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INTRODUCTION

ABSTRACT

Aims/Introduction: This cohort study assessed the risk for bodyweight gain and devel-
opment of glucose intolerance based on the frequency of consumption of balanced
meals including grain, fish or meat and vegetables.

Materials and Methods: The participants (8,573 men, 3,327 women) were employees
of a company in Japan. A self-administered questionnaire was used to evaluate the fre-
quency of balanced meal consumption. Bodyweight changes and the incidence of glu-
cose intolerance (glycated hemoglobin >6.0%) during the 3-year follow-up period were
determined through annual health examinations.

Results: The mean bodyweight change over a period of 3 years was 0.78 kg for men
and 0.84 kg for women. A lower frequency of balanced meals was associated with a
higher bodyweight gain for men (P for trend = 0.004), but not for women. During the
study, 464 men and 115 women developed glucose intolerance. Overall, the frequency of
balanced meals was not associated with the risk of glucose intolerance in either sex. How-
ever, the interaction between the frequency of balanced meals and degree of obesity
had a significant effect on the incidence of glucose intolerance in men (P = 0.005), with
less frequent consumption of balanced meals being associated with a higher risk for glu-
cose intolerance among men with a BMI >25.0 kg/m2 (P for trend = 0.007).
Conclusions: A higher frequency of balanced meals, including grain, fish or meat and
vegetable dishes — important components of healthy Japanese food — was associated
with a lower risk of glucose intolerance in obese men, but not in non-obese men and
women.

due to the foods and nutrients characteristic of a traditional

A traditional Japanese diet, Washoku, is considered to con-
tribute to the health and longevity of Japanese people. Accord-
ing to previous analyses of dietary patterns, a Japanese diet has
been associated with health status indices, such as longevity'~,
cardiovascular disease™?, cancer™®, dementia’, sarcopenia® and

functional disability’. These health benefits are thought to be
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Japanese diet; that is, more fish and seafood products, more
soy, and less animal meat and dairy foods compared with Wes-
tern diets'.

Another feature of Japanese traditional food is the combina-
tion of dishes comprising the meal, Ichiju Sansai (one soup
and three dishes). A grain (Shushoku), a fish or meat (Shusai)
and a vegetable dish (Fukusai) are important components of
Ichiju Sansai. In Japan, one goal of nutritional and dietary
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habits included in the second phase of the National Health
Promotion Movement in the 2lIst century (Health Japan 21
[the second term]) is to increase the number of individuals eat-
ing balanced meals that include these three type of dishes more
than twice a day''. According to the results of the National
Health and Nutrition Survey in Japan, 454% of men and
49.0% of women ate these well-balanced meals every day'.
However, evidence regarding the effects of these meals on
health remains insufficient.

In this cohort study, we evaluated the associations of the fre-
quency of well-balanced meals, including grain, fish or meat
and vegetable dishes, with bodyweight changes over a period of
3 years, and the incidence of glucose intolerance in Japanese
men and women. Additionally, we evaluated the impact of obe-
sity on the relationship between the frequency of well-balanced
meals and incidence of glucose intolerance.

METHODS

Participants

The study participants were employees of a company that pro-
duces metal products, such as aluminum sashes and zippers, in
Japan. The Industrial Safety and Health Law in Japan requires
that employers carry out annual health examinations for all
employees. In 2014, 16,042 (87%) of 18,486 employees of this
company received health examinations and responded to the
health questionnaire. Among these 16,042 potential participants,
4,142 were excluded: 994 had high glycated hemoglobin
(HbAlc; >6.0%) at the time of the baseline examination, 903
had missing data from the baseline health examination or
health survey and 2,245 did not participate in the follow-up
examinations. Thus, 11,900 participants (8,573 men and 3,327
women) were included in the present study.

Data collection

We collected data on height, bodyweight and HbAlc from the
annual health examinations in 2014 (baseline) and 2017 (follow
up). Body mass index (BMI) was calculated as weight / height®
(kg/m®). Obesity was defined as a BMI of >25 kg/m”. A self-
administered questionnaire was used to collect information on
smoking status, frequency of alcohol intake, exercise habits and
dietary habits. The frequency of consuming a well-balanced
meal was self-reported in response to the question “On how
many days per week do you eat at least two meals with grain,
fish or meat and vegetable dishes?” using four semiquantitative
categories: “every day,” “3—4 days/week,” “1-2 days/week” and
“< 1 day/week (almost none).” The question was similar to that
used in the National Health and Nutrition Survey in Japan'®.

