. However, the
mean BMI of the JDCS patients was within the normal
range, and was much lower than in Western diabetic patients%.
The differences in energy intake between the two groups were
too small to explain the large difference in BMIL In terms of the
biological aspects of ethnic differences, it is known that Asian
people are more susceptible to pancreatic B-cell secretory defects
and pronounced dysfunction in early insulin secretion than Wes-
tern people®. In contrast, among Asian populations, the propor-
tion of body fat and prevalence of prominent abdominal obesity
are higher than in individuals of European origin with similar
BMI values®. Also, ethnic differences in biological factors based
on genetics, such as the basal metabolic rate, are assumed
between Asian and Western people. Further studies are required
to clarify the mechanism of the development of type 2 diabetes
in consideration of an ethnic-specific constitution, and it should
be investigated whether results of dietary assessments and actual
food intake differ consistently between Asian and Western
patients with diabetes.

The proportions of protein, fat and carbohydrate consumed
by JDCS patients met the major current Western guidelines
(American Association of Clinical Endocrinologists®, European
Association for the Study of Diabetes”, Canadian Diabetes
Association'®), which recommend carbohydrate intake ranging
from 45 to 65%, fat intake <30-35% and protein intake from
10 to 20%. Purthermore, mean carbohydrate intake as a per-
centage of energy intake (53.6%) met the current recommenda-
tions of the JDS (50-60%)"7, and mean fat intake (27.6%) was
2.6% higher than the recommendation (25% or less)!”. There-
fore, it was clarified that Japanese type 2 diabetic patients con-
sumed a ‘low-fat energy-restricted diet, which has been
traditionally recommended in Western countries (generally 25—
35% of energy from fat)'®*%, although the guidelines of the
American Diabetes Association for 2011 stated the possibility
of the effectiveness of both a low-carbohydrate and a low-fat
calorie-restricted diet. These proportions of intake by the JDCS
patients did not differ much according to sex, age, intensity
of physical activity during work, HbAIC level and diabetes

a

duration. In addition, the proportion of fat consumption by the
JDCS patients met the definition of low fat intake reported in
the recent systematic review by the American Diabetes Associa-
tion, which might improve glycemic control, total cholesterol
and low-density lipoprotein (LDL) cholesterol, but might also
lower high-density lipoprotein (HDL) cholesterol®®. However,
the JDCS patients and Western type 2 diabetic patients had
similar HDL cholesterol levels (1.4 mmol/L and 1.1-1.2 mmol/
L, respectively)™, which is probably a result of the fact that the
serum level of HDL cholesterol is naturally higher in Fast
Asians than in Western populations.

The proportions of protein, fat and carbohydrate as per-
centages of energy supply in the JDCS patients were similar
to those reported in elderly Japanese type 2 diabetic patients
(fat/carbohydrate: 25.6/59.0%)%, the general Japanese popula-
tion (25.8/59.3%)%, and a comprehensive picture of the pat-
tern of the country’s food supply reported in the FAO
Balance Sheet (27.3/59.5%)". Furthermore, according to the
report of the FAO in 1996, fat and carbohydrate as percent-
ages of energy supply in the USA, European region, Spain,
Korea, and South Africa were 34.5/53.1%, 33.5/54.4%, 39.5/
47.5%, 20.0/68.9%, and 22.0/67.7%, respectively. Thus, the pro-
portions of protein, fat and carbohydrate consumed by dia-
betic patients in each country were similar to those reported
in the FAO Balance Sheet, which reflects dietary patterns for
each country’. As well as in these countries, it can be esti-
mated that Japanese type 2 diabetes patients’ low-fat energy-
restricted diet’ is deeply ingrained in the ethnic-specific dietary
pattern of Japan.

As a protein source, consumption of fish and soybean prod-
ucts was larger than that of meat and eggs, and this pattern
was similar without regard to sex, age, intensity of physical
activity during work, HbA1C level and diabetes duration. These
results imply that dietary content and food patterns among Jap-
anese patients with type 2 diabetes were quite close to those in
Western countries that have been reported as decreasing the
risk of obesity®®, type 2 diabetes® and mortality as a result of
cardiovascular disease®, which is known to be higher in Wes-
tern countries than in Japan. Conversely, the American Diabe-
tes Association noted that soy-derived supplements were not
associated with a significant reduction in glycemic measures or
risk factors for cardiovascular disease, and that there is limited
evidence in relation to protein sources®®,

© 2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd
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Table 4 | Summary of literature on dietary composition of diabetic patients including the current Japanese Diabetes Complications Study results

