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Preface

Preparing a Revised Version of the Dietary Reference Intakes

The 2010 version of Dietary Reference Intakes for Japanese (DRIs-]) has been prepared on the basis of
the concept of DRIs in-line with the policy adopted for the DRIs-] 2005 version, which recommended that
the criteria created be as evidence-based as possible.

The preparatory process accounted for as many as 40 working group-based conferences involving more
than 50 researchers, who considered all studies of interest available to date, including domestic, interna-
tional, and those studies and documents that served as the basis for the earlier version of DRIs. The 1,300
studies have been cited in the current DRIs-] 2010.

The following concept provided the basis for revising the existing DRIs. Generally, health disturbances
associated with energy and nutritional intake are evaluated in terms of deficiency/insufficiency and
excess, which may have implications for prophylaxis of lifestyle-related diseases. Therefore, the existing
criteria for energy and nutritional intake, i.e., the DRIs, were re-formulated to address such issues. How-
ever, optimal energy and nutritional intake varies from individual to individual and within individuals
and does not readily lend itself to calculation, thus calling for a probabilistic approach to its estimation.

In the current DRIs-] 2010, this approach allowed reference values to be estimated for energy as well as
for 34 different nutrients. Beyond these estimates, the DRIs-] 2010 included recommendations on nutri-
tional guidance, i.e., a description of the theoretical concept of the DRIs as a basis for “improvement of
diet” and “management of food services,” as well as associated considerations and a description of the
theoretical principle adopted for the DRIs-J 2010. Furthermore, while providing estimates, the nutritional
needs of individuals at each stage of their life have been carefully considered, with emphasized focus on
infants, children, pregnant and lactating women, and the elderly; these were the stages that were given
special attention during developing DRIs and when recommending DRIs.

Our future tasks include accumulating relevant high-quality evidence from Japanese and DRI-based
studies, while characterizing the nutritional needs of individuals at different stages of their life and sort-
ing the health issues associated with each of these stages.

Finally, only if the rationale for the indices used, scientific basis for the estimated values, and the process
that led to the revision of DRIs have been fully appreciated can the DRIs be used meaningfully. Thus, it
is not intended that the estimated reference values compiled in the DRIs are to be blindly adhered to, but
that they serve as flexible criteria.

August 23, 2012

Masato Kasuga
Chairman, Expert Committee for “Dietary Reference Intakes for Japanese 2010”
President, National Center for Global Health and Medicine
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Foreword

Preface to the English Version of the Dietary Reference Intakes for
Japanese (DRIs-]) 2010

In order to prevent nutritional deficiencies, the Ministry of Health and Welfare, Japan first launched
the Recommended Dietary Allowances for the Japanese in 1970 and has made periodic revisions every 5
years up to its 6th edition in 1999. The 7th version was issued in 2004 as the Dietary Reference Intakes
for Japanese (DRIs-J) 2005. The current DRIs-] 2010 (for April 2010-March 2014) were established in
2009 by the Ministry of Health, Labour and Welfare (MHLW) on the basis of the Health Promotion Law.

The project to revise DRIs-] 2010 began in 2008. More than 50 scientists in Japan with proven exper-
tise in the field of nutrition and physical activity were asked to participate in this program by the MHLW.
In order to update the DRIs-] 2010 on a scientific basis, more than 1,300 articles were reviewed.

To avoid adverse effects of deficient/insufficient and excess and/or imbalanced consumption of energy
and nutrients, the newly-edited DRIs-J] 2010 incorporate 6 reference values based on sex, age group (life
stage), and physical activity level-1 value for energy and 5 values for 34 nutrients—for healthy individuals
and groups, including those with certain mild illnesses, such as hypertension, diabetes, or hyperlipidemia.
However, the DRIs-] do not incorporate any dietary instructions/restrictions or prescribed diets.

The reference value for energy is the estimated energy requirement (EER), and the 5 reference val-
ues for the 34 nutrients include 3 for deficiencies—estimated average requirement (EAR), recommended
dietary allowance (RDA), and adequate intake (AI), 1 for adverse effects—tolerable upper intake level (UL),
and 1 for primary prevention of lifestyle-related diseases—tentative dietary goal for preventing lifestyle-
related diseases (DG).

The 34 nutrients include major nutrients (protein, fat [total fats, saturated fatty acids, n-6 and n-3
polyunsaturated fatty acids, and cholesterol], carbohydrates [carbohydrate, dietary fiber], vitamins [fat-
soluble vitamins: A, D, E, and K; water-soluble vitamins: B;, B, niacin, Bs, Bi12, folate, pantothenic acid,
biotin and C]), and minerals (macrominerals: sodium, potassium, calcium, magnesium and phosphorus;
microminerals: iron, zinc, copper, manganese, iodine, selenium, chromium and molybdenum).

The National Institute of Health and Nutrition proposed publication of the English version of the DRIs-
J 2010 and all edited articles, which were prepared by the members involved in the research group for
Research on the Application and Revision of the DRIs for Japanese as part of Comprehensive Research
on Lifestyle-related Diseases including Cardiovascular Diseases and Diabetes Mellitus with Health and
Labour Sciences Research Grants under the auspices of the MHLW. The articles provide compact descrip-
tions of the DRIs-J 2010, including information on the historical overview of the establishment of the
DRIs, basic theories for the development, basic concepts for their application, the DRI values for energy,
protein, fat, carbohydrates, water-soluble vitamins, fat-soluble vitamins, macrominerals, microminerals,
and the DRIs-] according to the life stage.

We sincerely hope this publication will be informative and useful for health professionals/staff engaged,
particularly, in developing, planning, and implementing DRIs for the assessment of diet/nutrition and for
the management of food services to individuals and groups. May it serve to promote/maintain health,
prevent lifestyle-related diseases, including non-communicable diseases, and enhance the quality of life
or well-being through diet, nutrition, and physical activity among the people of Asian Pacific areas/coun-
tries and worldwide.

August 16, 2012

Shinkan Tokudome

Chairman, Research on the Application and Revision of the
Dietary Reference Intakes for Japanese

President, National Institute of Health and Nutrition
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Summary Although nutritional standards for Japanese were published by national
organizations until the 1940s, the Recommended Dietary Allowances (RDAs) for Japanese
was officially established in 1969 by the Ministry of Health and Welfare (presently Minis-
try of Health, Labour and Welfare). These RDAs were revised every five years until 2005,
when they were established as Dietary Reference Intakes for Japanese (DRIs-]). The nutrients
included in RDAs and DRIs-] were changed according to the health condition and eating
habits of Japanese. The current version, DRIs-J 2010, comprises reference values for energy

and 34 nutrients.

Key Words dietary reference intakes, Recommended Dietary Allowances, history, Minis-

try of Health, Labour and Welfare

Historical Overview

Many nutrients are presently recognized to play an
important role in human nutrition not only because
they are essential for growth and maintenance of
health, but also because they play an important role
in the reduction of risk of noncommunicable diseases.
The values of nutrient intakes that make allowance for
individual variation in requirements and provide a mar-
gin of safety above the minimal requirement to prevent
deficiencies have traditionally formed the basis for the
establishment of the Recommended Dietary Allowances
(RDAs).

Preliminary values for nutrient requirements for Jap-
anese were first described in 1926 in the book Nutrition
by Dr. Tadasu Saiki (1), the founder of the National Insti-
tute of Nutrition (presently National Institute of Health
and Nutrition) in Japan. The National Institute of Nutri-
tion played a key role in conducting basic scientific stud-
ies and developing nutrient requirements for Japanese.
In responce to food shortage resulting from World War
I, some national organizations created nutritional stan-
dards independently for Japanese until around 1945.
Since then nutritional standards for Japanese have been
developed by the Prime Minister’s Office (presently Cabi-
net Office, government of Japan) and the Science and
Technology Agency (presently Ministry of Education,
Culture, Sports, Science and Technology) to promote
growth, to maintain health and physical strength, and
to improve work efficiency.

