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Fruit and vegetable intake has been associated with a reduced risk of noncommunicable diseases,
however, few studies have assessed the necessary intake of fruits and vegetables to meet nutrient
reference values for the dietary reference intake. This study aimed to estimate the amount of fruit and
vegetable intake necessary to meet the reference values of the dietary reference intakes of Japanese
people for selected nutrients using the current national dietary intake data for the Japanese adults.

We used the data from 4927 Japanese adults aged 20 years and over who participated in the dietary
survey in the 2019 National Health and Nutrition Survey. Nine scenarios (70-90% of Japanese adults
consuming between 100 and 200 g of fruit) were used to predict the recommended average intake

of fruits and vegetables that met the reference values of the dietary reference intakes of Japanese
people for dietary fibre, vitamin A, and potassium as fruits and vegetables are the main sources of
these nutrients. The scenario in which more than 90% of adults consumed 200 g of fruits per day would
almost meet the values in the dietary reference intakes of Japanese people for dietary fibre and vitamin
A excluding potassium. The estimated average intake of fruit and vegetables in this scenario was

200 g and 350 g, respectively. Our scenarios demonstrated that an intake of 200 g of fruits and 350 g

of vegetables, which have previously been reported to reduce disease risk, would be sufficient to meet
the values in the dietary reference intakes of Japanese people of most nutrients, mainly obtained from
fruits and vegetables. Further research is needed to examine policies and interventions to increase fruit
and vegetable consumption in the Japanese population.
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Survey
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Background

Fruit and vegetable intake has been associated with a reduced risk of non-communicable diseases (NCDs),
including heart disease, blood pressure, diabetes, and cancer'™. Therefore, food-based dietary guidelines
worldwide, which aim to identify nutrients associated with public health problems and select appropriate foods
to modify nutrient intake, recommend increased consumption of fruits and vegetables®. However, because the
contribution of dietary factors to disease varies among countries and regions due to differences in food culture
and dietary patterns®, it is necessary to consider the target amounts of fruits and vegetables that can reduce
disease risk and provide adequate nutrient intake, considering the dietary patterns and food culture of people
living in each country and region.

In Japan, Health Japan 21, a national health initiative promotion for 10 years that started in 2000, was followed
by Health Japan 21 (the second term), which set targets for increasing the intake of fruits and vegetables to meet
the reference values for dietary fibre, vitamin C, and potassium, which were the main sources of intake of fruits
and vegetables for Japanese people at the time, with the aim of reducing the risk of NCDs”%. Specific goals
included reducing the proportion of individuals consuming less than 100 g of fruit and increasing the average
vegetable intake to 350 g”%. However, the dietary intake and dietary patterns of Japanese people have changed
significantly over the past 20 years®!°. Thus, simulations are being conducted to determine the appropriate
fruit and vegetable intake for the Japanese population to reduce health risks, and it has been reported that the
consumption of 200 g of fruits and 350 g of vegetables may reduce the risk of NCDs such as cardiovascular
diseases (CVDs), kidney diseases, and diabetes!"!2. These findings suggest that there is a substantial need to
increase fruit consumption beyond the current targets.

Recently, as dietary patterns among Japanese people have changed and diversified!?, fruits and vegetables
have become the main sources of vitamin A and folate!3. However, no studies have assessed the necessary
intake of fruits and vegetables to meet these nutrient reference values for the dietary reference intakes (DRIs)
of Japanese people!. The target amounts for fruits and vegetables in the current dietary guidelines are based on
reports focusing on their association with non-communicable disease risk ”%. Although it is expected that a more
effective strategy to promote intake could be implemented by evaluating the contribution of fruit and vegetable
intake to nutrient intake based on the nutrient reference values in the DRIs, there is insufficient evidence to set
target amounts for daily fruit and vegetable intakes, that meet the DRIs. Therefore, this study aimed to estimate
the intake of fruits and vegetables required to meet the reference values for nutrients (vitamin A, dietary fibre,
vitamin C, folate, and potassium), for which fruits and vegetables are the main sources, using dietary intake data
for the Japanese population from the National Health and Nutrition Survey (NHNS) based on scenarios with
varying levels of fruit intake.