Study name Method for - Years carried  Study Type of No. participants  Mean age  Energy Carbohydrate  Fat intake BMIt
or author measurement of  out population  diabetes (No. men) (years)t intake (kcalt intake (% (9% energy)t
dietary intake energy)t
Present study (JDCS) FFQg 1996 Japanese Type 2 diabetes 1,516 (805) M: 584 M: 1,819 M: 530 M: 267 M: 227
W: 590 W 1643 W 542 W: 287 W: 232
EURODIAB IDDM 3-day record NA European IDDM 2,368 (1458) 33 M: 2,202 M: 43 M: 379 M: 26
* Complications W: 1604 W: 419 W: 379 Wi 28
Study Group®
7-day food diaries  1993-1994  Spanish Type 1 diabetes, 144 (70) M: 250 M: 2,217 M: 395 M: 415 M: 224
W 271 W: 1,623 W: 400 W 405 W: 232
DNCT? Type 2 diabetes 193 (81) M: 622 M: 1,788 M: 390 M: 385 M 258
‘ W: 625 W 1453 W: 380 W: 360 W: 285
Strong Heart 24-h dietary recall  1997-1999  American Diabetes 1,008 (316) M: 635 M: 1,595 M: 487 M: 353 M: 306
Study (SHS)® Indians W: 635 W1422 Wi 487 W: 359 W: 328
NHANES® 24-h dietary recall 19992000  General US  Diabetes 373 (190) M: 649 M: 1,852 M: 484 M: 347 M: 305
population W: 653 W: 1384 W:498 W 338 W: 328
Diabetic Educational ~ 7-day dietary recall 2005-2006  Clinical rial ~ Type 2 diabetes 40 (19) 535 1778 367 446 358
Eating Plan stucy® : participants <25 50%
" in USA 25-30 175%
White 85%, 230 775%
Black 5%,
Asian 5%,
other 5%
Lee et al®® 24-h dietary recall  2003-2004  Korean Type 2 diabetes 154 (78) 61 M: 1,788 M: 66.7% M: 163% M: NA
W 1,546 W: 684+ W 162% W NA
Kamada et al? FFQg 2001 Japan Type 2 diabetes 912 417) M: 714 M: 1,802 M: 595 M: 254 M: 235
Wi 723 W. 1,661 W: 586 W: 258 W 240
Nthangeni et al®' 24-h dietary recall 1998 South Type 2 diabetes 290 (133) <408 M: 19719 M: 667 M: 134 M: 230 158%
African W 1,7129 W: 658 W 144 Wi =30 40.8%

BMI, body mass index; DNCT, Diabetes Nutrition and Complications Trial; EURODIAB IDDM, European Diabetes Centers Study of Cornplications in Patients with Insulin-Dependent Diabe-
tes Mellitus; IDDM, insulin-dependent diabetes mellitus; JOCS, Japan Diabetes Complications Study; M, men; NA, not available; NHANES, National Health and Nutrition Examination Survey;
SHS, Strong Heart Study; W, women. tMaximum value and minimum value are shown if mean value was not available. +Estimated from mean value. S$Age range was described because
mean age was not reported. 91 kcal = 4.184 k.




Further studies are required to clarify whether glycemic con-
trol and risk of cardiovascular disease are affected by soy con-
sumption and other protein sources over a long time period.

Furthermore, 73% of the JDCS patients met the recommen-
dations for saturated fatty acid (SFA) intake (<7% of energy
intake'®'®), and their mean SFA intake was lower than those of
Western type 2 diabetes participants (7.9% and 11.2-14.5%,
respectively) i

Just 15% of the JDCS patients ingested 20 g or more of fiber
per day, and their mean fiber intake (14.7 g/day) was similar to
that of Western type 2 diabetes participants (11.4-20.5 g/day)’”
®> and the general Japanese population (15.7 g/day)”’. More
fiber consumption is recommended for JDCS patients, because
it was reported that a high intake of dietary fiber improved
fasting plasma glucose and HbAlc values in patients with type
2 diabetes in randomized crossover studies”®. Increasing fiber
intake is recommended to keep diabetes under good control.

The JDCS patients consumed excess sodium, and their mean
sodium intake was 4.2 g/day. Thus, their mean sodium
intake was lower than in the general Japanese population
(4.6 g/day)”’, and higher than in the USA. and UK general
populations (3.6 and 3.4 g/day, respectively)®, and a diabetic
population in the USA (2.5-3.4 g/day)’. High sodium intake
directly increases the risk of stroke, and the risk of stroke is
decreased by 6% for each 1.15-g/day reduction in sodium
intake®. Given a 1.15 g/day sodium reduction in JDCS
patients, which would result in a sodium intake equal to that
in Western diabetes patients, it could be expected that the
morality risk of stroke in JDCS patients would be reduced from
7.5 per 1,000 patient-years32 to 7.0 per 1,000 patient-years.

The present study had several limitations. First, the survey
data were collected in 1996, 17 years ago. However, according to
results of the National Health and Nutrition Survey™ in 1996
and 2006, energy intake was slightly decreased (50-100 kcal/day)
from 1996 to 2006, and the proportions of fat and carbohydrate
did not differ greatly as reported in the FAO Balance Sheet (in
1996: 27.3/59.5%, 2006: 28.7/58.1%, respectively)7. Additionally,
the characteristics of energy intake and nutritional and food
intake by the JDCS patients differed very little between patients
<60 years and those aged 60 years or over.