From 1969, the Ministry of Health and Welfare
became the presiding ministry to create RDAs in Japan
(2). The RDAs used for the time period 1970-1975 were
officially established by six committees. As shown in

E-mail: ntsubo@nih.go.jp
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Table 1, RDAs was subsequently revised every five years
until 2005 for the purpose of improving physique and
corresponding to changes in population structure, econ-
omy or dietary habits (2-8). The concept of Dietary Ref-
erence Intakes was first introduced in the 6th revision
of the RDAs (2000-2005) (8). In order to more compre-
hensively follow the approach used in devising the 6th
revision of the RDAs, the 7th revision was established
as the “Dietary Reference Intakes for Japanese (DRIs-])
2005” by the Ministry of Health, Labour and Welfare
(MHLW) (9). These DRIs-] were based on a systematic
review of the evidence. The current version, “DRIs-]
2010,” was created based on the Health Promotion Law
by the MHLW (10).

DRIs-J expanded on the basic theories of the US/Cana-
dian DRIs in order to create DRIs that are specific to the
Japanese population. The DRIs-] were designed not only
to prevent energy or nutrient deficiencies that may be
caused by insufficient intake of energy or nutrients, but
also for the primary prevention of lifestyle-related dis-
eases caused by excess and/or imbalanced consumption
of energy and nutrients. DRIs-J consists of six reference
values (one for energy and five for nutrients) for the pre-
vention of deficiencies, adverse effects by excess intake,
and lifestyle-related diseases. In addition, the recom-
mended dietary intake level is shown as a range rather
than a singular value.

Historical Changes in Values for Energy and Nutri-
ents

In 1926, Dr. Saiki proposed the concept used as the
basis of future Estimated Average Requirement (EAR),
Adequate Intake (AI) or Estimated Energy Requirement
(EER), and he calculated the energy requirement for Jap-
anese. Since that time, national organizations decided to
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Historical Overview for Japanese DRIs

Table 1. History of the development of Dietary Recommendations in Japan by Ministry of Health, Labour and Welfare.

Versions

Periods of use

Date recommendations

RDAs 1st (2)
RDAs 1st revision (3)
RDAs 2nd revision (4)
RDAs 3rd revision (5)
RDAs 4th revision (6)
RDAs 5th revision (7)
RDAs 6th revision
—DRIs— (8)!
DRIs-J 2005 (9)
DRIs-J 2010 (10)

Apr. 1970-Mar. 1975
Apr. 1975-Mar. 1980
Apr. 1980-Mar. 1985
Apr. 1985-Mar. 1990
Apr. 1990-Mar. 1995
Apr. 1995-Mar. 2000

Apr. 2000-Mar. 2005

Apr. 2005-Mar. 2010
Apr. 2010-Mar. 2015

RDAs, Recommended Dietary Allowances; DRIs, Dietary Reference Intakes.
I The concept of DRIs was introduced in the RDAs 6th revision.

include values for selected nutrients in the nutritional
standards, based on the accumulation of new evidence
from the scientific literature. Table 2 shows the histori-
cal changes to the established energy and nutrients that
are included in the dietary recommendations in Japan
by MHLW. Reference values for energy, protein, vitamin
A, vitamin D, vitamin B;, vitamin Bs, vitamin C, cal-
cium and iron were included in all versions of the RDAs
from the 1st to the current DRIs-J] 2010. Although the
1st version of RDAs only included 10 nutrients (2), the
current DRIs-J] 2010 provides recommendations for 34
nutrients (10). Changes to nutrient reference values for
the RDAs and DRIs-] are established based on changes
in the health condition and/or dietary habits of Japa-
nese at the time of revision. In particular, it was impor-
tant that the nutritional problem in Japan expanded to
include not only nutrient deficiency and improvement
of physical strength but also excess and/or imbalanced
consumption of energy and nutrients, lack of exercise,
increase of overweight/obesity and chronic disease.
In order to correspond to these problems, not only the
results of an experimental studies but also epidemiologi-
cal studies were added to evidence for DRIs-] creation.

Selection criteria for inclusion of nutrients in DRIs-J
are 1) nutrients that are essential for life and the main-
tenance and/or improvement of health, and 2) nutrient
intake values that are backed by scientific evidence or
have achieved global consensus. Nutrient values that
could not be established due to insufficient evidence are
not included.

This paper describes an overview of the history and
establishment of DRIs in Japan. Future revisions of
DRIs-] must take into account the health condition and
eating habits of Japanese in order to determine the kinds
of nutrients that should be included.

3)

4)

6)

8)

10)
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were made Contents

Aug. 1969 Energy-+10 Nutrients
Mar. 1975 Energy+9 Nutrients
Aug. 1979 Energy+ 12 Nutrients
Aug. 1984 Energy+13 Nutrients
Sep. 1989 Energy+15 Nutrients
Mar. 1994 Energy+ 16 Nutrients
Jun. 1999 Energy+28 Nutrients
Oct. 2004 Energy+ 34 Nutrients
May 2009 Energy+34 Nutrients
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Table 2. Historical changes to the established energy and nutrients included in the Dietary Recommendations in Japan.

RDAs DRIs-J
Versions st 1st revision 2ndrevision ~ 3rdrevision  4th revision 5th revision 625;‘1’;101[1 2005 2010
Energy RDA RDA RDA RDA RDA RDA RDA EER EER
Protein RDA RDA RDA RDA RDA RDA RDA EAR,RDA,DG  EAR,RDA
Fat Total fat — — RDA RDA RDA RDA RDA DG DG
Saturated fatty acids — B — — — — — DG DG
n-6 fatty acids - — — — e — — Al DG Al DG
n-3 fatty acids — — — — — — — Al DG Al DG
Cholesterol — — —_ — — - — DG DG
Carbohydrates Carbohydrates — — —_ — — — — DG DG
Dietary fibers —_ — — — —_ target amount target amount Al DG DG
Fat-soluble Vitamin A RDA RDA . RDA RDA RDA RDA RDA, UL EAR, RDA, UL EAR, RDA, UL
vitamins Vitamin D RDA RDA RDA RDA RDA RDA RDA, UL Al UL Al UL
Vitamin E — — — — target amount target amount RDA, UL Al UL Al UL
Vitamin K — — — — —_ — RDA, UL Al Al
Water-soluble  Vitamin B; RDA RDA RDA RDA RDA RDA RDA EAR, RDA EAR, RDA
vitamins Vitamin B, RDA RDA RDA RDA . RDA RDA RDA EAR, RDA EAR, RDA
Niacin RDA (nicotinic acid) RDA (nicotinic acid) RDA RDA RDA RDA RDA, UL EAR, RDA, UL EAR, RDA, UL
Vitamin Bg — — — — — — RDA, UL EAR, RDA, UL EAR, RDA, UL
Vitamin B12 — — — — — — RDA EAR, RDA EAR, RDA
Folate — — — — — — RDA, UL EAR, RDA, UL EAR, RDA, UL
Pantothenic acid — — — — — — RDA Al Al
Biotin — — — — — — RDA Al Al
Vitamin C RDA RDA RDA RDA RDA RDA RDA EAR, RDA EAR, RDA
Macrominerals Sodium RDA (sodium chloride) —_ target amount target amount target amount target amount — EAR, DG EAR, DG
" Potassium — — — target amount target amount target amount RDA Al, DG AL DG
Calcium RDA RDA RDA RDA RDA RDA RDA, UL AL DG, UL  EAR, RDA, UL
Magnesium — —_ — — target amount  target amount RDA, UL EAR, RDA, UL EAR, RDA, UL
Phosphorus — — target amount target amount target amount target amount RDA, UL Al UL Al UL
Microminerals Iron RDA RDA RDA RDA RDA RDA RDA, UL EAR, RDA, UL EAR, RDA, UL
Zinc — — — — — — RDA, UL EAR, RDA, UL EAR, RDA, UL
Copper — — — — — — RDA, UL EAR,RDA, UL EAR, RDA, UL
Manganese — — _ — — —_— RDA, UL Al UL Al UL
Todine — — — — — — RDA, UL EAR, RDA, UL EAR, RDA, UL
Selenium — — — — — —_— RDA, UL EAR, RDA, UL EAR, RDA, UL
Chromium — - — — — -— RDA, UL EAR, RDA EAR, RDA
Molybdenum — — — — — — RDA, UL EAR, RDA, UL EAR, RDA, UL

RDA, Recommended Dietary Allowance; DRIs-], Dietary Reference Intakes for Japanese; EAR, estimated average requirement; Al, adequate intake; EER, estimated energy requirement; UL,
tolerable upper intake level; DG, tentative dietary goal for preventing lifestyle-related diseases. '

Persons21 y old.