Methods

Data sources

We used data from Japanese adults aged 20 years and over who participated in the dietary survey in the 2019
NHNS (n=4927), which is the latest research data available. Until April 2022, the adult age in Japan was set at
20 years!®, and the same rule was also applied to the National Health and Nutrition Survey reports. The purpose
of this study is to simulate the intake levels of vegetables and fruits required to meet the Dietary Reference
Intakes (DRI) for nutrients primarily obtained from these foods, based on representative dietary intake data
for Japanese adults. Therefore, no exclusion criteria other than age were applied. The sex and age category of
participants were shown in Supplemental Table 1.

The NHNS is a nationally representative cross-sectional annual household-based survey conducted by local
public health centres under the supervision of the Ministry of Health, Labour, and Welfare!®. Details of the
NHNS survey design have been described elsewhere!®!. Briefly, the NHNS consists of a physical examination,
dietary survey, and lifestyle questionnaire, and the surveys are conducted in November. Participants were all
family members (aged > 1 year as of 1 November of the survey year) in households residing in 300 unit blocks that
were randomly selected from the unit blocks of the 2019 Comprehensive Survey of Living Conditions. However,
some areas of Nagano Prefecture were excluded because the survey was not conducted during Typhoon Hagibis
in 201913, The household response rate for the 2019 NHNS was 63.5%.

This survey was conducted according to the guidelines laid down in the Declaration of Helsinki, and all
participants provided informed consent to the local government based on the Health Promotion Act!®. Based
on official application procedures under Article 33 of the Statistics Act, we obtained approval from the Ministry
of Health, Labour and Welfare, Japan, to use individual-level data from the NHNS for this study. Approval from
an institutional review board was not required in accordance with the Ethical Guidelines of Epidemiological
Research.

Dietary survey

A dietary survey was conducted using one-day semi-weighed household dietary records, excluding Sundays
and public holidays!. Trained fieldworkers (mainly registered dieticians) explained how to complete the dietary
records to the main recordkeepers (usually responsible for preparing meals) in each household. The main
recordkeepers weighed all foods and beverages consumed by each family member, as well as food waste and
leftovers, and recorded their names and weights on the recording forms. Additionally, the main recordkeepers
recorded the approximate proportion of food consumed by each family member when the members shared food
from the same dish to estimate individual intake. If weighing was not possible (i.e., the meal was consumed away
from home), the main recordkeepers asked the family members in detail about the name of the restaurant, the
name of the dish they ate, the foods included in the dish, their portion sizes and amounts, and the amount they
had left.
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The trained fieldworkers revisited each household after the dietary record day and checked for missing
information and errors. For foods and beverages that were not measured, the trained fieldworkers converted
the estimates of portion sizes or quantity of foods into food weights from the information provided by the main
recordkeepers and coded each food item according to the NHNS food number lists based on the Standard Tables
of Food Composition in Japan' to calculate the intake of energy and nutrients. The trained fieldworkers finally
entered the collected dietary intake data using a software specifically developed for the NHNS, and the data were
checked by trained investigators at the central office to create an overall dietary dataset!®. Energy and nutrients
were calculated based on the Standard Tables of Food Composition in Japan 2015 edition'®.

Classification of fruit and vegetable groups'®

The classification of fruits follows the NHNS definition, including fresh fruits, dried fruits, and fruit juices;
however, it excludes jams. Additionally, the classification of vegetables aligns with the definition used in the
NHNS, which encompasses green-yellow vegetables, pale-coloured vegetables, vegetable juices, and pickles;
however, it excludes tubers, mushrooms, and seaweed.

Simulation of the fruit and vegetable intakes

Simulation calculations were conducted using Microsoft Excel, which allowed transparent step-by-step estimation
of nutrient intakes under each fruit intake scenario. While the computational platform was simple, the analysis
is grounded in nationally representative NHNS data, which provides robust estimates at the population level.

Step 1

Initially, the current intakes of dietary fibre, vitamin A, folate, vitamin C, and potassium from fruits and
vegetables among Japanese adults were calculated. Regarding folate and vitamin C, since the current intake
among Japanese adults already exceeded the DRIs (2020 edition) reference values!®, these nutrients were
excluded from the simulation.

