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Abstract: Background: In order to provide effective dietary guidance, it is necessary to consider
dietary intake, which can change over time. This study analyzed changes in the diet of Japanese
patients with type 2 diabetes over a 20-year period. Methods: We compared the results of two dietary
surveys that used the food frequency questionnaire format. The first was conducted in 1996 by the
Japan Diabetes Complications Study (JDCS) (n = 1509; males 53.3%), and the second in 2014–2018
by the Japan Diabetes Clinical Data Management Study (JDDM) (n = 1145; males 65.6%). Both are
nationwide representative registries of outpatients with type 2 diabetes in Japan. Results: Over a
20-year period, both men and women with type 2 diabetes had a significant increase in body mass
index (BMI). Nonetheless, there was only a small change in energy intake. Conversely, there was
a significant increase in fat intake and thus in the fat-to-energy ratio. With regard to food groups,
there was a significant increase in meat intake and a decrease in the intake of fish, soybeans/soy
products, vegetables, and fruits, with a particularly significant decrease in vegetables. Conclusions:
Even in Japan, an industrialized country with a stable socioeconomic environment, there were many
significant changes in the dietary intake of patients with type 2 diabetes over the 20-year period.
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1. Introduction

Diet plays a central role in diabetes self-management education and support [1]. To
provide effective dietary guidance and/or to establish contemporary dietary guidelines,
we must understand and take into account the changes in dietary intake and pattern over
time. Dietary habits, including dietary content, are strongly influenced by changes in
socioeconomic conditions and the environment [2]. The National Health and Nutrition
Survey in Japan revealed decreases in intakes of 151 kcal (−7.4%) of energy, 24.9 g (−8.9%)
of carbohydrates, 12.7 g (−15.5%) of protein, and 3.8 g (−27.7%) of salt (as sodium chloride)
over a period of 20 years (1996–2016).

People with diabetes often receive nutritional guidance in the early stages of the
disease, so their knowledge, as well as dietary content and habits, may differ from those
who do not have diabetes. Thus, dietary changes in people with type 2 diabetes may differ
from the general population. However, very few studies have investigated this change.
In a study reporting on the dietary changes made by people with type 2 diabetes in the
United States over the past 25 years, Casagrande et al. [3] reported 206 kcal (+12.2%) and
339 mg (+11.2%) increases in energy and sodium, respectively, as well as a 0.9 g (−8.7%)
decrease in dietary fiber. In addition, according to the Dietary Survey of Type 2 Diabetes
in Spain [4], although the sample size was small at 200, protein intake decreased by 6.9%
in men and 1.4% in women, and fat intake increased by 3.2% in men and 5.5% in women
in 2000 compared to 1993. However, as these studies focused on nutrient changes, it was
unclear what changes in foods contributed to these nutrient changes. Dietary intake by
food groups in those with type 2 diabetes has been previously reported [5], but to the best
of our knowledge, there have been no studies on changes in dietary intake over time.

The diabetic population in the Asian region is rapidly increasing, with those in East
Asia accounting for approximately a quarter of the world diabetes population [6]. Therefore,
from the perspective of global epidemiology, it is important to elucidate changes in the
nutrient intake of Asian people with diabetes over time. Previously, we reported [7] on
the nutritional status of Japanese patients with type 2 diabetes from a survey conducted in
1996. However, no study thus far has examined changes in nutrient intake in the Asian
diabetic population over time on a nationwide scale.

The purpose of this study was to reveal the detailed changes in dietary intake in
Japanese patients with type 2 diabetes over a 20-year period beginning in 1996. In the
present study, we conducted a nutritional survey, almost identical to our previous survey,
which focused on a newly established nationwide registry of Japanese patients with type 2
diabetes. We then compared the results with those of our previous study. The results of
this study reveal the importance of understanding which areas need to be focused on for
efficient and effective dietary guidance, and thus for the creation of contemporary dietary
guidelines. In addition, the results may provide fundamental insights into the differences
in dietary advice received by patients of Asian and Western origins.

2. Materials and Methods

This study compared the results of two dietary surveys and the associated clinical
variables regarding participants in nationwide registries of outpatients with type 2 diabetes
in Japan, namely the Japan Diabetes Complications Study (JDCS) [8] and the Japan Diabetes
Clinical Data Management Study (JDDM). For the dietary surveys, both used an almost
identical format to the food frequency questionnaire based on food groups (FFQg) [9]. The
JDCS is a nationwide cohort study of patients with type 2 diabetes aged 40–70 years, with
HbA1c levels of 6.5% or higher, and who attended outpatient clinics at 59 hospitals [8]. Of
the 2033 enrollees, 1509 who responded to the self-administered dietary survey in 1996
were included in the analysis. The JDDM is another nationwide registry of outpatients with
type 2 diabetes, but which started later than the JDCS. The JDDM conducted its dietary
survey in 2014–2018 with essentially the same format as that used by the JDCS. We used
the survey results from 1145 patients aged 40–70 years [10].
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The nutrient and food intakes in both studies were assessed using the FFQg (JDCS:
FFQg 1st edition, JDDM: FFQg v3.5). FFQg is a questionnaire that solicits information on
the intake of 29 food groups and 10 cooking methods. An evaluation can be made on the
average weekly intake for each food or food group in commonly used units or portion
sizes. The validity of the FFQ was shown by comparison with consecutive 7-day weighed
dietary records of 66 individuals aged 19–60 years [11]. We calculated the nutrient and food
group intakes using standardized nutrition software (EIYO-KUN (JDCS: v4.5, JDDM: v6.0))
that is used in surveys and nutrition counseling in Japan. The FFQ v3.5 used in the JDDM
calculates grains and seaweed in a rehydrated condition, while the JDCS calculates these
products as a dry food. Therefore, in the present analysis, the values from the JDDM survey
were converted to dry matter values for comparison of food conditions with the JDCS
survey. The differences between EIYO-KUN v4.5 and v6.0 consist of additional listings of
food composition, so the method for the calculation of nutrients was not changed.

In addition to dietary surveys, information from physical examinations and blood tests
was also evaluated. Body mass index (BMI) was calculated as weight (kg) divided by the
square of height (m). Blood tests were carried out at each clinic. All data are presented as
mean ± standard deviation or percentage. The comparisons of participants’ characteristics,
nutrient intakes, and intakes by food group were examined by the unpaired Student’s
t-test, chi-square (χ2) tests, and an analysis of covariance. In the analysis of covariance,
each of the nutrients was used as a dependent variable, and age, HBA1c, BMI, treated by
insulin (yes or no), and treated by OHA (yes or no) were used as adjustment variables. All
statistical analyses were carried out using SPSS software (v26.0) and the significance level
was 0.05.

This study was in accordance with the Declaration of Helsinki and the ethical guide-
lines for clinical-epidemiological studies by the Japanese Ministry of Health, Labour and
Welfare; the JDCS was approved by the review boards of all participating institutions; and
the JDDM was approved by the ethical review boards of the JDDM and Niigata University
(2015–1648). Informed consent was obtained from all individual participants included in
the study.