1The concept of DRIs was introduced in the RDAs 6th revision.
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Summary The Dietary Reference Intakes for Japanese (DRIs-]) 2010 was developed to
provide reference values for the intake of energy and 34 nutrients for health maintenance
and promotion and primary prevention of lifestyle-related diseases in healthy individuals
and groups. The DRIS-J 2010, which follows the main concepts of the DRIs-] 2005, the
prior version, provides the values for energy requirements as expressed by the estimated
energy requirement (EER) and the values for nutrient intake as expressed by 5, the estimated
average requirement (EAR), recommended dietary allowance (RDA), adequate intake (AD),
tolerable upper intake level (UL), and tentative dietary goal for preventing lifestyle-related
diseases (DG). On account of 3 factors—optimal intake varies among individuals, intake
cannot be measured precisely, and the DRIs are aimed at maintaining health and preventing
disease over the long term rather than addressing acute health effects in the short term—
the DRIs were determined using the probability approach to provide the appropriate values
for habitual rather than short-term intake. Each value of the DRIs used in the DRI-] 2010 is
provided for 13 age groups (the values for energy and protein are provided for 14 groups),
with separate values provided for women who are pregnant or lactating and for men and
women. The EER is provided for 3 physical activity levels and the EAR, RDA, Al, and UL for
19, 18, 10, and 16 nutrients, respectively. The basic concepts behind the DRIs-] 2010 are
almost same as those behind the DRIs of the United States and Canada with the unique
exception that the DRIs-J 2010 also includes the DGs, dietary goals that were independently
determined after consideration of the average body size, disease prevalence, and dietary hab-
its of the Japanese population and the cumulative evidence regarding Japanese and East
Asian populations. The DRIs-J 2010 has been used in practice since 2010 and is expected to

be used until 2014. This review briefly describes the basic theories in its development.

Key Words

Introduction

Released every 5 y by the Ministry of Health, Labour,
and Welfare of Japan, the Dietary Reference Intakes for
Japanese (DRIs-]) are the core values used in developing
national nutritional guidelines for the Japanese popu-
lation. The most recent version, the DRIs-] 2010, con-
tains practically the same values as those contained
in the Report from the Expert Committee for “Dietary
Reference Intakes for Japanese,” which was released in
2009. Until fiscal year 2004, Japan had been using the
recommended dietary allowance (RDA) as an index with
some small modifications in accordance with chang-
ing needs in each period. In 2005, Japan began using
the DRIs, as reflected in the development of the DRIs-J
2005, with which the DRIs-] 2010 largely accords. This
review briefly describes the basic theories used in the
development of the DRIs-J] 2010, which is undoubtedly
fundamental in understanding its proper use. This brief
review consists of the following 3 sections: (1) the crite-
ria used in the selection of nutrient and energy values,
(2) the determination of the each of the DRIs and (3)

E-mail: stssasak@m.u-tokyo.ac.jp
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the basic parameters used in designing the DRIs.

Selection Criteria

The selection criteria for each nutrient included in the
DRIs were the following: (1) the nutrient is essential for
human life and the maintenance and improvement of
health, (2) the required intake of the nutrient can be
quantitatively defined, and (3) the required intake can
be determined with a sufficient level of scientific reli-
ability. Nutrients found to be closely associated with the
development of lifestyle-related diseases in the Japanese
population were also selected. Based on these criteria,
34 nutrients were selected for inclusion in the DRIs-]
2010. Energy was also included as an essential dietary
factor for maintenance of human life. Quantitative val-
ues were established according to sex, age group, and
pregnancy/lactation status.

i

Individual Values of the DRIs
1. Energy

For adults, a certain fixed energy intake is necessary
to maintain body weight. Insufficient energy intake
leads to weight loss, leanness, and protein—energy mal-
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Estimated energy requirement
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Fig. 1.

Habitual intake

Theoretical model for understanding estimated energy requirement. Left and right vertical axes show probability of
insufficient and excessive intake for individuals, respectively.
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Fig. 2. Theoretical model for understanding EAR, RDA, Al, and UL for nutrients. EAR, estimated average requirement;
RDA, recommended dietary allowance; Al, adequate intake; UL, tolerable upper intake level.

nutrition, while excessive intake leads to body weight
gain and obesity. Energy intake is optimized when
intake equals expenditure (i.e., when energy balance is
achieved), resulting in no weight change. The energy
requirement that expresses optimal intake is established
mainly using values obtained using the doubly labeled
water method to assess samples of the Japanese popu-
lation and the reference of values of populations of
other countries. As it is impossible to measure an indi-
vidual’s required intake accurately; the energy value is
an estimated value, and thus referred to as the estimated
energy requirement (EER). The EER is established based
on sex, age group, and physical activity level (PAL). The
EER is recommended for use in practical settings in place
of the true energy requirement because the latter is not
possible to determine precisely. An energy intake close
to the EER results in a high probability of body weight
maintenance, whereas as intake above or below EER
results in a high probability of body weight gain or loss,
respectively, as illustrated in Fig. 1. By applying this con-
cept to a group, the probability can be converted into the
percentage of a population with excessive or insufficient
energy intake of energy. PAL is categorized into 3 levels
(low, moderate, and high).

2. Nutrients

2-1. Basic concept. The BEAR was established only

for evaluating insufficient nutrient intake, not ensuring
adequate or optimal intake, and thus cannot be the only
value used in practice. The recommended dietary allow-
ance (RDA) was thus established for use in a practical
setting, while the adequate intake (AI) was established
for nutrients for which neither the EAR nor RDA can
be established. As is discussed later, the Al is more simi-
lar to the RDA than the estimated average requirement
(EAR) in its application. All 3 DRIs are used for evalu-
ating nutrient deficiency. For those nutrients for which
excessive intake has been reported to pose a health
hazard, the tolerable upper intake level (UL) was estab-
lished. However, the UL cannot be determined for sev-
eral nutrients that may pose a health hazard because of
insufficient data for value determination. Figure 2 illus-
trates a theoretical model of the EAR, RDA, Al and UL.
Applying this figure to a group gives the percentage of
individuals with health problems due to insufficient or
excessive intake.

Several nutrients are included because of their role in
the primary prevention of lifestyle-related diseases. How-
ever, both the quantity and the quality of research into
the values for these nutrients for this purpose has been
insufficient (1). For this reason, the index established for
this purpose is referred to as the tentative dietary goal for
preventing lifestyle-related diseases (DG).
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Table 1. Basic concepts of indices and characteristics of nutrients.

Objective Prevention of deficiency Prevention of health " Primary prevention of
problems due to excessive lifestyle-related diseases
intake

Indices EAR, RDA, Al UL DG

Laboratory studies,
epidemiologic studies

Main methods, laboratory
studies, epidemiologic studies

Epidemiologic studies
(including intervention

Case reports

for establishing evidence (including intervention studies)
studies)
Importance of certain Important Important Not consistently

nutrients regarding targeted
health problems

important due to existence
of many other related
environmental factors

Typical period associated Several months

Several months Several years to several

with health problems decades
Number of reports of target Very few to many Very few to few Many
health problems

Possibility of developing Yes Very little Yes
target health problems from

typical food intake

Yes (supplements include
only a limited number of
nutrients)

Possibility of developing
target health problems even
with intake of supplements
and fortified foods

Yes (supplements include - -
only a limited number of
nutrients)

Yes (particular attention is
needed)

Consider when possible
(depending on needs)

Strength of need to consider
established values

Consider along with
various related factors

Must be considered

Low possibility when
intake is approximate to
or above RDA or Al

Possibility of developing
target health problems at
established intake

Possible because

related factors may also
contribute development of
problems

Very low possibility when
intake is below UL but
not 0%

EAR, estimated average requirement; RDA, recommended dietary allowance; Al, adequate intake; UL, tolerable upper intake
level; DG, tentative dietary goal for preventing lifestyle-related diseases.