Step 2

The simulation scenarios were as follows. As previously mentioned, studies have suggested that consuming 200 g
of fruits and 350 g of vegetables can potentially reduce the risk of NCDs such as CVDs'!'2. The Japanese health
promotion initiative, Health Japan 21 (the second term), had set goals of reducing the proportion of individuals
consuming less than 100 g of fruits per day to 30%, and increasing daily vegetable intake to at least 350 g.
However, the current average intake of fruits and vegetables is 100 g and 281 g, respectively (Supplemental Table
2), with the proportion of individuals consuming less than 100 g of fruits remaining above 60% for over a decade
(Table 1). Therefore, this simulation was based on the current goal of “more than 70% of individuals consuming
over 100 g of fruits,” proposing scenarios where “over 80% or 90% consume more than 100 g of fruits”, “over 70%,
80%, or 90% consume more than 150 g of fruits”, and “over 70%, 80%, or 90% consume more than 200 g of fruits”
The intake of dietary fibre, vitamin A, and potassium from fruits under these nine scenarios was estimated
based on current fruit consumption patterns in Japan. The estimations were as follows. For those who currently
consume excess fruit in each scenario, the actual intake values were applied to the simulation. Assuming that
the remaining individuals who did not meet the target would consume the target intake, the target intake (the
minimum amount reaching the target) was calculated (average intake for each nutrient of those exceeding the
target/average fruit intake of those exceeding the target x the target fruit intake), and the amount of each nutrient
intake from the fruit if the fruit intake assumed in the scenario was calculated. For example, in the scenario
where over 80% of the participants consumed more than 150 g of fruit from the NHNS 2019 participants
(n=4927), those consuming over 150 g (n=1321) and those consuming less (n=3606) were identified. Nutrient
intake from fruits was calculated for both groups. To simulate a scenario in which 80% of participants (n=3942)
consume more than 150 g, the difference in the number of people who consumed more than 150 g (n=1321)
and the number of people in 80% of all participants included in the analysis was determined, and their nutrient
intakes were projected by assuming an increased consumption of 150 g. If they had already exceeded 150 g, the
current average nutrient intake of these participants was used. For the remaining 20% (n=985) that did not meet
the target, it was assumed that they continued consuming at their current lower intake levels, estimating nutrient
intake from fruits accordingly.

Step 3

The estimated nutrient intake from fruits assumed from each scenario in Step 2 was added to the current
nutrient intake from sources other than fruits among Japanese adults, and the amounts of dietary fibre (tentative
dietary goal for preventing lifestyle-related diseases: DG), vitamin A (estimated average requirement: EAR), and
potassium (DG), which were insufficient to meet the reference values of the DRIs (2020 edition) for Japanese
adults'* were calculated. The additional vegetable intake required to meet any deficiencies was estimated by
assuming the current vegetable consumption patterns (deficient nutrient amount/current nutrient intake from
vegetables x current average vegetable intake). The total vegetable intake required to meet the DRIs under each
scenario was calculated by adding the required increase in the current average vegetable intake. The average fruit
intake in each scenario was also estimated.

Results

Table 2 shows the proportion of individuals who consume less than 100g of fruit per day, and who do not meet
the recommended daily intake of 350g of vegetables. The percentage of individuals who consumed less than 100g
of fruit and less than 350g of vegetables was 85.7%.
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10 th percentile | 25 th percentile | 50 th percentile | 75 th percentile | 90 th percentile
Energy (kcal/day) 1247 1529 1861 2239 2669
Protein (g/day) 44 55 69 86 104
Fat (g/day) 30 42 58 76 95
Carbohydrate (g/day) 156 196 242 294 348
Dietary fibre (g/day) 10.6 13.8 18.0 22.8 27.9
Vitamin A (ugRAE/day) 147 243 397 599 882
Vitamin D (ug/day) 08 17 36 9.8 18.4
Vitamin E (mg/day) 3.1 4.5 6.3 8.7 11.3
Vitamin K (pg/day) 64 111 197 348 505
Vitamin B, (mg/day) 0.5 0.6 0.9 12 1.5
Vitamin B, (mg/day) 0.6 0.8 1.1 1.5 1.8
Niacin (mg/day) 18 23 30 38 47
Vitamin B, (mg/day) 0.6 0.8 1.1 1.5 1.9
Vitamin B , (ug/day) 1.2 2.1 4.1 8.1 14.1
Folate (ug/day) 142 197 276 366 478
Pantothenic acid (mg/day) | 3.2 4.2 5.4 6.8 8.4
Vitamin C (mg/day) 26 46 81 132 193
Sodium (mg/day) 2154 2893 3782 4795 5871
Salt equivalent (g/day) 5.5 7.3 9.6 122 14.9
Potassium (mg/day) 1274 1680 2225 2869 3532
Calcium (mg/day) 212 307 448 637 832
Magnesium (mg/day) 144 187 241 308 380
Phosphorous (mg/day) 599 766 969 1216 1478
Tron (mg/day) 43 5.7 7.4 9.6 11.9
Zinc (mg/day) 4.9 6.2 7.9 9.9 124
Copper (mg/day) 0.7 0.9 1.1 1.4 1.7
Fruits (g/day) 0 0 55 157 272
Vegetables (g/day) 89 154 250 370 514

Table 1. The percentile values of energy, nutrient, vegetable, and fruit intakes among the Japanese adults who
participated in the National Health and Nutrition Survey 2019 (n=4927).

