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Summary The Japanese diet (JD) is accepted as a healthy dietary pattern, which has 

protective effects against cancer and cardiovascular diseases. However, it remains unclear 

whether there is any association between the JD and fecal microbiota composition. This 

cross-sectional study examined the relationship between JD scores and fecal microbiota in 

young Japanese adults, through the analysis of  fecal microbiota using the terminal restric-

tion fragment length polymorphism (T-RFLP) method. JD scores were calculated with regard 

to nine food groups (rice, miso soup, pickles, green and yellow vegetables, seaweeds, fish, 

green tea, meat, and coffee) based on a brief  self-administered diet-history questionnaire. 

JD total scores were categorized as low (score 0–3) or high (score 4–8). The high-scoring 

JD group exhibited a significantly higher relative abundance of  Bacteroides than the low JD 

group, whereas the low JD group exhibited a significantly higher relative abundance of  Pre-

votella than the high JD group. With regard to food group intakes, a higher consumption of  

rice was associated with a significantly lower relative abundance of  Prevotella, whereas a 

higher consumption of  green tea was associated with a significantly higher relative abun-

dance of  Bifidobacterium. To the best of  our knowledge, this is the first study demonstrat-

ing an association between JD score and fecal microbiota and may allow the prediction of  

changes in fecal microbiota due to changes in the JD.
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Over the past decades, several epidemiological stud-

ies have identified that an organism genetic background 

and geographical location are associated with its gut 

microbiota composition. A metagenomic study found 

patterns in the fecal microbiota of  American, European, 

and Japanese populations, and reported three entero-

type clusters, enriched in Bacteroides, Prevotella, and 

Ruminococcus, respectively (1). These enterotypes are 

influenced by habitual diets, in particular, enterotypes 

including Bacteroides and Prevotella are strongly linked 

to protein and carbohydrate intake by healthy people 

(2). Furthermore, previous studies have reported that 

the changing composition of  the human gut microbiota 

is affected by various lifestyle factors, such as smoking, 

exercise, and alcohol consumption (3–5).

Some typical diets, including Western and Mediterra-

nean diets, are also considered to be major modulators 

of  the human gut microbiota. A recent study has shown 

that the Western diet, which typically includes excessive 

consumption of  fat, animal proteins, and sugars, is asso-

ciated with high Firmicutes/Bacteroidetes ratios (6). It 

is well known that high Firmicutes/Bacteroidetes ratios 

lead to an increase in obesity (7). Moreover, in a study 

comparing the gut microbiota of  people who consumed 

a high fat diet with that of  people who consumed a low-

fat diet, the abundance of  Bifidobacteria was found to 

be significantly reduced in high fat diet consumers (8). 

In contrast, the Mediterranean diet involves the con-

sumption of  large amounts of  fruits, vegetables, whole 

grains, nuts, beans, and olive oil, and small amounts 

of  red meat. The Mediterranean diet is enriched in ben-

eficial bacteria, such as Bifidobacterium and Lactobacillus 

(9). A previous study reported that the Mediterranean 

diet increased fecal short-chain fatty acid levels, which 

has a direct anti-inflammatory effect in the gut (10). 

Furthermore, red wine is frequently drunk as part of  

the Mediterranean diet, and daily consumption of  red 

wine for 20 d in healthy males induces an increase in 

the abundance of  Bacteroides and Bifidobacterium, which 

are associated with reductions in biochemical markers 

such as triglycerides, cholesterol, and blood pressure 

(11). Other studies have also linked gut microbiota and 

the Mediterranean diet (12). Thus, the Mediterranean 

diet beneficially affects the gut microbiota, whereas the 

Western diet harms the gut microbiota, leading to the 

development of  lifestyle-related diseases.