The characteristics of and concepts related to these
DRIs are summarized in Table 1 (2). From an appli-
cation point of view, DRIs related to insufficient and
excessive intake should be given the highest priority;
only when these DRIs have been found reliable should
primary prevention of lifestyle-related diseases be con-
sidered. Table 2 shows the list of nutrients and each of
the DRIs established for individuals aged 1 y and above.
For infants aged O to 11 mo, DRIs were established for
30 nutrients excluding saturated fatty acid, cholesterol,
carbohydrate, and dietary fiber.

2-2, EAR. The EAR is defined as the estimated
average requirement of an entire defined population
(e.g., Japanese men aged 30 to 49 y) based on the dis-
tribution of the required intake as measured in a sample
population. In other words, it is defined as the intake that
satisfies the requirement for 50% (and at the same time
does not satisfy that of 50%) of individuals in a certain

population. Intake equal to the EAR does not necessarily
suggest development of classical nutrient deficiency. The
definition of deficiency varies among nutrients..

2-3. RDA. The RDA is defined as the intake that
satisfies the requirement of nearly all (97 to 98%) indi-
viduals of a certain population. The RDA is theoretically
calculated using the standard deviation (SD) of the dis-
tribution of the required intake as observed in an experi-
mental study from which the EAR was determined using
the following formula:

RDA=EARX(1+2X8D)

However, because experimental studies can rarely
successively determine the SD, an estimated value is
generally used instead. The RDA can also be determined
using the coefficient of variation (CV) of the EAR and
the following formula:

RDA=EARX(1+2XCV)
The CVs used in the DRIs are shown in Table 3.
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Table 2. Nutrients listed and indices used in the Dietary Reference Intakes for individuals aged 1 y and over.!

Nutrient ’ EAR RDA Al - UL DG

Group Sub-group Nutrient

Protein v v . . .

Fat Total fat — —
Saturated fatty acids — —
n-6 fatty acids — -
n-3 fatty acids — —
Cholesterol — —

I
l

I
l

Carbohydrates Carbohydrates — — — -

AN
l
AN N N NN

Dietary fiber — — — —

Vitamin Fat-soluble vitamins Vitamin A v v —

l

Vitamin D — — v
Vitamin E — — v
v

Vitamin K —

ANIENEEN
|

|
|
I

Water-soluble vitamins Vitamin By
Vitamin Bz
Niacin

Vitamin Bg

|
l
t

Vitamin B,

Folic acid

ANENENE NN
ANENE NN RN
|

I
hS
{

Pantothenic acid

l
|
< S
|
|

Biotin

AN
|
l
l

Vitamin C

~ <
I
1
l

<

Mineral Macrominerals Sodium

Potassium

|

I
<

|
N

Calcium

NN

AN
1
AN
|

Magnesium

I
\

Phosphorus —

Microminerals Iron

Zinc

AN
ANIENEN
|

Copper

I
|
<

Manganese
Iodine
Selenium
Chromium
Molybdenum v '4 - v —

AN
AN
l

EAR, estimated average requirement; RDA, recommended dietary allowance; Al, adequate intake; UL, tolerable upper intake
level; DG, tentative dietary goal for preventing lifestyle-related diseases.

1 Included when DRIs were defined only for certain age groups.

2Defined as intake other than that from typical foods.
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Table 3. Coefficient of variation used to estimate the recommended dietary allowance from the ‘estimated average

requirement.

Coefficient of Coefficient used for calculating

Nutrients

variation recommended dietary allowance
10% 1.2 Vitamin B, vitamin By, niacin, vitamin B, vitamin B, folic acid,
vitamin C, calcium, magnesium, iron for adolescents aged 15 to
17 y, zipc, selenium, chromium, molybdenum
12.5% 1.25 Protein
15% 1.3 Copper
20% 1.4 Vitamin A, iron for children aged 6 mo to 14 y, iodine

2-4. AL The Al is defined as the intake sufficient
to maintain the health of and prevent the nutrient defi-
ciency of almost all members of a population. The Al is
used only when both the EAR and RDA are unavailable.
Determination of the Al is mainly based on epidemio-
logic observations of the nutritional intake of a healthy
population and the following 3 concepts:

1) For nutrients for which insufficient intake is
unlikely, the Al is estimated from the results of simul-
taneous assessment of health status by the presence of
biomarkers and other factors and nutrient intake. When
almost no insufficiency is observed, the median intake

‘value is used as'the AL

2) For nutrients for which biomarker and others are
unavailable but the representative nutrient distribu-
tion of the Japanese population is available, the median
intake value is used as the Al

3) For infants, the Al is determined by multiplying
the volume of typical milk intake and the typical nutri-
ent content of breast milk.

2-5. UL. The UL is defined as the upper limit of
habitual intake that is considered to pose no risk of
health problems. Theoretically, the UL is the no observed
adverse effect level (NOAEL), the maximum intake deter-
mined to result in no adverse effects in human studies.
Due to limited data regarding the NOAEL in humans and
the fact that the studies upon which it is based were of
isolated groups, the UL is given as the NOAEL divided by
an uncertainty factor (UF) varying from 1 to 5 accord-
ing to conditions. When the lowest observed adverse
effect level (LOAEL), the minimum intake known to
cause adverse effects based on studies of particular
groups with excessive intake or use of supplements, is
known, the NOAEL is determined by dividing the LOAEL
by 10.

Adverse effects due to excessive intake in humans
are rarely reported, and ethical considerations prohibit
conducting human studies into determination of the
NOAEL and LOAEL. Therefore, both the NOAEL and
LOAEL are estimated based on data collected from ani-
mal or, in some cases, in-vitro studies. When only the
LOAEL is available, the NOAEL is estimated by dividing
the LOAEL by a UF of 10, estimated based on animal
studies. When neither the scientific basis nor a consen-
sus of professionals is sufficient for determining the UF,
an appropriate UF is selected within a range of 1 to 5

Table 4. Uncertainty factor used for calculation of tol-
erable upper intake level.

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 Be
10 Vitamin A (infants)
30 Tron

when human data are available and a UF of 10 when
only animal data are available. The UFs used in the DRIs
are shown in Table 4. It should be noted that determina-
tion of the UL slightly differs among nutrients.

2-6, _DG. ADGis given as preferable intake for pri-
mary prevention of lifestyle-related diseases by reducing
the risk of their development and that of their biologi-
cal markers. A DG is determined based on epidemiologic
studies and reference to the results of experimental
studies. However, the relationship between nutritional
intake and risk of developing lifestyle-related diseases is
continuous in nature. No remarkable threshold exists,
making it difficult to propose an optimum intake range
or threshold.

In the DRIs-J 2010, the diseases for which DGs were
established were limited to cardiovascular diseases (e.g.,
hypertension, dyslipidemia, stroke, and myocardial
infarction) and cancer (especially stomach cancer). As
such, the DGs pertain to intake of fats (fatty acids), cho-
lesterol, carbohydrates, dietary fiber, sodium (salt), and
potassium. The major strategy for prevention of osteo-
porosis and bone fracture, a strongly desirable goal, is
maintenance of bone mass. Of the nutrients related
to bone health, among which calcium and vitamin D
appear in the DRIs-J] 2010, a DG was not given for cal-
cium because the EAR and RDA were determined using
bone mass as a marker of deficiency of calcium intake,
nor was a DG given for vitamin D because of insufficient
consensus regarding the determination of the AI of
vitamin D, specifically the use of plasma 25-hydroxyvi-
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Table 5.
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Basic and specific dietary goals for selected nutrients.

