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Introduction: We sought to assess the Japanese diet by examining the current
dietary intake in Japan using the global reference diet from the EAT-Lancet
Commission (Planetary Health Diet; PHD), from the perspective of protein intake
in different age groups.

Methods: Average dietary intake by food group in the Japan National Health and
Nutrition Survey 2019 (NHNS 2019) was converted to the PHD food groups, and the
diet gap (DG) (%) of the global reference of the PHD was calculated by age group.

Results: Although the DG of the intake was excessive compared with the global
reference of the PHD in most food groups in all age groups (7.1-416%), the intake
exceeded the upper limit of the range only for red meat (640%). Red meat had
the highest DG among subjects in their 40s, although the DG decreased with
increasing age. Protein intake was within the possible range and did not greatly
exceed the recommended dietary intake in the Japanese standard.

Discussion: The current Japanese diet contains an excessive intake of red meat
in terms of the global reference of the PHD. This trend is similar to that previously
reported in various western regions and countries. However, the Japanese diet
does not significantly exceed the recommended protein intake for Japanese
people, suggesting that the PHD is an environmentally friendly and healthy choice
for younger and older age groups in an aging Japanese society. Policy makers
need to develop sustainable and healthy food-based dietary guidelines in addition
to providing food and nutrition education and developing a food environment
that encourages sustainable and healthy choices to support dietary change.

sustainable healthy diets, planetary health diet, Japan National Health and Nutrition
Survey, diet gap, protein food intake, red meat

Introduction

Obesity is on the rise in most countries and regions worldwide; approximately 1.9 billion
adults are overweight or obese, while 462 million are underweight (1). The “double burden of
malnutrition” during this nutrition transition process has become an urgent health issue in all
countries and regions (2). One approach for addressing this increasingly complex nutritional
problem is the promotion of a healthy diet (3). A healthy diet can help prevent all forms of
malnutrition and diet-related non-communicable diseases (NCDs), such as diabetes, heart
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disease, stroke, and cancer (3). In addition to the double burden of
malnutrition, a triple burden of malnutrition has been proposed. The
three pandemics of undernutrition, obesity and climate change,
represent a “global syndemic” with the potential to affect most people
in all countries and regions of the world (4). If the health of the global
food production system, which is susceptible to the negative impacts
of climate change, is not maintained, the impact of undernutrition,
overnutrition, and diet-related NCDs will be increased by a large
magnitude (5).

This series of concepts has led to the development of the
Sustainable Healthy Diets (SHDs) guidelines in “Sustainable Healthy
Diets-Guiding Principles” published by the Food and Agriculture
Organization (FAO) and the World Health Organization (WHO) (6).
SHD:s are “dietary patterns that promote all dimensions of individuals’
health and wellbeing; have low environmental pressure and impact;
are accessible, affordable, safe and equitable; and are culturally
acceptable” The Planetary Health Diet (PHD) is a specific diet that
embodies concept of the SHD, and was released by the EAT-Lancet
Commission on Healthy Diets from Sustainable Food Systems
(EAT-Lancet) (7). The PHD is a global reference diet for adults that is
optimal for human health and environmental sustainability. The PHD
emphasizes a plant-based diet that includes whole grains, fruits,
vegetables, nuts, and legumes, but also eating minimally processed
foods and nutrient-rich plant foods daily. Meat and dairy products are
an important part of the diet, but in much smaller proportions than
plant foods. Dietary goals require 2,500 kcal/day for the average adult.
This amount varies with age, gender, activity level, and health status,
but overconsumption is a costly waste of food in terms of both human
health and the environment (7). This report estimated that by adhering
to the PHD, approximately 11 million deaths per year could be averted
and premature deaths could be reduced by 19% by 2030. The report
also reported the diet gap (DG) of the intake for each food group by
region. In East Asia and the Pacific, red meat, starchy vegetables, eggs,
and fish were indicated to exceed 100% of DG. However, no results
were available for Japan alone, and the PHD does not completely
match the Japanese dietary intake.

The principles of the PHD not only relate to what is nutritionally
consumed, but also to how the food is produced and distributed
globally. Thus, nutrition improvement is important for each goal,
especially SDGs Nos. 2, 3, 6, 11, 12, 13, 14, and 15. Additionally, it is
globally recognized that Goal 17 (“Partnership”) is particularly
important because improving people’s nutrition requires the
participation of all sectors and stakeholders involved in food and diet.
Thus, in response to the Sustainable Development Goals, a healthy
diet should be considered for potential benefits to the planet, because
human health and environmental sustainability are important topics
for the 17 goals (8).

Since the publication of the SHDs and the PHD in 2019, diets in
various countries have been examined for their feasibility (9). For
example, in Italy (10, 11), the United States (12), India (13), Mexico
(14), Spain (15), and Australia (16), the EAT-Lancet Reference Diet
was evaluated for its feasibility of achievement. Although the foods for
which intake was found to be inadequate or excessive differed
according to each country’s dietary pattern, the intake of animal
protein was found to be excessive in every country with the exception
of India. The health risks posed by a high intake of red meat and
processed meat consumption are associated with type 2 diabetes,
coronary heart disease, stroke, and certain cancers, as well as total
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mortality (17). Because red meat is classified as a high environmental
impact food (18), it is important to consider how much and how it is
consumed, particularly in the future. A characteristic feature of the
PHD is a substantial reduction in the intake of animal-based protein
such as red meat; as shown in the PHD summary report, the current
global DG of red meat is 288% of the global reference (7).