In recent years, the Japanese diet (JD) has drawn 

attention as a distinct diet. In order to evaluate the 

habitual Japanese diet intake, JD scores have been 

used as a major approach in nutritional epidemiology 

research (13, 14). The JD score is an index indicating 

that food groups such as vegetables, fruits, fish, and E-mail: seurat@asu.aasa.ac.jp
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pickles, are characterized by JD patterns. Recent studies 

indicate that higher JD scores prevent chronic diseases, 

such as cancer and cardiovascular disorders (13). More-

over, the intake of  individual food groups, including 

vegetables and fruits, is associated with a lower risk of  

type 2 diabetes (15). Although the JD contributes health 

benefits for the host, the composition of  gut microbiota 

remains poorly understood (16). Furthermore, Japanese 

gut microbiota have been demonstrated to be different 

to other non-JD countries (17, 18), and we have also 

researched the fecal microbiota composition of  young 

Japanese women (19), but reasons for such composi-

tional differences are not yet clarified. The purpose of  

this cross-sectional study was to examine relationships 

between JD scores, the intake of  food groups charac-

terized by Japanese dietary patterns, and human fecal 

microbiota composition, using the terminal restriction 

fragment length polymorphism (T-RFLP) method for 

analysis of  fecal microbiota.

MATERIALS AND METHODS

Study subjects. This study conducted a survey 

among sixty (23 men and 37 women) healthy young 

university student subjects aged 18 to 22 y old in Japan. 

The study period was from August 2017 to July 2018, 

and was performed in compliance with the principles of  

the Declaration of  Helsinki; subjects also provided writ-

ten informed consent before initiation of  the study. All 

aspects of  the study were approved by the Ethics Com-

mittee of  Aichi Shukutoku University (No. 2017-2).

Fecal microbiota analysis (T-RFLP method). Fecal sam-

ples were collected in collection tubes containing guani-

dine thiocyanate solution (Techno Suruga Laboratory 

Co., Ltd., Shizuoka, Japan). DNA extraction from fecal 

samples, and analysis of  fecal microbiota by the T-RFLP 

method, were outsourced to Techno Suruga Laboratory 

Co., and performed according to a protocol described in 

a previous report (20). The abundance of  each terminal 

restriction fragment (T-RF) was calculated by first divid-

ing them into 29 operational taxonomic units (OTUs) by 

the method described in reports by Nagashima and col-

leagues (21, 22). Each OTU was quantified as a percent 

of  the total OTU area, expressed as a percentage of  the 

area under the curve (% AUC).

Dietary assessment. For the dietary intake assess-

ment, a brief  self-administered diet-history question-

naire (BDHQ) was conducted so as to obtain information 

regarding food intake quantities and the consumption 

frequency per meal over the previous month. BDHQ 

is a food intake frequency survey method that evalu-

ates the contents of  the daily diets of  Japanese people 

and is based on questions regarding 56 food and bev-

erage items. The energy and nutrient compositions of  

foodstuffs reported in BDHQ were estimated based on 

Standard Tables of  Food Composition in Japan (23). The 

validity of  the BDHQ has already been demonstrated by 

Kobayashi et al. (24). The consumption of  nutrients and 

food groups were calculated per 1,000 kcal of  energy 

intake. All subjects took the dietary survey during the 

week of  fecal sampling.

Japanese diet score. The JD score has been previously 

evaluated based on the results of  the semi-quantitative 

food frequency questionnaire and BDHQ (14, 25). To 

assess dietary patterns, our JD scores were calculated 

with reference to a previous study using BDHQ (25). 

Briefly, JD scores were evaluated based on nine food 

groups (rice, miso soup, seaweeds, pickles, green and 

yellow vegetables, fish, green tea, meat (beef  and pork), 

and coffee). For each of  the rice, miso soup, seaweeds, 

pickles, green and yellow vegetables, fish, and green tea 

groups one point was given to subjects whose intake 

was more than or equal to the sex-specific median. For 

the meat and coffee groups one point was given to sub-

jects whose intake was below the sex-specific median. 

The total scores ranged from 0 to 9, with higher scores 

indicating greater adherence to the JD. The cutoff  was a 

score of  3 points. We established that values from 0 to 

3 points were categorized as the low JD group, whereas 

values between 4 and 8 points were categorized as the 

high JD group. There were no individuals with a score of  

9 points. Subjects were additionally divided into tertiles 

of  food group intakes, and fecal microbiota composi-

tions were compared.

Statistical analysis. Statistical analysis was per-

formed using SPSS Statistical Analysis software for Win-

dows, version 23.0 (IBM, Tokyo, Japan). All data are 

expressed as mean6standard error (SE). Examination 

of  normality was investigated using the Shapiro-Wilk 

test. Parametric data were analyzed using non-paired 

Student’s t-test, whereas nonparametric data were 

analyzed using the Mann-Whitney U test. The rela-

tion between food group intakes and fecal microbiota 

was analyzed by Jonckheere-Terpstra test. p,0.05 was 

considered statistically significant. Principal component 

analysis was performed based on the T-RFLP profiles of  

fecal samples. Microbial diversity was calculated using 

the Shannon-Wiener index of  diversity to assess even-

ness and richness of  microbial community members 

(26).