Diagnosis of glucose intolerance

Casual plasma glucose and HbA1lc levels were measured during
the medical examinations. Because we did not have access to data
about diabetes treatment, participants with HbAlc >6.0% at the
baseline examination, for whom the possibility of diabetes could
not be ruled out'?, were excluded from the study. It was difficult

http://wileyonlinelibrary.com/journal/jdi

to collect fasting blood samples from all participants in the health
examination, so HbAlc was used to diagnosis diabetes status.
Participants with HbAlc >6.0% at the follow-up examination
were defined as having glucose intolerance, and those with
HbA1c >6.5% as having diabetes mellitus'>.

Statistical analysis

To compare baseline characteristics and changes in the vari-
ables between baseline and follow up among the groups, analy-
sis of variance (aNova) was used for continuous variables, and
the Bonferroni adjustment was used as a post-hoc test. The -
test was used for categorical variables. Bodyweight changes over
a period of 3 years within each group were compared using
AaNova. We calculated the incidence rates for glucose intolerance
according to the four reported frequencies of well-balanced
meal consumption. Odds ratios (OR) and 95% confidence
intervals (95% CI) were calculated using logistic regression anal-
ysis. Adjustment for possible confounders was carried out
sequentially: model 1 adjusted for age and baseline BMI (con-
tinuous); model 2 adjusted for age, baseline BMI, smoking sta-
tus (never smoker, ex-smoker, current smoker), alcohol
consumption (nondrinker/occasional, <20, 20-39, >40 g/day)
and frequency of habitual exercise (none, 1-2 times/week, >3
times/week); and model 3 adjusted for all model 2 variables
plus changes in bodyweight over the 3-year study (kg; continu-
ous). The multivariate-adjusted OR was also calculated sepa-
rately for the absence and presence of obesity. Statistical
analyses were carried out using the Statistical Package for the
Social Sciences (SPSS version 22; IBM Corporation, Tokyo,
Japan). A P-value of <0.05 was deemed statistically significant.

Ethical considerations

Written informed consent was not obtained from the partici-
pants. The Data Health Plan is a plan for implementing health
activities effectively and efficiently based on an analysis of vari-
ous data, including medical cost details and results of health
examinations, carried out by the health insurance associations
in Japan. Based on the health insurance association plan at the
subject company, a questionnaire survey on lifestyle is carried
out every year. Participants are informed that the data might
be used for research purposes and told of their right to refuse
to participate in the cover letter of the questionnaire. Hence,
participants who responded to the questionnaire were consid-
ered to have consented. The researchers explained the study
design to the president of the company, and the president of
the health insurance association; the Occupational Safety and
Health Committee of the subject company, which includes
employee representatives, approved the study. The company
provided anonymous data to researchers to ensure that no indi-
vidual was identified.

RESULTS
The mean age at baseline was 40.3 years for men and 39.1 for
women. The mean BMI was 23.1 kg/m® for men and 21.5 kg/
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m” for women. The characteristics of the participants according
to the frequency of their consumption of well-balanced meals
are shown in Table 1. A lower frequency of well-balanced
meals was associated with significantly lower age, higher preva-
lence of current smokers, and lower frequency of habitual exer-
cise for both men and women. A lower frequency of well-
balanced meals was associated with a higher prevalence of
excessive drinking among men.

The mean change in bodyweight over the period of 3 years
was 0.78 kg for men and 0.84 kg for women. A lower fre-
quency of well-balanced meals was associated with a signifi-
cantly greater body weight gain for men (P for trend = 0.004;
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Table 2). There was no association between the frequency of
well-balanced meals and bodyweight change for women.

The incidence of glucose intolerance (HbAlc >6.0%) over
the period of 3 years was 5.4% for men and 3.5% for women,
and that of diabetes mellitus (HbAlc >6.5%) was 0.6% for men
and 0.2% for women. The number of incident diabetes cases
was too small, so we used glucose intolerance for subsequent
analysis.