Second, inaccuracies in participants’ reported dietary compo-
sition on the self-recording questionnaire are possible. Previous
data show that being a woman, being obese or desiring to
reduce bodyweight are factors related to the likelihood of
underreporting energy intake®. However, the Japanese type 2
diabetic patients had a much lower BMI compared with
Western patients®. An additional limitation is that just 74.5% of
participants completed the FFQg, and their characteristics were
slightly different from those who did not complete the FFQg;
therefore, the differences between those who did and did not
complete the questionnaire could have potentially influenced
the cross-study comparisons of dietary intake. Finally, the
method of dietary assessment for type 2 diabetes patients was
different in each study that we examined. Establishment of a

method that would allow a more direct country-by-country
comparison is required.

In conclusion, we clarified that Japanese with type 2 diabetic
patients had a ‘high-carbohydrate low-fat’ diet in comparison
with Western diabetic patients, but had an energy intake simi-
lar to Western patients with diabetes. Furthermore, the propor-
tions of protein, fat, and carbohydrate consumption and food
intake were also quite close to the food pattern that has been
traditionally recommended in Western countries.

The present study was a descriptive epidemiological examina-
tion to elucidate the actual dietary intake among Japanese mid-
dle-aged patients with type 2 diabetes who participated in a
nationwide cohort study, and to compare findings with those
of Western diabetic patients. Thus, we could not establish a
cause—effect model between the risk of diabetes complications
and the characteristics of food or nutritional intake, although
medical nutritional therapy is an essential constituent for diabe-
tes management.

However, the mean BMI of the JDCS patients was within nor-
mal range, whereas the BMI in the Western diabetic patients was
higher, even though energy intake in both groups was similar.
Additionally, the features of energy intake, and nutritional and
food intake also did not differ greatly among the JDCS patients
regardless of the differences in sex, age, intensity of physical activ-
ity during work, HbAIC level and diabetes duration.

It is possible that the difference in the dietary pattern and
ethnic-specific characteristics, such as those related to body fat,
prominent abdominal obesity and insulin deficiency and resis-
tance, between Asian and Western people would result in dif-
ferent effects from medical nutritional therapy. Considering
ethnic-specific dietary patterns and characteristics is important
to explore effective medical nutritional therapy.

Based on preliminary findings, more research is required to
survey how food and nutritional intakes among Asian type 2
diabetes patients are associated with the risk of development of
diabetic complications, and results should be compared with
those in Western patients.
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Relationship between chewing ability and sarcopenia in
Japanese community-dwelling older adults

Masaharu Murakami,’ Hirohiko Hirano,* Yutaka Watanabe,® Katsuhiko Sakai,! Hunkyoung Kim? and
Akira Katakura'

"Department of Oral Medicine, Oral and Maxillofacial Surgery, Tokyo Dental College, ?Research Team for Promoting Independence of the
Elderly, Tokyo Metropolitan Institute of Gerontology, Tokyo, and *Oral Diseases Research, Department of Advanced Medicine, Division of
Oral and Dental Surgery, National Center for Geriatrics and Gerontology, Aichi, Japan

Aim: It has been reported that if nutrient intake is unbalanced, muscle mass, muscle strength and physical
performance declines, and therefore it is important to maintain chewing ability to keep a balanced nutrient intake.
However, the relationship between chewing ability and sarcopenia has not been previously reported. Therefore, the
present study investigated the relationship between chewing ability and sarcopenia in addition to known sarcopenia-
related factors. '

Methods: We examined 761 participants (average age 73.0 & 5.1 years), who lived in the Itabashi city of Tokyo. Our
research was designed to examine the relationship between chewing ability and sarcopenia. We carried out regression
analysis to analyze the relationship with sarcopenia-related factors with consideration of the age of the participants.

Results: The 761 participants were divided into two groups in terms of the stage of sarcopenia according to whether
there was a deterioration of muscle strength or physical performance. Furthermore, we carried out logistic regression
analyses on the value as a dependent variable, including known sarcopenia-related factors. There were significant
correlations of sarcopenia with age (odds ratio 2.37, 95% confidence interval 1.52-3.70), body mass index (odds ratio
0.75, 95% confidence interval 0.69-0.81) and chewing ability (odds ratio 2.18, 95% confidence interval 1.21-3.93).

Conclusions: The present study shows that chewing ability is related to sarcopenia, which is equal to the relation-
ship with the known factor of age by odds ratio. Geriatr Gerontol Int 2014; ee: ee—ee,

Keywords: chewing ability, color-changeable gum, community, elderly, sarcopenia.

Introduction

Sarcopenia, defined as the degenerative loss of skeletal
muscle mass, has recently been considered to result
from a decline in muscular strength.’” It has been
reported that the age-related loss of skeletal muscle
mass leads to a decline in activities of daily living (ADL)
in older adults, leading to difficulties in maintaining
their quality of life (QOL). Studies have shown that if
nutrient intake is unbalanced, muscle mass, muscle
strength and physical performance declines,® and it is
important to maintain chewing ability to keep a bal-
anced nutrient intake.*® Enjoying meals is one of the

Accepted for publication 3 August 2014.

Correspondence: Dr Hirohiko Hirano DDS PhD, Research
Team for Promoting Independence of the Elderly, Tokyo
Metropolitan Institute of Gerontology, 35-2 Sakae-cho,
Itabashi-ku, Tokyo 173-0015, Japan. Email: hhirano@tmig.or.jp

© 2014 Japan Geriatrics Society

most important factors to support the QOL of senile
older adults, and it is also important to maintain and
promote their health.®”

Several studies have reported on the relationship
between chewing ability and grip strength/physical per-
formance,®® and on the relationship between tongue
muscle thickness and sarcopenia,’® but there have been
no reports addressing the possible relationship between
chewing ability and sarcopenia.