RESULTS

The 60 subjects comprised 22 (10 men and 12 

women) in the low JD group and 38 (13 men and 25 

women) in the high JD group. According to the data cal-

culated from the BDHQ, the energy intake and macro-

nutrient intakes were not significantly different between 

the two groups (Table 1). For nine food groups, the 

intake of  rice, miso soup, pickles, seaweeds, and fish, 

were significantly higher in the high JD group than in 

the low JD group (p,0.05) (Table 2). On the other hand, 

the intake of  coffee was significantly lower in the high 

JD group than the low JD group (p,0.05).

Figure 1 is a graphical representation of  the fecal 

microbiota diversity and communities, based on the 

T-RFLP profiles in the low JD and high JD groups. The 

Shannon-Wiener index was not significantly different 

between the two groups. Similarly, there was no clear 

separation of  fecal microbiota communities for the two 

groups using PCA analysis. The PCA indicated that two 

components explained 42.2% of  the variance. As can be 
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seen from these results, there was no difference in terms 

of  bacterial diversity between the two groups.

The results of  a comparison of  fecal microbiota com-

positions based on T-RFLP profiles, between the low JD 

and high JD groups, are shown in Table 3. The relative 

abundance of  Bacteroides was significantly lower in the 

low JD group than the high JD group (p,0.05). The rel-

ative abundance of  Prevotella was significantly higher in 

the low JD group than the high JD group (p,0.05).

Figure 2 presents a comparison of  fecal microbiota 

according to differences in food group intakes. Increas-

ing rice and seaweeds intake were associated with sig-

nificant decreases in the relative abundance of  Pre-

votella and Clostridium cluster IX, respectively (p,0.05). 

The relative abundance of  Bifidobacterium had a posi-

tive trend of  association with the intake of  green tea 

(p,0.05).

DISCUSSION

We conducted a cross-sectional study to investigate 

associations between JD scores and fecal microbiota 

using T-RFLP analysis. Our results showed that fecal 

microbiota, particularly the relative abundance of  Bac-

teroides and Prevotella, were different between low and 

Table 1. Energy and macronutrient intakes for the low and high JD groups.

Low JD group (n522) High JD group (n538)

Energy (kcal) 1,8646176 2,1136116

Protein (% of  energy) 14.261.1 14.560.4

Fat (% of  energy) 31.361.7 28.060.9

Carbohydrate (% of  energy) 54.562.4 57.561.3

Water soluble fiber (g/1,000 kcal) 1.460.1 1.660.1

Water insoluble fiber (g/1,000 kcal) 3.760.3 4.460.2

Total dietary fiber (g/1,000 kcal) 5.260.4 6.260.3

Salt (g/1,000 kcal) 5.260.2 5.160.2

Values are means6SE.

Table 2. Intake of  food groups characterized by Japanese dietary patterns for the low and high JD groups.

Low JD group High JD group

Rice (g/1,000 kcal) 127618 175612*

Miso soup (g/1,000 kcal) 50614 6968*

Pickles (g/1,000 kcal) 2.560.9 4.860.8*

Green and yellow vegetables (g/1,000 kcal) 61612 6765

Seaweeds (g/1,000 kcal) 3.160.9 7.661.3*

Fish (g/1,000 kcal) 2465 3663*

Green tea (g/1,000 kcal) 117635 127621

Meat (g/1,000 kcal) 5068 4163

Coffee (g/1,000 kcal) 70619 2065*

Values are means6SE.

* p,0.05 versus low JD group determined by unpaired t-test, or Mann-Whitney U test.

Fig. 1. Fecal microbiota diversity of  terminal restriction fragment length polymorphism (T-RFLP) profiles for the low and 

high JD groups analyzed by Shannon-Wiener index (A) and principal component analysis (B).
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high JD groups. Moreover, the intake of  food groups 

characterized by Japanese dietary patterns, such as rice, 

green tea, and seaweeds, resulted in changes to the fecal 

microbiota. Thus, we observed that differences in JD 

scores might have the potential to lead to modifications 

in the gut microbiota composition.