For participants as a whole, the frequency of well-balanced
meals was not associated with the incidence of glucose intoler-
ance among men or women (Table 3). The interaction between
the frequency of well-balanced meal intake and the degree of

Table 1 | Baseline characteristics of study participants according to the frequency of well-balanced meals including a grain dish, a fish or meat dish
and a vegetable dish

Total Frequency of well-balanced meals P
Every day 3-4 days/week 1-2 days/week <1 day/week
Men
n 8573 4223 2384 1,338 628
Age (years) 403+ 110 409+ 1122 398 + 109* 398 £ 106* 390 £ 108*** <0.001
Body mass index (kg/mz) 231 £ 32 232 £+ 31 231 £ 32 231+ 32 231 £ 37 0.889
Smoking status (%)
Never 366 397 348 312 339 <0.001
Ex-smoker 239 259 239 210 174
Current smoker 394 344 412 478 487
Alcohol intake (%)
Never, occasional 534 522 526 555 596 <0.001
<20 g/day 105 119 105 76 76
20-39 g/day 19.1 194 20.1 18.7 139
>40 g/day 124 12.1 116 138 15.1
Regular exercise (%)
<1 time/week 46.3 422 458 519 639 <0.001
1-2 times/week 430 453 443 404 290
>3 times/week 105 125 97 75 70
Women
n 3,327 1,927 801 395 204
Age (year) 391+ 104 401 £ 102 387 + 103* 372 £ 108* 355 + 108%** <0001
BMI (kg/m2) 215+ 35 215+ 35 215+ 35 217 £ 40 215+ 36 0601
Smoking status (%)
Never 824 843 803 792 775 0038
Ex-smoker 92 84 100 929 118
Current smoker 83 7.1 9.2 109 108
Alcohol intake (%)
Never, occasional 81.1 81.1 813 800 824 0111
<20 g/day 89 99 7.1 76 88
20-39 g/day 65 59 70 94 49
>40 g/day 20 18 26 15 29
Regular exercise (%)
<1 time/week 66.2 640 690 663 745 0033
1-2 times/week 27.2 284 260 27.1 21.1
>3 times/week 6.3 74 4.7 56 44

Values are presented as n, mean + standard deviation or percentage. *P < 0.05 versus “Every day” group, **P < 0.05 versus “3—4 days/week” group
for post-hoc test. Analysis of variance was used for continuous variables, and the y’test was used for categorical variables.
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Table 2 | Bodyweight changes (kg/3 years) according to the frequency of well-balanced meals including a grain dish, a fish or meat dish and a

vegetable dish

Frequency of well-balanced meals P for trend
Every day 34 days/week 1-2 days/week <1 day/week
Men 066 £ 006 082 £ 007 1.00 £ 0.10 090 = 0.16 0004
Women 078 £ 007 099 £ 0.1 094 £ 0.16 073 £ 020 0430

Values are presented as mean % standard error.

obesity had a significant effect on the incidence of glucose
intolerance for men only (P for interaction = 0.005). Among
obese men, compared with participants who ate well-balanced
meals every day, the adjusted OR for glucose intolerance was
significantly higher for those who did so 1-2 days/week (OR
1.61, 95% CI 1.07-2.42) and <1 days/week (1.73, 95% CI 1.02—
2.94; P for trend = 0.007; model 2). These associations were
similar, even after adjustment for 3-year changes in bodyweight
(model 3). In contrast, there was no association between well-
balanced meals and the likelihood of glucose intolerance among
non-obese men, and no interaction was observed for women
(P for interaction = 0.435).

Compared with non-obese participants who ate well-balanced
meals every day, the risk of glucose intolerance was significantly
higher for those who were obese and ate well-balanced meals
every day (OR 1.82, 95% CI 1.36-2.45). ORs for obese partici-
pants were elevated according to the frequency of well-balanced
meal intake, and ORs were the highest for the obese partici-
pants who ate such meals <1 day/week (3.58, 95% CI 2.16—
5.95; Figure 1).

DISCUSSION
The frequency of consuming well-balanced meals including
grain, fish or meat and vegetable dishes was associated with
weight gain in Japanese men. In addition, the interaction
between the frequency of well-balanced meal consumption and
the presence of obesity had a significant effect on the develop-
ment of glucose intolerance; consumption of well-balanced
meals was related to lower incident risk of glucose intolerance
among obese male participants. The risk of glucose intolerance
was unrelated to bodyweight gain during the follow-up period.
In contrast, the frequency of well-balanced meal intake was not
significantly associated with bodyweight gain or the incidence
of glucose intolerance among women. A meal consisting of
Shushoku (grain dishes), Shusai (fish or meat dishes) and Fuku-
sai (vegetable dishes) is an important component of Ichiju San-
sai (one soup and three dishes) in the Japanese diet. The
present results showed that well-balanced meals of Japanese
food decreased the risk of weight gain and impaired glucose
tolerance, especially in men.

