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Summary The Dietary Reference Intakes (DRIs) of 8 microminerals (iron, zinc, copper,
manganese, iodine, selenium, chromium and molybdenum) were determined for Japanese.
The estimated average requirement (EAR) and the recommended dietary allowance (RDA)
for adults ages 18 y and older were determined in seven microminerals other than for man-
ganese. Due to lack of data with which to set the EAR for manganese, determination of
the adequate intake (AI) of manganese was based on the average manganese intake of the
Japanese population. Data with which to determine the EARs were obtained using the fol-
lowing methods: iron and zinc, use of a factorial modeling method; copper and selenium,
determination of the relationship between biomarkers and intake; iodine, determination of
thyroid iodine accumulation and turnover; and chromium and molybdenum, performance
of a balance test. The EARs and RDAs of iron, zinc, copper, iodine and selenium for chil-
dren and adolescents aged 1 to 17 y were also determined. Based on the average micromin-
eral concentration in the milk of Japanese women and the average intake of breast milk
in Japanese infants, the Al for infants was determined for 8 microminerals. The tolerable
upper intake level (ULs) of adults were determined for all microminerals except chromium,
for which there are insufficient data. The ULs for iron, iodine and selenium for children and
adolescents were also determined.

Key Words chromium, copper, iodine, iron, manganese, molybdenum, selenium, zinc

Iron
Background information

Iron functions as a component of a number of pro-
teins, including hemoglobin and several enzymes. Iron
deficiency induces anemia and decreases physical per-
formance and cognitive functions. Women's iron status
is highly influenced by menstrual iron loss. In Japan,
approximately 25% of women aged 30 through 39y
have been diagnosed with anemia, defined as a hemo-
globin level lower than 12.0 g/dL (1).

Determining the Dietary Reference Intakes (DRIs)

The estimated average requirement (EAR) for iron
was determined using a factorial modeling method in
which the factors were basal iron loss (mostly via fecal
loss), menstrual iron loss, iron storage with growth
(mostly via increase in hemoglobin mass), increased
iron requirement with pregnancy or lactation, and

E-mail: hanmyou4@kansai-u.ac.jp

extent of dietary iron absorption. The average basal iron
loss was estimated to be 0.96 mg/d, as determined by a
study of 41 persons in 4 groups of a mean body weight
of 68.6 kg (2), and this value extrapolated to each sex
and age group using the 0.75th power of a weight ratio.
The average menstrual iron loss was estimated to be
0.46 mg/d for girls aged 10 to 17 y and 0.55 mg/d for
women aged 18 y and older based on the average men-
strual blood loss of Japanese women (3, 4). The iron
storage with growth for each sex and age group (0.09
to 0.46 mg/d) was estimated based on blood volume
and hemoglobin concentration by age group (5, 6), iron
content in hemoglobin (3.39 mg/g) (7), increase in tis-
sue iron (non-storage iron), and increase in storage iron
(8). The average of increased iron requirements due to
pregnancy (0.32, 2.68, and 3.64 mg/d for the early,
mid, and late stages of pregnancy, respectively) were
calculated based on fetal and placental iron storage (9)
and increase in hemoglobin mass caused by erythrocyte
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Table 1. Dietary Reference Intakes for iron (mg/d).!
Sex Males Females
Non-menstruating Menstruating
Age BEAR  RDA Al UL women women Al UL
EAR RDA EAR RDA
0-5mo — — 0.5 — — — — — 0.5 —
611 mo 3.5 5.0 —_ — 3.5 4.5 — e — e
1-2y 3.0 4.0 e 25 3.0 4.5 — — — 20
3-5y 4.0 5.5 e 25 4.0 5.5 — — — 25
6-7y 4.5 6.5 — 30 4.5 6.5 — — — 30
89y 6.0 8.5 — 35 5.5 8.0 — — — 35
10-11y 7.0 10.0 — 35 6.5 9.5 9.5 13.5 — 35
12-14y 8.0 11.0 — 50 7.0 10.0 10.0 14.0 — 45
15-17y 8.0 9.5 — 45 5.5 7.0 8.5 10.5 — 40
18-29y 6.0 7.0 — 50 5.0 6.0 8.5 10.5 — 40
30-49y 6.5 7.5 — 55 5.5 6.5 9.0 11.0 — 40
50-69y 6.0 7.5 — 50 5.5 6.5 9.0 11.0 — 45
=70y 6.0 7.0 — 50 5.0 6.0 — e — 40
Pregnant women
(amount to be added)
Early-stage +2.0 +2.5 — — — —
Mid and late-stage +12.5 +15.0 — — — —
Lactating women
(amount to be added) +2.0 +2.5 - - - -

EAR, estimated average requirement; RDA, recommended dietary allowance; Al, adequate intake; UL, tolerable upper intake

level.

! The values were set excluding those with menorrhagia (blood loss exceeding 80 mI/period).

mass expansion. The average iron requirement due to by
lactation (0.33 mg/d) was calculated from the average
iron concentration (0.426 mg/L) (10) and volume of
secretion (0.78 L/d) (11, 12) of breast milk in Japanese
women.

In accordance with a value adopted by the World
Health Organization (WHO) and the Food and Agricul-
tural Organization (FAQ) (13), the average percentage of
dietary iron absorption by all ages is estimated to be
15% except for women during the mid and late stages of
pregnancy, for whom it is estimated to be 25% (14). The
EARs were calculated as follows: men and non-men-
struating women aged 18 y and older, EAR=basal loss/
absorption; menstruating women aged 18 y and older,
EAR=(basal loss+menstrual loss)/absorption; boys and
non-menstruating girls aged 6 mo to 17 y, EAR=(basal
loss+accumulation with growth)/absorption; menstru-
ating girls aged 10 to 17 y, EAR=(basal loss+menstrual
loss+accumulation with growth)/absorption; preg-
nant and lactating women, additional EAR=increased
demand induced by pregnancy or lactation/absorption.
The recommended dietary allowances (RDAs) were deter-
mined as follows: children aged 6 mo to 14 y, EARX1.4;
aged 15 or older, EARX1.2.

The adequate intake (AI) for infants aged O to 5 mo
was calculated based on mean iron intake of infants
fed breast milk as follows: Al=average iron concentra-

tion in breast milk in Japanese women (0.426 mg/L)
(10)Xaverage intake of breast milk in Japanese infants
(0.78 L/d) (11, 12). The tolerable upper intake lev-
els (ULs) for individuals aged 15y or older was set at
0.8 mg/kg/d according to the provisional maximal tol-
erable intake reported by the WHO and FAO (15). The UL
for toddlers aged 1 to 2 y was set at 2.0 mg/kg/d based
on the lowest observed adverse effect level (LOAEL) for
toddlers, which is 60 mg/kg/d (16), and an uncertainty
factor of 30. The ULs for children aged 3to 5y, 6to 7 v,
8 to 9y and 10 to 14 y were set at 1.6, 1.4, 1.2, and
1.0 mg/kg/d, respectively.

Table 1 summarizes the DRIs for iron. The EARs and
RDAs in this table do not apply to women with hyper-
menorrhea, defined as menstrual blood loss over 80 mL
per month.