Basic goal Specific goal

Nutrients

Modify intake to approximate DG

Increase intake
Decrease intake

Dietary fiber, n-3 fatty acids, potassium
Cholesterol, sodium

DG is given as a range and goal is modifying to come within range

Total fat, saturated fatty acids, carbohydrates

EAR, RDA, or Al is given and only a UL is given for DG

n-6 fatty acids

EAR, estimated avefage requirement; RDA, recommended dietary allowance; Al, adequate intake; DG, tentative dietary goal

for preventing lifestyle-related diseases.

tamin D level. The EAR and RDA of vitamin C were
determined with some consideration of the prevention
of cardiovascular disease. Since the vitamin C require-
ment has the character of a DG, a DG for vitamin C was
not given considering the calculation process. DGs for
saturated fatty acids, n-6 fatty acids, and carbohydrates
were determined using percentage of energy rather
than weight of intake per day (e.g., grams per day) as
a unit in consideration of the importance of the energy
balance of these nutrients. The goal in determining sev-
eral DGs was bringing habitual intake toward an upper
or lower intake level, while the goal in determining
other DGs was to bring or keep habitual intake within a
certain intake range. The relationships among the types
of DGs and nutrients are shown in Table 5.

Basic Parameters Used in Designing the DRIs
1. Age group

Table 6 shows the manner in which segments of
a population were classified into different age groups
for determination of the DRIs. As in the DRIs-] 2005,
infants were generally divided into 2 groups—aged O to
5 and 6 to 11 mo—and further divided into 3 groups
for determination of energy and protein intake—aged 0
to 5, 6 to 8, and 9 to 11 mo. Children and adolescents
were defined as those aged from 1 to 17 y and adults as
those aged 18 y and above. For nutrients for which spe-
cial consideration of the intake of the elderly was neces-
sary, those aged 70 y and above were defined as elderly.
2. Reference body size

The DRIs are expressed only as single representative
values of intake for each sex and age group without
consideration of body size (body height and weight)
within each group. In other words, all the values were
determined based on assumption of a typical body size
for each sex and age group. For all age groups of indi-
viduals aged 1y and above, typical body size is based
on the median height and weight of each sex and age
group as reported by the 2005 and 2006 National
Health and Nutrition Survey (NHNS) in Japan (3, 4). For
infants aged O to 11 mo, typical body size is based on the
median values of each sex and age group reported by
the 2000 National Growth Survey in Infancy and Child-
hood (5). Table 6 lists the values obtained.
3. Nutrient intakes used to establish Als and DGs

In certain instances, the nutrient intake of a popula-
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Table 6. Reference values of body size based on body
height and body weight.!

Sex Males Females?
Age Height  Weight | Height  Weight
(cm) (kg) (cm) (kg)
0-5 mo 61.5 6.4 60.0 5.9
6-11 mo 71.5 8.8 69.9 8.2
6—8 mo 69.7 8.5 68.1 7.8
9-11 mo 73.2 9.1 71.6 8.5
12y 85.0 11.7 84.0 11.0
3-5y 103.4 16.2 103.2 16.2
6-7y 120.0 22.0 118.6 22.0
89y 130.0 27.5 130.2 27.2
10-11y 142.9 35.5 141.4 34.5
12-14y 159.6 48.0 155.0 46.0
1517y 170.0 58.4 157.0 50.6
18-29y 171.4 63.0 158.0 50.6
30-49y 170.5 68.5 158.0 53.0
50-69 y 165.7 65.0 153.0 53.6
=70y 161.0 59.7 147.5 49.0

1 Median of each age group as reported in the 2005 and
2006 National Health and Nutrition Survey in Japan was
used for all age groups of individuals aged 1y old and
over. Median height and weight as shown in the growth
percentile curve for each month in the 2000 National
Growth Survey in Infancy and Childhood was used for
infants aged under 1 y.

2 Excluding pregnant women.

tion must be measured to establish Als and DGs. In the
DRIs-J 2010, the median and percentile of sex- and age-
group-specific intake reported in the 2005 and 2006
NHNS (3, 4) were used as reference values. The age
group classification of children aged 6 to 11 y differed
between the DRIs-] 2010 and the National Health and
Dietary Assessment such that the former included 3
groups (6 to 7, 8 to 9, and 10 to 11 y) and the latter 2
groups (6 to 8 and 9 to 11 y). Hence, the mean value of
children aged 6 to 8 y, the average of the mean values of
children aged 6 to 8 y and aged 9 to 11 y, and the mean
value of children aged 9 to 11 y as reported in the 2005
and 2006 NHNS were to determine the DRIs for the age
groups 6to 7y, 8 to 9y, and 10 to 11 y, respectively.

It is well known that the accuracy of almost all
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dietary assessments, including those conducted using
the dietary record method, suffer from under-reporting
(6). One Japanese study reported an average under-
reporting rate of 16% in men and 20% in women (7).
However, the extent of under-reporting in the 2005 and
2006 NHNS (3, 4). upon whose data the DRIs-J] 2010
were largely based, is unknown. A theory and practical
means of resolving this problem have not been proposed
in either Western countries or Japan. Therefore, the data
obtained from the surveys (3, 4) were used without any
adjustment for possible under-reporting. Table 7 lists the
nutrients for which intake data were used to determine
the Als or DGs.
4, Integration of research results

Determination of the DRIs was performed in accor-
dance with reference to systematic reviews and the
results of high-quality studies to the greatest extent pos-
sible. Because a value must have been determined using
results from more than one study, the guidelines shown
in Table 8 were used for integration of research results.
5. Consideration of intervention studies using supplements

Supplementation of several nutrients at extremely
high doses that cannot be obtained from typically
ingested foods is thought to prevent lifestyle-related dis-
eases. Any intervention studies using supplements to

Table 7. Nutrients for which intake data were available
to compute adequate intakes and dietary goals.

Index Nutrients
Al n-6 fatty acid, n-3 fatty acid, vitamin D, vita-
min E, pantothenic acid, biotin?, phosphorus,

manganese’
DG Total fat, saturated fatty acid, n-3 fatty acid,
sodium, potassium

Al, adequate intake; DG, tentative dietary goal for pre-
venting lifestyle-related diseases.

1Data obtained from sources other than the 2005 and
2006 National Health and Nutrition Survey in Japan
were used as references.

Table 8. Methods used to integrate study results.

N
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examine this claim were consulted in determining the
DRIs and included as references. However, as there have
also been reports of unfavorable health effects (8) after
certain favorable results have been reported, a conserva-
tive standpoint was used when considering the suitabil-
ity of additional intake from non-usual sources, such
as supplements. The results of studies that examined
intake levels unachievable by consumption of typical
foods were not considered in the determination of the
DGs.

6. Extrapolation methods :

6-1. Basic concepts. The data used to establish 5
DRIs (EAR, RDA, Al UL, and DG) were obtained for a
limited range of sex and age groups. Therefore, estab-
lishing the DRIs for each sex and age group required
extrapolation of available data from one group to other
groups. As the reference values for the EAR and Al are
often based on the daily intake (weight/day) while the
reference values for the UL are given per kg of body
weight, different extrapolation methods were used. The
EAR for each sex and age group was established by
extrapolating from the EAR reference values. The RDA
for each sex and age group was established by multiply-
ing the EAR by the coefficient shown in Table 3. The sex-
and age-group-specific Al was calculated by extrapola-
tion from the reference Al value.

6-2. EAR and AL It is difficult to develop a method
of extrapolation that accounts for the characteristics of
each nutrient. Because the efficiency of energy metabo-
lism highly correlates with body surface area, a formula
estimating body surface area from body height and/or
body weight has been widely used to determine energy
metabolism. Among the formulae developed to estimate
body surface area from body height and/or weight (9),
a formula developed in 1947 using the weight ratio to
the 0.75 power was used in determining the DRIs (10).
Recent studies have reported that this method is useful
for estimating the organ weights of various animals,
including the cardiovascular and respiratory organ
weights of mammals (11). Based on these reports,
extrapolation is performed as follows when EAR and Al
reference values per day (weight/day) and a representa-

Extent of similarity or difference

among study results Japanese subjects

Availability or lack of studies using

Integration concept of study results

Relatively similar Relative availability

Use of studies with priority

Relative lack

Use of all studies with equal priority
and the mean of the values reported

Relatively different
studies

Availability of relatively high-quality

Use of studies with priority

studies

Availability of relatively low-quality

Use of selected high-quality studies
and the mean of the values reported

Lack of studies
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Table 9. Growth factors used in determination of EAR
and Al for children and adolescents aged 1 y and over.