The Japanese diet, along with the Mediterranean diet, is
highlighted as an example of a sustainable and healthy diet (6, 19).
Historically, Japan overcame postwar undernutrition, and adopted
various nutrition policies. In the past, Japan also used to have a diet
that consisted mainly of carbohydrates. In the modern era, dietary
patterns have changed, and fat and protein intake has increased. Japan
currently has one of the world’s longest life expectancies and has
controlled the increase in obesity; however, the consumption of red
meat has increased in recent years (20), and diet-related NCDs are the
leading cause of mortality. As an island nation that is vulnerable to
climate change, and with a food self-sufficiency rate of less than 40%,
it is necessary to consider how to proceed with SHDs. However, there
is a lack of basic research examining this issue, and it remains unclear
whether the current protein intake is sufficient or insufficient for the
aging Japanese population, from an environmental perspective. In
Japan, based on the Health Promotion Act (Act No. 103 of 2002), the
National Health and Nutrition Survey (NHNS) is a survey conducted
annually to understand the status of health, nutritional intake, and
lifestyle habits in the population, and to obtain basic data necessary
for comprehensive health promotion. The tabulated results are
publicly available and can be used by any user. Thus, the purpose of
the current study was to compare the global reference of PHD with
the common diet patterns from the tabulated results of the NHNS,
from the perspective of protein intake in different age groups.

Materials and methods
The planetary health diet

The global reference of the PHD specifies half of the daily dietary
intake in the form of fruits and vegetables, and the other half in the
form of whole grains, tubers and starchy vegetables, dairy foods,
protein sources, added fats and added sugars (Table 1) (7). The
referenced intake is presented as a macronutrient intake (g/day) and
possible range (g/day). To calculate these amounts, the PHD employs
a total daily energy intake of 2,500kcal/day, with modifications for sex,
body mass index, and physical activity.

The Japan National Health and Nutrition
Survey

The Japan National Health and Nutrition Survey (NHNS) has
been conducted over 70years, and the tabulated aggregate results of
the survey are published by the Ministry of Health, Labour and
Welfare (21). The dietary intake survey is conducted on a single day
in November (excluding Sundays and public holidays) using semi-
weighed household dietary records (22). We classified the food groups
in the NHNS 2019 (23) on the basis of the PHD food groups (Table 1).
This study did not use whole grains because this category was not
available in the NHNS. Vegetables, mushrooms, and seaweeds in
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TABLE 1 Food group and dietary intake of National Health and Nutrition Survey, the global reference of the Planetary Health Diet and diet gap.

Planetary health diet (PHD) Japan National Health and Nutrition Survey® DG (%)¢
Food group Global Food groups Food items Intake (g/
reference day)°
(g/day)?

Whole grains N.A. - - N.A. N.A.

Tubers or starchy vegetables 38 (0,77) Potatoes Potatoes, potato products, processed 50 (67) 131
starch

Vegetables 230 (153, 459) Vegetables, mushrooms, and Green and yellow and other vegetables, 309¢ (180) 134

seaweeds vegetable juice, salted or pickled in

vegetables, mushrooms, and seaweeds

Fruits 153 (77, 230) Fruits Fresh fruit, jam, fruit juice 100 (129) 65

Dairy foods 191 (0, 383) Diary (milk and dairy products, other | Milk, cheese, and yogurt, other dairy 111 (141) 58

milk products) products, other milks

Beef, lamb, and pork 11 (0, 21) Meat (livestock) Beef, pork, ham and sausages, other 69 (68) 640
meats

Chicken and other poultry 22 (0, 44) Meat (poultry) chicken, other poultry 31 (56) 139

Eggs 10 (0, 19) Eggs Eggs 41 (39) 416

Fish 21(0,77) Fish and shellfish Raw fish and shellfish, fish, and shellfish 69 (72) 319
products

Legumes 57 (0,77) Beans Soybeans and soy products and other 65 (81) 112
products of legumes

Nuts 38(0,57) Seeds and nuts - 2.7 (10) 7.1

Unsaturated oils 31(15,61) Qils and fats Margarine, vegetable oils 10¢ 33

Saturated oils 9.0 (0,9.0) Butter, animal fats 149 15

Added sugars 24 (0, 24) Sugars and sweeteners - 6.5(9.0) 27

PHD, planetary health diet; DG, diet gap; N.A., not available. *Average macronutrient intake and possible range of each food group for the 2,500kcal/day in the PHD was converted by a total
energy intake of 1,915kcal/day in the National Health and Nutrition Survey 2019. *Food groups in the Japan National Health and Nutrition Survey as referenced by the National Health and
Nutrition Survey. “Average (standard deviation) dietary intake was referenced by the NHNS 2019. Average (standard deviation) was 281 (176) in vegetables, 18 (31) in mushrooms, 11 (21) in
seaweeds, 1.1 (3.4) in margarine, 8.9 (9.0) in vegetable oils, 1.2 (3.4) in butter, and 0.2 (1.3) in animal fats. ‘DG (%) = (NHNS dietary intake (g/day)/the PHD macronutrient intake (g/day)) * 100.

