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I.

1.

General Theories

Introduction

The Dietary Reference Intakes for Japanese 2010 (DRIs-J) were developed for healthy
individuals or groups and designed to give reference intakes of energy and nutrients to
maintain or promote health and prevent lifestyle-related diseases.

The current DRIs-J have followed concepts of prior versions which have been thoroughly
implemented in this version. It is desirable that those who use these DRIs-J should not be
overly preoccupied with the values presented, but thoroughly understand the underlying
concepts and apply them correctly. The DRIs-J were prepared on a scientific basis as much as
possible. Domestic and overseas academic papers and obtainable academic materials were
thoroughly used. Reports and materials used in the prior edition were also re-evaluated.

Illnesses related to nutritional intake in terms of volume, energy or nutrient content are

not limited to deficiencies or poor intake, but can also be due to excessive intake.
Appropriate nutritional intake is also related to the prevention of lifestyle-related diseases.
Nutritional reference indices reflecting these goals need to be established; this is the first
basic concept of development of the DRIs-J.

However, in reality, “true” optimal intakes vary between individuals and depend on the
state of the individual; they therefore cannot be measured or estimated. This suggests the need
for a probabilistic approach in their establishment and application. This is the second basic
concept of the DRIs-J.

Based on these two concepts, one index for energy and five indices for nutrients are
presented. These indices are collectively called the “Dietary Reference Intakes (DRIs-J).”

The DRIs-J do not constitute a factsheet, but are to be used in various nutritional related
operations. In this revision, basic theory was divided into two parts - development and
application. The two parts of the theory are closely related and both require deep
understanding. Also, basic versions were produced for life-stages needing special attention in
development and application, such as infancy, prégnancy and lactation, and old age.



2. Basic Theory of Development

1. Development

The Dietary Reference Intakes for Japanese 2010 (DRIs-J) were developed on a scientific
basis to the fullest extent possible. Domestic and overseas academic papers and other obtainable
scientific materials were thoroughly used by a systematic review method. However, unlike other
medical fields, methods to evaluate and define evidence levels of data are not yet established in
the fields of human nutrition, public health, and preventive nutrition. Therefore, most reliable
information was obtained by carefully reviewing each study, where intelligence synthesis done
quantitatively such as meta-analysis was referred first.

2. Selection criteria for nutrients and energy

Nutrients were selected based on the following criteria: 1) Essential for human life and the
maintenance and improvement of health; 2) intakes for maintenance and improvement are
quantitatively defined; 3) values are scientifically reliable, having achieved global consensus.
Nutrients scientifically proven to be closely linked to lifestyle-related diseases of significant
concern to the Japanese population were also selected. As a result, 34 nutrients were selected for
this edition.

Quantitative values were established for those calculable according to gender and age group.
Nutrients for which values could not be established due to insufficient evidence or dependence on
application conditions were cited with references in the text.

Energy intakes were also developed as essential requirements for life.

3. Indices
3-1. Energy

For adults, a certain fixed energy intake is necessary to maintain weight; inadequate intake
leads to weight loss, leanness, and protein-energy malnutrition. Excessive intake causes weight
gain and obesity. Energy intake is optimized when it balances expenditure; then no weight
change occurs. This value is called the Energy Requirement. However there is insufficient data
on Japanese subjects, energy requirements have been established mainly using values measured
for Japanese subjects and reference to values adopted in foreign countries. However, it is
impossible to measure an individual’s required intake accurately; hence most values available
were estimations. The estimated values are called the Estimated Energy Requirements (EERs).

The EERs were established based on gender, age group and physical activity level (PALs)
basis due to their effect on requirements. EER is used in place of true energy requirements where
not measurable. Intake near the EER gives the highest probability of maintaining the individual’s
current weight; intake above EER will increase probability of weight gain, and intake below EER
will increase probability of weight loss.
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Figure 1 Estimated Energy Requirement model

Vertical axes show probability of inadequate intake for individuals and percentage of individuals with inadequate
intake.

This concept is shown diagrammatically in Figure 1. By applying the concept to a group, the
probability can also be converted to the percentage of the population with excessive or
inadequate intake.