Well-balanced meal consumption was inversely associated
with bodyweight gain and the incidence of glucose intolerance
in men. Previous studies showed that well-balanced meal intake

was associated with lower intake of carbohydrates and higher
intake of protein, fish, vegetables and dietary fiber'>'%. Total
carbohydrate intake was reportedly associated with an elevated
risk of diabetes in Chinese women'” and in Japanese men with
obesity'®, although no association was observed in previous
studies carried out in Western countries'’ . The results of an
international study of associations of macro- and micronutrient
levels with blood pressure (INTERMAP) showed that intake of
carbohydrate was higher in East Asian countries compared to
Western countries®*, Well-balanced meals might reduce
excessive carbohydrate intake in Japanese people. High dietary
fiber intake was also reportedly associated with a lower risk of
bodyweight gain®* and diabetes*>°. These nutritional character-
istics of well-balanced meals may help prevent body weight
gain and glucose intolerance.

The traditional Japanese diet has been thought to contribute
to the health and longevity of Japanese people. The major com-
ponents of a traditional Japanese diet; that is, high intake of fish
and shellfish?, soy beans?, vegetables and fruits?®, and combi-
nations of these”, were also associated with a lower risk of car-
diovascular disease. A well-balanced meal including grain, fish
or meat and vegetable dishes was found to be associated with
adequate nutrient intake'>'*. However, the impact of the bal-
ance of the meal on health status is not yet sufficiently clear. In
Japan, the Ministry of Health, Labor and Welfare, and the Min-
istry of Agriculture, Forestry and Fisheries of Japan jointly
developed the Japanese Food Guide Spinning Top in 2005
This guide shows the optimal balance and quantity of food in
the daily Japanese diet using illustrations. Studies using a scor-
ing system to measure adherence to this food guide showed
that higher adherence scores — that is, better meal balance —
were associated with lower total mortality and lower mortality
from cardiovascular disease’>. In a cross-sectional study of
Japanese people aged 75 years, well-balanced meals were associ-
ated with the presence of >20 teeth®™. A recent cross-sectional
study also showed the inverse association between well-balanced
meal consumption and the risk of frailty in older Japanese peo-
ple*. The balance of the traditional Japanese diet seems to con-
tribute to healthy longevity in part due to food intake that
requires chewing well with one’s own teeth, prevents frailty and
carries a lower risk of cardiovascular disease.

In the present study, a low frequency of well-balanced meals
was associated with the incidence of glucose intolerance in
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Table 3 | Incidence and odds ratio of glucose intolerance over a period of 3 years according to the frequency of well-balanced meals including a
grain dish, a fish or meat dish and a vegetable dish for all participants, non-obese participants and obese participants