3. Results

Table 1 shows the clinical features of participants according to registry and sex. Al-
though statistically significant differences were found between JDCS and JDDM patients in
most variables, the differences in age and diabetes duration were too small to be considered
clinically different. Variables that were considered to be clinically different between reg-
istries included BMI, HbA1c, blood pressure, and smoking rate among men. The BMI was
significantly higher (+3.1 kg/m2 in men and +2.7 kg/m2 in women) in JDDM participants
compared to JDCS participants. Comparing the mean BMI between JDCS and JDDM partic-
ipants, the proportion of obese patients defined by BMI ≥ 25 kg/m2 according to Japanese
criterion was significantly greater in JDDM participants, being approximately 20% to 50%
higher in men and approximately 30% to 50% higher in women. HbA1c was significantly
lower by approximately 1% and systolic blood pressure by approximately 5 mmHg for
both men and women among JDDM participants, and the difference in the smoking rate
for men was approximately 15% lower in JDDM participants than in JDCS participants.

When participants were divided into two groups based on the median age of 60 years,
the characteristics were similar to those identified in the comparison of all groups, regard-
less of age. However, there was a dramatic increase in the BMI of JDDM participants
younger than 60 years compared to JDCS participants in the same age group (Supplemen-
tary Table S1).
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Table 1. Clinical characteristics of participants in two studies of Japanese type 2 diabetes patients 20 years apart, i.e.,
the Japan Diabetes Complications Study (JDCS, 1996) and the Japan Diabetes Clinical Data Management Study (JDDM,
2014–2018).

Men Women

JDCS
(1996)

JDDM
(2014–2018) p Value JDCS

(1996)
JDDM

(2014–2018) p Value

(n = 804) (n = 751) (n = 705) (n = 394)

Age (y) 58.4 ± 7.0 57.6 ± 8.6 0.048 59.0 ± 6.8 60.1 ± 7.7 0.011
Height (cm) 165.2 ± 6.0 168.9 ± 6.3 <0.001 152.7 ± 5.0 155.2 ± 5.5 <0.001
Weight (kg) 62.0 ± 8.6 73.8 ± 14.0 <0.001 54.2 ± 8.3 62.5 ± 13.4 <0.001

BMI (kg/m2) 22.7 ± 2.6 25.8 ± 4.2 <0.001 23.2 ± 3.3 25.9 ± 5.2 <0.001
BMI ≥ 25 kg/m2 (%) 19.3 53.5 <0.001 28.2 52.8 <0.001

Diabetes duration (years) 11.5 ± 7.4 10.7 ± 7.0 0.028 10.4 ± 6.7 10.6 ± 7.3 0.579
HbA1c (%) (mmol/mol) 8.2 (66) ± 1.3 7.2 (55) ± 1.2 <0.001 8.5 (69) ± 1.4 7.3 (56) ± 1.0 <0.001

Systolic blood pressure (mmHg) 131.2 ± 15.7 126.8 ± 14.4 <0.001 131.7 ± 16.3 126.1 ± 15.2 <0.001
Diastolic blood pressure (mmHg) 77.2 ± 9.8 73.5 ± 11.3 <0.001 76.0 ± 9.9 70.8 ± 9.6 <0.001
Total serum cholesterol (mg/dL) 193.6 ± 34.9 190.0 ± 32.8 0.056 209.4 ± 33.5 201.0 ± 33.5 <0.001

Serum HDL-C (mg/dL) 52.4 ± 16.6 53.2 ± 15.4 0.374 56.8 ± 16.9 61.7 ± 14.7 <0.001
Serum non-HDL-C (mg/dL) 141.2 ± 36.3 136.7 ± 35.5 0.030 152.2 ± 34.2 137.8 ± 32.2 <0.001

Treated by insulin (%) 18.2 19.7 0.009 22.0 24.4 0.010
Treated by OHA without insulin (%) 60.2 55.0 <0.001 61.7 50.3 <0.001

Current smoker (%) 43.8 28.9 <0.001 8.2 8.9 0.882

Abbreviations: HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; OHA, oral hypoglycemic agents. Data
are mean ± SD.

Table 2 shows a comparison of daily nutrient intake between patients in both studies.
In Model 2, which was adjusted for age, HbA1c, BMI, insulin use, and oral medication use,
there was no significant difference in energy intake in men between the two studies, but
in women, there was a slight, but significant, increase of approximately 5% in the JDDM
compared to the JDCS. Regarding proportions of macronutrients, the fat-to-energy ratio
increased significantly, by about 3%, and the carbohydrate-to-energy ratio and protein-
to-energy ratio decreased significantly for both men and women from the JDCS to the
JDDM. Regarding changes in fat intake, the proportion of energy derived from saturated
fatty acids increased significantly from 7.6% to 9.0% in men and from 8.3% to 9.4% in
women in the interval between the surveys, whereas the proportion of energy derived
from polyunsaturated fatty acids decreased significantly. Other variables that showed
nutritionally meaningful differences between the two studies included significant decreases
in dietary fiber, by 1.7 g for men and 1.6 g for women, and in salt, by 1.9 g for men and 2.7 g
for women. The results were similar to the comparison of all groups, with fat-to-energy
ratio and saturated fatty acid-to-energy ratio significantly increased in JDDM patients
regardless of age, and polyunsaturated fatty acid-to-energy ratio, dietary fiber, and salt
significantly decreased in JDDM patients (Supplementary Table S2).
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Table 2. Comparison of each nutrient intake in male and female participants of JDCS (1996) and JDDM (2014–2018).

Men Women

Mean ±
SD

p Value Model 1 Model 2 Mean ±
SD

p Value Model 1 Model 2
Mean
± SEE p Value Mean

± SEE p Value Mean
± SEE p Value Mean

± SEE p Value

Energy (kcal)