EERs differ based on PALs. In this edition, PALs were categorized into 3 levels with EERs
established for each level. Refer to the chapter on energy for details.

3-2. Nutrients
3-2-1. Basic concept

34 nutrients were selected for the DRIs-J. In this section, common concepts of nutrients are
provided. Refer to each nutrient chapter for details.
The Estimated Average Requirements (EAR) have been established as indices for evaluating
nutrient levels and deficiencies. But as mentioned in the basic concepts chapter, the EAR is not
sufficient to apply DRIs-J. Recommended Dietary Allowances (RDAs) have therefore been
established to support the EAR. There are some nutrients for which EARs and RDAs could not
be established. For those nutrients, the Adequate Intake (AI) is adopted. As we discuss later, the
Al is more similar to the RDA than the EAR in application to DRIs-J. These three are the indices
related to inadequacy.

Tolerable Upper Intake Levels (UL) are established to avoid health problems due to excessive
intake. There are nutrients not currently adopted due to lack of sufficient scientific evidence.

Some nutrients require nutritional indices to support primary prevention of lifestyle-related
diseases, but studies on them to date are insufficient in terms of number and quality.” For those



nutrients, the Tentative Dietary Goals for Preventing Lifestyle-related Diseases (DQG) are adopted
as intake levels for most Japanese people to aim for to support primary prevention of lifestyle-
related diseases.

Figure 2 illustrates these indices. The figure shows habitual intake and risk of health problems
due to excessive or inadequate intake, i.e. the relationship between nutritional intake and
probability of health problems occurring. Applying this figure to a group gives the percentage of
health problems occurring due to excessive or inadequate intake.

Characteristics and concepts related to these indices are listed in Table 1. There are few
important points when applying these indices and details are written in the Basic Concept of
Application chapter. From an application point of view, indices related to excessive or inadequate
intake have highest priority; if those indices are not problematic, then primary prevention of
lifestyle-related diseases has subsequent priority. It is desirable to consider the frequency and
severity of health problems related to nutrients and prioritize them accordingly.

Table 2 is the list of established nutrients and indices established for those over one year-old.
For new born infants (0 to 11 months) , indices for 30 nutrients are established, excluding
saturated fatty acid, cholesterol, carbohydrate, and dietary fiber.

Next, characteristics of each index are described.
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Figure 2 Model illustrating indices for DRIs-J

EAR, Estimated Average Requirement; RDA, Recommended Daily Allowance; Al, Adequate Intake; UL, Tolerable
Upper Intake Level



Table 1 Concepts of Indices and Characteristics of Nutrients

Prevention of Prevention of health Primary Prevention of
Objectives . problems due to Lifestyle-related

inadequacy . !

excessive intake diseases

Indices EAR, RDA, Al UL DG
Main methods, laboratory laboratory studies, Case reports Epidemiology studies
studies, and epidemiology studies (including
epidemiology studies for (including interventional studies)

establishing evidence

Importance of certain
nutrients regarding
targeted health problems

Typical period associated
with health problems

Number of reports on
target health problems

Possibility of developing
targeted health problems
from usual food intake

Possibility of developing
targeted health problems
from supplementary
intake

Need to consider
established values

Possibility of developing
target health problems at
established intakes

interventional studies)

Important

Several months

Very few to many

Yes

Yes
(supplements include
only certain nutrients)

Consider where

possible (depending on

prevention needs)

Low possibility when
intake is around RDA
or Al

Important

Several months

Very few to few

Very few

Yes
(particular attention
needed)

Must be considered

Very low possibility
when intake is below
UL but not totally
deniable

Non-constant due to
many other related
environmental factors

Several years to several
decades

Many

Yes

Yes
(supplements include
only certain nutrients)

Consider along with
various related factors

Yes
(caused by other related
factors)

EAR: Estimated average requirement; RDA: Recommended dietary allowance; Al: adequate intake; UL: tolerable

upper intake level; DG: tentative dietary goal for preventing life-style related diseases

3-2-2. Estimated average requirement

The Estimated Average Requirement (EAR) is adopted as the index of the estimated mean

requirement in a population based on the calculated requirement of a study group. It is the

estimated intake which will meet the requirements of 50-% of the group (and is hence insufficient

for the other 50%).