NHNS were included as vegetables in the PHD. Processed foods were
included in the food group with the most contained ingredients. As a
supplemental investigation, we conducted the same calculation using
the NHNS 2000, 2005, 2010, and 2015 to investigate variation over
time. Intake of “beef, lamb and pork,” “chicken and other poultry,”
“unsaturated oils,” and “saturated oils” were not available in the NHNS
in 2000, 2005, and 2010. Therefore, we indicated the aggregated intake
of “meat” and “oils and fats”

Statistical analysis

First, we summed the results of each food to calculate the dietary
intake of vegetables, unsaturated oil, and saturated oil: vegetables,
mushrooms, and seaweeds for the vegetables food group; margarine
and vegetable oils for unsaturated oil; and butter, animal fats for
saturated oil, in the NHNS 2019. The standard deviation was presented
for each item. We calculated the PHD reference diet for Japanese using
those results to adjust the global reference of PHD to the current total
energy intake of the Japanese population (23). Specifically, the
macronutrient intake and possible range (g/day) of each food group
relative to the 2,500kcal/day proposed by the global reference of the
PHD were converted to the NHNS 2019 average total energy intake
of 1915kcal. Second, DG (%) was calculated as actual NHNS dietary
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intake (g/day) divided by the PHD macronutrient intake (g/day). In
the same manner, we calculated the PHD macronutrient intake and
possible range (g/day) and DG (%) to match the NHNS 2019 average
total energy intake by age groups (i.e., 20-29years, 30-39years,
40-49years, 50-59 years, 60-69 years, 70-79 years, and 80 years and
older). Possible range (g/day) and DG (%) for the total age groups
were calculated on the basis of the NHNS 2000, 2005, 2010, and 2015
as a supplemental analysis. All statistical analyses were conducted
using Stata (ver. 15.0; StataCorp, College Station, TX, United States).

Results

The NHNS 2019 Nutritional Intake Status Survey covered 5,865
individuals. Of these, 4,927 (2,297 men and 2,630 women) were
20vyears of age or older and were included in this analysis. By age
group, 365 were aged 20-29, 460 were aged 30-39, 742 were aged
40-49, 775 were aged 50-59, 1,046 were aged 60-69, and 1,539 were
aged 70 and older.

Table 1 shows the global reference of the PHD, NHNS dietary
intake, and DG for each food group. The food groups that exceeded
the global reference of PHD were, in descending order, beef, lamb and
pork, eggs, fish, chicken and other poultry, vegetables, and tubers or
starchy vegetables. The food groups with less than 100% of DG were,
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in descending order, fruits, dairy foods, unsaturated oils, added
sugars, and saturated oils; the lowest DG was for nuts. In terms of DG,
eight of the food groups exceeded the reference value, but in terms of
possible range, only two food groups (beef, lamb, and pork and fish)
indicated excessive intake. Similar trends were observed in the NHNS
in 2000, 2005, 2010, and 2015 (Supplementary Table S1).

Table 2 shows the total energy intake, protein intake, and intake
of NHNS protein foods by age group. The average total energy intake
was 1,898 kcal/day and was highest in subjects in their 60s. Protein
intake was highest among subjects in their 70s and lowest among
subjects in their 80s. Intakes of red meat such as beef, lamb, and pork
were highest in subjects in their 40s and relatively lower in older age
groups. Intake of white meat (chicken and other poultry) was highest
among subjects in their 20s and lowest among older cohorts. Intake of
fish and legumes was higher among older groups, with the exception
of subjects in their 80s. The intake of eggs was similar among all
age groups.

As shown in Figure 1, DG of red meat and eggs far exceeded the
upper limit of the possible range of the global reference of PHD in all
age groups. Red meat had the highest DG among subjects in their 40s,
although the DG decreased with increasing age. The DG for fish
increased with age into the 70s. Legume intake did not reach 100% of
DG in subjects in their 20, 30, and 40s, but exceeded 100% for those
in their 50s and above.

Discussion

This is the first study to show that in the modern Japanese diet,
red meat was far in excess of the upper range limit of the global
reference of PHD. According to EAT-Lancet, red meat and starchy
vegetables are “limited intake,” eggs, poultry and daily foods are
“optional foods,” and fish, vegetable, fruit, legumes, whole grains and
nuts are “emphasized foods.” Thus, as shown in this study, similar to
the results shown in previous studies from other countries or regions,
excessive intake of red meat poses a challenge to achieving the SHDs,
even in Japan. From the perspective of the environmental cost per
calorie, the effect of beef production on CO2 emissions is much higher
than that of other protein sources (24). Therefore, from both health

10.3389/fnut.2023.1116105

and environmental perspectives, determining how to reduce red meat
consumption is a pressing issue (25, 26). Given the impact of meat
production on the planet, changing animal protein consumption is a
matter of nutrition security. While it is difficult to change consumer
dietary behavior, environmental motivations are reported to be useful
and proven, especially in Europe and Asia (27). In Asian countries,
however, there are still very few similar studies that have assessed
country-specific food intake using the PHD reference diet. In China,
the average intake of meat, especially pork, continues to increase (28).
Taiwan has the third highest percentage of vegetarians in the world,
estimated at about 13% of the population (29). In neighboring East
Asia, it is expected that dietary patterns will be analyzed using PHD
reference diet, as in this study, in order to reconsider the state of
meat intake.

Until now, the intake status of meat types has rarely been
examined in Japan, from an environmental perspective. Possible
explanations for the high intake of red meat in this study include the
commonality of pork in the Japanese daily diet (23). In addition,
household consumption of raw meat has exceeded that of raw fish in
Japan since 2007 (20). Regional differences in meat consumption can
be seen, with pork being more popular in eastern regions, while beef
and chicken are more popular in western regions (30). However,
regional differences have not been observed with regard to high-meat
low-fish dietary patterns, compared to high-vegetable dietary patterns
and other factors (31). From the global view, the Japanese diet is
characterized as having a low red meat intake compared with the
Western diet (32). Having said that, the Japanese diet must address red
meat intake from an environmental perspective. To reduce the intake
of red meat, it would be appropriate to shift from red meat intake to
an increased intake of chicken and other poultry, which are relatively
lower in fat. In addition, shifting daily intake from animal-based
protein foods (i.e., beef, pork, and fish) to plant-based protein foods
(legumes) may also be appropriate because of the familiarity of
legumes in the Japanese diet (33). Replacing beef with chicken has a
positive health impact (34), chicken or even pork should be the
preferred choice, because they have significantly reduced carbon and
water footprints (35). In addition, shifting daily intake from animal-
based protein foods (i.e., beef, pork, and fish) to plant-based protein
foods (legumes) is also appropriate not only because of environmental

TABLE 2 Total energy intake, protein intake, and National Health and Nutrition Survey dietary intake of protein foods? by age.