Therefore, we carried out this research on Japanese
community-dwelling older adults, and investigated the
relationship between chewing ability and sarcopenia in
addition to known sarcopenia-related factors.

Methods

Participants

The Tokyo Metropolitan Institute of Gerontology
(TMIG) sent invitations for a comprehensive geriatric

doi: 10.1111/ggi.12399 | 1
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health examination for early detection and early care of
geriatric syndrome to 7015 male and female older adults
aged from 65 to 85 years who lived within nine towns in
Itabashi city (Tokyo, Japan), excluding nursing home
residents and those who had participated in our previ-
ous interventional research studies. Among them, 1325
people offered to attend and 835 people actually
attended. Excluding withdrawals due to the terms of our
research, and also exclusions of missing values due to
people with heart pacemakers and/or walking difficul-
ties, the data of 761 participants were analyzed in the
present study.

This research was carried out at the TMIG from 25
September 2012 to 5 October 2012. The participants
attended by walking, driving or being driven by family
members, or by using public transportation, and fur-
thermore, they were able to understand and follow our
instructions. We received written informed consent
from each participant individually. This research was
carried out with permission of the TMIG Ethics Com-
mittee (Issue #.23-1253 in 2011).

Stages of sarcopenia

The guidelines of the European Working Group on
Sarcopenia in Older People (EWGSOP) were used to
classify the severity of sarcopenia (stage of sarcopenia
[SSp]) according to muscle mass (skeletal muscle mass
measured by bioelectrical impedance analysis [BIA]),
muscle strength (grip strength) and physical perfor-
mance (usual walking speed)." In addition, partici-
pants were classified by SSp into a healthy and
presarcopenia group in which declines in muscle
strength or physical performance were not observed
(maintenance group [MG]), or into a sarcopenia and
severe sarcopenia group in which declines in muscle
strength or physical performance were significant
(decline group [DG]). The cut-off value was according
to the method established by the Asian Working
Group for Sarcopenia (AWGS)."

General evaluation

Height

Each participant was advised to keep their heels, but-
tocks, back and head touching the stadiometer. Making
sure that their neck, waist and knees were straight, their
height was measured per 0.1 cm.

Weight

Each participant was advised to stand on a weight scale
quietly, and the stable value of their weight was mea-
sured per 0.1 kg.

2 |

Skeletal muscle mass index

Body composition was measured with BIA using an
InBody720 (Bio Space, Seoul, Korea), and extremity
muscle mass (kg) was determined from the sum of the
upper and lower extremities. We divided the measured
extremity muscle mass by the squared height (m con-
version), and the adjusted extremity muscle mass was
used as the skeletal muscle mass index (SMI). We used
the standard value set by the AWGS, which is less than
7.0 kg/m? for men and less than 5.7 kg/m* for women
for the SMI cut-off value of sarcopenia.’

Nutrition evaluation

The body mass index (BMI) was measured as an indi-
cator of the nutritional status of each participant. We
divided the measured extremity height (m), and the
weight was used as the BML

Physical function evaluation

Physical function was measured following the func-
tional improvement manual issued by the Ministry of
Health, Labor and Welfare.™®

Grip strength

Grip strength was used as an indicator of muscle
strength, and was measured using a Smedley dynamom-
eter (As one, Osaka, Japan). Measurements were carried
out twice, and the higher value was used.'! The cut-off
value of grip strength was set as the lowest of quartile
value, according to the method of the AWGS, which is
less than 26.0 kg for men and less than 18.0 kg for
women.™

Usual walking speed (walking ability)

Participants walked along a walking path with a 3-m
acceleration zone, a 5S-m measurement zone and a 3-m
deceleration zone, and the time each participant’s feet
were in the swing phase (the foot apart from the ground)
was measured from the start-point of the measurement
zone to the end-point of the measurement zone. Mea-
surements were taken twice, and the faster time was
used in the analysis. The cut-off value of the walking
speed was set as the lowest of quartile value, according
to the method of the AWGS, which is less than
1.0 m/s.”?

Oral examination

Oral examinations were carried out by two dentists and
five dental hygienists who had standardized their
methods before the study.