The Mediterranean diet is characterized by a high 

intake of  fish, vegetables, and seaweeds and a low 

intake of  meat, which is consistent with the JD (27). In 

several studies, the Mediterranean diet has been asso-

ciated with an increase in the relative abundance of  

Bacteroides in the gut microbiota (9). Similar associa-

tions were detected in our study, in which the high JD 

group, which consumed high levels of  green and yellow 

vegetables, seaweeds, and fish and a low level of  meat, 

had a significantly higher relative abundance of  Bacte-

orides, compared to the low JD group. Carrothers et al. 

reported that the relative abundance of  Bacteroides is 

negatively associated with protein intake in lactating 

women (28). In addition, several studies showed the 

association between vegetarian dietary patterns and 

fecal microbiota composition (29, 30). The results of  

these studies indicated vegetarian have an increased 

abundance of  Bacteroides in the fecal microbiota com-

pared with omnivorous. Therefore, the intake of  various 

food groups including meat and vegetables may contrib-

ute to the high relative abundance of  Bacteroides in the 

fecal microbiota. However, Bacteroides has been linked to 

long-term dietary patterns of  Western diets containing 

high amounts animal protein (2). Further studies are 

needed to determine the relationship between Bacteroi-

des and JD.

In this study, the fecal microbiota of  the high JD 

group showed a significantly lower relative abundance 

of  Prevotella, compared with the low JD group. We also 

found that subjects who consumed high quantities 

of  rice exhibited a reduced relative abundance of  Pre-

votella. However, several previous cross-sectional studies 

have shown that Prevotella-rich enterotypes are associ-

ated with high-carbohydrate diets in healthy people (2). 

Egyptian and rural African children following a long-

term high carbohydrate and plant-based diet have a rela-

tively high abundance of  Prevotella in their gut (31, 32). 

Non-digestible carbohydrates, such as dietary fiber and 

resistant starch, have been suggested as being the major 

promoters of  Prevotella abundance (33). Furthermore, 

Prevotella is an established biomarker of  diet and lifestyle 

(34). Previous research suggested a major difference in 

the gut microbiota composition between Japanese and 

other populations, in particular, in terms of  higher pro-

portions of  Bifidobacterium and lower proportions of  Pre-

votella in the gut microbiota (17). Our previous research 

had also revealed very similar analytical results using 

the T-RFLP method in young Japanese women (19). The 

intake of  rice, which is a staple foodstuff  in the JD, may 

be involved in the composition of  gut microbiota in Jap-

anese people, but further research is necessary in order 

to understand these complicated relationships.

Interestingly, green tea intake showed a significant 

positive trend of  association with the relative abundance 

of  Bifidobacterium. Previous studies have demonstrated 

that dietary polyphenols, such as tea catechin, affect the 

Table 3. Comparison of  fecal microbiota by terminal 

restriction fragment length polymorphism (T-RFLP) 

analysis between the low and high JD groups.

Bacteria
Low JD group 

(%)

High JD group 

(%)

Bifidobacterium 10.462.0 9.961.3

Lactobacillales 4.861.3 3.760.6

Bacteroides 42.663.0 50.361.5*

Prevotella 7.763.2 0.160.1*

Clostridium cluster IV 6.560.8 6.960.7

Clostridium subcluster XIVa 13.960.9 15.561.0

Clostridium cluster IX 5.361.2 4.960.9

Clostridium cluster XI 0.460.2 0.360.1

Clostridium cluster XVIII 1.860.3 1.560.3

Others 6.560.8 6.860.6

Values are means6SE.

* p,0.05 versus low JD group determined by unpaired 

t-test or Mann-Whitney U test.

Fig. 2. Comparison of  fecal microbiota by terminal restriction fragment length polymorphism according to differences in 

the intake of  food groups characterized by Japanese dietary patterns. Subjects were classified into low, medium, and high 

tertiles. The difference was statistically significant among the three groups (p trend,0.05, Jonckheere-Terpstra test).
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composition of  gut microbiota. The influence of  green 

tea on human fecal microbiota was investigated by Jin et 

al. (35). After 10 d of  consuming 1,000 mL green tea, 

healthy subjects exhibited an increased level of  Bifido-

bacterium species. Furthermore, previous in vitro investi-

gations using a batch-culture in a human large intestine 

model, indicate that (1)-catechin significantly enhances 

growth of  Bifidobacterium (36). Green tea may enhance 

the abundance of  beneficial bacteria, such as Bifidobac-

terium and Lactobacillus, by reducing the proportion of  

Gram positive bacteria, including Clostridium (37). Our 

results support previous studies based on short-term tri-

als of  green tea polyphenolic supplements and suggests 

that long-term green tea consumption may influence 

the gut microbiota composition.