Zinc
Background information

Zinc is an essential component of almost 100 spe-
cific enzymes, including alcohol dehydrogenase and
RNA polymerases. Zinc deficiency may occur in patients
receiving prolonged total parenteral nutrition (TPN)
without zinc supplementation (17) or in infants fed
breast milk with low zinc content (18), and manifests
as several specific symptoms, including acrodermatitis
enteropathica, hypogeusia, and chronic diarrhea.
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Table 2. Dietary Reference Intakes for zinc (mg/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — — 2 — — — 2 —
6-11 mo —_ — 3 — — — 3 —
1-2y 4 5 — — 4 5 —_ —
3-5y 5 6 — — 5 6 — —
6-7y 6 7 — — 6 7 — —
89y 7 8 — — 7 8 — -
10-11y 8 10 — — 8 10 — —
12-14y 9 11 — — 8 9 — —
15-17y 11 13 — — 7 9 — —
18-29y 10 12 — 40 7 9 — 35
3049y 10 12 — 45 8 9 — 35
50-69y 10 12 — 45 8 9 — 35
=70y 9 11 — 40 7 9 — 30
Pregnant women
(amount to be added) +1 +2 - -
Lactating women
(amount to be added) +3 +3 - _

Determining DRIs

The EAR for zinc was determined using a factorial
modeling method in which the factors were urinary
zinc excretion, the sum of integumental and sweat
zinc loss, zinc loss in semen or menstrual blood, endog-
enous zinc excretion via the intestine, and the extent
of absorption of dietary zinc. The RDA for zinc was set
equal to 120% of the EAR. As estimated according to
the US/Canadian DRIs (19), urinary zinc excretion, the
sum of integumental and sweat zinc loss, and zinc loss
in semen or menstrual blood for adults of a reference
body weight (men, 76 kg; women, 61 kg) were found
to be the following: urinary zinc loss, 0.63 (men) and
0.44 mg/d (women); sum of integumental and sweat
zinc loss, 0.54 (men) and 0.46 mg/d (women); zinc
loss in semen, 0.10 mg/d; and zinc losses in menstrual
blood, 0.10 mg/d. As a result, endogenous zinc losses
via routes other than the intestine for men and women
were determined to be 1.27 (0.63+0.54+0.10) mg/d
and 1.00 (0.44+0.46+0.10) mg/d, respectively.

Theresults of several studies using a stable isotope (20—
26) have shown that the relationship between endog-
enous zinc excretion via the intestine and the quantity
of zinc absorbed in adults with a body weight of 76 kg
can be calculated using the following equation: endog-
enous excretion via the intestine=0.628X(quantity
absorbed+0.2784). Because total endogenous zinc
excretion is the sum of endogenous excretion via the
intestine and other routes, the relationship between total
endogenous zinc excretion and quantity of zinc absorbed
in adults with a body weight of 76 kg can be calculated
using the following equations: men, total endogenous
excretion=0.628 X(quantity absorbed+0.2784+1.27);
women, total endogenous excretion=0.628 X (quantity

absorbed+0.2784+1.00X(76/61)%7%). The quantity of
zinc intake necessary to achieve zinc balance, the state
in which zinc absorption is equal to total endogenous
excretion, has been calculated to be 4.16 mg/d for men
and 3.92 mg/d for women. The relationship between
zinc absorption and zinc intake is expressed by the fol-
lowing equation (20-26): quantity of absorbed zinc
=1.113X(zinc intake)®3402, The EAR for zinc, defined as
the minimal intake necessary to maintain zinc balance,
for adults with a body weight of 76 kg was determined
to be 11.18 mg/d for men and 10.03 mg/d for women.
These values were extrapolated to the EAR for each age
group of adults aged 18 y or older using the 0.75th
power of a weight ratio. The EAR for adolescents aged
12 to 17 y was determined by extrapolation of the EAR
for adults using the 0.75th power of a weight ratio and
a growth factor.

In a study of Japanese children (mean body weight,
16.34 kg), the minimal intake necessary to maintain
zinc balance was estimated to be 3.87 mg/d (27). Thus,
the EAR for children with a body weight of 16.34 kg
was calculated to be 4.06 mg/d, which is obtained by
addition of 3.87 mg/d to the sum of integumental and
sweat zinc loss (0.19 mg/d). The EAR for children aged
1to 11 y was determined by extrapolation of 4.06 mg/d
to each age group using the 0.75th power of a weight
ratio and a growth factor. The additional EAR for preg-
nant women, which was determined by measurement
of zinc storage during pregnancy (0.40 mg/d) (28) and
extent of zinc absorption (27%) (19), was set at 1 mg/d.
The additional EAR for lactating women, which was
determined by measurement of average zinc content
in Japanese breast milk (1.83 mg/L) (29, 30), average
intake of breast milk in Japanese infants (0.78 L/d) (11,
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Table 3. Dietary Reference Intakes for copper (mg/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — — 0.3 — — — 0.3 —
6-11 mo — — 0.3 — — — 0.3 —
1-2y 0.2 0.3 — — 0.2 0.3 — —
3-5y 0.3 0.3 e — 0.3 0.3 — —
6-7y 0.3 0.4 — — 0.3 0.4 — —
89y 0.4 0.5 — — 0.4 0.5 — ——
10-11y 0.5 0.6 — — 0.5 0.6 — —
12-14y 0.6 0.8 — — 0.6 0.8 — —
15-17y 0.7 0.9 — — 0.6 0.7 — —
18-29y 0.7 0.9 — 10 0.6 0.7 - 10
30-49y 0.7 0.9 — 10 0.6 0.7 — 10
50-69 y 0.7 0.9 — 10 0.6 0.7 — 10
=70y 0.6 0.8 — 10 0.5 0.7 — 10
Pregnant women
(amount to be added) +0.1 +0.1
Lactating women
(amount to be added) +0.5 +0.6 -

12), and extent of zinc absorption by lactating women
(53%) (31), was set at 3 mg/d.

Because there is no remarkable difference between
the zinc intake from breast milk of US and Japanese
infants, the Al for Japanese infants aged O to 5 mo was
set at 2 mg/d in accordance with the US/Canadian DRIs
(19). The Al for infants aged 6 to 11 mo was mean of
the extrapolation of 2 mg/d using the 0.75th power of a
weight ratio (2.6 mg/d) and the sum of zinc intake from
complementary food and formula milk (3.1 mg/d) (32).

Based on the results of a study in which subjects were
administered 50 mg/d of zinc supplements (33), the
LOAEL of zinc was estimated to be 60 mg/d in women
with a body weight of 61 kg. Based on this value and
an uncertainty factor of 1.5, the UL for adults was set at
0.66 mg/kg/d. Since there are no available data, no ULs
for infants, children, pregnancy and lactating women
have been set.

Table 2 summarizes the DRIs for zinc. The values are
expressed as integral values in consideration of limita-
tions in the accuracy of EAR calculation.