Individuals
who do not | Individuals
meet350g | whodonot | Individuals
vegetables meet 350 g | who do not
and 100 g vegetables meet 100 g
fruits intake | intake fruits intake

n (%) |n (%) |n (%)
4222 | (85.7) | 3538 | (71.8) | 3033 | (61.6)

Table 2. The proportion of individuals consuming less than 100 g of fruit and less than 350 g of vegetables, or
failing to meet either criteria among Japanese adults who participated in the National Health and Nutrition
Survey 2019 (n=4927).

Table 3 shows the estimated intake of fibre, vitamin A, and potassium from fruits and vegetables based on
nine scenarios of fruit intake and the estimated average intake of fruits and vegetables required to meet the DRIs
in these scenarios using data from the NHNS 2019. The mean intakes of dietary fibre, vitamin A, and potassium
from fruits were 1.4 g, 27 ugRAE, and 194 mg, respectively. From vegetables, the mean intake of dietary fibre,
vitamin A, and potassium was also 5.4 g, 271 pgRAE, and 530 mg, respectively. In a scenario where more than
90% of adults consume 200 g of fruits per day, an average vegetable intake of approximately 350 g would almost
meet the reference value of the DRIs for dietary fibre, vitamin A, except for potassium. In addition, the estimated
average fruit intake under this scenario was approximately 200 g.

Discussion

This study evaluated fruit and vegetable intake that would result in meeting the DRIs for nutrients (dietary fibre
and vitamin A, folate, vitamin C, and potassium), of which fruits and vegetables were the main sources, based
on nine fruit intake scenarios using the current Japanese dietary patterns obtained from the NHNS 2019 results.
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The amount | The The estimated | Thea t of Vegetable intake that | The

The scenario of nutrients | amount of nutrient intake | nutrients estimated to | should be taken to estimated
of the fruits Reference | from nutrients | Total | from fruits for | be insufficient to meet | meet the reference average fruits
intake Nutrients valueft vegetables from fruits | intake | the scenariot the reference values§ | values ()9 intake (g) 1+
Over 70% of Dietary fibre (g) 21 5.4 14 18.8 1.7 1.9 381
adults consume | Vitamin A (ugRAE) | 650 271 27 547 34 96 380 124
100 g/day Potassium (mg) 3000 530 194 2350 | 242 601 599
Over 80% of Dietary fibre (g) 21 5.4 1.4 18.8 1.8 1.8 374
adults consume | Vitamin A (ugRAE) | 650 271 27 547 36 94 377 133
100 g/day Potassium (mg) 3000 530 194 2350 | 260 584 589
Over 90% of Dietary fibre (g) 21 5.4 1.4 18.8 1.9 1.7 369
adults consume | Vitamin A (ugRAE) | 650 271 27 547 38 92 375 140
100 g/day Potassium (mg) 3000 530 194 2350 | 273 571 583
Over 70% of Dietary fibre (g) 21 5.4 1.4 18.8 2 1.6 364
adults consume | Vitamin A (ugRAE) | 650 271 27 547 41 89 373 149
150 g/day Potassium (mg) 3000 530 194 2350 | 284 560 576
Over 80% of Dietary fibre (g) 21 5.4 1.4 18.8 2.2 1.4 353
adults consume | Vitamin A (ugRAE) | 650 271 27 547 44 86 370 160
150 g/day Potassium (mg) 3000 530 194 2350 | 305 539 566
Over 90% of Dietary fibre (g) 21 5.4 1.4 18.8 2.3 1.3 348
adults consume | Vitamin A (ugRAE) | 650 271 27 547 47 83 366 171
1

50 g/day Potassium (mg) 3000 530 194 2350 | 326 518 555
Over 70% of Dietary fibre (g) 21 5.4 1.4 18.8 24 1.2 343
adults consume | Vitamin A (ugRAE) | 650 271 27 547 48 82 366 177
2

00 g/day Potassium (mg) 3000 530 194 2350 | 335 509 550
Over 80% of Dietary fibre (g) 21 5.4 1.4 18.8 2.6 1 332
adults consume | Vitamin A (ugRAE) | 650 271 27 547 52 78 361 192
2