Frequency of well-balanced meals P for trend
Every day 34 days/week 1-2 days/week < 1 day/week
Men
Total
N 4223 2384 1,338 628
n 223 122 82 37
Incidence (%) 53 51 6.1 59
OR (95% Cl)
Model 1 1.00 (Reference) 102 (081-1.28) 1.26 (0.96-1.65) 1.27 (0.88-1.84) 0070
Model 2 1.00 (Reference) 100 (0.79-1.27) 1.22 (093-1.60) 122 (0.84-1.78) 0134
Model 3 1.00 (Reference) 1.00 (0.79-1.26) 1.19 (091-1.57) 121 (0.83-1.77) 0177
Non-obese (BMI <25 kg/m?)
N 3,221 1,803 995 471
n 141 62 40 15
Incidence (%) 44 34 40 32
OR (95% Cl)
Model 1 1.00 (Reference) 086 (063-1.17) 1.00 (0.69-144) 089 (051-1.54) 0663
Model 2 1.00 (Reference) 085 (062-1.16) 097 (067-141) 088 (051-1.53) 0584
Model 3 1.00 (Reference) 083 (061-1.14) 096 (0.66-1.39) 089 (0.51-1.55) 0549
Obese (BMI >25 kg/m?)
N 1,002 581 343 157
n 82 60 42 22
Incidence (%) 82 103 122 140
OR (95% Cl)
Model 1 1.00 (Reference) 1.31 (092-1.87) 1.70 (1.13-2.54) 1.88 (1.12-3.16) 0002
Model 2 1.00 (Reference) 1.28 (090-1.84) 161 (1.07-242) 1.73 (1.02-2.94) 0007
Model 3 1.00 (Reference) 133 (092-191) 1.59 (1.05-241) 169 (099-291) 0010
Women
Total
N 1927 801 395 204
n 69 27 15 4
Incidence (%) 36 34 38 20
OR (95% Cl)
Model 1 1.00 (Reference) 1.03 (0.65-1.64) 1.14 (0.62-2.08) 063 (0.22-1.80) 0.772
Model 2 1.00 (Reference) 1.00 (0.63-1.60) 1.09 (0.59-2.00) 0.58 (0.20-1.65) 0605
Model 3 1.00 (Reference) 099 (0.62-1.58) 1.08 (0.59-1.99) 057 (0.20-1.64) 0582
Non-obese BMI <25 kg/m?)
N 1673 689 335 172
n 43 18 6 2
Incidence (%) 26 26 18 12
OR (95% Cl)
Model 1 1.00 (Reference) 1.06 (0.60-1.88) 081 (0.34-1.95) 065 (0.15-2.77) 0569
Model 2 1.00 (Reference) 098 (0.55-1.75) 0.76 (031-1.84) 060 (0.14-2.55) 0416
Model 3 1.00 (Reference) 096 (054-1.72) 0.76 (031-1.84) 061 (0.14-261) 0413
Obese (BMI =25 kg/m?)
N 254 112 60 32
n 26 9 9 2
Incidence (%) 102 80 150 6.3
OR (95% Cl)
Model 1 1.00 (Reference) 090 (040-2.03) 168 (0.72-3.95) 062 (0.14-2.81) 0826
© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 5 May 2021 767
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Table 3 | (Continued)
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Frequency of well-balanced meals P for trend
Every day 34 days/week 1-2 days/week <1 day/week
Model 2 1.00 (Reference) 093 (041-2.12) 163 (0.68-3.90) 064 (0.14-2.96) 0825
Model 3 1.00 (Reference) 1.04 (045-241) 1.59 (0.65-391) 056 (0.12—-264) 0925

BMI, body mass index; Cl, confidence interval; OR, odds ratio. Model 1: adjusted for age and baseline body mass index (BMI); model 2: adjusted for
age, BMI, alcohol consumption, smoking status and habitual exercise; model 3: adjusted for variables used in model 2 plus 3-year changes in body-

weight.

Adjusted OR

2.86

40 2.35 S
1.82 A
30 —
20 1.00 081 093
2
10 BMI =25 kg/m
0 BMI <25 kg/m?
Every day 35 1-2 <1 day/week
days/week days/week

Figure 1 | Adjusted odds ratio of the incidence of glucose intolerance by the presence of obesity and the frequency of well-balanced meals
including a grain dish, a fish or meat dish and a vegetable dish in 8573 Japanese men. The odds ratios are adjusted for age, smoking status,
alcohol intake, habitual exercise and 3-year changes in bodyweight. BMI, body mass index; OR, odds ratio.

obese men. In previous studies from Asian countries, carbohy-
drate intake was associated with a higher risk of diabetes melli-
tus only in obese participants with BMI >25 kg/m*'>'°. Obese
Asian people are at high risk of diabetes mellitus because of
higher insulin demand resulting from obesity-related insulin
resistance and reduced insulin secretion capacities compared
with Westerners® . Dietary risk factors for diabetes, such as
higher carbohydrate intake and poorly balanced meals, might
have stronger effects on the incidence of glucose intolerance for
obese participants with these high-risk characteristics.
Associations of well-balanced meals with bodyweight change
and incidence of glucose intolerance were observed in men, but
not in women. A higher percentage of women consumed well-
balanced meals every day compared with men, which might be
due to greater health consciousness among women. Another
possible reason is that the female participants were relatively
younger, which might have influenced the incidence of obesity
and metabolic abnormalities. The results of the Japan National
Health and Nutrition Survey'> showed that the prevalence of
obesity peaked in the 50s in men. By contrast, in women, the
prevalence of obesity, as well as the prevalence of diabetes mel-
litus, increased with age, with the highest rates being among

women aged >70 years. The mean age of the present study
participants was approximately 40 years; thus, a study with
older participants might clarify the risks of obesity and diabetes
for women. Furthermore, the lower incidence of obesity and
glucose intolerance among women compared with men might
have affected the sex differences identified in the results.