Age group 20s 30s 40s 50s 60s 70s 80s+
Total energy intake 1900 (664) 1859 (558) 1939 (607) 1918 (581) 1972 (586) 1945 (549) 1750 (517)
(kcal/day)*

Protein intake (g/day)® 71 (27) 68 (24) 72 (26) 70 (24) 75 (24) 76 (26) 66 (23)
Food group (g/day)

Beef, lamb and pork 81 (77) 75 (70) 86 (73) 72(72) 67 (65) 59 (61) 48 (55)
Chicken and other 49 (68) 40 (63) 43 (68) 34 (57) 26 (49) 21 (45) 18 (39)
poultry

Eggs 39 (40) 38 (38) 40 (38) 40 (38) 44 (39) 45 (39) 38 (37)
Fish 51 (58) 51 (62) 53 (65) 59(63) 78 (74) 89 (83) 74 (64)
Legumes 47 (73) 45 (61) 52 (73) 65 (91) 77 (87) 76 (85) 65 (72)
Nuts 1.3 (4.2) 2.9(17) 2.1(7.3) 3.0 (12) 3.2(94) 3.2(9.8) 2.2(6.2)

*Average (standard deviation) of dietary intake was referenced by the National Health and Nutrition Survey 2019. *Protein intake was referenced by the NHNS 2019. “Total energy intake was

referenced by the NHNS 2019.
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benefit (36), but also the familiarity of legumes in the Japanese diet
(33). From an environmental perspective, veganism is the least
environmentally impactful diet, and consideration should be given to
eating locally produced products and reducing the environmental
costs of transportation (37).

The current study suggests the importance of examining PHD
feasibility by age group. The results revealed that younger people
tended to consume relatively fewer fish and legumes, while more red
meat. Older people tended to have a lower intake of chicken and other
poultry. For all age groups, consumption of nuts was relatively
uncommon in the Japanese diet. Therefore, shifting to an increased
intake of fish and legumes for younger people and chicken for older
people are plausible options for reducing red meat intake. On the
other hand, as shown in Table 2, actual total protein intake was
sufficient, and not far in excess of the recommended protein intake
(60-65g for men and 50-55g for women) for Japanese in all age
groups (38). This suggests that although excessive consumption of red
meat is a challenge compared with the global reference of PHD,
protein intake itself can be sustained at the current level, because it
does not significantly exceed the protein intake recommendation for
Japanese people in any age group. Historically, as shown in the
Supplementary Table S1, in Japan, there has been a change to a less
desirable diet with more meat, less fish and less fruits, in these two
decades. In fact, when the current older adults were in their middle
ages, average fish and seafood intake was higher in Japan than now
(20). A study showed comparing the older Japanese people with their
children’s age groups, the sufficiency of all nutrients was higher in the
older people. It was observed that the Japanese dietary pattern has not
been carried over to the next generation (39). Also, a study of the
dietary patterns of Japanese people in the year following the Great East
Japan earthquake showed that young people and men prefer meat-
eating patterns, while the older and women choose prudent traditional
eating patterns (40). Taken all together, these implications suggest that
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the current Japanese older people may be maintaining the dietary
pattern of their middle ages. The current young and middle-ages, who
have “westernized dietary pattern,” may not necessarily make the same
healthy Japanese food choices with appropriate amount as today’s
older people, so it is reasonable to target dietary interventions
primarily to younger people (41, 42). As noted by Willett, the optimal
energy and nutrient intake for maintaining a healthy weight depends
on body size and level of physical activity (7). Similarly, because body
size and the level of physical activity are also highly dependent on age,
it is still necessary to take age into consideration when assessing
optimal dietary patterns.

The current findings indicated that a shift from red meat to white
meat, and ideally to plant-based protein with consideration of their
age, rather than reducing the intake of protein itself, may be a
sustainable and healthy option for Japanese. Many essential amino
acids can be supplemented with a combination of plant-based protein.
Thus, it is reasonable for the Japanese population to sustain their
current diet while transitioning to a PHD (43). Importantly, for older
population groups, it is necessary to ensure sufficient protein intake
to prevent frailty or osteoporosis (44). A study reported that total
protein intake, regardless of whether it is animal- or plant-based
protein, was significantly inversely associated with frailty in older
Japanese women (45). The proportion of obesity (BMI>30) among
Japanese 20year or above was 5.5% in men and 3.8% in women,
NHNS 2019 reported (NHNS 2019 in Japanese version). Since the
proportion of obese is not particularly high yet in Japan, this result
supports the quantity of protein intake should remain the same while
the quality of protein should be changed. These reports support the
notion that modifying the type of protein intake is an option, even for
the older population, and does not require drastic modifications in
dietary pattern. This suggests that even in Japanese society, in which
the population is aging, the PHD is an environmentally friendly and
healthy choice for both younger and older age groups. However, there
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are things to consider when making a healthy transition from red
meat to white meat. Both red and white meats have higher cholesterol
levels than plant protein (46). Similarly, saturated fatty acids are higher
in both red and white meat (46). There is no significant impact on
hypercholesterolemia for red meat or skinless poultry (47). However,
according to food composition tables, chicken breast and chicken leg
also differ in fat content (48). Therefore, even when choosing chicken
meat, attention should be paid to whether the meat is with or without
skin, and which part of the chicken the meat is from.