Copper
Background information

Copper functions as a component of several metal-
loenzymes, including monoamine oxidase, ferroxidase
(ceruloplasmin), cytochrome ¢ oxidase, and superoxide
dismutase (CuSOD). Since ferroxidase is an essential
enzyme in heme synthesis, copper deficiency induces
normocytic, hypochromic anemia. Simple copper defi-
ciency in human is rare, but has been observed in
infants with a low copper intake (34) or patients receiv-
ing prolonged TPN (35).
Determining DRIs

The EAR for copper in adults was determined using

biomarkers of copper status. Biomarkers used were
plasma copper, urinary copper, and salivary copper levels
and plasma CuSOD activity. According to 2 reliable stud-
ies using a stable isotope (36, 37), the minimal intake
to achieve saturation of these biomarkers is estimated
to be 0.72 mg/d. Because the mean body weight of the
subjects in these studies was 74.7 kg, the 0.72 mg/d
was set as the EAR for adults with a body weight of
74.7 kg. Thus, the EAR for each sex and age group of
adults aged 18 y and older was determined by extrapo-
lation of 0.72 mg/d using the 0.75th power of a weight
ratio, and the EAR for children and adolescents aged 1
to 17 y by extrapolation of 0.72 mg/d using the 0.75th
power of a weight ratio and a growth factor. Based on
copper storage (13.7 mg) (38) and the extent of dietary
copper absorption (60%) (39) in a full-term fetus, the
additional EAR for pregnant women was determined to
be 0.08 (13.7+280 d+0.6) mg/d. Based on the aver-
age copper concentration (0.35 mg/L) (40) and average
volume of secretion (0.78 L/d) (11, 12) of breast milk
in Japanese women and an estimated copper absorp-
tion rate of 60%, (39) the additional EAR for lactating
women was determined to be 0.455 (0.35%0.78-+0.6)
mg/d, and the RDA set equal to 130% of the EAR.
Based on the average copper concentration in
breast milk in Japanese women (0.35 mg/L) (40) and
the average intake of breast milk by Japanese infants
(0.78 L/d) (11, 12), the Al for infants aged O to 5 mo
was determined to be 0.273 (0.35X0.78) mg/d. Based
on the average copper concentration in breast milk
in Japanese women more than 6 mo after a delivery
(0.16 mg/L) (40), the average intake of breast milk
(0.525L/d) (41, 42), and the average copper intake
from complementary foods (0.195 mg/d) (32), the Al
for infants aged 6 to 11 mo was determined to be 0.279
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Table 4. Dietary Reference Intakes for manganese (mg/d).

895

Sex Males Females

Age EAR RDA Al UL EAR RDA Al UL

0-5 mo — — 0.01 — —_— — 0.01 —

6-11 mo — - 0.5 — — — 0.5 -

1-2y — — 1.5 — —_ — 1.5 —

3-5y — — 1.5 — — — 1.5 —

67y — e 2.0 — — — 2.0 —

8-9y — —_ 2.5 — — — 2.5 —

10-11y — — 3.0 — — — 3.0 —

12-14y — — 4.0 — — — 3.5 —

15-17y — — 4.5 — — — 3.5 —

18-29y — — 4.0 11 — — 3.5 11

3049y — — 4.0 11 — — 3.5 11

50-69y — — 4.0 11 — — 3.5 11

=70y — — 4.0 11 — — 3.5 11

Pregnant women _ _ +0 _
(amount to be added)

Lactating women o o +0 _
(amount to be added)

(0.16X0.525+0.195) mg/d. Based on estimation of
the no observed adverse effect level (NOAEL) of copper
(10 mg/d) by a case report from an ingestion study of
copper supplements (43) and an uncertainty factor of
1.0, the UL for adults was set at 10 mg/d. Since there
are no data available, ULs for children and adolescents
have not been set.
Table 3 summarizes the DRIs for copper.

Manganese
Background information

Since there are several manganese metalloenzymes,
including arginase, pyruvate carboxylase and manga-
nese superoxide dismutase, manganese is considered an
essential nutrient. In a human study, 5 of 7 young men
fed a low manganese diet (=0.11 mg/d) for 39 d mani-
fested a skin abnormality diagnosed as miliaria crystal-
lina that was successfully treated by manganese reple-
tion (1.53 to 2.55 mg/d) (44). However, the possibility
of dietary manganese deficiency is nearly 0% because
plant foods, including cereals and beans, contain high
levels of manganese.
Determining DRIs

Several manganese balance studies have been per-
formed to estimate manganese requirements (45, 46).
However, the USA/Canada DRIs concluded that a
minimal requirement to maintain manganese balance
could not be estimated from a short-term balance study
(47). Accordingly, as there is insufficient information
with which to set the EAR, the Al was set based on the
average manganese intake of the Japanese population,
which far exceeds the minimal requirement to maintain
manganese balance. Based on a review of the manga-
nese intake of the Japanese population, the average
manganese intake of adults is estimated to be 3.7 mg/d

(48). To account for the differences in male and female
energy intake, the Al for adults aged 18 y and older
was set at 4.0 mg/d for men and 3.5 mg/d for women.
The Al for children and adolescents aged 1 to 17 y was
determined by extrapolation of the AI using the 0.75th
power of a weight ratio and a growth factor. Based on
the average manganese concentration in breast milk
in Japanese women (0.011 mg/L) (40) and the aver-
age intake of breast milk in Japanese infants (0.78 L/d)
(11, 12), the Al for infants aged O to 5 mo was set at
0.086 (0.011X0.78) mg/d. Based on the average man-
ganese concentration in breast milk in Japanese women,
the average intake of breast milk (0.525 L/d) (41, 42),
and the average manganese intake from complemen-
tary foods (0.44 mg/d) (32), the Al for infants aged 6
to 11 mo was set at 0.45 (0.011X0.525+0.44) mg/d.

The Al for women who are not pregnant/lactating
(3.5 mg/d) far exceeds the Al for pregnant women in the
USA/Canada DRIs (2.0 mg/d) (47). Accordingly, the AL
for pregnant women was set at the same value as the Al
for women who are not pregnant (3.5 mg/d). Based on
the average manganese concentration in breast milk in
Japanese women (0.011 mg/L) (40), the average intake
of breast milk in Japanese infants (0.78 L/d) (11, 12),
and the average extent of absorption of dietary man-
ganese (about 5%) (49), manganese loss by lactation
is estimated to be less than 0.3 (0.011X0.78+0.05)
mg/d, which is much lower than the AI for women who
are not pregnant/lactating (3.5 mg/d). Therefore, the Al
for lactating women was set at the same value of the Al
for women who are not pregnant/lactating.

Based on the manganese intake of vegetarians (47,
50), the USA/Canada DRIs estimated the NOAEL of
manganese to be 11 mg/d. Based on this value and
an uncertainty factor of 1.0, the UL for manganese in
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Table 5. Dietary Reference Intakes for iodine (ug/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo —— — 100 250 — — 100 250
6-11 mo — - 130 250 — — 130 250
12y 35 50 — 250 35 50 — 250
3-5y 45 60 — 350 45 60 — 350
6-7y 55 75 — 500 55 75 e 500
89y 65 20 — 500 65 90 — 500
10-11y 75 110 — 500 75 110 — 500
12-14y 95 130 — 1,300 95 130 — 1,300
15-17y 100 140 — 2,100 100 140 — 2,100
18-29y 95 130 — 2,200 95 130 — 2,200
30-49y 95 130 — 2,200 95 130 — 2,200
50-69y 95 130 e 2,200 95 130 — 2,200
=70y 95 130 — 2,200 95 130 — 2,200
Pregnant women
(amount to be added) +75 +110 o
Lactating women
(amount to be added) +100 +140

adults was set at 11 mg/d. Since there are no data avail-
able, ULs for children and adolescents have not been set.
Table 4 summarizes the DRIs for manganese.