JDCS 1818 ±
399.9 0.200

1818 ±
16.3 0.285

1813 ±
17.0 0.399

1643 ±
406.0 0.025

1636 ±
15.6 0.010

1631 ±
16.1 0.016

JDDM 1846 ±
454.5

1845 ±
17.0

1838 ±
19.8

1697 ±
377.6

1709 ±
21.8

1710 ±
25.4

Carbohydrate
%Energy JDCS 58.1 ± 6.4

<0.001
58.2 ± 0.3

<0.001
58.2 ± 0.3

<0.001
55.1 ± 6.2

0.032
55.2 ± 0.2

0.024
55.2 ± 0.2

0.203JDDM 56.0 ± 6.9 56.0 ± 0.3 56.0 ± 0.3 54.3 ± 5.8 54.2 ± 0.3 54.6 ± 0.4
g JDCS 240 ± 55.5

0.093
239 ± 2.3

0.209
239 ± 2.3

0.221
220 ± 48.6

0.654
219 ± 1.9

0.290
219 ± 1.9

0.165JDDM 235 ± 63.4 235 ± 2.4 234 ± 2.7 221 ± 46.9 223 ± 2.7 224 ± 3.1
Protein

%Energy JDCS 15.2 ± 2.3
<0.001

15.2 ± 0.1
<0.001

15.1 ± 0.1
0.001

16.2 ± 2.4
<0.001

16.2 ± 0.1
<0.001

16.2 ± 0.1
<0.001JDDM 14.6 ± 2.2 14.7 ± 0.1 14.6 ± 0.1 15.1 ± 2.1 15.1 ± 0.1 15.0 ± 0.2

g JDCS 69.6 ± 20.7
0.026

69.4 ± 0.8
0.117

69.2 ± 0.8
0.124

67.1 ± 22.7
0.028

67.0 ± 0.8
0.100

66.7 ± 0.9
0.139JDDM 67.3 ± 19.2 67.5 ± 0.8 67.1 ± 0.9 64.3 ± 16.7 64.5 ± 1.2 64.1 ± 1.4

Fat
%Energy JDCS 26.7 ± 4.9

<0.001
26.7 ± 0.2

<0.001
26.6 ± 0.2

<0.001
28.7 ± 4.8

<0.001
28.6 ± 0.2

<0.001
28.6 ± 0.2

<0.001JDDM 29.4 ± 5.6 29.3 ± 0.2 29.4 ± 0.2 30.5 ± 4.9 30.7 ± 0.3 30.4 ± 0.3
g JDCS 54.3 ± 17.1

<0.001
54.4 ± 0.7

<0.001
54.1 ± 0.7

<0.001
53.2 ± 18.9

<0.001
52.9 ± 0.7

<0.001
52.7 ± 0.8

<0.001JDDM 60.7 ± 20.4 60.6 ± 0.7 60.4 ± 0.9 58.3 ± 18.5 58.9 ± 1.0 58.5 ± 1.2
Saturated fatty acids (% Energy)

JDCS 7.6 ± 1.7
<0.001

7.6 ± 0.1
<0.001

7.6 ± 0.1
<0.001

8.3 ± 1.6
<0.001

8.3 ± 0.1
<0.001

8.3 ± 0.1
<0.001JDDM 9.0 ± 2.1 9.0 ± 0.1 9.0 ± 0.1 9.4 ± 2.0 9.5 ± 0.1 9.4 ± 0.1

Monounsaturated fatty acids (% Energy)
JDCS 8.7 ± 2.0

<0.001
8.8 ± 0.1

<0.001
8.8 ± 0.1

<0.001
9.3 ± 2.0

<0.001
9.3 ± 0.1

<0.001
9.3 ± 0.1

<0.001JDDM 10.5 ± 2.5 10.4 ± 0.1 10.4 ± 0.1 10.5 ± 2.2 10.6 ± 0.1 10.5 ± 0.1
Polyunsaturated fatty acids (% Energy)

JDCS 6.4 ± 1.5
<0.001

6.5 ± 0.1
<0.001

6.4 ± 0.1
<0.001

6.8 ± 1.5
<0.001

6.9 ± 0.1
<0.001

6.9 ± 0.1
<0.001JDDM 6.0 ± 3.4 5.9 ± 0.1 6.0 ± 0.1 6.3 ± 1.3 6.3 ± 0.1 6.2 ± 0.1



Nutrients 2021, 13, 3428 6 of 15

Table 2. Cont.

Men Women

Mean ±
SD

p Value Model 1 Model 2 Mean ±
SD

p Value Model 1 Model 2
Mean
± SEE p Value Mean

± SEE p Value Mean
± SEE p Value Mean

± SEE p Value

n-6 Fatty acids (% Energy)
JDCS 5.2 ± 1.3

<0.001
5.2 ± 0.1

<0.001
5.2 ± 0.1

<0.001
5.5 ± 1.4

<0.001
5.5 ± 0.1

<0.001
5.5 ± 0.1

<0.001JDDM 4.8 ± 1.1 4.8 ± 0.1 4.9 ± 0.1 5.1 ± 1.1 5.1 ± 0.1 5.0 ± 0.1
n-3 Fatty acids (% Energy)

JDCS 1.5 ± 0.4
<0.001

1.5 ± 0.01
<0.001

1.5 ± 0.01
<0.001

1.6 ± 0.4
<0.001

1.6 ± 0.02
<0.001

1.6 ± 0.02
<0.001JDDM 1.1 ± 0.3 1.1 ± 0.01 1.1 ± 0.02 1.2 ± 0.3 1.2 ± 0.02 1.2 ± 0.02

Fiber (g)
JDCS 14.1 ± 5.3

<0.001
14.0 ± 0.2

<0.001
13.9 ± 0.2

<0.001
15.4 ± 5.3

<0.001
15.4 ± 0.2

<0.001
15.3 ± 0.2

<0.001JDDM 12.2 ± 3.9 12.3 ± 0.2 12.2 ± 0.2 13.7 ± 3.9 13.8 ± 0.3 13.7 ± 0.3
Salt (g)

JDCS 10.5 ± 3.9
<0.001

10.5 ± 0.1
<0.001

10.4 ± 0.1
<0.001

10.9 ± 4.0
<0.001

10.9 ± 0.1
<0.001

10.9 ± 0.2
<0.001JDDM 8.4 ± 3.0 8.4 ± 0.1 8.5 ± 0.2 8.1 ± 2.5 8.1 ± 0.2 8.2 ± 0.2

Values are mean ± SD obtained using t-test and mean ± SEE obtained using ANCOVA. Model 1 was adjusted for age, HbA1c (%), and BMI (kg/m2). Model 2 was adjusted as for Model 1, treated by insulin (yes
or no), and treated by OHA (yes or no).



Nutrients 2021, 13, 3428 7 of 15

Table 3 shows a comparison of daily food intakes categorized by food groups. In terms
of grains intake, from the JDCS to the JDDM, there was a slight, but significant, decrease
of 7.4% in men, but no significant difference was found in women. Meat intake by JDDM
patients was significantly increased, by about 60%, for both men and women compared to
JDCS patients, and intake of fish and soybean/soy products was significantly decreased in
JDDM patients. In particular, changes in meat and fish intake were remarkable, with an
increase of about 30 g of meat in the JDDM participants and a decrease of about 30 g of
fish in the JDDM participants, for both men and women. In summary, the JDCS patients
consumed more fish and soybean/soy products than meat, while the JDDM patients
consumed more meat than fish and soybean/soy products; thus, the composition of the
major protein food sources was reversed over the 20-year period. In addition, dairy intake
decreased by about 20%, and intake of sweets and snacks was about three times higher
in that interval. On the other hand, the intake of vegetables and fruits among JDDM
patients was dramatically reduced by about 30% in both men and women compared with
JDCS patients. Both intakes of green-yellow vegetables and other vegetables significantly
decreased from the time of the JDCS survey to the JDDM survey. In particular, intake of
green-yellow vegetables was markedly reduced between the two surveys by 42.0% for men
and 35.0% for women. Regardless of age, meat intake increased in JDDM patients, while
fish and soybean/soy products showed a decrease. However, there was no trend toward a
reversal of the composition of the major protein food sources in patients aged 60 years and
older. In both the under 60 and over 60 age groups, there was an increase in sweets and
snacks and a decrease in fruits and total vegetable intake (Supplementary Table S3).
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Table 3. Comparison of major food group intake among male and female participants in JDCS (1996) and JDDM (2014–2018).