The Tohoku University of  Medicine and the Faculty of  

Agriculture groups have reported that JD has potential 

health benefits that include the prevention of  metabolic 

syndrome and reduced risk of  obesity (38–40). This 

research team has also indicated that JD affects the gut 

microbiota, in particular the 1975 JD, can reduce the 

prevalence of  Bacteroidetes and increase the prevalence 

of  Firmicutes (16). Another study reported an associa-

tion of  the combination of  JD intake and exercise with 

an increase in the Bacteroides and Clostridium (41). In 

this study, although there were differences in Prevotella 

and Bacteroides between the low JD and high JD groups, 

no changes were observed at the phylum level. To com-

plement our findings, we are now investigating the asso-

ciation with JD and fecal microbiota composition.

There are certain limitations in the present study. 

First, the T-RFLP method does not give a complete pic-

ture of  the microbiota, because the roles of  many bacte-

rial species are unclear. T-RFLP may be inferior to other 

methods, such as next-generation sequencing. Second, 

this study involved a limited cohort with a small num-

ber of  subjects. As a result, due to deviation of  subject 

number in the groups, it was impossible to compare the 

fecal microbiota composition by dividing the JD scores 

into tertiles. Larger sample sizes may be required to 

clarify the association between the JD score and fecal 

microbiota. Finally, given the cross-sectional design of  

our study, further studies using different methods, such 

as longitudinal research, are needed to enhance investi-

gation in this area.

In conclusion, our findings revealed that the JD may 

be associated with fecal microbiota composition, in par-

ticular, the involvement of  Bacteroides and Prevotella. 

To the best of  our knowledge, this is the first study in 

which the JD score has been shown to lead to changes 

in the gut microbiota composition. We will continue to 

increase the number of  samples for this analysis and 

expect the relationship between the JD and gut micro-

biota to be clarified further.

Disclosure of  state of  COI

We have no conflicts of  interest to declare.

Acknowledgments

We thank Techno Suruga Laboratory Co., Ltd. (Shi-

zuoka, Japan) for their technical assistance. Additional 

support was provided by a research grant from Aichi 

Shukutoku University, grant number 17TT15. We 

would like to thank Editage (www.editage.jp) for English 

language editing.

REFERENCES

1) Arumugam M, Raes J, Pelletier E, Le Paslier D, Yamada T, 

Mende DR, Fernandes GR, Tap J, Bruls T, Batto JM, Ber-

talan M, Borruel N, Casellas F, Fernandez L, Gautier L, 

Hansen T, Hattori M, Hayashi T, Kleerebezem M, Kuro-

kawa K, Leclerc M, Levenez F, Manichanh C, Nielsen 

HB, Nielsen T, Pons N, Poulain J, Qin J, Sicheritz-Ponten 

T, Tims S, Torrents D, Ugarte E, Zoetendal EG, Wang J, 

Guarner F, Pedersen O, de Vos WM, Brunak S, Doré J, 

MetaHIT Consortium, Antolín M, Artiguenave F, Blot-

tiere HM, Almeida M, Brechot C, Cara C, Chervaux C, 

Cultrone A, Delorme C, Denariaz G, Dervyn R, Foerst-

ner KU, Friss C, van de Guchte M, Guedon E, Haimet F, 

Huber W, van Hylckama-Vlieg J, Jamet A, Juste C, Kaci 

G, Knol J, Lakhdari O, Layec S, Le Roux K, Maguin E, 

Mérieux A, Melo Minardi R, M’rini C, Muller J, Oozeer R, 

Parkhill J, Renault P, Rescigno M, Sanchez N, Sunagawa 

S, Torrejon A, Turner K, Vandemeulebrouck G, Varela 

E, Winogradsky Y, Zeller G, Weissenbach J, Ehrlich SD, 

Bork P. 2011. Enterotypes of  the human gut microbi-

ome. Nature 473: 174–180.

2) Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keil-

baugh SA, Bewtra M, Knights D, Walters WA, Knight R, 

Sinha R, Gilroy E, Gupta K, Baldassano R, Nessel L, Li H, 

Bushman FD, Lewis JD. 2011. Linking long-term dietary 

patterns with gut microbial enterotypes. Science 334: 

105–108.

3) Biedermann L, Zeitz J, Mwinyi J, Sutter-Minder E, 

Rehman A, Ott SJ, Steurer-Stey C, Frei A, Frei P, Scharl 

M, Loessner MJ, Vavricka SR, Fried M, Schreiber S, Sch-

uppler M, Rogler G. 2013. Smoking cessation induces 

profound changes in the composition of  the intestinal 

microbiota in humans. PLoS One 8: e59260.

4) Clarke SF, Murphy EF, O’Sullivan O, Lucey AJ, Hum-

phreys M, Hogan A, Hayes P, O’Reilly M, Jeffery IB, 

Wood-Martin R, Kerins DM, Quigley E, Ross RP, O’Toole 

PW, Molloy MG, Falvey E, Shanahan F, Cotter PD. 2014. 

Exercise and associated dietary extremes impact on gut 

microbial diversity. Gut 63: 1913–1920.

5) Mutlu EA, Gillevet PM, Rangwala H, Sikaroodi M, Naqvi 

A, Engen PA, Kwasny M, Lau CK, Keshavarzian A. 

2012. Colonic microbiome is altered in alcoholism. Am J 

Physiol Gastrointest Liver Physiol 302: G966–978.

6) Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, 

Duncan A, Ley RE, Sogin ML, Jones WJ, Roe BA, Affour-

tit JP, Egholm M, Henrissat B, Heath AC, Knight R, Gor-

don JI. 2009. A core gut microbiome in obese and lean 

twins. Nature 457: 480–484.

7) Ley RE, Turnbaugh PJ, Klein S, Gordon JI. 2006. Micro-

bial ecology: human gut microbes associated with obe-

sity. Nature 444: 1022–1023.

8) Brinkworth GD, Noakes M, Clifton PM, Bird AR. 2009. 

Comparative effects of  very low-carbohydrate, high-

fat and high-carbohydrate, low-fat weight-loss diets on 

bowel habit and faecal short-chain fatty acids and bacte-

rial populations. Br J Nutr 101: 1493–1502.

9) Singh RK, Chang HW, Yan D, Lee KM, Ucmak D, Wong 

K, Abrouk M, Farahnik B, Nakamura M, Zhu TH, Bhu-

tani T, Liao W. 2017. Influence of  diet on the gut micro-



Japanese Diet Score and Gut Microbiota Composition 419

biome and implications for human health. J Transl Med 

15: 73.

10) De Filippis F, Pellegrini N, Vannini L, Jeffery IB, La Sto-

ria A, Laghi L, Serrazanetti DI, Di Cagno R, Ferrocino 

I, Lazzi C, Turroni S, Cocolin L, Brigidi P, Neviani E, 

Gobbetti M, O’Toole PW, Ercolini D. 2016. High-level 

adherence to a Mediterranean diet beneficially impacts 

the gut microbiota and associated metabolome. Gut 65: 

1812–1821.

11) Queipo-Ortuño MI, Boto-Ordóñez M, Murri M, Gomez-

Zumaquero JM, Clemente-Postigo M, Estruch R, Car-

dona Diaz F, Andrés-Lacueva C, Tinahones FJ. 2012. 

Influence of  red wine polyphenols and ethanol on the 

gut microbiota ecology and biochemical biomarkers. Am 

J Clin Nutr 95: 1323–1334.

12) Garcia-Mantrana I, Selma-Royo M, Alcantara C, Collado 

MC. 2018. Shifts on gut microbiota associated to Medi-

terranean diet adherence and specific dietary intakes on 

general adult population. Front Microbiol 9: 890.

13) Okada E, Nakamura K, Ukawa S, Wakai K, Date C, Iso 

H, Tamakoshi A. 2018. The Japanese food score and risk 

of  all-cause, CVD and cancer mortality: the Japan Col-

laborative Cohort Study. Br J Nutr 120: 464–471.