00 g/day Potassium (mg) 3000 530 194 2350 | 362 482 536
Over 90% of Dietary fibre (g) 21 5.4 1.4 18.8 2.8 0.8 322
adults consume | Vitamin A (ugRAE) | 650 271 27 547 56 74 357 207
200 g/day Potassium (mg) 3000 530 194 2350 | 389 455 521

Table 3. The estimated average daily intake of dietary fibre and vitamin A, potassium according to the nine
scenarios of fruit intake, and the average intake of vegetables and fruits required to meet the Dietary Reference
Intakes in these scenarios using the data from the National Health and Nutrition Survey 2019. DG, tentative
dietary goal for preventing lifestyle-related diseases; DRIs, Dietary Reference Intakes for Japanese; EAR,
estimated average requirement; NHNS, National Health and Nutrition Survey in Japan. T Highest value among
the reference values (DG for total fibre and potassium, and EAR for vitamin A) of adults for each nutrient in
the Dietary Reference Intakes for Japanese. * Nutrient intake from fruit of Japanese adults who participated

in the NHNS when classified into two groups using the fruit intake set in the scenario as a cut-off. ® The value
obtained by subtracting the nutrient intake from non-fruit foods and the scenario-based nutrient intake from
fruit among Japanese adults who participated in NHNS 2019 from the DRIs reference values. ¥ Vegetable
intake required to meet the reference values during the vegetable intake patterns observed in the NHNS 2019.
T The estimated average intake of fruit when consumed in the scenario.

Although there have been previous reports on simulations of fruit and vegetable intake focusing on disease risk,
to the best of our knowledge, this is the first study to simulate the ideal intake required to meet the DRIs values.

Fruits and vegetables are a source of a variety of nutrients, including phytochemicals, vitamins, minerals, and
dietary fibre®”. The intake of dietary fibre, vitamin A, folate, and vitamin C from fruits and vegetables constituted
approximately 40-70% of the total intake among the participants in the NHNS 2019, which is the latest
representative dietary intake data!® of the Japanese population. Potassium intake from fruits and vegetables was
approximately 30%, with grains, tubers, legumes, fishs, meats, dairy, beverages, and seasonings each accounting
for approximately 10%. This distribution suggests that Japanese people consume potassium evenly from various
sources. Dietary patterns among the Japanese have been reported to have diversified over the past 13 years'’,
which may partly explain the high intake of potassium from a variety of food sources nowadays. Consequently,
it is difficult to meet the value of the DRIs for potassium'* by simply increasing the intake of fruits and vegetables
in the current dietary pattern of Japanese adults; however, it may help to get closer to the value of the DRIs for
potassium!* by increasing the intake of fruits and vegetables.

Previous health promotions in Japan, such as Healthy Japan 21 and its second term, set targets to reduce the
proportion of those consuming less than 100 g of fruits to 30% and consuming an average of 350 g of vegetables®.
Globally, the recommended intake levels for vegetables are provided by 19 of the OECD member countries (30
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countries), ranging from 160 to 540 g?!. In contrast, nine countries have set combined recommendations for
fruits and vegetables ranging from 400 to 850 g *!. However, a few countries, including Japan, have achieved
average intakes above these target levels of each country?*?2-2%, Thus, while increasing the intake of fruits and
vegetables, which has been reported to reduce the risk of diseases such as CVDs and cancer’, is a worldwide
issue, differences in dietary patterns between countries make it necessary to consider food-based and diet-based
target values, particularly when considering local food culture. In particular, the finding that Japanese people
consume less fruit than Westerners® may mean that significant efforts are needed to increase fruit intake among
Japanese people.

The results of our simulation indicated that the average intake of fruits and vegetables required to meet the
reference values for dietary fibre and vitamin A was 200 g and 350 g, respectively. This is consistent with previous
simulation studies on fruit and vegetable intake aimed at reducing the risk of diseases, such as heart disease and
cancer, among Japanese individuals'!"!2. Furthermore, a meta-analysis integrating the results of studies from
other countries suggested that consuming approximately five servings of fruits and vegetables, two servings of
fruits or three servings of vegetables, per day was associated with the lowest mortality rates, with higher intakes
not associated with further risk reduction?. This supports the results of this study, in which 200 g of fruits and
350 g of vegetables were required to meet the nutrient reference values to prevent nutrient intake deficiencies
and lifestyle-related diseases.