The results of the current study have implications for policy
makers. The Dietary Guidelines for Japan comprise 10 points for
maintaining a desirable dietary lifestyle, developed in 2000 in
collaboration with several government ministries (49). The main
purpose of these guidelines is to address not only the nutritional
aspects of maintaining an appropriate weight, but also the enjoyment
and self-management of food, environmental issues such as food loss,
and aspects of lifestyle and culture. Therefore, the dietary guidelines
ultimately resemble the basic concepts presented in the PHD. In 2005,
the Dietary Balance Guide “Japanese Food Guide Spinning Top” was
published as a guide for the public that translates dietary guidelines
into tangible actions (50). The Japanese Food Guide Spinning Top is
diet-based, is overly complex for consumers, and does not take
environmental aspects into account. Thus, it may not be useful for
making sustainable and healthy choices for consumers. In Japan, there
is a need to develop food-based dietary guidelines (FBDGs), which
are already available in many other countries, taking environmental
factors into account (51). The recommendations for each food will
make it easier for the public population to choose sustainable, healthy
foods. However, only a few countries (e.g., Sweden, Germany, Qatar,
and Brazil) have developed food-based dietary guidelines that
promote environmentally sustainable diets and dietary patterns (4).
Importantly, Japan also needs to create a food environment that allows
individuals to make sustainable and healthy choices. Efforts are
needed to update the dietary guidelines mentioned above, develop
FBDGs, reduce red meat or processed red meat products, tax these
foods, subsidize plant-based protein foods, label menus in restaurants,
and reduce single servings in restaurants and food retailers (52-56).
However, for the consumer, urbanization, economics, and social
globalization have made red meat and other environmentally
unfriendly foods more enjoyable and accessible. In addition to
reducing red meat intake, it will be important to undertake food
environment interventions regarding the sustainable healthy food
system that naturally lead to optimal choices (10, 57), as well as food
and nutrition education (shokuiku in Japanese).

Although our analysis yielded several important findings, some
limitations should be noted. First, because NHNS does not cover
whole grains as a food item, this study did not investigate whole
grains. Whole grains are considered to reduced risk of coronary heart
disease, cardiovascular disease, and total cancer, and mortality from
all causes, respiratory diseases, infectious diseases, diabetes, and all
non-cardiovascular, non-cancer cause (58). Whole grain is also
considered to be relatively lower environmental impacts (18). It is
necessary for the NHNS to consider and revise food groups, such as
by including whole grains, in future dietary intake surveys to more
accurately reflect the SHDs and consider the impact on planetary
health. Future research should further investigate the intake of rice
and other “non-whole grains” by the Japanese population to compare
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the values with the global reference of the PHD. Additionally,
recommendations and possible alternatives for shifting consumption
of red meat and reducing its intake need to be further investigated.
Finally, because the PHD does not indicate the specific type of red
meat, no analysis could be performed to address this issue. Further
analysis will be necessary to establish more specific PHD references
on the basis of the environmental footprint of different types of
red meat.

Conclusion

According to the global reference of PHD, the current Japanese
diet contains an excessive intake of red meat. However, the Japanese
diet does not significantly exceed the recommended protein intake for
the Japanese population, suggesting that shifting red meat to white
meat, or even plant-based protein under the concept of the PHD is an
environmentally friendly and healthy choice for both younger and
older age groups in an aging Japanese society. Policy makers need to
develop sustainable and healthy FBDGs in addition to providing food
and nutrition education and developing a food environment that
encourages sustainable and healthy choices.

Data availability statement
The original contributions presented in the study are included in

the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement
Ethical review and approval were not required for the study on

human participants in accordance with the local legislation and
institutional requirements.

Author contributions

All of the authors made substantial intellectual contributions to
the study, reviewed and approved the final version of the manuscript.
MN and NN conceptualized and designed the study. MY and YI
conducted the nutrition evaluation using NHNS data. MN drafted and

finalized the manuscript. MY and NN critically commented on and
revised the manuscript.

Funding

This work was supported by JSPS KAKENHI (22K02108).

Acknowledgments

We thank Benjamin Knight, MSc., from Edanz (https://jp.edanz.
com/ac) for editing a draft of this manuscript.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1116105
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://jp.edanz.com/ac
https://jp.edanz.com/ac

Nomura et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. The United Nations Children's Fund. The state of world children 2019. (2019).
Available at: https://www.unicef.org/reports/state-of-worlds-children-2019 (Accessed
November 1, 2022).

2. Popkin, BM. The nutrition transition and its health implications in lower-income
countries. Public Health Nutr. (1998) 1:5-21. doi: 10.1079/PHN19980004

3. World Health Organization. Fact sheets healthy diet. (2020). Available at: https://
www.who.int/news-room/fact-sheets/detail/healthy-diet (Accessed November 1, 2022).

4. Swinburn, BA, Kraak, VI, Allender, S, Atkins, V], Baker, PI, Bogard, JR, et al. The
global Syndemic of obesity, undernutrition, and climate change: the lancet commission
report. Lancet. (2019) 393:791-846. doi: 10.1016/S0140-6736(18)32822-8

5. Hemler, EC, and Hu, FB. Plant-based diets for personal, population, and planetary
health. Adv Nutr. (2019) 10:5275-83. doi: 10.1093/advances/nmy117

6. World Health Organization and Food Agriculture Organization of the United
Nations. Sustainable Healthy Diets-Guiding Principles. Rome: World Health Organization
and Food Agriculture Organization of the United Nations (2019).

7. Willett, W, Rockstrom, J, Loken, B, Springmann, M, Lang, T, Vermeulen, S, et al.
Food in the Anthropocene: the EAT-lancet commission on healthy diets from
sustainable food systems. Lancet. (2019) 393:447-92. doi: 10.1016/
S0140-6736(18)31788-4

8. United Nations. United Nations sustainable development-the 17 goals. Available at:
https://sdgs.un.org/goals (Accessed November 1, 2022).