Men Women

Mean ± SD p Value Model 1 Model 2 Mean ±
SD

p Value Model 1 Model 2
Mean
± SEE p Value Mean

± SEE p Value Mean
± SEE p Value Mean

± SEE p Value

Grains (g)
JDCS 207.5 ± 57.9

<0.001
206.3 ± 2.3

0.009
207.7 ± 2.4

<0.001
173.1 ± 40.0

0.595
171.8 ± 1.6

0.090
171.8 ± 1.6

0.096JDDM 195.7 ± 63.1 196.9 ± 2.4 192.4 ± 2.8 174.4 ± 39.9 176.7 ± 2.2 177.2 ± 2.6
Potato/aroid (g)

JDCS 49.6 ± 40.2
<0.001

49.4 ± 1.3
<0.001

49.0 ± 1.3
<0.001

58.2 ± 49.9
<0.001

58.2 ± 1.7
<0.001

57.5 ± 1.8
<0.001JDDM 22.8 ± 24.4 23.0 ± 1.3 24.0 ± 1.6 31.2 ± 27.4 31.2 ± 2.4 33.0 ± 2.8

Vegetables total (g)

JDCS 303.8 ± 171.0
<0.001

300.8 ± 5.5
<0.001

298.9 ± 5.8
<0.001

347.2 ±
163.2 <0.001

343.4 ± 5.9
<0.001

342.1 ± 6.1
<0.001

JDDM 219.0 ± 112.5 222.3 ± 5.7 217.7 ± 6.8 264.9 ±
116.6 271.8 ± 8.2 271.2 ± 9.6

Green-yellow vegetables (g)
JDCS 129.7 ± 68.7 <0.001 128.8 ± 2.2

<0.001
127.8 ± 2.3

<0.001
147.4 ± 65.6

<0.001
146.4 ± 2.4

<0.001
145.7 ± 2.4

<0.001JDDM 74.0 ± 44.2 75.0 ± 2.3 74.1 ± 2.7 93.7 ± 47.0 95.7 ± 3.3 94.7 ± 3.9
Other vegetables (g)

JDCS 174.1 ± 103.4
<0.001

171.9 ± 3.5
<0.001

171.1 ± 3.7
<0.001

199.8 ± 98.6
<0.001

197.0 ± 3.6
0.002

196.5 ± 3.8
0.009JDDM 145.0 ± 78.2 147.3 ± 3.6 143.5 ± 4.3 171.2 ± 78.2 176.2 ± 5.1 176.5 ± 5.9

Seaweed (g)
JDCS 1.9 ± 1.4

0.240
1.8 ± 0.1

0.393
1.8 ± 0.1

0.299
2.2 ± 1.7

0.180
2.3 ± 0.1

0.046
2.3 ± 0.1

0.033JDDM 1.8 ± 1.4 1.8 ± 0.1 1.7 ± 0.1 2.1 ± 1.6 2.0 ± 0.1 2.0 ± 0.1
Soybeans/soy products (g)

JDCS 68.1 ± 48.8
<0.001

67.7 ± 1.8
0.002

66.8 ± 1.9
0.044

74.9 ± 54.3
0.007

75.4 ± 2.0
0.006

75.1 ± 2.1
0.002JDDM 59.0 ± 43.7 59.3 ± 1.8 60.5 ± 2.2 66.3 ± 42.5 65.4 ± 2.8 62.3 ± 3.2

Fish (g)
JDCS 102.4 ± 60.8

<0.001
102.3 ± 2.0

<0.001
101.6 ± 2.2

<0.001
97.2 ± 59.5

<0.001
98.1 ± 2.1

<0.001
97.3 ± 2.2

<0.001JDDM 72.5 ± 45.3 72.6 ± 2.1 72.7 ± 2.5 68.5 ± 38.7 66.9 ± 2.9 67.5 ± 3.4
Meat (g)

JDCS 51.5 ± 37.0
<0.001

51.8 ± 1.7
<0.001

52.2 ± 1.7
<0.001

47.1 ± 39.3
<0.001

46.5 ± 1.6
<0.001

46.1 ± 1.6
<0.001JDDM 87.4 ± 52.7 87.1 ± 1.8 84.1 ± 2.0 73.8 ± 45.4 74.7 ± 2.2 74.5 ± 2.6
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Table 3. Cont.

Men Women

Mean ± SD p Value Model 1 Model 2 Mean ±
SD

p Value Model 1 Model 2
Mean
± SEE p Value Mean

± SEE p Value Mean
± SEE p Value Mean

± SEE p Value

Eggs (g)
JDCS 29.8 ± 17.8

0.446
30.1 ± 0.7

0.281
29.8 ± 0.8

0.524
28.0 ± 15.5

0.033
27.6 ± 0.6

0.358
27.7 ± 0.6

0.140JDDM 29.1 ± 20.9 28.8 ± 0.8 29.0 ± 0.9 25.8 ± 16.7 26.5 ± 0.9 25.8 ± 1.0
Milk/dairy products (g)

JDCS 164.7 ± 109.4
<0.001

161.8 ± 4.2
<0.001

160.0 ± 4.2
<0.001

176.7 ± 94.2
<0.001

173.0 ± 3.7
<0.001

173.3 ± 3.7
<0.001JDDM 125.1 ± 112.5 128.2 ± 4.4 128.1 ± 4.9 132.5 ± 93.7 139.2 ± 5.2 135.9 ± 5.9

Fruit (g)

JDCS 120.7 ± 101.0
<0.001

119.0 ± 3.2
<0.001

119.1 ± 3.4
<0.001

147.9 ±
108.1 <0.001

148.7 ± 3.8
<0.001

148.7 ± 3.9
<0.001

JDDM 69.0 ± 66.4 70.8 ± 3.4 70.4 ± 4.0 93.7 ± 70.3 92.2 ± 5.3 92.2 ± 6.2
Sweets/snacks (g)

JDCS 15.6 ± 20.3
<0.001

16.3 ± 1.3
<0.001

15.8 ± 1.3
<0.001

20.3 ± 20.5
<0.001

20.4 ± 1.2
<0.001

20.0 ± 1.2
<0.001JDDM 47.4 ± 42.9 46.6 ± 1.3 50.1 ± 1.5 54.6 ± 42.9 54.4 ± 1.7 56.7 ± 1.9

Oil (g)
JDCS 17.0 ± 8.7

<0.001
17.1 ± 0.3

<0.001
17.1 ± 0.3

<0.001
16.7 ± 8.9

<0.001
16.5 ± 0.3

<0.001
16.6 ± 0.3

<0.001JDDM 12.4 ± 7.6 12.3 ± 0.3 12.2 ± 0.4 12.0 ± 8.0 12.3 ± 0.5 12.1 ± 0.5

Values are mean ± SD obtained using t-test and mean ± SEE obtained using ANCOVA. Model 1 was adjusted for age, HbA1c (%), and BMI (kg/m2). Model 2 was adjusted as for Model 1, treated by insulin (yes
or no), and treated by OHA (yes or no).
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4. Discussion