The main strength of the present study was that this is the
first prospective cohort study to evaluate the association
between metabolic outcomes and consumption of well-balanced
meals consisting of grain, fish or meat and vegetable dishes,
one of the target nutritional and dietary habits included in
Health Japan 21 (the 2nd term). Furthermore, bodyweight
changes and the incidence of glucose intolerance were evaluated
using reliable data obtained from annual examinations. The
study also had some limitations. First, data on the frequency of
well-balanced meal were obtained from a non-validated ques-
tionnaire. No validated questionnaire has been designed to
assess adherence to this well-balanced diet. However, the ques-
tion used in the present study was similar to that used in the
National Health and Nutrition Survey in Japan'®. A study that
evaluated the reproducibility of this question among older Japa-
nese found a Spearman correlation coefficient of 0.33 between
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two tests separated by a 1-year interval, and the reproducibility
was fair’®, Second, the present study participants were all from
a workplace. Because some individuals might be excluded from
working because of poor health, participants in this study might
have been healthier, and the prevalence of obesity or incidence
of glucose intolerance might have been lower than in the gen-
eral Japanese population. Third, we evaluated impaired glucose
tolerance only by HbAlc. Because a casual blood sample was
collected at the annual health examination, we did not have the
data of fasting plasma glucose levels. HbAlc is an indirect mea-
sure of average blood glucose levels, and other factors might
affect hemoglobin glycation independently of glycemia; for
example, age, anemia and hemoglobinopathies. To diagnose the
impaired glucose tolerance only by HbAlc might cause misclas-
sification of the diagnosis. Additionally, we did not have data
on medical treatment for diabetes. In general practice, an
HbAIc goal for many adults with diabetes is <7%, and a more
stringent HbAlc goal — that is, HbAlc <6.5% — is acceptable if
this can be safely achieved without significant hypoglycemia or
other adverse effects of treatment’. Participants with HbAlc
>6.0% at the baseline examination were excluded from the pre-
sent study, and most participants who were receiving medical
treatment for diabetes would thus be excluded from the study.
However, the incidence of diabetes mellitus, and also that of
glucose intolerance, might be underestimated due to the lack of
the data on medical treatment for diabetes at the follow-up
examination. Furthermore, we did not have data on nutritional
factors, such as total energy intake and intake of dietary fiber.
Well-balanced meals have been associated with adequate nutri-
ent intake'%; however, we could not evaluate which nutri-
tional factors of such meals contributed to preventing obesity
and glucose intolerance.

In conclusion, more frequent consumption of well-balanced
meals consisting of grain, fish or meat and vegetable dishes,
which together constitute an important component of a healthy
Japanese diet, was associated with a lower risk of bodyweight
gain and glucose intolerance in Japanese men, but not in
women. The dietary assessment of a well-balanced meal would
be useful to identify the people at high risk of obesity and glu-
cose intolerance. Increasing the frequency of well-balanced
meals might be an acceptable lifestyle intervention for the pre-
vention of obesity and glucose intolerance.

ACKNOWLEDGMENTS

This research was supported by a grant-in-aid from the Min-
istry of Health, Labor and Welfare, Health and Labor Sciences
Research Grants, Japan (Comprehensive Research on Cardio-
vascular Disease and Life-related Disease: H26-Junkankitou
[Seisaku]-Ippan-001; H29-Junkankitou-Ippan—003, and
20FA1002), and the Japan Society for the Promotion of Science
KAKENHI Grant (Scientific Research [C] JP 17K09135).

DISCLOSURE

The authors declare no conflict of interest.

ORIGINAL ARTICLE
Balanced meals and glucose intolerance

REFERENCES

1. Nakamura Y, Ueshima H, Okamura T, et al. A Japanese diet
and 19-year mortality: national integrated project for
prospective observation of non-communicable diseases and
its trends in the aged, 1980. Br J Nutr 2009; 101: 1696—1705.

2. Okada E, Nakamura K, Ukawa S, et al. The Japanese food
score and risk of all-cause, CVD and cancer mortality: the
Japan Collaborative Cohort Study. Br J Nutr 2018; 120: 464—
471.