Todine
Background information

Todine is an essential component of thyroid hormone.
As such, iodine deficiency induces mental retardation,
hypothyroidism, goiter, cretinism, and varying degrees
of other growth and development abnormalities.

Marine products contain iodine at high levels, in par-
ticular, kombu (a type of kelp) contains it at more than
2 mg/g dry weight. Since the Japanese routinely eat
kombu, their average iodine intake is very much higher
than that of other populations. Based on measurement
of urinary iodine excretion (51, 52), annual consump-
tion of kombu (53), and chemical iodine analysis of
duplicate diets (54, 55), the average iodine intake of
the Japanese, which has been found to be intermittently
high, is estimated to be 1.5 mg/d.
Determining DRIs

Similar to the USA/Canada DRIs (56), the EAR for
iodine was determined by measurement of thyroid
iodine accumulation and turnover. Based on the results
of 2 USA studies (57, 58), the average accumulation
of radioiodine by the thyroid gland is estimated to be
93.9 wg/d in adults. Thus, the EAR for adults aged 18 y
and older was set at 95 pg/d, and the RDA set equal to
140% of the EAR. The EAR for children and adolescents
aged 1 to 17 y was determined by extrapolation of the
EAR for adults aged 18 to 29 y using the 0.75th power
of a weight ratio and a growth factor.

The iodine content of Japanese breast milk varies
markedly with iodine intake (59). When a woman's
iodine intake is less than 1.5 mg/d or her kombu inges-

tion is restricted, the average iodine content in her
breast milk is estimated to be 133 ug/L (59, 60). Based
on this average iodine concentration of breast milk and
the average intake of breast milk in Japanese infants
(0.78 L/d) (11, 12), the AI for infants aged O to 5 mo
was set at 100 (133X0.78) ug/d. The Al for infants
aged 6 to 11 mo (130 wg/d) was determined by extrapo-
lation of this value using the 0.75th power of a weight
ratio.

Based on the median value of iodine turnover in
newborn infants (75 ug/d) (61), the additional EAR for
pregnant women was set at 75 pg/d. Based on the aver-
age iodine content in breast milk in Japanese women
(133 pg/L) (59, 60), the average intake of breast milk
in Japanese infants (0.78 L/d) (11, 12), and the extent
of absorption of dietary iodine (100%), the additional
EAR for lactating women was determined to be 100
(133x%0.78) ug/d, and the RDA set equal to 140% of
the EAR.

Initially, excessive iodine intake also induces hypo-
thyroidism and goiter, a phenomenon referred to as the
Wolff-Chaikoff effect. However, the Wolff-Chaikoff effect
does not occur with continuous excessive iodine intake,
a phenomenon referred to as “escape.” Based on the
results of an epidemiological study of subjects living in a
coastal area of Hokkaido (62, 63), which estimated the
NOAEL of iodine for Japanese adults to be 3.3 mg/d, and
an uncertainty factor of 1.5, the UL for iodine in adults
was set at 2.2 mg/d. As this UL applies to continuous
daily iodine intake, it is not necessary to restrict inter-
mittent high iodine (up to about 5 mg/d) intake.

In a study of children aged 6 to 12y, a significant
increase in thyroid size was observed in subjects whose
estimated iodine intake was more than 500 ug/d (64).
Based on this observation, the UL for children aged 6
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Table 6. Dietary Reference Intakes lor selenium (ug/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — - 15 e o — 15 —
6-11 mo — — 15 —_— — — 15 —
1-2y 10 10 — 50 10 10 — 50
3-S5y 10 15 —_ 70 10 15 — 70
6-7y 15 15 — 100 15 15 — 100
89y 15 20 _ 120 15 20 — 120
10-11y 20 25 — 160 20 20 —_ 150
12-14y 25 30 — 210 20 25 — 200
15-17y 25 35 — 260 20 25 —_— 220
18-29y 25 30 — 280 20 25 — 220
3049y 25 30 — 300 20 25 _— 230
50-69 y 25 30 — 280 20 25 — 230
=70y 25 30 — 260 20 25 — 210
Pregnant women
(amount to be added) +5 +5 - -
Lactating women
(amount to be added) +15 +20 - o

to 11y was set at 500 pg/d. The UL for children aged
1 to 5 y was determined by extrapolation of the UL for
children aged 6 to 7 y using a weight ratio. The UL for
adolescents aged 12 to 14 y was set as the mean of 2
values: the value of the extrapolation of the UL for chil-
dren aged 10 to 11 y using a weight ratio and the value
of the extrapolation of the UL for adults aged 18 to 29
y using a weight ratio. The UL for adolescents aged 15
to 17 y was determined by extrapolation of the UL for
adults aged 18 to 29 y using a weight ratio.

Based on a case report of hypothyroidism in infants
fed breast milk (60), the NOAEL of iodine for infants
ages 0 through 5 mo is estimated to be 254 ug/d. Based
on this value and an uncertainty factor of 1.0, the UL
for infants aged O to 5 mo was set at 250 ug/d. Since the
UL is 250 pg/d for both infants aged O through 5 mo
and children aged 1 to 2y, the UL for infants aged 6 to
11 mo was also set at 250 ug/d.

Excessive ingestion of iodine by pregnant or lactat-
ing women can cause hypothyroidism in their infants,
In a case report of hypothyroidism in infants fed breast
milk (60), the mothers’ iodine intake from kombu was
estimated to be 2.28 to 3.18 mg/d. If the iodine intake
from foods other than kombu is taken into consideration,
their total iodine intake would exceed the UL for women
who are not pregnant. Accordingly, the UL for women
who are not pregnant can be applied to pregnant and
lactating women.

Table 5 summarizes the DRIs for iodine.

Selenium
Background information

Selenium functions as a form of selenocysteine resi-
due in protein. Genome analysis has identified 25 sele-
nium-containing proteins in humans, including gluta-

thione peroxidase (GPX), iodothyronine deiodinase, and
thioredoxin reductase. Keshan disease, an endemic form
of fatal cardiomyopathy that has been observed in chil-
dren living in a low-selenium area of China, has been
firmly linked to selenium deficiency, with administration
of selenium having been found to prevent it (65). Sev-
eral clinical selenium-responsive syndromes have been
observed in patients receiving prolonged TPN, among
whom one patient with an extremely low plasma sele-
nium concentration (9 ng/mL) developed muscle pain
and tenderness in the thighs, resulting in an inability to
walk (66), while another developed a cardiomyopathy
and died after a cardiac arrest secondary to septic shock
(67).
Determining DRIs

Synthesis of selenium-containing protein is strongly
associated with selenium intake. The relationship
between selenium intake and plasma GPX activity has
been particularly well established. In the USA/Canada
DRIs, the EAR for selenium was set based on determi-
nation of the minimal intake resulting in saturation in
plasma GPX activity (45 pg/d for adults with a body
weight of 76 kg) (68). However, the WHO concluded
that selenium deficiency is prevented when 2/3 of the
value of saturated plasma GPX activity is maintained
(69). Based on the results of a Chinese study (70),
the selenium intake necessary to maintain 2/3 of the
value of saturated plasma GPX activity is estimated to
be 24.2 ug/d for adults with a body weight of 60 kg.
Accordingly, the EAR for selenium in adults aged 18 y
and older was calculated by extrapolation of this value
using the 0.75th power of a weight ratio. The EAR for
children and adolescents aged 1 to 17 y was calculated
by extrapolation of this value using the 0.75th power of
a weight ratio and a growth factor.