To achieve the results of the current simulation (200 g of fruit and 350 g of vegetables), Japanese individuals
must increase their intake to at least 100 g of fruit and 70 g of vegetables. Because there is a gap between the
actual intake and target amounts of fruits and vegetables in many countries, the factors leading to increased
intake are being explored, and intervention strategies are being tested on the basis of these factors. For example,
social norm messages have been reported to increase the consumption of healthy foods, including fruits
and vegetables?®, when used in promotions such as posters in the workplace (everyone in this canteen buys
vegetable dishes)”’, and more recently, social media (following Instagram to encourage fruit and vegetable
consumption)?®%. In addition, subsidy policies for fruits and vegetables have been implemented and reported to
be cost-effective’®3!. The umbrella review also suggests that intervention strategies implemented within homes,
workplaces, mass media campaigns, household food production strategies, fiscal interventions, and primary
care can be effective®2. Such strategies should be considered to encourage improved fruit and vegetable intake in
Japan. Furthermore, a strategy involving increased intake of vegetables (such as broccoli, carrots, spinach, and
pumpkin) and fruits (such as apples and strawberries) rich in dietary fiber and vitamin A may help promote the
achievement of goals.

This study has a few limitations. First, this simulation study was conducted according to the current dietary
patterns in the Japanese population. The Japanese diet has been reported to change over time, and vegetable intake
among Japanese people is likely to continue declining in the future!'?. Hence, our results should be interpreted with
caution as this expected dietary change has not been considered. In addition, this simulation was the first attempt
to compare the results with DRIs, and therefore, we adopted a theoretical approach of evaluating the adequacy of
nutrients based solely on increases in fruit and vegetable intake. However, in real life, an increase in the intake of
one food group tends to lead to changes in the intake of other food groups; thus, further consideration is needed
in the future. Second, the dietary assessment used to estimate nutrient and food group intake in the NHNS was
based on the one-day dietary record method excluding Sundays and public holidays'®. Dietary record methods
have been reported to underestimate intake by 15%%, with vegetables and seasonings being the most commonly
omitted foods**. Energy intake is over- or under-reported by approximately 10% of NHNS participants 3> hence,
the data used may not accurately reflect the intake of the target population. Additionally, it should be noted that
the NHNS dietary survey is a one-day dietary survey and therefore does not represent habitual intake, and that
the NCI method, which is used to estimate habitual intake (original data for multiple days or more is required to
make an estimate) , cannot be applied. In addition, the exclusion of Sundays and holidays from dietary records
can minimize variability due to a typical eating habits, but may limit the representativeness of usual intake
patterns. Third, the nutrient intake of the NHNS participants was calculated based on the standard tables of food
composition in Japan (STFCJ). However, new foods added to the market or changes to existing foods may not be
fully reflected in the STFC]. Fourth, the NHNS does not capture the intake of dietary supplements because there
is no table of ingredients for dietary supplements in Japan. Therefore, it is possible that the nutrient intake of the
Japanese population was overestimated or underestimated. Furthermore, Japanese people have been reported to
consume more fruits in autumn®’. As the NHNS was conducted in autumn (November)'?, it is difficult to follow
this simulation, and further consideration may be needed to achieve 200 g of fruit intake per day throughout
the year. Fifth, the participants in the NHNS were randomly selected from nationally representative households
in Japan; however, the response rate was considered relatively Low (63.5%), and the individual-level response
rate is unknown. These factors may have influenced the results of the simulation. Finally, the dietary data in
the NHNS are obtained from a one-day dietary record. Since the range of intake is wider than that of habitual
distribution, there is a possibility that the percentage of people who do not meet the EAR may be overestimated
when compared with the EAR of DRIs. Therefore, caution is required when interpreting the results. Despite these
limitations, a simulation analysis of fruit and vegetable intake using the NHNS, the only continuous nationally
representative dietary data of the Japanese population, may inform future health and nutritional policies in
Japan.

Conclusions

Based on nine scenarios, we predicted the amount of fruit and vegetable intake that would meet the DRIs for
nutrients with fruits and vegetables as the main sources of intake. Our results indicated that 200 g of fruits
and 350 g of vegetables, which have been reported to reduce the risk of disease, helped in meeting the DRIs
values. As this fruit and vegetable intake is higher than the current Japanese intake, further research is needed
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to examine policies and interventions that may promote an increase in fruit and vegetable intake among the
Japanese population.