9. Aldaya, MM, Ibanez, FC, Dominguez-Lacueva, P, Murillo-Arbizu, MT,
Rubio-Varas, M, Soret, B, et al. Indicators and recommendations for assessing
sustainable healthy diets. Foods. (2021) 10:999. doi: 10.3390/foods10050999

10. Vitale, M, Giosug, A, Vaccaro, O, and Riccardi, G. Recent trends in dietary habits
of the Italian population: potential impact on health and the environment. Nutrients.
(2021) 13:476. doi: 10.3390/nu13020476

11. Tucci, M, Martini, D, Del Bo', C, Marino, M, Battezzati, A, Bertoli, S, et al. An
Italian-Mediterranean dietary pattern developed based on the EAT-lancet reference diet
(EAT-IT): a nutritional evaluation. Foods. (2021) 10:558. doi: 10.3390/foods10030558

12. Blackstone, NT, and Conrad, Z. Comparing the recommended eating patterns of
the EAT-lancet commission and dietary guidelines for Americans: implications for
sustainable nutrition. Curr Dev Nutr. (2020) 4:4003001. doi: 10.1093/cdn/nzaa015

13. Sharma, M, Kishore, A, Roy, D, and Joshi, K. A comparison of the Indian diet with
the EAT-lancet reference diet. BMC Public Health. (2020) 20:812. doi: 10.1186/
$12889-020-08951-8

14. Castellanos-Gutiérrez, A, Sinchez-Pimienta, TG, Batis, C, Willett, W, and
Rivera, JA. Toward a healthy and sustainable diet in Mexico: where are we and how can
we move forward? Am J Clin Nutr. (2021) 113:1177-84. doi: 10.1093/ajcn/nqaa411

15. Cambeses-Franco, C, Feijoo, G, Moreira, MT, and Gonzélez-Garcia, S. Co-benefits
of the EAT-lancet diet for environmental protection in the framework of the Spanish
dietary pattern. Sci Total Environ. (2022) 836:155683. doi: 10.1016/j.scitotenv.2022.
155683

16. Hendrie, GA, Rebuli, MA, James-Martin, G, Baird, DL, Bogard, JR, Lawrence, AS,
et al. Towards healthier and more sustainable diets in the Australian context: comparison
of current diets with the Australian dietary guidelines and the EAT-lancet planetary
health diet. BMC Public Health. (2022) 22:1939. doi: 10.1186/s12889-022-14252-z

17. Qian, F, Riddle, MC, Wylie-Rosett, ], and Hu, FB. Red and processed meats and
health risks: how strong is the evidence? Diabetes Care. (2020) 43:265-71. doi: 10.2337/
dcil9-0063

18. Clark, MA, Springmann, M, Hill, ], and Tilman, D. Multiple health and
environmental impacts of foods. Proc Natl Acad Sci U S A. (2019) 116:23357-62. doi:
10.1073/pnas.1906908116

19. Hachem, E, Vanham, D, and Moreno, LA. Territorial and sustainable healthy diets.
Food Nutr Bull. (2020) 41:87S-103S. doi: 10.1177/0379572120976253

Frontiers in Nutrition

10.3389/fnut.2023.1116105

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1116105/
full#supplementary-material

20. Sasaki, K, Motoyama, M, Watanabe, G, and Nakajima, I. Meat consumption and
consumer attitudes in Japan: an overview. Meat Sci. (2022) 192:108879. doi: 10.1016/j.
meatsci.2022.108879

21. Ministry of Health, Labor and Welfare. The 2018 National Health and nutrition
survey. (2018). Available at: https://www.nibiohn.go.jp/eiken/kenkounippon21/
download_files/eiyouchousa/2018.pdf (Accessed November 1, 2022).

22.Tkeda, N, Takimoto, H, Imai, S, Miyachi, M, and Nishi, N. Data resource profile:
the Japan National Health and nutrition survey (NHNS). Int J Epidemiol. (2015)
44:1842-9. doi: 10.1093/ije/dyv152

23. Ministry of Health, Labor and Welfare. The 2019 National Health and nutrition
survey. (2019). Available at: https://www.mhlw.go.jp/content/000710991.pdf (Accessed
1 November 2022).

24. Eshel, G, Shepon, A, Makov, T, and Milo, R. Land, irrigation water, greenhouse
gas, and reactive nitrogen burdens of meat, eggs, and dairy production in the
United States. Proc Natl Acad Sci U S A. (2014) 111:11996-2001. doi: 10.1073/
pnas.1402183111

25. Tilman, D, and Clark, M. Global diets link environmental sustainability and
human health. Nature. (2014) 515:518-22. doi: 10.1038/nature13959

26. Godfray, HC]J, Aveyard, P, Garnett Garnett, T, Hall, JW, Key, TJ, Lorimer, J, et al.
Meat consumption, health, and the environment. Science. (2018) 361:eaam5324. doi:
10.1126/science.aam5324

27.Sanchez-Sabate, R, and Sabaté, . Consumer attitudes towards environmental
concerns of meat consumption: a systematic review. Int ] Environ Res Public Health.
(2019) 16:1220. doi: 10.3390/ijerph16071220

28.He, Y, Yang, X, Xia, ], Zhao, L, and Yang, Y. Consumption of meat and dairy
products in China: a review. Proc Nutr Soc. (2016) 75:385-91. doi: 10.1017/
50029665116000641

29. Chen, HS. Towards environmentally sustainable diets: consumer attitudes and
purchase intentions for plant-based meat alternatives in Taiwan. Nutrients. (2022)
14:3853. doi: 10.3390/nu14183853

30. Dinku, SY, and Matsuda, T. Regional effects on the demand for meat in Japan. J
Jpn Soc Agric Technol Manag. (2017) 24:103-17.