Age group Growth factor
Males and females 1-2 y 0.30
Males and females 3-14 y 0.15
Males 15-17 y 0.15
Females 15-17 y 0
Males and females 18 y and over 0

EAR, estimated average requirement; Al, adequate intake.

tive value (median or mean) of body weight of a given
group are available:
X=XoX(W/Wo)?"3X(1+G),
where X=FEAR or Al (intake per day) of a specific age
group, Xo=reference value of EAR or Al (intake per
day), W=reference body weight of the specific age
group, Wo=median or mean of body weight of group
that provided EAR or Al reference value, and G=growth
factor (see Table 9).

In several studies, the BAR or AI reference value is
given per kg of body weight. In such cases, extrapola-
tion is performed as follows:

X=XoXWX(1+G),
where X=EAR or Al (intake per day) of a specific age
group, Xo=reference value of EAR or Al (intake per
day), W=reference body weight of age group, and
G=growth factor (see Table 9).

For children, the following growth factor values must
also be taken into account: (1) the additional intake of
a nutrient required for growth and (2) the quantity of
the nutrient accumulated in the body during growth. To
obtain these values, the values used by the FAO, WHO,
and UNU (12) and the United States and Canada in their

DRIs (9) were modified for each age group of the Japa- '

nese population (Table 9). For infants aged 6 to 11 mo,
the following 2 methods were considered: (1) extrapola-
tion based on the value for infants aged O to 5 mo and
(2) use of the median value of infants aged O to 5 mo
and children aged 1 to 2 . For extrapolation of the DRI
values to infants aged O to 5 mo, the following formula
has been proposed (9):

DRI for infants aged 0 to 5 mo

=reference weight of infants aged 6 to 11 mo/(ref-
erence weight of infants aged O to 5 mo)®7°

As infants aged O to 5 mo are in the growth stage,
determination of their DRIs must consider allowances
for growth factors, which the formula given above fails
to do. When the value of the reference weight is sub-
stituted in the formula, the expressions for boys and
girls are (8.8/6.4)%7% and (8.2/5.9)%7%, yielding values
of 1.27 and 1.28, respectively. As use of these formulae
produces extrapolated values that are slightly different
for boys and girls, the mean of these values is used to
determine the Al for both sexes.

6-3. UL. Asisthe case for the EARs and Als, none
of methods used to extrapolate the ULs produce values
that are sufficiently reliable. For age groups for which

SASAKI S

Table 10. Methods used for rounding values.

Approximate median value - Method of rounding

0.5 Nearest 0.1
1 Nearest 0.1
5 Nearest 0.5
10 Nearest whole number
50 Nearest 5
100 Nearest 10
500 Nearest 50
1,000 Nearest 100
5,000 Nearest 500

When reference value of UL was given as a quantity
per day, the extrapolation equation used was the follow-
ing: X=XoX (W/Wpy), where X=UL (intake per day) of a
specific age group, Xo=reference value of UL (intake per
day), W=reference body weight of the specific age group,
Wo=median or mean of body weight of group that pro-
vided reference value of UL.

data are insufficient, 1 of 2 methods is generally used
to establish the value. When the UL reference value is
given as a quantity in terms of kg of body weight, the UL
is extrapolated as follows:
X=XoXW,

where X=UL (intake per day) of a specific age group,
Xo=UL reference value (intake per day), and W=refer-
ence body weight of the specific age group.

When the UL reference value is given as a quantity
per day, the UL is extrapolated as follows:

X=XoxX(W/Wo),

where X=UL (intake per day) of a specific age group,
Xo=UL reference value (intake per day), W=reference
body weight of the specific age group, Wo=median or
mean of body weight of group that provided UL refer-
ence value.
7. Methods of rounding values

For the sake of convenience and reliability, EAR, RDA,
Al UL, and DG values are routinely rounded off accord-
ing to the rules shown in Table 10. For all age groups
of children and adults, a single rule was applied for
each nutrient. Values for infant and additional values
for pregnant and lactating women were rounded to the
same number of digits as those used for other sex and
age classes. After rounding values, they were smoothed
when necessary to remove an excessive difference from
neighboring age groups.

Discussion

This review briefly described the theory used in deter-
mining the DRIs-] 2010, whose understanding is indis-
pensable in the appropriate use of the values contained
in this report. The theory is similar to those used in
determining the DRIs in the United States and Canada.
However, the DRIs-J] 2010 adopted the concept of pre-
vention of chronic diseases using DGs. This is unique
and seems to be important because control and pre-
vention of major chronic diseases, i.e., lifestyle-related
diseases, is the most important issue in most of devel-
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oped countries. However, the scientific basis behind this
concept is insufficient, reguiring its modification based
on scientific evidence accumulated in the future. Con-
tinued effort to establish the most appropriate DRIs for
the Japanese population should be strongly encouraged
with an eye toward future revision of the DRIs.
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Summary The Dietary Reference Intakes for Japanese (DRIs-J) 2010 is not merely as
scientific report describing the intake of energy and nutrients necessary for prevention of
deficiency/insufficiency and excess but also a source of practical guidelines in planning
for dietary improvement in general and in food services by dietitians and other health pro-
fessionals. This review briefly describes the basic concepts in the application of the DRIs-]
2010. It consists of two sections considering the purposes of use in the Dietary Reference
Intakes (DRIs) in Japan: (1) the basic concepts in their application and related issues and (2)
the methods of their application. The latter is further divided into 3 sections each describing
a goal in the application of the DRIs: (1) improvement of diet for an individual, (2) improve-
ment of diet for a group, and (3) management of food services. A major challenge in the
application of the DRIs is that compared to research into determination of the intake of
energy and nutrients for development of the DRIs, research into application of the DRIs has
been extremely scarce in Japan. Due to lack of evidence, current application of the DRIs is
conceptual rather than scientific and practical. Highly scientific research into application of

the DRIs is thus urgently needed.

Key Words dietary reference intakes, application, Japan

Introduction

This review briefly describes the basic concepts in the
application of the Dietary Reference Intakes for Japanese
(DRIs-]) 2010. Although the use of standardized con-
cepts for DRIs has been proposed in the United States
and Europe, universal concepts have not yet been estab-
lished (1-3). As body size, major health problems, and
nutritional intake all differ between Japanese and West-
ern populations, country-specific conceptualization of
the DRIs is needed.

Basic Concepts in DRI Application and Related
Issues
1. Target individuals and groups

The targets of the DRIs are healthy individuals and
groups mainly composed of healthy individuals, as well
as individuals not receiving dietary education or under-
going dietary therapy or restriction and individuals with
low levels of risk factors, such as high blood pressure,
dyslipidemia, or hyperglycemia. In cases in which dietary
education, therapy, or restriction is recommended to an
individual or a group for treatment or prevention of a
disease, disease-specific guidelines should be referred to
and the DRIs-] 2010 should be used as a supplemen-
tal reference. Several studies have reported differences
between the estimated average requirements (EARs) and
the nutritional requirements of healthy individuals and
certain groups, including the elderly (i.e., those needing

E-mail: stssasak@m.u-tokyo.ac.jp

nursing care) and the disabled (4-6). However, as evi-
dence regarding these differences has not yet sufficiently
accumulated, it is still unclear whether the values devel-
oped for healthy subjects are applicable to these groups.
2. Sources of intake

With some exceptions, the primary sources of energy
and nutrients are foods eaten as meals, including for-
tified foods, and dietary supplements taken for health
improvement and not for treatment of disease.
3. Duration of intake

The DRIs are standards for “habitual” intake ex-
pressed as “intake per day.” Thus, they apply to long-
term rather than short-term (e.g., single-day) intake.
This is due to the fact that health problems addressed by
the DRIs are caused by habitual inadequate intake. The
period needed to develop health problems due to inade-
quate intake depends on the nutrient(s) involved and the
type of health problems. For example, serum vitamin B;
level decreases greatly 2 wk after eliminating vitamin
B from the diet, and various symptoms caused by its
deficiency emerge within 4 wk (7). This illustrates the
necessity of dietary management of vitamin B; within
a period shorter than 1 mo. On the other hand, exces-
sive intake of sodium (salt) is correlated with hyperten-
sion due to aging (8), indicating the importance of the
dietary management of sodium over several decades.