Data availability

This study was a secondary analysis of the 2019 National Health and Nutrition Survey in Japan and was conduct-
ed with the permission of the Ministry of Health, Labour and Welfare, in Japan. In addition, since the data was
received after application to the Ministry of Health, Labor and Welfare and approval, there is no direct link to
view the data but can be available from the corresponding author on reasonable request. All data generated or
analysed during this study are included in this published article.

Received: 8 July 2025; Accepted: 16 September 2025
Published online: 21 October 2025

References
1. Wang, X. et al. Fruit and vegetable consumption and mortality from all causes, cardiovascular disease, and cancer: Systematic
review and dose-response meta-analysis of prospective cohort studies. BMJ 349, g4490 (2014).
2. Dauchet, L., Amouyel, P,, Hercberg, S. & Dallongeville, J. Fruit and vegetable consumption and risk of coronary heart disease: A
meta-analysis of cohort studies. ] Nutr 136, 2588-2593 (2006).
3. Yokoyama, Y. et al. Vegetarian diets and blood pressure: A meta-analysis. JAMA Intern Med 174, 577-587 (2014).
4. Muraki, I. et al. Fruit consumption and risk of type 2 diabetes: Results from three prospective longitudinal cohort studies. BM] 347,
5001 (2013).
5. Herforth, A. et al. A global review of food-based dietary guidelines. Adv Nutr 10, 590-605 (2019).
6. GBD. Diet Collaborators: Health effects of dietary risks in 195 countries, 1990-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet 2019(393), 1958-1972 (2017).
7. Ministry of Health, Labour and Welfare: Health Japan 21. 2000.
8. Ministry of Health, Labour and Welfare: Health Japan 21 (the Second Term). 2012.
9. Saito, A. et al. The trends in total energy, macronutrients and sodium intake among Japanese: findings from the 1995-2016
National Health and Nutrition Survey. Br ] Nutr 120, 424-434 (2018).
10. Murakami, K., Livingstone, M. B. E. & Sasaki, S. Thirteen-year trends in dietary patterns among Japanese adults in the national
health and nutrition survey 2003-2015: continuous westernization of the japanese diet. Nutrients 10(8), 994 (2018).
11. Mo, X. et al. Coronary heart disease and stroke disease burden attributable to fruit and vegetable intake in Japan: projected DALYS
to 2060. BMC Public Health 19, 707 (2019).
12. Tanaka, S. et al. Projections of disability-adjusted life years for major diseases due to a change in vegetable intake in 2017-2040 in
Japan. BMC Public Health 21, 770 (2021).
13. Ministry of Health, Labour and Welfare: The National Health and Nutrition Survey in Japan, 2019. 2020.
14. Ministry of Health, Labour and Welfare: Dietary Reference Intakes for Japanese (2020 Edition). 2020.
15. Civil Code Act No. 89. 2022.
16. Ministry of Health, Labour and Welfare: The National Health and Nutrition Survey [https://www.mhlw.go.jp/bunya/kenkou/kenk
ou_eiyou_chousa.html]
17. Ikeda, N., Takimoto, H., Imai, S., Miyachi, M. & Nishi, N. Data Resource Profile: The Japan National Health and Nutrition Survey
(NHNS). Int ] Epidemiol 44, 1842-1849 (2015).
18. Health Promotion Act Law No 103. 2002.
19. Ministry of Education, Culture, Sports, Science and Technology: Standard Tables of Food Composition in Japan, 2015. Tokyo:
Ministry of Education, Culture, Sports, Science and Technology; 2015.
20. Liu, R. H. Health-promoting components of fruits and vegetables in the diet. Adv Nutr 4, 384s-392s (2013).
21. Yuan, X. et al. Food classification as vegetable and recommended daily intake in foreign dietary guidelines—a comparison with
vegetable intake recommendations in healthy Japan 21 (Second Term). Jpn. J. Nutr. Diet 82, 44-57 (2024).
22. Jayawardena, R., Jeyakumar, D. T., Gamage, M., Sooriyaarachchi, P. & Hills, A. P. Fruit and vegetable consumption among South
Asians: A systematic review and meta-analysis. Diabetes Metab. Syndr. 14, 1791-1800 (2020).
23. Polsky, ]. Y. & Garriguet, D. Change in vegetable and fruit consumption in Canada between 2004 and 2015. Health Rep. 31, 3-12
(2020).
24. NHS England: Health Survey for England. Adult Health Related behaviours. 2018. 2019.
25. Wang, D. D. et al. Fruit and vegetable intake and mortality: Results from 2 prospective cohort studies of US men and women and
a meta-analysis of 26 cohort studies. Circulation 143, 1642-1654 (2021).
26. Thomas, J. M. et al. The effects of liking norms and descriptive norms on vegetable consumption: A randomized experiment. Front
Psychol 7, 442 (2016).
27. Thomas, J. M. et al. Using a descriptive social norm to increase vegetable selection in workplace restaurant settings. Health Psychol
36, 1026-1033 (2017).
28. Hawkins, L., Farrow, C., Clayton, M. & Thomas, J. M. Can social media be used to increase fruit and vegetable consumption?. A
Pilot Interv. Study. Digit Health 10, 20552076241241264 (2024).
29. Hawkins, L., Farrow, C. & Thomas, J. M. Does exposure to socially endorsedcxs food images on social media influence food
intake?. Appetite 165, 105424 (2021).
30. Emmert-Fees, K. M. E, Karl, E M., von Philipsborn, P.,, Rehfuess, E. A. & Laxy, M. Simulation modeling for the economic evaluation
of population-based dietary policies: A systematic scoping review. Adv Nutr 12, 1957-1995 (2021).
31. Lee, Y. et al. Cost-effectiveness of financial incentives for improving diet and health through Medicare and Medicaid: A
microsimulation study. PLoS Med 16, 1002761 (2019).
32. Wolfenden, L. et al. Consolidating evidence on the effectiveness of interventions promoting fruit and vegetable consumption: an
umbrella review. Int. J. Behav. Nutr. Phys. Act 18, 11 (2021).
33. Poslusna, K., Ruprich, J., de Vries, J. H. & Jakubikova, M. van’t Veer P: Misreporting of energy and micronutrient intake estimated
by food records and 24 hour recalls, control and adjustment methods in practice. Br. J. Nutr. 101(Suppl 2), S73-85 (2009).
34. Whitton, C. et al. A systematic review examining contributors to misestimation of food and beverage intake based on short-term
self-report dietary assessment instruments administered to adults. Adv. Nutr. 13, 2620-2665 (2022).
35. Murakami, K., Livingstone, M. B. E., Okubo, H. & Sasaki, S. Prevalence and characteristics of misreporting of energy intake in
Japanese adults: The 2012 National Health and Nutrition Survey. Asia Pac. J. Clin. Nutr. 27, 441-450 (2018).
36. Tooze, J. A. etal. A new statistical method for estimating the usual intake of episodically consumed foods with application to their
distribution. J. Am. Diet Assoc. 106, 1575-1587 (2006).
37. Tatsumi, Y., Ishihara, ., Morimoto, A., Ohno, Y. & Watanabe, S. Seasonal differences in total antioxidant capacity intake from foods
consumed by a Japanese population. Eur. J. Clin. Nutr. 68, 799-803 (2014).