This study analyzed changes in the diet of Japanese patients with type 2 diabetes
over a 20-year period using two surveys with essentially the same format. Although the
backgrounds of the patients, including age and duration of diabetes, were quite similar
between the two studies, BMI and obesity rates were markedly increased in the later study.
Regarding dietary content, fat intake increased, including saturated fatty acids, along with
significant increases in the consumption of meat and sweets and snacks, and a significant
decrease in vegetable and fish intake. To date, there have been no studies on the changes in
dietary intake by persons with type 2 diabetes in Asia, except for a report on adherence to
dietary recommendations in Korea [12]. To our knowledge, the changes in nutrient and
food intake have not been reported. Therefore, this is the first study to clarify the secular
changes in the dietary status of patients with type 2 diabetes in Asia.

Self-management education and support for diet and physical activity are essential in
the care of overweight or obese people with type 2 diabetes. A previous study observing
the secular trends in the United States from 1988 to 2012 [3] showed a trend of increases
in BMI and energy intake in patients with type 2 diabetes, which was also the case even
in adults without diabetes. On the other hand, in our study of East Asians, the BMI
markedly increased from 22.7 kg/m2 to 25.8 kg/m2 in men and 23.2 kg/m2 to 25.9 kg/m2

in women, although no such remarkable changes were found in the Japanese general
population according to the Japan National Health and Nutrition Survey performed during
a similar period (1996 and 2016) (from 23.3 kg/ m2 to 24.0 kg/m2 in men and 23.2 kg m2 to
22.6 kg/m2 in women) [13]. This suggests that secular changes in BMI and obesity were
different between people with and without type 2 diabetes and between the East and the
West. According to the National Health and Nutrition Surveys, from 1996 to 2016, the
energy intake by the general population aged 40–69 years mildly declined from 2284 kcal
to 2145 kcal (−139 kcal) for men and from 1880 kcal to 1722 kcal (−158 kcal) for women,
although the dietary survey method was different from our method [14].

We previously reported, using JDCS baseline data, that Western populations with
diabetes are mostly obese and are also more obese than the general population, whereas
Japanese people with diabetes not only have a mean BMI within the normal range, but
also it is almost the same as in the general population [15]. The results of the current study,
including the JDDM results 20 years after the initial JDCS survey, strongly support the fact
that obesity among those with type 2 diabetes has recently increased in Japan, as is the case
in Western countries [16]. On the other hand, it is not clear from this study alone why the
increase in BMI in Japanese patients with type 2 diabetes was significantly greater than
in the general population, even though there was no significant increase in energy intake
between the two studies. Our previous study [17] suggested that there are racial differences
in the relationship between energy intake and obesity, but several other hypotheses are
also possible.

The first possible explanation for the significant increase in BMI without a significant
increase in energy intake in Japanese patients with type 2 diabetes may be the effect
of decreased energy expenditure due to decreased physical activity. A comparison of
the activity levels between people with diabetes and the general population found no
significant difference in physical activity levels and leisure-time physical activity patterns,
and reported that neither groups achieved the recommended physical activity goals [18,19].
The decrease in the number of steps by the general Japanese population from 1996 to 2016
was remarkable for both men and women [13], and it was pointed out that the decrease
in physical activity was due to the development of transportation [20]. In this study,
direct comparisons were difficult because of the differences in the studies’ survey methods
regarding the amount of physical activity; however, 44.4% of patients in the JDDM reported
low levels of overall physical activity in their daily lives, which was calculated from activity
time and activity intensity. Future research on secular trends in the amount of physical
activity in patients with type 2 diabetes is expected.
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The second theory as to why BMI increased without an increase in energy intake is
that it could be due to the effect of smoking rates and medications. The BMI of smokers
was reportedly lower than that of non-smokers [21,22], and the smoking rate of men in
the JDDM with a high BMI was significantly lower than that in the JDCS. In addition, the
increase in the rate of insulin use over time that was observed between these studies may
be a factor in weight gain. The fact that there was a significant decrease in the rate of use of
oral hypoglycemic agents may have contributed to weight gain or weight loss, depending
on the type of oral hypoglycemic agent [23]. Further studies, including a detailed follow-up
of the status of the medications, are necessary.

As a third conjecture, the ratio of macronutrients may have affected these findings.
Regarding the energy-producing nutrients, both men and women in the JDDM had higher
fat-to-energy ratios than those in the JDCS. In the JDDM compared to the JDCS, men had a
lower carbohydrate-to-energy ratio and protein-to-energy ratio and women had a lower
protein-to-energy ratio. Women in the JDDM had an increase in energy intake, which could
be attributed to an increased fat intake as their carbohydrate and protein intakes did not
increase. In the Japanese National Health and Nutrition Survey, which was of a similar
duration (1996 and 2016), the fat-to-energy ratio increased (men: +2.6%, women: +2.9%),
but carbohydrate and protein intakes tended to decrease (carbohydrate: −22.6 g/day for
men, −33.4 g/day for women, protein: −15.9 g/day for men, −13.0 g/day for women),
and fat intake was almost unchanged, suggesting that the fat-to-energy ratio was relatively
increased. Increased fat-to-energy ratios due to an increased fat intake in patients with
type 2 diabetes may have contributed to the increased BMI. However, previous studies
have not provided a unified consensus on the association between the fat-to-energy ratio
and obesity, which needs to be clarified in the future [24].

It is well known that, regardless of body weight, a high-fat diet, especially an excessive
intake of saturated fatty acids and a high saturated fatty acid-to-energy ratio, is significantly
associated with a higher risk of cardiovascular events in patients with type 2 diabetes [25].
According to the Japanese practice guidelines for diabetes [26], a reduction in saturated
fatty acids is recommended when the lipid-to-energy ratio exceeds 25%. In addition,
Dietary Reference Intakes for Japanese [27] set a target saturated fatty acid-to-energy ratio
of ≤7%. Among our patients with a fat-to-energy ratio of ≥25%, only 9.5% of JDCS
patients and 4.4% of JDDM patients had a saturated fatty acid-to-energy ratio of ≤7%,
suggesting the necessity for enhanced guidance to reduce the saturated fatty acid-to-energy
ratio. The saturated fatty acid-to-energy ratio for Americans with type 2 diabetes was
approximately 11%, which was still higher than the level (<10%) recommended by the U.S.
Dietary Guidelines, but it did not increase between 1988 and 2012 [28].

In contrast, in our Japanese patients, the saturated fatty acid-to-energy ratio increased
significantly over the 20 years to approximately 9% in both men and women, and the
percentage of patients with a saturated fatty acid-to-energy ratio of more than 10% increased
significantly from 8.2% in men and 13.3% in women in the JDCS to 28.4% in men and 36.6%
in women in the JDDM. This suggests that the fat intake pattern of Japanese people with
type 2 diabetes is approaching that of Western patients. Therefore, correcting excessive
lipid intake while taking into account the content and quality of lipids is considered to be a
crucial issue.