Due to the characteristics of nutrient intake, in par-
ticular its day-to-day variability, it is difficult to define
the habitual intake of a particular nutrient. According
to previous observations (9-12), the period required for
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Table 1. Priority of application of DRIs-] 2010 energy and nutrient intake values.
Energy/nutrient Nutrients (examples) Notes
1. Energy — Including alcohol
2. Protein Protein —
3. Fat Fat % energy (%E)

4. Nutrients listed in food composition table!
(nutrients for which both EAR and RDA or AI
has been established)

Vitamin A, vitamin B;,
vitamin B,, vitamin C,
calcium, iron

Nutrients for which critical deficiency has
been observed and for which prevention of
deficiency is important. Requires consider-
ation of relatively short-term intake.

S. Nutrients listed in food composition Saturated fatty acids, Nutrients important in primary prevention
table! (nutrients for which a DG has been dietary fiber, sodium, of lifestyle-related diseases. Requires consid-
established) potassium eration of relatively long-term intake.

6. Nutrients not listed in food composition —
table!

Usually low priority except for particular
groups or groups with particular food habits.

! Table appears in Standard Tables of Food Composition in Japan, 5th Revised and Enlarged Edition.
DRIs-J, Dietary Reference Intakes for Japanese; EAR, estimated average requirement; RDA, recommended dietary allowance;
Al, adequate intake; DG, tentative dietary goal for preventing lifestyle-related diseases.

assessing or managing habitual intake is approximately
1 mo, with some exceptions for nutrients with great
day-to-day variability in intake.

4. Priority of goals and nutrients in nutritional manage-
ment (Table 1)

Reliability and priority in application are not same
among energy and nutrients. Maintaining adequate
energy balance between intake and expenditure is
fundamental in nutritional management. Nutrients
are categorized into 2 types depending on the purpose
of intake: avoidance of both insufficient and excessive
intake (while considering natural growth in infants and
children) and primary prevention of lifestyle-related dis-
eases. As the former should be given priority, EARs, rec-
ommended daily allowances (RDAs), adequate intakes
(Als), and tolerable upper intake level (ULs) should be
determined prior to determining tentative dietary goals
for preventing lifestyle-related diseases (DGs). DGs
should only be considered when maintenance of health
status is assured. Priority is also low for nutritional
management of nutrients without confirmed deficiency
in humans and for nutrients for which intake cannot be
measured or estimated. However, the order of priority
is not fixed and may need to be changed, depending on
the characteristics of the individuals or groups that are
being assessed and the goals of the DRIs.

5. Points for application based on each of the DRIs

5-1. Estimated energy requirement. In nutritional
management, the estimated energy requirement (EER)
of an individual must be considered to determine the
energy per serving. The EER is determined by measure-
ment of energy expenditure using the doubly labeled
water method. Physical activity level (PAL) is estimated
using the following formula, which is based on mea-
surement of energy expenditure and basal metabolic

rate (BMR):
PAL=EER/BMR

However, as the EER is immeasurable from an appli-
cation point of view, it is estimated from BMR and PAL
with consideration of sex and age class using the follow-
ing formula:

EER=BMR XPAL
Nevertheless, the BMR is not always easy to measure,
and the estimation error of PAL tends to be large. It
is therefore not always practical to estimate energy
requirements using the BMR and PAL.

Several formulae have been proposed to estimate the
BMR based on individual characteristics, including sex,
age, height, and weight, such as the Harris-Benedict
equation (13); an equation developed by the Food and
Agricultural Organization (FAO), the World Health
Organization (WHO), and the United Nations Univer-
sity (UNU) (14); and the NIHN equation for the Japa-
nese population (15). However, equations developed for
Western populations have been found to overestimate
the EER for the Japanese population (16, 17). Thus,
when using these equations for estimating an individu-
al’s energy requirement, their reliability and applicabil-
ity must be fully considered, in addition to the estima-
tion error of PAL.

The true energy requirement has been found to have
a standard deviation of 200 kcal/d among male adults
and 160 kcal/d among female adults (18). Because of
this wide variation in true energy requirement at an
individual level and several other factors, determination
of energy balance (i.e., balance between energy intake
and expenditure) should be based on evaluation of body
weight and body mass index (BMI), both of which are
relatively easy to measure accurately, instead of com-
parison of EER with energy intake as evaluated by
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Table 2. Differences between nutrient definitions in DRIs-] 2010 and Standard Tables of Food Composition in Japan, Sth

Revised and Enlarged Edition. :

Difference Notes when intake or serving size is esti-
Nutrient mated from food composition table! for use
DRIs-J 2010 Food composition table! in DRIs-] 2010
Vitamin E Only a-tocopherol is a-, B, y-, and 8-tocopherol Only a-tocopherol should be used.
reported. are reported individually.
Niacin Niacin equivalents (=niacin Nicotinic acid equivalent is Niacin (mg) -+ 1/60 tryptophan (mg)

[mg]+1/60 tryptophan
[mg]) is used.

used (niacin synthesized in
the body from tryptophan
is not included).

should be used. Since tryptophan con-
centration in food is roughly 1/100 that
of protein, its value approaches the value
of niacin (mg)+1/6,000 protein (mg),
and can be rewritten as niacin (mg)+1/6
protein (g).

1 Reference 27).

dietary assessment.

5-2. EAR and RDA. Since use of the EAR poses
a 50% probability of insufficient intake, dietary inter-
vention is needed when the intake of several or many
members in a group is below the EAR. The RDA is the
intake level that poses a nearly 0% of deficiency in an
individual or the individuals in a group. Therefore, if the
intake of individuals or a group approaches or is above
the RDA, it can be assumed that they face nearly no risk
of deficiency. However, users of the DRIs-J] 2010 should
understand the purpose and definition of each DRI and
the characteristics of each nutrient because the applica-
tion method differs according to the purpose.

5-3. AL The Al is determined when the EAR is not
available. Although there is very low risk of deficiency
when the intake of a nutrient is above the Al it is not
possible to identify the existence of deficiency or its risk
when intake is below the Al

5-4. UL. The UL indicates a threshold intake
above which a risk of health problems exists. Since UL
values are theoretically and empirically difficult to estab-
lish, most are based on a few reports of accidental over-
dose, indicating the insufficiency of scientific evidence
for determining ULs. Therefore, individuals should use
ULs as values to avoid approaching rather than to avoid
exceeding, and not use them in primary prevention of
lifestyle-related diseases.

5-5. DG. A DG is established for primary preven-
tion of lifestyle-related diseases. As diet is one of many
causes of lifestyle-related diseases, it is not correct to
strictly maintain DG simply for their primary preven-
tion. For example, excessive intake of sodium (salt) is
just one of several factors increasing the risk of hyper-
tension (19). Compared to health problems due to
insufficient or excessive intake, lifestyle-related diseases
are considered outcomes of lifestyle factors, including
dietary habits, sustained over very long periods. In view
of this consideration, long-term (lifetime) management
is more important than strict short-term management.
6. Dietary assessment

6-1. Relationship to application.

Evaluation of en-
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ergy and nutrient intake is performed for comparison
of an intake value with its corresponding DRI value.
However, due to the various problems discussed below,
especially measurement errors in dietary assessment,
users of the DRIs-] 2010 must pay careful attention to
the means of standardization and endeavor to maintain
accuracy in both assessment and interpretation of the
values.

6-2. Under- and over-reporting. Of the several
methods used for dietary assessment, most are based on
self-reporting by subjects, inevitably leading to report-
ing errors. Of under- and over-reporting, the most sig-
nificant reporting errors, under-reporting occurs more
frequently. Under-reporting of energy in particular
requires careful attention. In research, the level of mea-
surement error differs, depending on the assessment
method used and subject characteristics. Among Japa-
nese adults, males under-report their energy intake by
11% on average and females by 15% (20).