-272-



S98

Table 7. Dietary Reference Intakes for chromium (ug/d).!

YosHIDA M et al.

Sex Males

Females

Age EAR RDA Al

UL EAR RDA Al UL

0-5mo — — 0.8
6-11 mo — — 1.0
-2y — — —
3-5y — — —
6-7y — — —
89y — — —
10-11y — — —
12-14y — — —
15-17y — — —
18-29y 35 40 —
3049y 35 40 —
50-69y 30
=70y 30 35 —

Pregnant women
Lactating women

! Computed using the estimated energy requirement for physical activity level II.

Based on average body selenium concentration
(250 pg/kg) (71) and the sum of placenta and birth
weight (3.5 kg), fetal and placental selenium storage is
estimated to be approximately 900 ug (250X3.5) dur-
ing pregnancy. Based on average blood selenium concen-
tration (184 wg/L), the increased selenium requirement
due to increase in blood volume (1.5 L) during preg-
nancy is estimated to be approximately 300 ug (72).
Because absorption of dietary selenium is estimated to
be about 90% (73), the additional EAR for pregnancy
is estimated to be 4.8 ((900+300)+280 d+0.9) ug/d,
and the RDA set equal to 120% of the EAR. Based on
the average selenium content in the breast milk of
Japanese women (17 ug/L) (40), the average intake of
breast milk in Japanese infants (0.78 L/d) (11, 12), and
the extent of absorption of dietary selenium (90%) (73),
the additional EAR for lactating women was set at 15
(17X0.78-+0.9) pg/d, and the RDA set equal to 120%
of the EAR.

Based on the average selenium concentration in the
milk of Japanese women (17 ug/L) (40) and the average
intake of breast milk in Japanese infants (0.78 L/d) (11,
12), the Al for infants aged O to 5 mo was set at 13.3
(17X0.78) pg/d. The AI for infants aged 6 to 11 mo
was determined by extrapolation of 13.3 pg/d using the
0.75th power of a weight ratio.

Based on a Chinese report of chronic selenium
intoxication, the NOAEL of selenium is estimated to be
13.3 ug/kg/d (74). However, an epidemiological study
found that long-term supplementation of 200 ug/d of
selenium increased the incidence of Type 2 diabetes in
subjects with sufficient selenium intake (75), indicating
that supplementation at this level causes adverse effects
if intake through other sources is adequate. The average
selenium intake of the Japanese population is estimated
to be approximately 100 ug/d (76), which far exceeds

the RDA of selenium. Thus, the UL of selenium was set
at 300 (100+200) ng/d for men aged 30 to 49 y, whose
mean body weight (68.5 kg) is the highest among the sex
and age groups. The ULs for other sex and age groups,
including children and adolescents, were determined by
extrapolation of 300 ug/d using a weight ratio.

Table 6 summarizes the DRIs for selenium.

Chromium
Background information

Trivalent chromium is believed to enhance the
action of insulin in the form of a chromium-binding
oligopeptide. Patients receiving prolonged TPN with-
out chromium supplementation have been observed to
experience glucose intolerance together with several
symptoms and disorders, including weight loss, periph-
eral neuropathy, and low respiratory quotient (77).
Since these symptoms disappear with administration of
trivalent chromium, their origin has been attributed to
chromium deficiency.
Determining DRIs

As there is currently no means of determining the
metabolic balance of chromium in adults, the USA/
Canada DRIs set the Al for chromium based on a chro-
mium intake study (78). Because no study has investi-
gated chromium intake in Japan, the EAR was tenta-
tively based on the results of a balance test of chromium
in the elderly (79), in which a positive balance was
observed in subjects whose average chromium intake
was 12.8 ug/1,000 kcal. Accordingly, the EAR for
adults aged 18 y and older was determined based on the
an average chromium intake of 12.8 wg/1,000 kcal and
the estimated energy requirement for physical activity
level II, and the RDA for chromium set equal to 120% of
the EAR. The EAR for children and adolescents aged 1 to
17 y has not been set due to the tentative nature of the
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Table 8. Dietary Reference Intakes for molybdenum (ug/d).
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Sex Males

Females

Age EAR RDA Al

0-5 mo
6-11 mo
1-2y
3-5y
67y
8-9y
10-11y
12-14y
15-17y
18-29y
3049y
50-69y
=70y

Pregnant women
Lactating women
(amount to be added)

adult EAR, nor has the EAR for either pregnant women
or lactating women, the former due to lack of data and
the latter due to an inability to measure absorption of
dietary chromium.

Based on the median chromium concentration in
milk in Japanese women (1.0 ug/L) (80) and the aver-
age intake of breast milk in Japanese infants (0.78 L/d)
(11, 12), the AI for infants aged O to 5 mo was set at
0.78 pg/d. The Al for infants aged 6 to 11 mo was
determined by extrapolation of 0.78 ug/d using the
0.75th power of a weight ratio.

The UL for chromium has not been set because the
quantitative relationship between trivalent chromium
intake and the possible adverse effects of excessive triva-
lent chromium intake has been insufficiently established.

Table 7 summarizes the DRIs for chromium.

Molybdenum
Background information

Molybdenum functions as a cofactor for a limited
number of enzymes, including xanthine oxidase, alde-
hyde oxidase, and sulfite oxidase in mammals, and is
believed to be an essential trace element in animal nutri-
tion. Human nutritional deficiency of molybdenum was
observed in a patient subjected to prolonged TPN (81),
who manifested clinical symptoms suggestive of sulfite
oxidase deficiency. Other symptoms, including irritabil-
ity, leading to coma, tachycardia, tachypnea, and night
blindness, have been reported.
Determining DRIs

The EAR for molybdenum was based on the results
of a human balance test of 4 American male subjects
(mean body weight, 76.4 kg), all of whom showed a
positive balance and no manifestation of any disorder

when they ingested 22 ug/d of molybdenum for 102 d
(82). Based on estimation of integumental and sweat
molybdenum loss (3 wg/d) (83), the EAR for adults with
a body weight of 76.4 kg was calculated to be 25 ug/d.
The EAR for adults aged 18 y and older was calculated
by extrapolation of 25 ug/d using the 0.75th power of a
weight ratio. Since the EAR for adults is based on 1 study
of only 4 subjects, the EAR for children and adolescents
aged 1 to 17 y has not been set, nor has the additional
EAR for pregnant women due to lack of data. Based on
the average molybdenum content of the milk of Japa-
nese women (3 ug/L) (80, 84), the average intake of
breast milk in Japanese infants (0.78 L/d) (11, 12), and
the extent of absorption of dietary molybdenum (93%)
(85), the additional EAR for lactating women was set at
3 pg/d (3X0.78+0.93), and the RDA for molybdenum
set equal to 120% of the EAR.

Based on the average molybdenum content of the
milk of Japanese women (3 ug/L) (80, 84) and the aver-
age intake of breast milk in Japanese infants (0.78 L/d)
(11, 12), the AI for infants aged O to 5 mo was set at
3 (3X0.78) ug/d. The Al for infants aged 6 to 11 mo
was determined by extrapolation of 2.34 ug/d using the
0.75th power of a weight ratio.