© 2014 Japan Geriatrics Society
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Relate to chewing ability and sarcopenia

Table 1 Basic attributes of Japanese community-dwelling older adults

Total (n=761) Male (n = 314) Female (n = 447) P-value
Mean + 5D Mean + SD Mean £ SD
Age (years) 73.0£5.1 73.7+£8.5 72.6+£4.9 0.011 (w
BMI (kg/m?) 229+£3.3 23.7+3.1 224+3.3 <0.001 (u)
SMI (kg/m?) 6.5+1.0 7.3+£0.9 5.9+0.6 <0.001 (u)
Grip strength (kg) 243 +8.2 312471 19.4+£4.7 <0.001 (u)
Usual walking speed (m/s) 1.4+0.2 1.4+0.2 1.4+£0.3 0.689 (u)
No. existing teeth 19.9 £8.9 19.04+£9.4 20.5+8.6 0.040 (uw)
No. functional teeth 27.0£3.0 26.8+3.5 27.1+£2.6 0.386 (u)
Occlusal force (IN) 529 + 342 576+ 383 497 + 305 0.011 (u
Chewing ability Good 85.8 = 653/761 87.6 = 275/314 84.6 = 378/447 0.241 (%)
Poor 14.2 = 108/761 12.4 = 39/314 15.4 = 69/447
Stages of sarcopenia MG 84.8 = 645/761 86.0 = 270/314 83.9 = 375/447 0.429 (x*
DG 15.2 = 116/761 14.0 = 44/314 16.1 = 72/447

Values are mean #* standard deviation. Chewing ability (divided the color changes of color-changeable gum into 5 stages, 1 and
2 with less color change into “Poor,” and 3, 4 and 5 with more color change into “Good”). ¥?, x*~test; BMI, body mass index;
DG, decline group; MG, maintenance group; SD, standard deviation; SMI, skeletal muscle mass index; u, Mann-Whitney

U-test.

Chewing ability

A color-changeable chewing gum (masticatory perfor-
mance evaluating gum Xylitol; Lotte, Saitama, Japan)
was used to examine chewing ability. After chewing the
gum for 1 min, the participant spat the gum on a piece
of white paper, and the gum was analyzed with a color
chart into five levels by testers.'® Levels 1 and 2, which
were approximately the lowest of quartile value, were
classified as “poor,” and levels 3, 4 and 5 were classified
as “good”.

Number of existing teeth

The number of existing intraoral erupted teeth was
counted, excluding the residual roots.

Number of functional teeth

The number of prosthetic treatment bridges, plate den-
tures (removal dentures), implants (artificial roots) of
defect sites and the number of existing teeth were
counted.

Occlusal force

An occlusal force measurement system film was used,
Dental Prescale SOH Type R (Fuji Photo Film, Tokyo,
Japan) and an Occuluser (Fuji Photo Film). Following
the method of Matsui et al.,'” each participant sat on a
chair, making sure that the Frankfurt horizontal plane
and the floor were as parallel as possible, and then was
asked to bite down on the prescale at the intercuspal
position as hard as possible.” Occlusal force was mea-
sured in newtons (N).

© 2014 Japan Geriatrics Socjety

Statistical analysis

The Mann-Whitney U-test was carried out to assess
differences between continuous variables in the two
groups. For the categorical variable, the x’-test was
used. Logistic regression analysis was used for the
purpose of researching factors related to DG. All statis-
tical analyses were carried out using SPS5520.0] for
Windows (IBM, Armonk, NY, USA), and a risk ratio of
less than 5% was considered a significant difference.

Results

Basic attributes of the participanis

The basic attributes of the participants in the present
study are shown in Table 1. There were 761 participants
(mean age 73.0%£5.1 years), 314 men (mean age
73.7 £ 5.5 years) and 447 women (mean age 72.6 +4.9
years). Women had higher values for the number of .
existing teeth (P = 0.040). Men had higher values for age
(P=0.011), BMI (P<0.001), SMI (P<0.001), grip
strength (P < 0.001) and occlusal force (P = 0.011).
The rate of MG and DG of SSp was: men 14.0% and
women 16.1%. However, the percentage of DG was not
significantly different between men and women.

SSp comparisons

Comparisons of each variable between MG and DG of
SSp are shown in Table 2. The ages of the participants
were higher with DG (P < 0.001). BMI (P < 0.001), SMI
(P<0.001), grip strength (P<0.001), usual walking
speed (P < 0.001), number of existing teeth (P < 0.001),
occlusal force (P<0.001) . and = chewing ability

| 3
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P-value
<0.001 (u)
<0.001 (3%
<0.001 (u)
<0.001 (u)
<0.001 (u)
<0.001 (w)
<0.001 (u)
0.693 (u)
<0.001 (u)
<0.001 ()

40/72
32/72
204+2.9
20/72
52/72

Women (72)
Mean + SD
74.4+49

5.2+0.4
147 £3.0

1.2+0.3
19.8+£8.9
269+3.4
431 £282
27.8 =

55.6
44 4
72.2

9/44
35/44
29/44

+
21.1+3.7

+
13.7 £9.1

264+4.0
368 £276

65.9
34.1=15/44

Men (44)
Mean + SD
77.9+4.9

20.5
21.6+2.1

79.5

67/116
81/116
35/116

49/116
20.9+2.7

Mean + SD
+
17.1+4.5
+
17.5+94
26.7£3.6
407 +£280

Total (116)
75.7+£5.2

DG

42.2
57.8
69.8
30.2

249/375
326/375

33.6 = 126/375
6.0+0.6
20.3+4.4
+
20.7 £ 8.5

Women (375)
Mean + SD
72.3+4.8
22.8+3.3

66.4
13.1 =49/375

509 £ 308

27.1+£2.4
86.9

24/270
246/270

7.5+£0.9
32.9+6.1

1.4+£0.2
19.8 £9.2
26.9+3.5
610 + 388

8.9=

61.1 =165/270
91.1

38.9 =105/270

Men (270)
Mean + SD
73.0+5.2
24.0+3.1

414/645
231/64S5
23.3+3.2
572/645
73/645

+

25.6 +8.1
1.4£0.2

64.2
20.3+8.8
551 +347
88.7
11.3

Total (645)
35.8

Mean = SD
72.6 +£5.0
27.0+£2.9

MG

Good
Poor

Table 2 Comparison between stage of sarcopenia and each factor

Usual walking speed (m/s)

n=761

Age (years)

Early elderly

Late elderly

BMI (kg/m?)