31.Okada, E, Takahashi, K, Takimoto, H, Takabayashi, S, Kishi, T, Kobayashi, T,
et al. Dietary patterns among Japanese adults: findings from the National Health and
nutrition survey. Asia Pac ] Clin Nutr 2018. (2012) 27:1120-30. doi: 10.6133/
apjcn.042018.06

32. Tsugane, S. Why has Japan become the world's most long-lived country: insights
from a food and nutrition perspective. Eur J Clin Nutr. (2021) 75:921-8. doi: 10.1038/
541430-020-0677-5

33. Gabriel, AS, Ninomiya, K, and Uneyama, H. The role of the Japanese traditional
diet in healthy and sustainable dietary patterns around the world. Nutrients. (2018)
10:173. doi: 10.3390/nu10020173

34. Marangoni, F, Corsello, G, Cricelli, C, Ferrara, N, Ghiselli, A, Lucchin, L, et al.
Role of poultry meat in a balanced diet aimed at maintaining health and wellbeing:
an Italian consensus document. Food Nutr Res. (2015) 59:27606. doi: 10.3402/fnr.
v59.27606

35.Rose, D, Willits-Smith, AM, and Heller, MC. Single-item substitutions can
substantially reduce the carbon and water scarcity footprints of US diets. Am J Clin Nutr.
(2022) 115:378-87. doi: 10.1093/ajcn/nqab338

36. Sranacharoenpong, K, Soret, S, Harwatt, H, Wien, M, and Sabaté, J. The
environmental cost of protein food choices. Public Health Nutr. (2015) 18:2067-73. doi:
10.1017/S1368980014002377

37.Chai, BC, van der Voort, JR, Grofelnik, K, Eliasdottir, HG, Kloss, I, and
Perez-Cueto, FJA. Which diet has the least environmental impact on our planet? A
systematic review of vegan. Veg Omnivorous Diets Sustain. (2019) 11:4110. doi: 10.3390/
sull1154110

frontiersin.org


https://doi.org/10.3389/fnut.2023.1116105
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1116105/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1116105/full#supplementary-material
https://www.unicef.org/reports/state-of-worlds-children-2019
https://doi.org/10.1079/PHN19980004
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://doi.org/10.1016/S0140-6736(18)32822-8
https://doi.org/10.1093/advances/nmy117
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://sdgs.un.org/goals
https://doi.org/10.3390/foods10050999
https://doi.org/10.3390/nu13020476
https://doi.org/10.3390/foods10030558
https://doi.org/10.1093/cdn/nzaa015
https://doi.org/10.1186/s12889-020-08951-8
https://doi.org/10.1186/s12889-020-08951-8
https://doi.org/10.1093/ajcn/nqaa411
https://doi.org/10.1016/j.scitotenv.2022.155683
https://doi.org/10.1016/j.scitotenv.2022.155683
https://doi.org/10.1186/s12889-022-14252-z
https://doi.org/10.2337/dci19-0063
https://doi.org/10.2337/dci19-0063
https://doi.org/10.1073/pnas.1906908116
https://doi.org/10.1177/0379572120976253
https://doi.org/10.1016/j.meatsci.2022.108879
https://doi.org/10.1016/j.meatsci.2022.108879
https://www.nibiohn.go.jp/eiken/kenkounippon21/download_files/eiyouchousa/2018.pdf
https://www.nibiohn.go.jp/eiken/kenkounippon21/download_files/eiyouchousa/2018.pdf
https://doi.org/10.1093/ije/dyv152
https://www.mhlw.go.jp/content/000710991.pdf
https://doi.org/10.1073/pnas.1402183111
https://doi.org/10.1073/pnas.1402183111
https://doi.org/10.1038/nature13959
https://doi.org/10.1126/science.aam5324
https://doi.org/10.3390/ijerph16071220
https://doi.org/10.1017/S0029665116000641
https://doi.org/10.1017/S0029665116000641
https://doi.org/10.3390/nu14183853
https://doi.org/10.6133/apjcn.042018.06
https://doi.org/10.6133/apjcn.042018.06
https://doi.org/10.1038/s41430-020-0677-5
https://doi.org/10.1038/s41430-020-0677-5
https://doi.org/10.3390/nu10020173
https://doi.org/10.3402/fnr.v59.27606
https://doi.org/10.3402/fnr.v59.27606
https://doi.org/10.1093/ajcn/nqab338
https://doi.org/10.1017/S1368980014002377
https://doi.org/10.3390/su11154110
https://doi.org/10.3390/su11154110

Nomura et al.

38. Ministry of Health, Labor and Welfare. Overview of the dietary reference intakes
for Japanese. (2020). Available at: https://www.mhlw.go.jp/content/10900000/000862500.
pdf (Accessed December 1, 2022).