Due to the lack of data regarding the dose-depen-
dent adverse effects of excessive molybdenum intake in
humans, the UL for molybdenum is based on the NOAEL
of molybdenum for rats (900 ug/kg/d) (86). Based on
the NOAEL and an uncertainty factor of 100, the UL for
adults aged 18 y and older was set at 9 ug/kg/d. Due to
lack of data, ULs for children and adolescents have not
been set.

Table 8 summarizes the DRIs for molybdenum.
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Dr. Takatoshi Esashi, who is one of the authors,
passed away on March 26, 2012. He was a leader of the
working group for minerals in the decision of DRIs for
Japanese, 2010. We would like to offer our respectful
condolences on his death.
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Summary The Dietary Reference Intakes for Japanese 2010 (DRIs-] 2010) included a
new chapter for lifestage. In this chapter, important characteristics of the nutritional status
and the special considerations in applying for DRIs in each lifestage—infants and children,
pregnant and lactating women, and the elderly—were described. In infants, the references
of nutrient requirement are mostly presented by adequate intake (AI) because of the impos-
sibility of human experiments to determine the estimated average requirement (EAR). The
quality and quantity of breast milk is assumed to be nutritionally desirable for every infant.
Therefore, Al was determined on the basis value obtained by nutritional concentration and
average amount of breast milk consumed by healthy infants. In addition, the anthropo-
metric references for 4 periods based on the 50th percentiles in growth curves were newly
demonstrated. The nutrient requirement increased in the pregnant and lactating stage.
Increments were estimated based on the fetal growth during whole pregnancy period in
pregnant women and on the daily milk production of 780 mL/d in lactating women. In
the elderly stage, the scarcity of nutritional studies regarding the Japanese elderly makes it
difficult to determine the appropriate DRI values for the elderly. Furthermore, the changes
in nutritional status and physical function with aging have been influenced by not only the
chronological age but also various other factors, which complicates the establishment of
DRIs for the elderly. In light of these facts, the promotion of further and more comprehen-
sive studies of the elderly is desirable.

Key Words infants and children, pregnant and lactating women, elderly, lifestage
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Table 1. Reference values for body size in infants for 4 Table 2. Reference values for body size in infants for 2
periods. periods.
Boys Girls Boys Girls
Age Height Weight Height Weight Age Height Weight  Height  Weight
(cm) (kg) (cm) (kg) (cm) (kg) (crm) (kg)
0-2 (1.5) mo 56.2 4.9 54.8 4.6 0-5 (3) mo 61.5 6.4 60.0 5.9
3-5 (4.5) mo 65.3 7.4 63.7 6.8 6-11 (9) mo 71.5 8.8 69.9 8.2
6-8 (7.5) mo 69.7 8.5 68.1 7.8
9-11 (10.5) mo 73.2 9.1 71.6 8.5

Infants and Children
Background

During the early stages of life, special considerations
should be taken regarding the nutritional conditions in
utero, nutritional intake from breast milk, and nutri-
tional status in all growing stages. The possibility that
nutrition in utero and in infants may influence the
subsequent health status in adulthood has stressed the
importance of maintaining good dietary habits through-
out life (1).

Infants

There are 2 important assumptions in this stage.
Human experiments to determine the estimated average
requirement (EAR) are not possible in infants. Further, it
has been shown that the quality and quantity of breast
milk consumed in healthy infants is nutritionally desir-
able for them. Therefore, in the Dietary Reference Intakes
(DRIs) for infants, adequate intake (AI) was determined
on the basis of values obtained by calculating the prod-
uct of concentration of nutrients and average amount
of breast milk consumed by healthy infants.

For infants older than 6 mo, the dietary intake data
both from breast milk and from weaning foods were
reviewed for a period of 6-8 and 9-11 mo to determine
the Al of selected nutrients. As the intake data for these
periods were limited, AI of other nutrients was deter-
mined by extrapolating the values for 0-5 mo and 1-2 y.

The anthropometric references (Table 1) for 4 peri-
ods were based on the 50th percentile in growth curves
(1.5, 4.5, 7.5, and 10.5 mo, respectively) as shown in
the infant—child growth survey (Ministry of Health,
Labour and Welfare, 2000). The reference values for 2
periods are shown in Table 2.

The average amount of breast milk intake in the
period before weaning and beginning solid food intake
(15 d-5 mo after birth) was considered to be 780 mL/d
for Japanese infants according to published reports (2,
3), which was the same value adopted in previous DRIs
(2005 version). The average amount of breast milk
intake after weaning and during food intake at 6-8
and 9-11 mo was considered to be 600 and 450 mL/d,
respectively. In the case that these 2 periods (6—8 and
9-11 mo) are combined to a single period (6~11 mo),
the breast milk requirement will be 525 mL/d as the
average value.

The data on nutrient concentration in breast milk

were adopted from published reports (4-6) that were
thought to be the most appropriate references (Table
3; left). Nutrient intake data for weaning foods adopted
from published reports are shown as references for
determining the AI (Table 3; right).
Children

In cases where sufficient information was not available
to determine the DRIs for children, they were extrapo-
lated from the values for adults (See also “Dietary Refer-
ence Intakes for Japanese 2010: Basic Theories for the
Development”). Especially for the tolerable upper intake
level (UL), due to the scarcity of information, the values
for many nutrients could not be determined. It should
never be taken as granted that large amounts of intake
will not lead to any health impairments.
Special considerations

To utilize the DRIs for nutritional assessment and
planning for infants and children, continuous growth
monitoring with a growth chart is important in addi-
tion to the judgment of shortage/adequacy of nutrient
intakes based on the values shown in the DRIs. In spite
of the lack of values for UL in this period, choices and
amount of the intake of Food with Nutrient Function
Claims or other foods fortified with specific nutrients
should be more cautiously considered in children than
in adults.

Pregnant and Lactating Women
Background

The dietary habits of pregnant and lactating women
are important for meeting the nutritional needs of both
the women and their children, especially in the early
stages of the growth of the child. Recently, nutrition in
utero has been considered to affect subsequent health
conditions in adulthood. Nutritional management is,
therefore, essential and with special consideration to
the nutritional status before pregnancy and appropriate
range of body weight gain during pregnancy.
Pregnant women

The age-categorized DRI values were increased for
pregnant women to consider the fetal growth. These
increments were converted to daily values assuming
that the pregnancy period lasts for 280 d. The whole
pregnancy period was divided into early (under 16 wk),
mid (16-27 wk), and late (28 wk and above) gestation
(7).