In terms of secular changes in food group intake patterns, an increase in meat intake
and a decrease in the consumption of fish and dairy products were observed as sources
of protein intake. JDCS patients had higher intakes of fish and soybeans/soy products
than meat, whereas JDDM patients had higher intakes of meat than fish and soybeans/soy
products. The National Health and Nutrition Survey [29] also showed the same secular
changes in food group intake patterns as this study.

It is indicated that patients with type 2 diabetes in Japan had a major change in the
composition of their protein sources, as did the general Japanese population, which was
a change to a meat-centered diet. In general, among people in Western countries, the
circumstances in which meat intake is higher than fish intake continues. It is inferred that
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the diet of Japanese patients with type 2 diabetes has been transformed into a diet centered
on meat due to the influx of various lifestyle patterns and dietary cultures from Western
countries, as is the case with the general Japanese population. It has been reported that
meat was associated with cardiovascular complications and mortality in people with type
2 diabetes in a study in the US [30] and in our previous study [31]. Thus, it is considered
necessary to strengthen the guidance on protein sources to prevent complications in the
future.

Meat is the food with the highest contribution to fat intake by Japanese people.
Therefore, it is thought that an increased meat intake may also affect fat-to-energy ratios
and saturated fatty acid increases in JDDM patients. Aside from meat, saturated fatty
acids are found in the Japanese diet in milk, butter, and coconut oil, which are commonly
used as ingredients in Western sweets rather than in traditional Japanese ones (which are
mostly made with sugar, rice, and beans [32]). Although the type of sweets could not be
identified in this survey, as their intake more than doubled from the JDCS to the JDDM, it
is inferred that in conjunction with meat, the increase in the intake of sweets contributed to
the increase in saturated fatty acid consumption.

Contrary to meat, the intake of fruits and vegetables decreased significantly between
the two studies. As vegetables and fruits are good sources of dietary fiber, fiber intake
decreased significantly as vegetable and fruit intakes decreased. A higher intake of di-
etary fiber is known to improve glycemic control, and we previously reported that it was
significantly associated with a reduced risk of stroke [33] and retinopathy [34] in JDCS
patients. However, despite its importance, the intake of dietary fiber was lower than the
recommended goal of 20 g/day or higher in 1996, and even declined in the following 20
years. A decreased intake of fruits and vegetables is apparent in the Japanese general
population [29], and is considered to be an important issue in dietary guidance.

As to the background of the decrease in the consumption of vegetables and fruits,
survey reports have suggested that differences in lifestyle, such as economic conditions [35]
and living alone, exist [36] and that diabetic patients who work may choose a less diversified
diet [37]. It was also reported that the consumption of vegetables and fruits tends to be
higher with a lower frequency of eating meals away from home [38]. As to the proportions
of food expenditure in Japan from 1995 to 2015, the consumption of fresh foods has
decreased, and eating out and consuming processed foods have increased from 65.4% to
72.6% [39]. This suggests that the increase in eating out and buying processed foods may
influence the decrease in fruit and vegetable intake, not only in the general population, but
also in those with type 2 diabetes. This Westernization of dietary habits has been widely
adopted, and advice on the dietary treatment of diabetes should consider the current
dietary situation.

This study has several limitations. First, both the JDCS and the JDDM were comprised
of patients from different cohorts, although they were both multicenter studies. However,
both studies were conducted at outpatient clinics throughout Japan specializing in diabetes,
and the clinical settings were similar except for the time period studied. An additional
limitation is that the number of participants that were included in both surveys was
different from the potential candidates. Of the 2033 JDCS patients, 1588 responded to a
baseline dietary survey, and 524 patients who had missing values in the dietary survey
were excluded. In the JDDM patients, 1145 of 2337 patients met the eligibility criteria for
the JDCS and responded to the baseline dietary survey. However, there were no notable
differences in baseline characteristics between the responders and non-responders [8], and
consequently, no selection bias was found. Finally, the participants’ dietary intake was
obtained from a self-administered questionnaire, which could be an underestimation. As
for the long-term comparison of 20 years, changes had been made in the food composition
tables and in the FFQg version used in both studies. However, those changes corresponded
to changes in dietary habits and food ingredients due to secular trends, and there was
little effect on energy intake and intake of macronutrients due to the changes in the food
composition tables.
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The results of this study clarify the changes in the dietary intake of Japanese patients
with type 2 diabetes over 20 years, beginning in 1996. Despite a lack of significant change
in the total energy intake during the period, both men and women with type 2 diabetes
had a large increase in BMI. A rise in the fat-to-energy ratio due to an increase in fat
intake was also observed, particularly in men. In terms of intake by food group, both
men and women had clearly unfavorable changes in terms of complication prevention.
These included an increase in the intake of meat and a decrease in the intake of fish,
soybean/soy products, vegetables, and fruits. The results of our study strongly suggest
that, in order to prevent complications in Japanese patients with type 2 diabetes in the
future, the provision of nutritional guidance, in line with these chronological changes in
dietary intake, is necessary.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13103428/s1, Table S1: Clinical characteristics of participants in the Japan Diabetes
Complications Study (JDCS, 1996) and the Japan Diabetes Data Management Study (JDDM, 2014-
2018) between under 60 and over 60 age, Table S2: Comparison of intake of each nutrient in under
60 and over 60 age participants of JDCS (1996) and JDDM (2014-2018), Table S3: Comparison of
intake by major food groups among under 60 and over 60 age participants of JDCS (1996) and JDDM
(2014-2018).

Author Contributions: Analyzed the data; drafted, reviewed, and edited the manuscript; and
contributed to the discussion: M.T. Conducted, designed, and supervised the study; reviewed and
edited the manuscript; and contributed to the discussion: H.S. and K.F. Reviewed and edited the
manuscript and contributed to the discussion; read and approved the final manuscript: M.T., C.H.,
M.H., Y.T., R.N., I.I., S.M., N.K., H.Y., R.A., S.T., C.K., Y.Y., T.S., K.F., A.A., H.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was supported by the Ministry of Health, Labour and Welfare and the Japan
Society for the Promotion of Science. The sponsors had no role in the design or conduct of the study;
the collection, management, analysis, or interpretation of the data; or the preparation, review, or
approval of the manuscript.

Institutional Review Board Statement: This study was in accordance with the Declaration of
Helsinki and the ethical guidelines for clinical-epidemiological studies by the Japanese Ministry of
Health, Labour and Welfare; JDCS was approved by the review boards of all participating institutions;
and JDDM was approved by the ethical review boards of JDDM and Niigata University (2015-1648).

Informed Consent Statement: Informed consent was obtained from all individual participants
included in the study.

Data Availability Statement: All data analyzed during this study are included in this paper. Other
data are available from the author upon reasonable request.