SMI (kg/m?)

Grip strength (kg)
No. existing teeth
No. functional teeth
Occlusal force (N)
Chewing ability

L
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Table 3 Examination of relationship between various
items and Sarcopenia

OR  95% CI P-value

Age (early elderly =0, 2.37 (1.52-3.70) <0.001
late elderly = 1)

BMI (/kg/m?) 0.75 (0.69-0.81) <0.001

No. existing teeth 1.01  (0.98-1.04) 0.523
(/tooth)

Occlusal force (/N) 1.00 (1.00-1.00) 0.007

Chewing ability 2.18 (1.21-3.93) 0.010

(good = 0, poor = 1)

Logistic regression analysis dependent variable: cut-off stage
of sarcopenia at maintenance group and decline group.
Independent variable: Age, BMI, number of existing teeth,
Occlusal force and Chewing ability. Early elderly aged less
than 75 years; late elderly aged more than 75 years. BMI,
body mass index.

(P <0.001) declined in participants with DG. Among
patients aged less than 75 years, 10.6% had DG. Among
participants aged more than 75 years, 22.5% had DG
(P <0.001).

Logistic regression analysis

The results of the logistic regression analysis are shown
in Table 3. The dependent variable was 0 for MG and 1
for DG. As a result, age, BMI, number of existing teeth,
occlusal force and chewing ability were selected as inde-
pendent variables. Age (OR 2.37, 95% Cl 1.52-3.70),
BMI (OR 0.75, 95% Cl 0.69-0.81) and chewing ability
(OR 2.18, 95% Cl 1.21-3.93) were significant factors of
sarcopenia.

" and 3, 4 and 5 with more color change into “good”). x? x*-test; BMI, body mass index;

; late elderly aged more than 75 years; chewing ability (divided the color changes of
DG, decline group; MG, maintenance group; SD, standard deviation; SMI, skeletal muscle mass index; u, Mann-Whitney U-test.

Discussion

There have been many reports about sarcopenia,
regarding the concept of the frail model proposed by
Fried etal'™ It has been reported that sarcopenia
decreases the ADL of older adults, makes it difficult to
maintain their QOL,'? and it is important to intake a
good balance of nutrition to prevent a decline in muscle
mass, muscle strength and physical performance.? It has
been reported that it is essential to maintain the ability
to chew to keep a good balance of nutrient intake.*’
From these understandings, a strong relationship
between chewing ability and sarcopenia has been
inferred, but this hypothesis has not been previously
tested. Thus, in the present study, we examined the
relationship between chewing ability and sarcopenia in
addition to known sarcopenia-related factors.

The prevalence of severe sarcopenia in the present
study was 5.6% (42 participants), 12.8% (96 partici-
pants) had sarcopenia and 22.5% (169 participants) had
presarcopenia. Three factors of EWGSOP, muscle
mass, muscle strength and physical performance, were

Value are mean + standard deviation. Early elderly aged less than 75 years
color-changeable gum into 5 stages, 1 and 2 with less color change into “poor

© 2014 Japan Geriatrics Society
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used as a concept of sarcopenia in the present study.
This EWGSOP consensus guide is used worldwide as
diagnostic criteria of sarcopenia intended to unify views
of the definition of sarcopenia.'’ However, the basic
value of EWGSOP is targeted for white and black sub-
jects in the USA and Europe. Therefore, it is difficult to
apply that standard to physically different Japanese
people.’” We classified sarcopenia according to cut-off
values, and basic values of SMI, grip strength and usual
walking speed targeted for Asian people by the AWGS.™
In addition, the BMI significantly decreased in the DG
group. Several studies have reported that the BMI sig-
nificantly decreases in subjects with sarcopenia, and as
we obtained similar results in the present study, we
believe that our research results are valid.”’

A color-changeable chewing gum was used to evaluate
chewing ability. With this evaluation method, the
chewing ability of each participant can be evaluated easity
and in a short amount of time, and it has been correlated
with other chewing ability evaluation methods.”’ One
previous study reported that results from color charts,
like the one used in our study, correlated well with results
using a color difference meter.'® We used the same
cut-off value for chewing ability as the lowest quartile
used for the cut-off value for grip strength and walking
speed established by the EWGSOP." As a result, out of
five stages of chewing ability, it was matched with the
lowest quartile, by setting 1 and 2 as “poor,” and the
percentages as 14.1%. In a previous study with a color-
changeable chewing gum, the percentages of “poor”
were similar to the present results, and this supports the
validity of our results.*