“Inadequacy” here does not necessarily refer to development of classical deficiency; the

definition varies with each nutrient. Refer to chapters on nutrients for specific definitions.



Table 2 Nutrients with established DRIs and indices (ages 1 year and over)'

Nutrients EAR RDA Al UL DG
Protein 0 o — — —
Lipids Total fats — — — — o
Saturated fatty acids — — — — o
n-6 fatty acids — — o — o
n-3 fatty acids — — o — o
Cholesterol o — — — o
Carbohydrates Carbohydrates _ — — — o
Dietary fibers — — — — o
Vitamin Oil- Vitamin A o 0 e o -
sc.)lubl.e Vitamin D — — o o —
viamins Vitamin B — e o o —_
Vitamin K — — o — —
Water- Vitamin B, o o — — —
soluble Vitamin B, o o — — —
vitamins Niacin o o o o -
Vitamin By o o — o —
Vitamin By, o o e . -
Folic acid o o — o? —
Pantothenic acid — — o — —
Biotin e — o — _
Vitamin C o o — — —
Minerals Macro Sodium o — — — o
Potassium — — o — o
Calcium o o — o _
Magnesium o o — o? _
Phosphorus — — 0 o —
Micro Iron o o — o —
Zinc o o — o _
Copper o o) — o —
Manganese — — o o —
Iodine o o — o —
Selenium o o) — o —
Chromium 0 o} e — —
Molybdenum o o — o —
EAR: Estimated average requirement; RDA: Recommended dietary allowance; Al: Adequate intake; UL: Tolerable
upper intake level, DG: Tentative dietary goal for preventing life-style related diseases
"Including when the DRIs-J were defined only for certain age groups.
2Defined as intake other than from normal food.
3-2-3. Recommended Dietary Allowance
The Recommended Dietary Allowance (RDA) was established based on analyzed requirements
for a subject group as the value that meets requirement of nearly all (97 to 98%) of the
8




Table 3 Coefficients of variation for person-to-person variations used to estimate the Recommended
Dietary Allowance from Estimated Average Requirements

Variation Coefficient for

X - ont
coefficient calculating RDA Nutrients

10.0% 1.2 Vitamin B,, vitamin B,, niacin, vitamin B, vitamin B;,,folic acid, vitamin
C, calcium, magnesium, iron (for adults and 15-17 years old) , zinc,
selenium, chromium, molybdenum

12.5% 1.25 Proteins
15.0% 1.3 Copper
20.0% 14 Vitamin A, iron (for 6 months-14 years old) , iodine

population. RDAs are calculated theoretically as the mean values of EAR+2%SD from the EAR,
taking the standard deviation observed between individuals in laboratory studies to approximate
that of the population. In practice, however, the SD of EAR is rarely obtained correctly through
laboratory studies. Therefore in most cases, estimated values are used. The variation coefficients
(SD/mean) used in this edition to calculate RDA are listed in Table 3.

RDA = EARX(1+2xSD) = EAR x variation coefficient of EAR.

3-2-4. Adequate intake
The Adequate Intake (Al) is defined as intake which is enough to maintain a certain nutrient

level in a particular population. In fact, it is the value at which there are nearly no undernourished

individuals observed the population. Al is used only when the RDA is unavailable. Basically it is
based on epidemiology studies observing the nutritional intake of a healthy population.
Al is based on any of the three concepts listed below, depending on nutrients, gender, or age
group.

1) Estimated intake levels showing nearly no deficiency based on studies conducting health
checks using biological or other indices together with a survey on nutrition. When nearly no
subject in a group showed deficiency, median intake levels were used.

2) No health checks by biological or other indices were available but representative nutrient
distributions of Japanese people were obtained.

3) Based on the intake level of healthy human milk-fed infants. Nutritional content and intake
volume of human milk is used.