Scientific Reports |

(2025) 15:36740 | https://doi.org/10.1038/541598-025-20710-6 nature portfolio


https://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.html
https://www.mhlw.go.jp/bunya/kenkou/kenkou_eiyou_chousa.html
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Acknowledgements
Not applicable.

Author contributions

All authors designed research. M.M. analyzed the data and wrote the first draft. E.O.,, X.Y., C.O., M.K. and M.
N. took part in the interpretation of the data and provided critical revisions of the manuscript for important
intellectual content. H.T. had primary responsibility for final content. All authors read and approved the final
manuscript.

Funding

This study is part of the Health Japan 21 (the second term) Analysis and Assessment Project, funded by Ministry
of Health, Labour, and Welfare. Ministry of Health, Labour, and Welfare had no role in the design, analysis or
writing of this article.

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval
Not applicable.

Consent for publication
Not applicable.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-20710-6.

Correspondence and requests for materials should be addressed to H.T.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:36740 | https://doi.org/10.1038/s41598-025-20710-6 nature portfolio


https://doi.org/10.1038/s41598-025-20710-6
https://doi.org/10.1038/s41598-025-20710-6
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Simulation of the fruit and vegetable intakes meeting the dietary reference intakes of Japanese adults from the National Health and Nutrition Survey
	﻿Background
	﻿Methods
	﻿Data sources
	﻿Dietary survey
	﻿﻿Classification of fruit and vegetable groups﻿﻿﻿16﻿﻿
	﻿Simulation of the fruit and vegetable intakes
	﻿Step 1
	﻿Step 2
	﻿Step 3


	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