Energy and protein intake increments were estimated
on the basis of healthy pregnant women who had nor-
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Table 3. Nutrient concentration in breast milk and nutrient intake data for complementary foods.
Concentration in breast milk Intake data for weaning
- foods
Nutrients
0-5mo 6-8 mo 9-11 mo 6—-8 mo 9-11 mo
Protein (g/d) 12.6 g/L 10.6 g/L 9.2 g/L 6.1 g/d 17.9 g/d
Fat Total fat 35.6 g/Lt — —_— — —
(% energy) 48.5% — — — —
n-6 fatty acids 5.16 g/L — — — —_
n-3 fatty acids 1.16 g/L — — — —
Carbohydrates Carbohydrates — — — — —_
Dietary fibers — e — — —
Vitamins | Fat- Vitamin A 411 pgRE/L — — — —
soluble Vitamin D 3.05 ug/L — — — —
Vitamin B 3.5-4.0 mg/L — — — —
Vitamin K 5.17 pug/L — — - —
Water- Vitamin B, 0.13 mg/L - — — —
soluble Vitamin B> 0.40 mg/L — —_— —_ —
Niacin 2.0 mg/L - — — —
Vitamin Be 0.25 mg/L — — — —
Vitamin B2 0.45 pg/L — — — —
Folic acid 54 ug/L — — — —
Pantothenic acid 5.0 mg/L — — — —_
Biotin 5 pg/L — — — —
Vitamin C 50 mg/L — — — —
Minerals Macro Soditum 135 mg/L 135 mg/L 487 mg/d
Potassium 470 mg/L 470 mg/L 492 mg/d
Calcium 250 mg/L 250 mg/L 128 mg/d
Magnesium 27 mg/L 27 mg/L 46 mg/d
Phosphorus 150 mg/L 150 mg/L 183 mg/d
Micro Iron 0.426 mg/L — —_ — —_
Zinc 2 mg/d? — — — —
Copper 0.35 mg/L 0.16 mg/L 0.20 mg/d
Manganese 11 pg/L 11 pug/L 0.44 mg/d
Iodine 133 upg/L — — — —
Selenium 17 pg/L — — — —
Chromium 1.00 pg/L — — — —
Molybdenum 3.0 ug/L — — — —

1 Calculated by the weight concentration (3.5 g/100 g) and the specific gravity (1.017) of breast milk.

2 Daily intake from breast milk.

mal sizes before pregnancy, adequate physical activity,
and could deliver normal-sized infants at term. Japanese
term-born infants have an average birth weight of 3 kg
and the corresponding maternal weight gain is esti-
mated to be approximately 11 kg (8).
Lactating women

Increments were estimated based on daily milk pro-
duction of 780 mL/d. Nutrients that are affected by
maternal dietary intake or body stores are listed in Table
4,
Special considerations

DRIs for pregnant and lactating women were derived
assuming that these women were neither underweight

nor obese before pregnancy. For underweight or obese
women, special considerations should be taken based on
their prevailing health conditions.

Elderly
Background

Japan is facing the unprecedented prospect of a super-
aging society. According to a 2008 estimate, the num-
ber of individuals aged 70 y and above, the population
defined as elderly in the Dietary Reference Intakes for
Japanese (DRIs-]), exceeded 20 million. It is predicted
that the percentage of the elderly will only increase in
coming years, reaching 19.3% for 70 y and above by
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Table 4. Factors affecting the nutrient content in breast milk.

Factors

Nutrients

Maternal dietary intake

Fats' (9, 10), vitamins A (11), C, K (12), E(13), B1 (14, 15), B2 (14, 15), Bs (14, 15), niacin

(14, 15), biotin (14, 15), pantothenic acid (14, 15), manganese (14, 15), selenium (16),

iodine (17)

Maternal body storage

fats (9, 10), vitamin D (18), folate (14, 15)

Neither maternal dietary
intake nor body storage
15)

protein (14, 15), vitamin By, (14, 15), magnesium (14, 15), calcium (14, 15), phosphorus
(14, 15), chromium (19), iron (20), copper (20), zinc (20), sodium (14, 15), potassium (14,

Unknown molybdenum

1 Fat composition was affected by maternal diet.

2015 (21). The review is to present the status of the
elderly concerning the nutritional requirements based
on the currently available scientific evidence.

Basic concept

Subjects. The typical subjects of the DRIs are
“healthy individuals and groups.” However, in the case
of the elderly, significant changes in physical function-
ing as a result of aging are common, and in most cases
a decline in nutritional intake, absorption, elimination
and physical activity level (PAL) are observed.

Moreover, susceptibility to disease is also significantly
higher in the elderly. For example, 16% of individuals
aged 65 y and above are certified as requiring long-term
care, with the number of such health-care users cur-
rently 3.5 million nationally (22).

In light of these facts, we conducted a review of stud-
ies which included the elderly who are able to lead a
quasi self-supporting life, i.e., those who have diseases
and/or disorders associated with changes in physical
functioning as a result of aging, and those who require
minor support and/or have minor ailments as their tar-
get subjects.

Ages of subjects and definition of aging. Unlike other
criteria for age classification of government reports in
the Ministry of Health, Labour and Welfare (MHLW)
of Japan, those aged 70 y and above are categorized as
elderly in the DRIs-J, which reflect differences in basal
metabolic rate, etc.

Another possible approach to classifying the elderly
would be to regard regressive change in bodily function-
ing resulting from aging, and not chronological age, as
the primary index of aging and senescence. However,
no such index has yet been provided for characterizing
aging and senescence accurately and objectively.

The degree of functional decline due to aging varies
among the elderly, and it has been reported that total
mortality was strongly correlated with the degree of
functional decline rather than chronological age. For
this reason, the appropriate nutritional intake of the
elderly should to take into account their current physi-
cal and mental condition more than their chronological
age.

Changes in digestion, absorption, and metabolism with aging
Itisrecognized that the elderly are prone to nutritional
disorders owing to appetite decline, various diseases
and/or defects, defective body functioning, the use of
medication, and so on. The elderly experience decreases
in gastric-acid secretion due to atrophic gastritis accom-
panied by bacterial over-proliferation in the small intes-
tine, resulting in a decrease in nutrient absorption from
the small intestine. It has recently been suggested that
atrophic gastritis and decreased gastric-acid secretion
result from Helicobacter pylori infection, whose incidence
typically increases with advancing age. Nevertheless,
the human small intestine is not significantly affected,
at least morphologically, by aging (23), which suggests
that the absorption of nutrients is not greatly affected
by changes in the function and morphology of the small
intestine. Therefore, there is currently no evidence that
aging-related disorders in the absorption of nutrients
from the intestinal tract are the main cause of undernu-
trition in the elderly.
Nutritional intake status of the elderly

Very little data are available concerning age-specific
nutritional intake status in elderly community residents.
For this reason, data collected by both the NHNS and the
National Institute for Longevity Sciences Longitudinal
Study of Aging (NILS-LSA), a survey of the status of
nutritional intake conducted by the National Institute
for Longevity Sciences, were examined to clarify the
characteristics of the nutritional intake status of the
elderly (24).

The results indicate that the intake level of the
energy and macronutrients—proteins and fats—tends
to decrease with age in males (energy 2,139+542,
2,178%=578, 2,073+559, 1,898+488, 1,793%523
kcal/d; protein 81.2+23.9, 78.2+23.8, 75.8%+23.7,
72.1%20.0, 68.0=25.2 g/d; fat 54.1x22.1, 50.4+
23.0, 48.7+21.5, 43.0+19.4, 43.7+22.0 g/d by the
NHNS 2006 and energy 2,305+408, 2,226*+365,
2,144+375, 2,076+369, 1,927+292 kcal/d; protein
86.8x18.0, 85.3x16.9, 82.2x14.6, 81.2%15.7,
74.0x14.0 g/d; fat 59.2%+16.9, 55.7£13.7, 52.9x
14.8, 50.8+13.1, 48.9+12.8 g/d in the fourth wave
of the NILS-LSA (means*SD), in the elderly aged
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60-64, 6569, 70-74, 75-79, and 80y and above,
respectively). However no significant age-related differ-
ences are seen in the intake of other nutrients in either
males or females. While these findings could be used to
argue against the opinion that the DRIs for the elderly
should be further subdivided by age, those making such
an argument should carefully consider that the values
reflect only intakes and not requirements.