39. Yokoyama, Y, Sasaki, M, and Sato, K. Nutrition intake among the Japanese elderly:
an intergenerational comparison based on national health and nutrition survey scores.
Ann Hum Biol. (2019) 46:311-22. doi: 10.1080/03014460.2019.1662943

40. Nishi, N, Yoshimura, E, Ishikawa-Takata, K, Tsuboyama-Kasaoka, N, Kubota, T,
Miyachi, M, et al. Relationship of living conditions with dietary patterns among
survivors of the great East Japan earthquake. | Epidemiol. (2013) 23:376-81. doi:
10.2188/jea.je20130025

41. Murakami, K, Livingstone, MBE, and 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. (2018) 10:994. doi: 10.3390/
nul0080994

42. Otsuka, R, Yatsuya, H, and Tamakoshi, K. Descriptive epidemiological study of
food intake among Japanese adults: analyses by age, time and birth cohort model. BMC
Public Health. (2014) 14:328. doi: 10.1186/1471-2458-14-328

43. Mariotti, F, and Gardner, CD. Dietary protein and amino acids in vegetarian
diets-A review. Nutrients. (2019) 11:2661. doi: 10.3390/nul1112661

44. Landji, E, Calvani, R, Tosato, M, Martone, AM, Ortolani, E, Savera, G, et al. Protein
intake and muscle health in old age: from biological plausibility to clinical evidence.
Nutrients. (2016) 8:295. doi: 10.3390/nu8050295

45. Kobayashi, S, Asakura, K, Suga, H, and Sasaki, S. Three-generation study of women
on diets and health study group. High protein intake is associated with low prevalence
of frailty among old Japanese women: a multi-center cross-sectional study. Nutr J. (2013)
12:164. doi: 10.1186/1475-2891-12-164

46. Bergeron, N, Chiu, S, Williams, PT, King, M, and Krauss, RM. Effects of red meat,
white meat, and nonmeat protein sources on atherogenic lipoprotein measures in the
context of low compared with high saturated fat intake: a randomized controlled trial.
Am ] Clin Nutr. (2019) 110:24-33. doi: 10.1093/ajcn/nqz035

47. Wolmarans, P. Background paper on global trends in food production, intake and
composition. Ann Nutr Metab. (2009) 55:244-72. doi: 10.1159/000229005

Frontiers in Nutrition

08

10.3389/fnut.2023.1116105

48. Ministry of Education, Culture, Sports, Science and Technology. Standard tables
of food composition in Japan - 2015 - (seventh revised version). (2017). Available at:
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.

htm (Accessed December 1, 2022).

49.Food and Agriculture Organization. Food-based dietary guidelines — Japan.
Available at: https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/
countries/japan/en/ (Accessed December 1, 2022).

50. Yoshiike, N, Hayashi, F, Takemi, Y, Mizoguchi, K, and Seino, F. A new food guide
in Japan: the Japanese food guide spinning top. Nutr Rev. (2007) 65:149-54. doi:
10.1301/nr.2007.apr.149-154

51. Wolk, A. Potential health hazards of eating red meat. J Intern Med. (2017)
281:106-22. doi: 10.1111/joim.12543

52. Springmann, M, Spajic, L, Clark, MA, Poore, ], Herforth, A, Webb, P, et al. The
healthiness and sustainability of national and global food based dietary guidelines:
modelling study. BMJ. (2020) 370:m2322. doi: 10.1136/bmj.m2322

53. Wilde, P, Pomeranz, JL, Lizewski, L], Ruan, M, Mozaffarian, D, and Zhang, FF.
Legal feasibility of US government policies to reduce cancer risk by reducing intake of
processed meat. Milbank Q. (2019) 97:420-48. doi: 10.1111/1468-0009.12385

54. Langyan, S, Yadava, P, Khan, FN, Dar, ZA, Singh, R, and Kumar, A. Sustaining
protein nutrition through plant-based foods. Front Nutr. (2022) 8:772573. doi: 10.3389/
fnut.2021.772573

55. Attwood, S, Chesworth, SJ, and Parkin, BL. Menu engineering to encourage
sustainable food choices when dining out: an online trial of priced-based decoys.
Appetite. (2020) 1:104601. doi: 10.1016/j.appet.2020.104601

56. Abrahamse, W. How to effectively encourage sustainable food choices: a mini-review
of available evidence. Front Psychol. (2020) 11:589674. doi: 10.3389/fpsyg.2020.589674

57.Marinova, D, and Bogueva, D. Planetary health and reduction in meat
consumption. Sustain Earth. (2019) 2:3. doi: 10.1186/542055-019-0010-0

58. Aune, D, Keum, N, Giovannucci, E, Fadnes, LT, Boffetta, P, Greenwood, DC, et al.
Whole grain consumption and risk of cardiovascular disease, cancer, and all cause and
cause specific mortality: systematic review and dose-response meta-analysis of
prospective studies. BM]J. (2016) 14:i2716. doi: 10.1136/bmj.i2716

frontiersin.org


https://doi.org/10.3389/fnut.2023.1116105
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.mhlw.go.jp/content/10900000/000862500.pdf
https://www.mhlw.go.jp/content/10900000/000862500.pdf
https://doi.org/10.1080/03014460.2019.1662943
https://doi.org/10.2188/jea.je20130025
https://doi.org/10.3390/nu10080994
https://doi.org/10.3390/nu10080994
https://doi.org/10.1186/1471-2458-14-328
https://doi.org/10.3390/nu11112661
https://doi.org/10.3390/nu8050295
https://doi.org/10.1186/1475-2891-12-164
https://doi.org/10.1093/ajcn/nqz035
https://doi.org/10.1159/000229005
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
https://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/japan/en/
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/japan/en/
https://doi.org/10.1301/nr.2007.apr.149-154
https://doi.org/10.1111/joim.12543
https://doi.org/10.1136/bmj.m2322
https://doi.org/10.1111/1468-0009.12385
https://doi.org/10.3389/fnut.2021.772573
https://doi.org/10.3389/fnut.2021.772573
https://doi.org/10.1016/j.appet.2020.104601
https://doi.org/10.3389/fpsyg.2020.589674
https://doi.org/10.1186/s42055-019-0010-0
https://doi.org/10.1136/bmj.i2716

	Current dietary intake of the Japanese population in reference to the planetary health diet-preliminary assessment
	Introduction
	Materials and methods
	The planetary health diet
	The Japan National Health and Nutrition Survey
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	 References