To make SSp the dependent variable, we set the cut-
off value between presarcopenia and sarcopenia. This is
because it is considered that not only a decline in
muscle mass, but also declines in muscle strength and
physical performance exist in the stage between
presarcopenia and sarcopenia. It is considered to be a
turning point of the decline in the QOL of older adults,
as it has been reported that a decline in muscle strength
of the knees and ankles are related to the balance ability
of the extremities in daily life and a decline in walking
speed.” It has also’ been reported that a decline in
general function can be a predictive factor for the wors-
ening of health status.**

We carried out a logistic regression analysis on
sarcopenia-related factors, which confirmed that
sarcopenia is related to age and BMI, similar to previous
reports.?’ Depressed metabolism and depressed appetite
could be caused by a decline in general function. It was
considered that if daily nutritional intake is lacking, a
negative cycle of decline in BMI, muscle mass and
general function occurs.

The present study showed that there is a relationship
between chewing ability and sarcopenia. Three factors
of EWGSOP; muscle mass, muscle strength and physi-

© 2014 Japan Geriatrics Society

cal performance, were used for the concept of
sarcopenia in the present study. There have been many
reports of the relationship between these three factors,
and age and nutrition.*” It has also been reported that
both muscle strength and physical performance have a
relationship with chewing ability. Moriya et al. reported
the relationship between chewing ability and grip
strength regardless of the number of existing teeth.’
Takata etal. also reported the relationship between
chewing ability and general function regardless of the
number of existing teeth.® There has been no report
about the relationship between general muscle mass
and chewing ability, whereas there have been reports
about the relationship between chewing ability related
tongue thickness and brachial muscle mass." Many
muscles related to sarcopenia components, muscle
strength and physical performance are antigravity
muscles, and it was reported that a decline in the
strength of antigravity muscles occurs all over the
body.” As many muscles related to chewing ability are
classified as antigravity muscles, it is considered that a
decline in muscle strength occurs simultaneously.” It
has been also reported that a decline in muscle mass
causes a decline in muscle strength, and the decline in
muscle strength then causes atrophy of muscles and a
decline in function.”” From these studies, it was consid-
ered that the reason for a notable relationship between
chewing ability and sarcopenia in consideration of age
and nutrition could be related to changes in general
muscle mass and muscle mass related to chewing
ability. In addition, it was seen that occlusal force and
number of existing teeth have a relationship with
occlusal function, but not directly with sarcopenia.
Unlike a single evaluation index, such as occlusal force
or number of teeth, occlusal function is a global evalu-
ation index related with muscle of mastication, tongue,
teeth and nerves. Similarly, sarcopenia is globally evalu-
ated from muscle mass, muscle strength and general
function, therefore, it could be considered that this is
the background of why the relationship with sarcopenia
was seen.”

The present research showed a relationship between
chewing ability and sarcopenia, which will be meaning-
ful to consider solutions to suppress sarcopenia in older
adults in terms of dentistry in the future.

The present study had several limitations. First, the
participants in this study actively attended a geriatric
health examination, thus they are possibly highly
conscious of their health, and can walk by themselves or
attend the examination with assistance, and therefore
they are a highly independent group. Therefore, these
research findings might not apply to less independent
groups. Second, the present study was cross-sectional,
and did not prove a causal relationship between
sarcopenia and chewing ability in consideration of time-
course changes.
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In the present study, we examined whether chewing
ability is related to sarcopenia, but it could be considered
that chewing-related muscle function declines as a result
of sarcopenia, and leads to the aggravation of chewing
ability. In addition, it could be considered that a lower
amount or less quality of muscle of mastication leads to
a decline in chewing ability. More details on the causal
relationship need to be determined through longitudinal
research and intervention research in the future.

Acknowledgments

We thank everyone who participated in this research,
particularly Dr Yuki Ohara, Dr Ayako Edahiro, Dr
Hisashi Kawai, Dr Shuichi Obuchi and Dr Hideyo
Yoshida (TMIG) who guided us in our research.

Disclosure statement

None of the authors has a conflict of interest to declare.

References

1 Baumgartner RN, Koehler KM, Gallagher D et al. Epide-
miology of sarcopenia among the elderly in New Mexico.
Am J Epidemiol 1998; 147: 755-763.

2 Doherty TJ. Aging and sarcopenia. J Appl Physiol 2003; 95:
1717-1727.

3 Mithal A, Bonjour JP, Boonen S et al. Impact of nutrition
on muscle mass, strength, and performance in older adults.
Osteoporos Int 2013; 24: 1555-1566.

4 Kagawa R, Ikebe K, Inomata C et al. Effect of dental status
and masticatory ability on decreased frequency of fruit and
vegetable intake in elderly Japanese subjects. Int J
Prosthodont 2012; 25: 368-375.

5 Mann T, Heuberger R, Wong H. The association between
chewing and swallowing difficulties and nutritional status
in older adults. Aust Dent J 2013; 58: 200-206.

6 Reisine ST, Fertig J, Weber ], Leder S. Impact of dental
conditions on subjects’ quality of life. Community Dent Oral
Epidemiol 1989; 17: 7-10.

7 Takata Y, Ansai T, Awano S etal. Chewing ability and
quality of life in an 80-year-old population. J Oral Rehabil
2006; 33: 330-334.