14) Tomata Y, Watanabe T, Sugawara Y, Chou WT, Kakizaki 

M, Tsuji I. 2014. Dietary patterns and incident func-

tional disability in elderly Japanese: the Ohsaki Cohort 

2006 study. J Gerontol A Biol Sci Med Sci 69: 843–851.

15) Kurotani K, Nanri A, Goto A, Mizoue T, Noda M, Kato 

M, Inoue M, Tsugane S; Japan Public Health Center-

based Prospective Study Group. 2013. Vegetable and 

fruit intake and risk of  type 2 diabetes: Japan Public 

Health Center-based Prospective Study. Br J Nutr 109: 

709–717.

16) Kushida M, Sugawara S, Asano M, Yamamoto K, Fukuda 

S, Tsuduki T. 2019. Effects of  the 1975 Japanese diet on 

the gut microbiota in younger adults. J Nutr Biochem 64: 

121–127.

17) Nam YD, Jung MJ, Roh SW, Kim MS, Bae JW. 2011. Com-

parative analysis of  Korean human gut microbiota by 

barcoded pyrosequencing. PLoS One 6: e22109.

18) Nishijima S, Suda W, Oshima K, Kim SW, Hirose Y, Morita 

H, Hattori M. 2016. The gut microbiome of  healthy Jap-

anese and its microbial and functional uniqueness. DNA 

Res 23: 125–133.

19) Seura T, Yoshino Y, Fukuwatari T. 2017. The relation-

ship between habitual dietary intake and gut microbi-

ota in young Japanese women. J Nutr Sci Vitaminol 63: 

396–404.

20) Higashimura Y, Naito Y, Takagi T, Uchiyama K, 

Mizushima K, Ushiroda C, Ohnogi H, Kudo Y, Yasui M, 

Inui S, Hisada T, Honda A, Matsuzaki Y, Yoshikawa T. 

2016. Protective effect of  agaro-oligosaccharides on 

gut dysbiosis and colon tumorigenesis in high-fat diet-

fed mice. Am J Physiol Gastrointest Liver Physiol 310: 

G367-G375.

21) Nagashima K, Hisada T, Sato M, Mochizuki J. 2003. 

Application of  new primer-enzyme combinations to ter-

minal restriction fragment length polymorphism profil-

ing of  bacterial populations in human feces. Appl Envi-

ron Microbiol 69: 1251–1262.

22) Nagashima K, Mochizuki J, Hisada T, Suzuki S, Shimo-

mura K. 2006. Phylogenetic analysis of  16S ribosomal 

RNA gene sequences from human fecal microbiota and 

improved utility of  terminal restriction fragment length 

polymorphism profiling. Biosci Microflora 25: 99–107.

23) Ministry of  Education, Culture, Sports, Science and 

Technology. 2010. Standard Tables of  Food Composition 

in Japan 2010. Official Gazette Co-operation of  Japan, 

Tokyo (in Japanese).

24) Kobayashi S, Murakami K, Sasaki S, Okubo H, Hirota N, 

Notsu A, Fukui M, Date C. 2011. Comparison of  rela-

tive validity of  food group intakes estimated by compre-

hensive and brief-type self-administered diet history 

questionnaires against 16 d dietary records in Japanese 

adults. Public Health Nutr 14: 1200–1211.

25) Tomata Y, Zhang S, Kaiho Y, Tanji F, Sugawara Y, Tsuji 

I. 2019. Nutritional characteristics of  the Japanese diet: 

A cross-sectional study of  the correlation between Japa-

nese Diet Index and nutrient intake among community-

based elderly Japanese. Nutrition 57: 115–121.

26) Gafan GP, Lucas VS, Roberts GJ, Petrie A, Wilson M, 

Spratt DA. 2005. Statistical analyses of  complex dena-

turing gradient gel electrophoresis profiles. J Clin Micro-

biol 43: 3971–3978.

27) Gabriel AS, Ninomiya K, Uneyama H. 2018. The role of  

the Japanese traditional diet in healthy and sustainable 

dietary patterns around the world. Nutrients 10: E173.

28) Carrothers JM, York MA, Brooker SL, Lackey KA, Wil-

liams JE, Shafii B, Price WJ, Settles ML, McGuire MA, 

McGuire MK. 2015. Fecal microbial community struc-

ture is stable over time and related to variation in macro-

nutrient and micronutrient intakes in lactating women. 

J Nutr 145: 2379–2388.
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