3. Zhang S, Tomata Y, Sugawara VY, et al. The Japanese dietary
pattern is associated with longer disability-free survival time
in the general elderly population in the Ohsaki Cohort 2006
Study. J Nutr 2019; 149: 1245-1251.

4. Shimazu T, Kuriyama S, Hozawa A, et al. Dietary patterns
and cardiovascular disease mortality in Japan: a prospective
cohort study. Int J Epidemiol 2007; 36: 600—609.

5. Mori M, Masumori N, Fukuta F, et al. Traditional Japanese diet
and prostate cancer. Mol Nutr Food Res 2009; 53: 191-200.

6. Minami Y, Kanemura S, Oikawa T, et al. Associations of
Japanese food intake with survival of stomach and
colorectal cancer: a prospective patient cohort study. Cancer
Sci 2020; 111: 2558-2569.

7. Tomata Y, Sugiyama K, Kaiho Y, et al. Dietary patterns and
incident dementia in elderly Japanese: The Ohsaki Cohort
2006 Study. J Gerontol A Biol Sci Med Sci 2016; 71: 1322—1328.

8. Suthuvoravut U, Takahashi K, Murayama H, et al. Association
between traditional Japanese Diet Washoku and Sarcopenia
in Community-Dwelling Older Adults: Findings from the
Kashiwa Study. J Nutr Health Aging 2020; 24: 282-289.

9. Matsuyama S, Zhang S, Tomata Y, et al. Association
between improved adherence to the Japanese diet and
incident functional disability in older people: The Ohsaki
Cohort 2006 Study. Clin Nutr 2020; 39: 2238-2245.

10. Teramoto T. “Japan Diet” and health-the present and future.
J Nutr Sci Vitaminol (Tokyo) 2019; 65: S29-533.

11. Ministry of Health, Labour and Welfare. A basic direction for
comprehensive implementation of national health
promotion. nd. Available from: https://www.mhlw.go.jp/file/
06-Seisakujouhou-10900000-Kenkoukyoku/0000047330.pdf
Accessed July 1, 2020.

12. The National Health and Nutrition Survey in Japan, 2018.
Office for Life-style Related Diseases Control, General Affairs
Division, Health Service Bureau, Ministry of Health, Labour
and Welfare; 2019 (Japanese).

13. Kakutani Y, Kamiya S, Omi N. Association between the
frequency of meals combining “Shushoku, Shusai, and
Hukusai” (Staple food, main dish, and side dish) and intake
of nutrients and food groups among Japanese young
adults aged 1824 years: a cross-sectional study. J Nutr Sci
Vitaminol (Tokyo) 2015; 61: 55-63.

14. Koyama T, Yoshita K, Sakurai M, et al. Relationship of
consumption of meals including grain, fish and meat, and
vegetable dishes to the prevention of nutrient deficiency:

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

769

J Diabetes Investig Vol. 12 No. 5 May 2021


https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000047330.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000047330.pdf

ORIGINAL ARTICLE
Sakurai et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

the INTERMAP Toyama Study. J Nutr Sci Vitaminol (Tokyo)
2016; 62: 101-107.

Villegas R, Liu S, Gao Y-T, et al. Prospective study of dietary
carbohydrates, glycemic index, glycemic load, and incidence
of type 2 diabetes mellitus in middle-aged Chinese women.
Arch Intern Med 2007; 167: 2310-2316.

Sakurai M, Nakamura K, Miura K, et al. Dietary carbohydrate
intake, presence of obesity and the incident risk of type 2
diabetes in Japanese men. J Diabetes Investig 2016; 7.
343-351.

Colditz GA, Manson JE, Stampfer MJ, et al. Diet and risk of
clinical diabetes in women. Am J Clin Nutr 1992; 55:
1018-1023.

Salmerdn J, Manson JE, Stampfer MJ, et al. Dietary fiber,
glycemic load, and risk of non-insulin-dependent diabetes
mellitus in women. JAMA 1997, 277. 472-477.

Salmerén J, Ascherio A, Rimm EB, et al. Dietary fiber,
glycemic load, and risk of NIDDM in men. Diabetes Care
1997; 20: 545-550.

Harding A-H, Day NE, Khaw K-T, et al. Dietary fat and the
risk of clinical type 2 diabetes: the European prospective
investigation of Cancer-Norfolk study. Am J Epidemiol 2004;
159: 73-82.