8 TakataY, Ansai T, Awano S et al. Relationship of physical
fitness to chewing in an 80-year-old population. Oral Dis
2004; 10: 44-49.

9 Moriya S, Notani K, Murata A, Inoue N, Miura H. Analysis
of moment structures for assessing relationships among
perceived chewing ability, dentition status, muscular
strength, and balance in community-dwelling older adults.
Geredontology 2012; 27: 1-7.

10 Tamura F, Kikutani T, Tohara T, Yoshida M, Yaegaki K.
Tongue thickness relates to nutritional status in the
elderly. Dysphagia 2012; 27: 556-561.

11 Cruz-Jentoft AJ, Baeyens JP, Bauer JM etal. European
Working Group on Sarcopenia in Older People.
Sarcopenia: European consensus on definition and diag-
nosis: report of the European Working Group on
Sarcopenia in Older People. Age Ageing 2010; 39: 412-423.

12 Arai H, Akishita M, Chen LK. Growing research on
sarcopenia in Asia. Geriatr Gerontol Int 2014; 14: 1-7.

13 Ministry of Hearth, Labour and Welfare. Improvements
Manual of motor functions. 2009. [Cited 9 Jan 2014.]
Available from URL: http://www.mhlw.go.jp/topics/2009/
05/dl/tp0S01-1d.pdf (article in Japanese).

14 Kim H, Suzuki T, Yoshida Y, Yoshida H. Effectiveness of
multidimensional exercises for the treatment of stress
urinary incontinence in elderly community-dwelling Japa-
nese women: a randomized, controlled, crossover trial. J
Am Geriatr Soc 2007; §5: 1932-1939.

15 Suzuki T, Kim H, Yoshida H, Ishizaki T. Randomized
controlled trial of exercise intervention for the prevention
of falls in community-dwelling elderly Japanese women. J
Bone Miner Metab 2004; 22: 602-611.

16 Kamiyama M, Kanazawa M, Fujinami Y, Minakuchi S.
Validity and reliability of a Self-Implementable method to
evaluate masticatory performance: use of color-changeable
chewing gum and a color scale. J Prosthodont Res 2010; 54:
24-28.

17 Matsui Y, Ohno K, Michi K, Suzuki Y, Yamagata K. A
computerized method for evaluating balance of occlusal
load. J Oral Rehabil 1996; 23: 530-535.

18 Fried LP, Tangen CM, Walston J. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001;
56: 146-156.

19 Sanada K, Miyachi M, Tanimoto M et al. A cross-sectional
research of sarcopenia in Japanese men and women: refer-
ence values and association with cardiovascular risk
factors. Eur J Appl Physiol 2010; 110: 57-65.

20 Viana JU, Silva SL, Torres JL, Dias JM, Pereira LS, Dias
RC. Influence of sarcopenia and functionality indicators on
the frailty profile of community-dwelling elderly subjects: a
cross-sectional study. Braz J Phys Ther 2013; 17: 373-381.

21 Ishikawa Y, Watanabe I, Hayakawa I, Minakuchi S, Uchida
T. Evaluations of masticatory performance of complete
denture wearers using color-changeable chewing gum and
other evaluating methods. J Med Dent Sci 2007; 54: 65-70.

22 Kimura Y, Ogawa H, Yoshihara A etal. Evaluation of
chewing ability and its relationship with activities of daily
living, depression, cognitive status and food intake in the
community-dwelling elderly. Geriatr Gerontol Int 2013; 13:
718-728.

23 Cesari M, Kritchevsky SB, Newman AB et al. Added value
of physical performance measures in predicting adverse
health-related events: results from the Health, Aging And
Body Composition Research. J Am Geriatr Soc 2009; 57:
251-259.

24 Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal

muscle mass and distribution in 468 men and women aged
18-88 yr. J Appl Physiol 2000; 89: 81-88.

25 Suzuki Y, Iwamoto S, Haruna Y, Kuriyama K, Kawakubo
K, Gunji A. Effects of 20 days horizontal bed rest on
mechanical efficiency during steady state exercise at mild-
moderate work intensities in young subjects. J Gravit
Physiol 1997; 4: 46-52.

26 Mints VW. The orthopedic influence. In: Morgan DH ed.
Disease of the Temporomandibular Apparatus. St.Louis: the
C.V. Mosby Company, 1977; 197-201.

27 Xue QL, Bandeen-Roche K, Varadhan R, Zhou J, Fried
LP. Initial manifestations of frailty criteria and the devel-
opment of frailty phenotype in the Women’s Health and
Aging Study I J Gerontol A Biol Sci Med Sci 2008; 63:
984-990.

28 Donner MW, Bosma JF, Robertson DL. Anatomy and
physiology of the pharynx. Gastrointest Radiol 1985; 10:
196-212.

© 2014 Japan Geriatrics Society

~361-



FREER. EEFBHERRERERFHAREMRERZASRICLISIERARBL

LT, ARIITBEARTRRERFER L V7 —AREL-TFHR6EE [ERED
BEICESNEFHDEL I Y OHRREED=HOMBEI Y FO—IL S/ TIL] O
BRREZRYFLH-3DTT,