3-2-5. Tolerable upper intake level

The Tolerable Upper Intake Level (UL) is defined as the upper limit of the habitual intake that
is considered to have no risk of causing health problems due to excessive intake. Health problems
in this section refer to those due to excessive intake and do not include those due to inadequacy.



‘Hypothetical distribution curve of intake

A group with risk of health
problem due to excess intake
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cause health problems due
to excess intake
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Number of individuals or percentage of individuals

which taking in certain value
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Figure 3 Model of risk of health problems due to excessive intake

The curve shows hypothetical intake distribution in a group. The vertical axis shows frequency or proportion of
individuals in the group at a given intake. Those with intake above the UL have potential risk of developing health
problems as a result; those with intake over LOAEL are above a level reported to cause health problems.

LOAEL: Lowest observed adverse effect level; NOAEL: No observed adverse effect level

The true tolerable upper intake level is, theoretically, the maximum amount with no adverse
effect observed in human studies (no observed adverse effect level, NOAEL, Figure 3). Due to
limited availability of human studies on NOAEL and the fact such studies are conducted on
isolated groups, the UL used in practice is taken as the NOAEL divided by an Uncertainty Factor
(UF), selected in the range 1 - 5 depending on conditions.

When the minimum amount known to cause adverse effects (lowest observed adverse effect
level, LOAEL) based on studies of particular groups with excessive intake or use of supplements,
the UF is basically 10 and the NOAEL is estimated as the LOAEL divided by 10. However,
considering the occurrence of adverse effect of excessive intake of calcium, magnesium, and zinc,
their ULs were set lower.

However adverse effects due to excessive intake in humans are rarely reported, it is
impossible to conduct human studies to establish NOAELs and LOAEL and their relationships.
Therefore, NOAEL or LOEAL need to be estimated based on data collected from animal or in
some cases in vitro studies. When only LOEAL is available, NOAEL is estimated by LOEAL
divided by a UF of 10, estimated based on animal studies.

There is not enough scientific basis for the UF and it has not reached a settlement among
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Table 4 Uncertain factor UF used for calculation of tolerable upper intake level UL

UF Nutrients

1 Vitamin E, copper, manganese, iodine (infants)
1.2 Vitamin D (adults) , calcium, phosphorus
1.5 Vitamin A (pregnant women) ,zinc, iodine (adults)
1.8 Vitamin D (infants)

2 Molybdenum

3 Folic acid, selenium

5 Vitamin A (adults) , niacin, vitamin Bg

10 Vitamin A (infants)

30 Iron

professionals. Consequently, as described above, an appropriate value for UF was selected in the
range 1 - 5 for reports based on humans, and 10 for those based on animals. When NOAEL is
used for computation, a lower UF is chosen; when LOAEL is used, a higher UF is selected. The
UF is also determined by considering the characteristics of each nutrient, the severity of the
illness caused by excessive intake, the quality and number of the studies reporting NOAEL and
LOAEL, characteristics of the subject and subject group (sex, age and health status),
representatives of the group, and the number of subjects needed to establish UL. UFs used in the
computation are listed in Table 4 for nutrients that have UL.

The details for computing UL differ for each nutrient and it is suggested to refer to the
detailed information chapters. For some nutrients, reports offering a solid basis for computation
were scarce and computation was postponed.

3-2-6. Tentative dietary goal for preventing lifestyle-related diseases

For the purpose of primary prevention of lifestyle-related disease, the Tentative Dietary Goal
for Preventing Lifestyle-related Diseases (DG) is designed as a set of target intakes for modern
Japanese to achieve a nutrition reducing the risk of disease or biological markers representing
illness in a particular group. It is based on epidemiological studies with input from experimental
nutritional studies. However, the relationship between nutritional intake and risk of developing
lifestyle-related diseases is continuous in nature and quite often there is no threshold. In such
cases, it is difficult to propose an optimum quantity or threshold; practicality was then used as the
key factor to determine the desirable intake, also taking dietary preferences in other countries,
and the intake, dietary composition and preferences of modern Japanese people into consideration.

In this edition, particular emphasis was placed on the primary prevention of cardiovascular
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