Schulze MB, Schulz M, Heidemann C, et al. Carbohydrate
intake and incidence of type 2 diabetes in the European
Prospective Investigation into Cancer and Nutrition (EPIC)-
Potsdam Study. Br J Nutr 2008; 99: 1107-1116.

Zhou BF, Stamler J, Dennis B, et al. Nutrient intakes of
middle-aged men and women in China, Japan, United
Kingdom, and United States in the late 1990s: the
INTERMAP study. J Hum Hypertens 2003; 17: 623-630.
Brown 1, Elliott P, Robertson CE, et al. Dietary starch intake
of individuals and their blood pressure: the International
Study of Macronutrients and Micronutrients and Blood
Pressure. J Hypertens 2009; 27: 231-236.

Liu S, Willett WC, Manson JE, et al. Relation between
changes in intakes of dietary fiber and grain products and
changes in weight and development of obesity among
middle-aged women. Am J Clin Nutr 2003; 78: 920-927.
Ye EQ, Chacko SA, Chou EL, et al. Greater whole-grain
intake is associated with lower risk of type 2 diabetes,
cardiovascular disease, and weight gain. J Nutr 2012; 142:
1304-1313.

Schulze MB, Schulz M, Heidemann C, et al. Fiber and
magnesium intake and incidence of type 2 diabetes: a
prospective study and meta-analysis. Arch Intern Med 2007,
167: 956-965.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

http://wileyonlinelibrary.com/journal/jdi

. Iso H, Kobayashi M, Ishihara J, et al. Intake of fish and n3

fatty acids and risk of coronary heart disease among
Japanese: the Japan Public Health Center-Based (JPHC)
Study Cohort I. Circulation 2006; 113: 195-202.

. Kokubo Y, Iso H, Ishihara J, et al. Association of dietary

intake of soy, beans, and isoflavones with risk of cerebral
and myocardial infarctions in Japanese populations: the
Japan Public Health Center-based (JPHC) study cohort |.
Circulation 2007; 116: 2553-2562.

Okuda N, Miura K, Okayama A, et al. Fruit and vegetable
intake and mortality from cardiovascular disease in Japan: a
24-year follow-up of the NIPPON DATA80 Study. Eur J Clin
Nutr 2015; 69: 482-488.

Yoshiike N, Hayashi F, Takemi Y, et al. A new food guide in
Japan: The Japanese food guide spinning top. Nutr Rev
2008; 65: 149-154.

Oba S, Nagata C, Nakamura K, et al. Diet based on the
Japanese food guide spinning top and subsequent
mortality among men and women in a general Japanese
population. J Am Diet Assoc 2009; 109: 1540—1547.

Kurotani K, Akter S, Kashino |, et al. Quality of diet and
mortality among Japanese men and women: Japan Public
Health Center based prospective study. BMJ 2016;

352: i1200.

Kimura H, Watanabe T, Suzuki A, et al. Do community-
dwelling 75-year-old people with 20 or more teeth have a
healthy dietary pattern? J Dent Hith 2017; 67: 172—180
(Japanese).

Yokoyama Y, Kitamura A, Nishi M, et al. Frequency of
balanced-meal consumption and frailty in community-
dwelling older Japanese: a cross-sectional study. J Epidemiol
2019; 29: 370-376.

Chen KW, Boyko EJ, Bergstrom RW, et al. Earlier appearance
of impaired insulin secretion than of visceral adiposity in
the pathogenesis of NIDDM. 5-Year follow-up of initially
nondiabetic Japanese-American men. Diabetes Care 1995,
18: 747-753.

Matsumoto K, Miyake S, Yano M, et al. Glucose tolerance,
insulin secretion, and insulin sensitivity in nonobese and
obese Japanese subjects. Diabetes Care 1997; 20: 1562—1568.
Sakurai M, Miura K, Takamura T, et al. J-shaped relationship
between waist circumference and subsequent risk for Type
2 diabetes: an 8-year follow-up of relatively lean Japanese
individuals. Diabet Med 2009; 26: 753-759.

American Diabetes Association. 6. Glycemic targets:
standards of medical care in diabetes—2020. Diabetes Care
2020; 43: S66-576.

770

J Diabetes Investig Vol. 12 No. 5 May 2021

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