Under-reporting may have a highly negative effect on
the interpretation of a dietary assessment. For example,
the excessive energy intake of a man who gains 5 kg in
a year is 96 kcal/d (i.e., 7,000X5/365), assuming that
1 kg of body weight is equal to approximately 7,000 kcal
(21, 22). The measurement error due to under-report-
ing by 13% would be 260 kcal/d for a man whose total
energy intake is 2,000 kcal/d, a value much larger
than the 96 kcal/d. This example shows that under-
reporting makes it almost impossible to compare a value
obtained by dietary assessment with the EER. Further-
more, under- and over-reporting are strongly affected by
the degree of obesity (23). Comparing intake estimated
from analysis of 24-h urinary excretion of nitrogen (a
biomarker of protein intake), potassium, and sodium
and the corresponding self-reported intake of Japanese
subjects, one study found a clear relationship between
the degree of reporting error and the degree of obesity
in terms of BMI (24).

6-3. Day-to-day variation. It is widely known that
day-to-day variations exist in energy and nutritional
intakes (8). Nevertheless, determination of intake dis-
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Table 3. Basic concepts in applying DRIs-] 2010 for dietary improvement of individuals.

Purpose Indices Dietary assessment Planning for and application of dietary improvement
Assessment of Change in Balance is negative when Planning should aim to maintain BMI within normal
energy balance BMI and/ BMI is below 18.5 and posi- range.

or body tive when BMI is over 25.0.
weight
Evaluation of change by Note: Measurement should be performed at least
measurement of body weight twice within a certain period and plans reviewed and
change. revised based on the results.
Assessment EAR, Al Determination of percentage Planning should aim to minimize the number of
of insufficient of individuals with intake individuals with intake below EAR.
nutrient intake below EAR.
When using Al, compare When intake is approximate to or above RDA or Al,
Al and measured intake to planning should aim to maintain intake.
ensure that intake is not Note: Measurement of intake below Al does not indi-
below Al cate the probability of inadequacy.
Assessment UL Estimation of possibility of When intake is above UL, planning should aim to
of excessive excessive intake by compar- reduce intake below UL.
nutrient intake ing measured intake and UL. Note: Intake above UL should be avoided. When
excessive intake is reported, plans should be reviewed,
revised, and implemented promptly.
Assessment of DG Comparison of measured Planning should aim to maintain intake within a
risk of primary intake and DG. However, range of DG.
prevention of assessment should be done Note: Assessment of target nutrient should be con-
lifestyle-related with comprehensive con- ducted with comprehensive consideration of (1) the
disease sideration of existence and existence and degree of other nutrition-related and
degree of other nutrition- non-nutrition-related factors contributing to the
related and non-nutrition- target lifestyle-related disease and (2) the sustain-
related factors of target ability of a plan over the long term, as lifestyle-related
lifestyle-related disease. diseases develop over the course of the lifespan.

DRIs-], Dietary Reference Intakes for Japanese; BMI, body mass index; EAR, estimated average requirement; RDA, recom-
mended dietary allowance; Al, adequate intake; UL, tolerable upper intake level; DG, tentative dietary goal for preventing

lifestyle-related diseases.

tributions without consideration of day-to-day varia-
tions is required, as the DRIs do not consider variations
despite the fact that the degree of day-to-day variation
in energy and nutrient intake differs among individuals
and groups (9-12). A further challenge is that due to
difficulties in study methodology, actual day-to-day vari-
ation in the Japanese remains poorly investigated.

Day-to-day variation also poses difficulty in assessing
the intake distribution of a group. Because of day-to-day
variation, a distribution curve obtained from assessment
of a nutrient over a limited number of days is narrower
than that obtained from assessment of habitual intake.
Therefore, the observed percentage of individuals with
deficient/insufficient or excessive intake depends on the
number of days examined in a dietary assessment (25).
Moreover, seasonal variation as a component of day-to-
day variation must be considered. The intake of several
nutrients, including vitamin C, has been found to have
clear seasonal variation in Japanese populations (7, 11,
24-26).

6-4.  Food composition table. A food composition

table is used to calculate nutrient intakes in a dietary
assessment and those of the menu of a food service.
However, the definitions of the nutrients slightly differ
between the DRIs and the food composition table (27)
(Table 2).
7. Assessment of body size, clinical symptoms, and results
of clinical examinations

Body weight and BMI are the most important and
practical indices used in planning and evaluating
dietary interventions. When evaluating the results of
dietary interventions, change in body weight is a more
practical index than change in BML In an intervention
for weight decrease or increase, body weight should be
measured and recorded every 4 wk and be followed up
for more than 16 wk (28). Besides body size, abdomi-
nal girth, body fat percentage, and other indices may be
used, depending on the purpose of the intervention.

Clinical symptoms and the results of clinical exami-
nations may also be used as indices of insufficient or
excessive intake of nutrients. For iron, hemoglobin con-
centration in blood and menstrual blood loss may be
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Table 4. Basic concepts in applying DRIs-] 2010 for dietary improvement of groups.

Purpose Indices Dietary assessment Planning for and application of dietary improvement
Assessment of Change in Balance is negative when Planning should aim to maintain BMI within normal
energy balance BMI and/ BMI is below 18.5 and posi- range.

or body tive when BMI is over 25.0.
weight
Evaluation of change by Note: Measurement should be performed at least twice
measurement of body within a certain period and plans reviewed and revised
weight change. based on results.
Assessment EAR, AI Determination of percentage | Planning should aim to minimize number of individu-
of insufficient of individuals with intake als with intake below EAR.
nutrient intake below EAR,
When using Al, compare When using Al planning should aim to increase mean
Al and measured intake to group intake to approximate Al.
ensure that intake is not Note: It is difficult to compare percentage of individu-
below AI using distribution als with intake below EAR and the percentage with
of measured intake. intake below Al because the percentages have different
meanings.
Assessment of UL Calculation of percentage of Planning should aim to reduce intake of all individuals
excessive nutri- individuals at risk of exces- below UL.
ent intake sive intake using distribution | Note: Intake above UL should be avoided. When exces-
of measured intake and UL. sive intake is reported, plans should be reviewed,
revised, and implemented promptly.
Assessment of DG Calculation of percentage Planning should aim to increase number of individuals
risk of primary of individuals with intake with intake within or approximates the range of DG.
prevention of outside range of DG using Note: Assessment of target nutrient should be con-
lifestyle-related measured intake and DG. ducted with comprehensive consideration of (1) the
disease existence and degree of other nutrition-related and
non-nutrition-related factors contributing to the target
lifestyle-related disease and (2) the sustainability of a
plan over the long term, as lifestyle-related diseases
develop over the course of the lifespan.

used as markers (29, 30). However, their careful inter-
pretation is required because clinical symptoms and the
results of clinical examinations are affected by other fac-
tors besides the levels of a target nutrient.

Methods of Application

The DRIs are used for many purposes but mainly for
dietary improvement and management of food services.
Theories of application of dietary improvement, which
consists of assessment of dietary intake, preparation
based on assessment, and practice, differ between indi-
viduals and groups, and should therefore be described
separately. The term management of food service refers to
dietary planning for a particular group and an on-going
meal service. The DRIs, which are the fundamental data
sources used to establish dietary guidelines and rec-
ommendations, do not necessarily need to be achieved
immediately for any purpose.
1.  Dietary improvement of individuals

1-1. Basic concepts. Table 3 shows the basic con-
cept in application of the DRIs to the dietary improve-
ment of individuals. This concept is based on the con-
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cepts proposed in the DRIs of the United States and
Canada (1, 2, 31) and the application patterns of the
DRIs in Japan.

1-2. Dietary assessment (Table 3). For assessment
of insufficient or excessive intake of energy, BMI or body
weight change should be used. The Japan Society for
the Study of Obesity defines a normal BMI as-a value
between 18.5 and 25.0 (32). However, even if an indi-
vidual is within this range, increase or decrease in body
weight suggests a positive or negative energy balance,
respectively, and thus requires careful assessment.

When evaluating sufficiency of nutrient intake, either
the EAR and RDA is used or, if both are unavailable, the
Al Probability of inadequacy is estimated using mea-
sured intake, the EAR, and the RDA. There is nearly
no risk of inadequacy when intake is close to or above
the RDA. When intake is above the EAR but below the
RDA, increasing intake up to the RDA is recommended.
However, decisions regarding the intake of a particu-
lar nutrient should be made with consideration of the
intake of other nutrients. When intake is below the EAR,
increasing intake is strongly recommended. Assessment