Energy and nutrients relevant to the elderly

Elderly-specific DRIs-] has been obtained only for
energy, proteins, calcium, and iron. Energy and each
nutrient will be described in further detail below:

Energy. Using the doubly labeled water (DLW)
method, the average gross energy expenditure of healthy
elderly males and females was found to be 2,141 kcal/d
and 1,670 kcal/d, respectively, and the average PAL to
be 1.73 and 1.65, respectively (25). The reference basal
metabolic rate (BMR) of males and females aged 70y
and above has been found to be the same as that of
males and females aged 50 to 69 y: 21.5 and 20.7 kcal/
(kg body weight-d), respectively. However, as very few
reports have examined BMR in the elderly, the reference
BMR for the elderly may be revised in light of future
evidence.

Regarding body composition, although it has long
been thought that fat-free mass declines rapidly in the
elderly, particularly in women as a result of menopause,
one study revealed that the amount of fat-free mass did
not significantly differ before and after menopause (26).
Since basal metabolic rate is more strongly correlated
with fat-free mass than body weight, evaluation of body
composition is important in determining a more suitable
basal metabolic standard for the elderly.

With respect to PAL, examinations of relevant reports
focusing on individuals aged 70 to 80 y identified 1.70
as the reference value for both males and females. The
institutionalized elderly tended to have a lower PAL com-
pared to the independent, and the BMR of residents of
long-term care facilities in Japan was extremely low, even
that of healthy residents (27). These findings indicate
that elderly should receive an appropriate energy intake
based on estimation of their PAL, taking into account
not merely individual body size and overall health but
also other parameters, such as living conditions.

Based on the findings of previous studies, the esti-
mated energy requirement (EER) for the elderly in terms
of PAL 1.70 was determined to be 2,200 kcal/d for male
and 1,700 kcal/d for females, respectively.

Protein. Protein requirements for the elderly were
calculated using the nitrogen balance method. Several
reviews of studies on nitrogen balance suggest that
despite decreases in skeletal muscle mass with age, the
protein requirements of the elderly are not lower than
those of younger individuals per kg of fat-free mass,
while some reports suggest that their protein require-
ment levels should be set higher to maintain muscle
mass and strength for the elderly. No definitive conclu-
sions have yet been reached. Currently, the EAR and
recommended dietary allowance (RDA) for protein are
the principal values applied to the maintenance of nitro-
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gen equilibrium, but it is unknown whether the protein
intake above the EAR or RDA is effective in preventing
the decline in fat-free mass caused by aging. A decline in
PAL, meanwhile, leads to a decline in the protein metab-
olism of skeletal muscle, thereby suggesting the need
for a high protein requirement (28), which is also sug-
gested by a decline in energy intake (29). Thus, for the
elderly and other subjects whose PAL or energy intake
decreases, protein requirements should be determined
independently of those for healthy individuals.

n-3 fatty acids. The intake of n-3 fatty acids reduces
the risk of age-related macular degeneration, a serious
disease resulting in loss of eyesight (30).

Vitamin B. A deficiency in any one of three vita-
mins—vitamin Bs, vitamin Bi», or folic acid—Ileads
to an elevation in plasma homocysteine, which is also
elevated with aging. It has been reported that elevated
homocysteine level can be a risk factor for cardiovas-
cular diseases (31) and dementia (32). Although many
intervention studies of vitamin Be, vitamin Bj», and
folic acid have recently been conducted with the aim of
reducing the homocysteine level, no definitive conclu-
sions have emerged regarding the effect of supplementa-
tion of these vitamins on diseases in elderly individuals.

Sodium and potassium. Sodium and potassium are
well known as nutrients associated with blood pres-
sure regulation and several lifestyle-related diseases.
In Japan, the average intake of sodium in the form of
salt exceeds the dietary goal for preventing lifestyle-
related diseases (DGs) in every age group. Since there
is a tendency among the elderly toward even higher
intake, they are more greatly encouraged than other age
groups to reduce their salt intake for the prevention of
lifestyle-related diseases. However, as sodium is strongly
involved in the sense of taste, which declines in elderly
individuals (33), it is important to ensure that adher-
ence to a low-sodium diet does not increase the risk of
under nutrition. With respect to potassium, although
individuals aged 50y and above (middle-aged and
elderly individuals) have higher potassium intakes than
young adults, the 2005 and 2006 NHNS found that the
average intake of individuals aged 70 y and above was
below the DGs.

Calcium and vitamin D. In a Japanese cohort study,
calcium deficiency in elderly individuals was found to
be associated with increased risk of not only osteoporo-
sis but also cerebral apoplexy and colorectal cancer. In
the 2005 and 2006 NHNS, the average calcium intake
for individuals aged 70y and above was found to be
below 600 mg, which is the EAR for males and the RDA
for females. In an epidemiological study conducted in
Japan, a significant increase in the number of fractures
was observed in females with a calcium intake of less
than 350 mg/d (34). On the other hand, a randomized
controlled trial (RCT) of elderly females in New Zealand
revealed an increased prevalence of cardiovascular dis-
ease with calcium supplementation (35). While suitable
calcium intake is necessary for those with a low intake,
careful attention should be paid to the use of such sup-
plements among the elderly.
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Vitamin D, which elevates calcium absorption in the
intestinal tract, is an important nutrient for the Japa-
nese, especially for those with relatively low calcium
intake. Several studies suggest that poor vitamin D nutri-
tional status increases the risk of osteoporosis, dimin-
ished physical functioning, and colorectal cancer (36),
whereas comparatively high intake of vitamin D helps
prevent falls in the elderly. Many elderly individuals,
however, suffer from latent vitamin D deficiency, espe-
cially those with low PAL. In light of these findings and
with the aim of preventing lifestyle-related diseases, it is
desirable to maintain a superior vitamin D status among
the elderly. Since vitamin D is also produced when the
skin is exposed to ultraviolet radiation, not only intakes
by foods but also moderate exposure to sunlight effective
in elevating serum 2 5-hydroxyvitamin D (25[0H]D) lev-
els. Obtaining moderate sun exposure is relatively easy
in the course of daily life, and thus a recommended way
of maintaining sufficient vitamin D levels, particularly
in the elderly.

Conclusion

As can be observed, DRIs for nearly half of the nutri-
ents listed are exactly the same as those for adults aged
below 70 y. In most other nutrients, the reference for the
elderly such as per body weight used the same values as
that of younger adults; however, the values differ from
these for younger adults because of the differences of
reference body weight and actual intake for the elderly.

Elderly-specific DRIs-] has been obtained only for
energy, proteins, calcium, and irom.

In DRIs-J 2010, we were able to examine or calcu-
late DRIs specific to the elderly for only a few nutrients
because of the scarcity of nutritional data regarding the
elderly and the Japanese elderly in particular. We also
faced the challenge of the lack of a sound scientific basis
concerning the association between actual nutritional
status and lifestyle-related diseases. It is currently diffi-
cult to comprehensively evaluate age-related changes in
physical and morphological functions, and the appropri-
ateness of determining DRIs by treating all those aged
70 y and above as one group remains a debatable prob-
lem. To address these difficulties and the challenges that
await Japan as it increasingly becomes a super-aging
society, the promotion of further and more comprehen-
sive studies and surveys of the elderly is desirable.
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