Acknowledgments: We would like to thank the physicians, staff, and participants of the JDCS and
the JDDM for their generous contributions to this study.

Conflicts of Interest: All authors declare that they have no conflicts of interest.

References
1. American Diabetes Association; Bantle, J.P.; Wylie-Rosett, J.; Albright, A.L.; Apovian, C.M.; Clark, N.G.; Franz, M.J.; Hoogwerf,

B.J.; Lichtenstein, A.H.; Mayer-Davis, E.; et al. Nutrition recommendations and interventions for diabetes: A position statement
of the American Diabetes Association. Diabetes Care 2008, 31 (Suppl. S1), S61–S78. [CrossRef]

2. Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing countries. Nutr. Rev.
2012, 70, 3–21. [CrossRef]

3. Casagrande, S.S.; Cowie, C.C. Trends in dietary intake among adults with type 2 diabetes: NHANES 1988–2012. J. Hum. Nutr.
Diet. 2017, 30, 479–489. [CrossRef]

4. Cruz, A.F.; Calle-Pascual, A.L. Diabetes Nutrition and Complications Trial: Trends in nutritional pattern between 1993 and 2000
and targets of diabetes treatment in a sample of Spanish people with diabetes. Diabetes Care 2004, 27, 984–987. [CrossRef]

5. Burch, E.; Ball, L.; Somerville, M.; Williams, L.T. Dietary intake by food group of individuals with type 2 diabetes mellitus: A
systematic review. Diabetes Res. Clin. Pract. 2018, 137, 160–172. [CrossRef]

https://www.mdpi.com/article/10.3390/nu13103428/s1
https://www.mdpi.com/article/10.3390/nu13103428/s1
http://doi.org/10.2337/dc08-S061
http://doi.org/10.1111/j.1753-4887.2011.00456.x
http://doi.org/10.1111/jhn.12443
http://doi.org/10.2337/diacare.27.4.984
http://doi.org/10.1016/j.diabres.2017.12.016


Nutrients 2021, 13, 3428 14 of 15

6. International Diabetes Federation. IFD Diabetes Atlas 9th Edition. 2019. Available online: https://www.diabetesatlas.org/data/
en/indicators/1/ (accessed on 26 May 2020).

7. Horikawa, C.; Yoshimura, Y.; Kamada, C.; Tanaka, S.; Tanaka, S.; Takahashi, A.; Hanyu, O.; Araki, A.; Ito, H.; Tanaka, A.; et al.
Dietary intake in Japanese patients with type 2 diabetes: Analysis from Japan Diabetes Complications Study. J. Diabetes Investig.
2014, 5, 176–187. [CrossRef] [PubMed]

8. Tanaka, S.; Tanaka, S.; Iimuro, S.; Yamashita, H.; Katayama, S.; Ohashi, Y.; Akanuma, Y.; Yamada, N.; Sone, H.; Japan Diabetes
Complications Study Group. Cohort profile: The Japan diabetes complications study: A long-term follow-up of a randomised
lifestyle intervention study of type 2 diabetes. Int. J. Epidemiol. 2014, 43, 1054–1062. [CrossRef] [PubMed]

9. Yokoyama, H.; Oishi, M.; Takamura, H.; Yamasaki, K.; Shirabe, S.I.; Uchida, D.; Sugimoto, H.; Kurihara, Y.; Araki, S.I.; Maegawa,
H. Large-scale survey of rates of achieving targets for blood glucose, blood pressure, and lipids and prevalence of complications
in type 2 diabetes (JDDM 40). BMJ Open Diabetes Res. Care 2016, 4, e000294. [CrossRef]

10. Sone, H.; Tanaka, S.; Iimuro, S.; Tanaka, S.; Oida, K.; Yamasaki, Y.; Oikawa, S.; Ishibashi, S.; Katayama, S.; Yamashita, H.;
et al. Long-term lifestyle intervention lowers the incidence of stroke in Japanese patients with type 2 diabetes: A nationwide
multicentre randomised controlled trial (the Japan Diabetes Complications Study). Diabetologia 2010, 53, 419–428. [CrossRef]
[PubMed]

11. Takahashi, K.; Yoshimura, Y.; Kaimoto, T.; Kunii, D.; Komatsu, T.; Yamamoto, S. Validation of a Food Frequency Questionnaire
Based on Food Groups for Estimating Individual Nutrient Intake. Jpn. J. Nutr. Diet. 2001, 59, 221–232. [CrossRef]

12. Park, K. Trends in adherence to dietary recommendations among Korean type 2 diabetes mellitus patients. Nutr. Res. Pract. 2015,
9, 658–666. [CrossRef]

13. National Institute of Health and Nutrition. Summary Results of the National Health and Nutrition Survey Japan, Physical
Condition Survey. Available online: https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_shintai.
html (accessed on 15 January 2020).

14. National Institute of Health and Nutrition. Summary Results of the National Health and Nutrition Survey Japan. Available
online: https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_eiyou.html (accessed on 15 January
2020).

15. Sone, H.; Ito, H.; Ohashi, Y.; Akanuma, Y.; Yamada, N. Obesity and type 2 diabetes in Japanese patients. Lancet 2003, 361, 85.
[CrossRef]

16. Rhee, E.J. Diabetes in Asians. Endocrinol. Metab. 2015, 30, 263–269. [CrossRef] [PubMed]
17. Sone, H.; Yoshimura, Y.; Ito, H.; Ohashi, Y.; Yamada, N. Energy intake and obesity in Japanese patients with type 2 diabetes.

Lancet 2004, 363, 248–249. [CrossRef]
18. Ford, E.S.; Herman, W.H. Leisure-time physical activity patterns in the U.S. diabetic population. Findings from the 1990 National

Health Interview Survey—Health Promotion and Disease Prevention Supplement. Diabetes Care 1995, 18, 27–33. [CrossRef]
[PubMed]

19. Morino, K.; Kondo, K.; Tanaka, S.; Nishida, Y.; Nakae, S.; Yamada, Y.; Ugi, S.; Fuse, K.; Miyazawa, I.; Ohi, A.; et al. Total energy
expenditure is comparable between patients with and without diabetes mellitus: Clinical Evaluation of Energy Requirements in
Patients with Diabetes Mellitus (CLEVER-DM) Study. BMJ Open Diabetes Res. Care 2019, 7, e000648. [CrossRef]

20. Kawamori, R. Diabetes trends in Japan. Diabetes Metab. Res. Rev. 2002, 18 (Suppl. S3), S9–S13. [CrossRef]
21. Chiolero, A.; Jacot-Sadowski, I.; Faeh, D.; Paccaud, F.; Cornuz, J. Association of cigarettes smoked daily with obesity in a general

adult population. Obesity 2007, 15, 1311–1318. [CrossRef]
22. Albanes, D.; Jones, D.Y.; Micozzi, M.S.; Mattson, M.E. Associations between smoking and body weight in the US population:

Analysis of NHANES II. Am. J. Public Health 1987, 77, 439–444. [CrossRef]
23. Wilding, J.P.H. Medication use for the treatment of diabetes in obese individuals. Diabetologia 2018, 61, 265–272. [CrossRef]
24. San-Cristobal, R.; Navas-Carretero, S.; Martinez-Gonzalez, M.A.; Ordovas, J.M.; Martinez, J.A. Contribution of macronutrients to

obesity: Implications for precision nutrition. Nat. Rev. Endocrinol. 2020, 16, 305–320. [CrossRef]
25. Tanasescu, M.; Cho, E.; Manson, J.E.; Hu, F.B. Dietary fat and cholesterol and the risk of cardiovascular disease among women

with type 2 diabetes. Am. J. Clin. Nutr. 2004, 79, 999–1005. [CrossRef]
26. The Japan Diabetes Society. Japanese Clinical Practice Guideline for Diabetes 2019; Nankodo: Tokyo, Japan, 2019.
27. Ministry of Health, Labour and Welfare. Dietary Reference Intakes for Japanese 2020; Daiichi Shuppan: Tokyo, Japan, 2020.
28. U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2015–2020, 8th

ed.; U.S. Government Printing Office: Washington, DC, USA, 2015.
29. National Institute of Health and Nutrition. Summary Results of the National Health and Nutrition Survey Japan, Nutrition

Intake Survey, Intake by Food Group. Available online: https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/
keinen_henka_syokuhin.html (accessed on 15 January 2020).

30. Qi, L.; van Dam, R.M.; Rexrode, K.; Hu, F.B. Heme iron from diet as a risk factor for coronary heart disease in women with type 2
diabetes. Diabetes Care 2007, 30, 101–106. [CrossRef] [PubMed]

31. Horikawa, C.; Kamada, C.; Tanaka, S.; Tanaka, S.; Araki, A.; Ito, H.; Matsunaga, S.; Fujihara, K.; Yoshimura, Y.; Ohashi, Y.; et al.
Meat intake and incidence of cardiovascular disease in Japanese patients with type 2 diabetes: Analysis of the Japan Diabetes
Complications Study (JDCS). Eur. J. Nutr. 2019, 58, 281–290. [CrossRef] [PubMed]

https://www.diabetesatlas.org/data/en/indicators/1/
https://www.diabetesatlas.org/data/en/indicators/1/
http://doi.org/10.1111/jdi.12146
http://www.ncbi.nlm.nih.gov/pubmed/24843758
http://doi.org/10.1093/ije/dyt057
http://www.ncbi.nlm.nih.gov/pubmed/23687126
http://doi.org/10.1136/bmjdrc-2016-000294
http://doi.org/10.1007/s00125-009-1622-2
http://www.ncbi.nlm.nih.gov/pubmed/20054522
http://doi.org/10.5264/eiyogakuzashi.59.221
http://doi.org/10.4162/nrp.2015.9.6.658
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_shintai.html
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_shintai.html
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_eiyou.html
http://doi.org/10.1016/S0140-6736(03)12151-4
http://doi.org/10.3803/EnM.2015.30.3.263
http://www.ncbi.nlm.nih.gov/pubmed/26435131
http://doi.org/10.1016/S0140-6736(03)15348-2
http://doi.org/10.2337/diacare.18.1.27
http://www.ncbi.nlm.nih.gov/pubmed/7698044
http://doi.org/10.1136/bmjdrc-2019-000648
http://doi.org/10.1002/dmrr.296
http://doi.org/10.1038/oby.2007.153
http://doi.org/10.2105/AJPH.77.4.439
http://doi.org/10.1007/s00125-017-4288-1
http://doi.org/10.1038/s41574-020-0346-8
http://doi.org/10.1093/ajcn/79.6.999
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_syokuhin.html
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_syokuhin.html
http://doi.org/10.2337/dc06-1686
http://www.ncbi.nlm.nih.gov/pubmed/17192341
http://doi.org/10.1007/s00394-017-1592-y
http://www.ncbi.nlm.nih.gov/pubmed/29222638


Nutrients 2021, 13, 3428 15 of 15

32. Ministry of Education, Culture, Sports, Science and Technology, Japan. Standard Tables of Food Composition in Japan, 2015—Fatty
Acids, 7th ed.; Official Gazette Corporation of Japan: Tokyo, Japan, 2015.

33. Tanaka, S.; Yoshimura, Y.; Kamada, C.; Tanaka, S.; Horikawa, C.; Okumura, R.; Ito, H.; Ohashi, Y.; Akanuma, Y.; Yamada, N.; et al.
Intakes of dietary fiber, vegetables, and fruits and incidence of cardiovascular disease in Japanese patients with type 2 diabetes.
Diabetes Care 2013, 36, 3916–3922. [CrossRef] [PubMed]

34. Tanaka, S.; Yoshimura, Y.; Kawasaki, R.; Kamada, C.; Tanaka, S.; Horikawa, C.; Ohashi, Y.; Araki, A.; Ito, H.; Akanuma, Y.; et al.
Fruit intake and incident diabetic retinopathy with type 2 diabetes. Epidemiology 2013, 24, 204–211. [CrossRef] [PubMed]

35. Darmon, N.; Drewnowski, A. Does social class predict diet quality? Am. J. Clin. Nutr. 2008, 87, 1107–1117. [CrossRef]
36. Hanna, K.L.; Collins, P.F. Relationship between living alone and food and nutrient intake. Nutr. Rev. 2015, 73, 594–611. [CrossRef]

[PubMed]
37. Tiew, K.F.; Chan, Y.M.; Lye, M.S.; Loke, S.C. Factors associated with dietary diversity score among individuals with type 2

diabetes mellitus. J. Health Popul. Nutr. 2014, 32, 665–676. [PubMed]
38. Seguin, R.A.; Aggarwal, A.; Vermeylen, F.; Drewnowski, A. Consumption Frequency of Foods Away from Home Linked with

Higher Body Mass Index and Lower Fruit and Vegetable Intake among Adults: A Cross-Sectional Study. J. Environ. Public Health
2016, 2016, 3074241. [CrossRef] [PubMed]

39. Policy Research Institute, Ministry of Agriculture, Forestry and Fisheries. Future Estimates of Food Consumption in Japan (2019
Edition). Available online: https://www.maff.go.jp/primaff/seika/fsc/zenpan.htm (accessed on 15 January 2020).

http://doi.org/10.2337/dc13-0654
http://www.ncbi.nlm.nih.gov/pubmed/24170762
http://doi.org/10.1097/EDE.0b013e318281725e
http://www.ncbi.nlm.nih.gov/pubmed/23348071
http://doi.org/10.1093/ajcn/87.5.1107
http://doi.org/10.1093/nutrit/nuv024
http://www.ncbi.nlm.nih.gov/pubmed/26269488
http://www.ncbi.nlm.nih.gov/pubmed/25895200
http://doi.org/10.1155/2016/3074241
http://www.ncbi.nlm.nih.gov/pubmed/26925111
https://www.maff.go.jp/primaff/seika/fsc/zenpan.htm

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

