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Summary Dietary Reference Intakes of five macrominerals (sodium, potassium, calcium,
magnesium and phosphate) were determined for Japanese. The estimated average require-
ment (EAR) and the recommended dietary allowance (RDA) for adults ages 18 y and older
were determined in calcium and magnesium. In sodium, the EAR was determined. The RDA
was not determined because the values were much lower than normal intake levels. Further-
more the dietary goal for preventing lifestyle-related diseases (DG) was determined based on
preventing hypertension. In potassium, the value that is considered appropriate to maintain
in vivo potassium balance was used as the adequate intake, the DG was established from a
standpoint of prevention of hypertension. In calcium, the EAR and RDA were determined by
the factorial method. In phosphate, the Al was determined based on the intake level of the
National Health and Nutrition Surveys. The tolerable upper intake level (UL) for adults was
determined in calcium, phosphate and magnesium, but the UL of magnesium was applied

from a source other than ordinary food.
Key Words

Sodium
Background information

Sodium, the main cation contained in extracellular
fluid, is necessary to maintain extracellular fluid vol-
ume, plasma osmolality, and acid-base balance. Sodium
is mostly consumed in the form of sodium chloride
(NaCl), commonly referred to as salt. The largest por-
tion of ingested sodium is absorbed from the small intes-
tine and the majority of absorbed sodium is excreted in
the urine via the kidneys. If sodium intake increases,
the amount of urinary excretion will increase, and if
intake decreases, the amount of urinary excretion will
decrease.

A NaCl equivalent is calculated as follows from the
molecular weight of salt and sodium:

Na(l equivalent=sodium (g)<X58.5/23

=sodium (g)x2.54.

If kidney functioning is normal, sodium balance will
be maintained by the re-absorption of sodium in the kid-
neys, thereby preventing sodium deficiency. Endogenous
loss of sodium is calculated as the sum of the sodium
excreted in the urine, feces, dermal tissue, and other tis-
sues when sodium intake is 0 mg/d.

Determining the Dietary Reference Intakes (DRIs)
Based on the belief that the amount of endogenous
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sodium, potassium, calcium, magnesium, phosphate

sodium loss is equal to the amount of sodium required,
the estimated average requirement (EAR) was estab-
lished with the goal of compensating for endogenous
loss. However, the values are less than 1% of the value of
intake distribution, determined by the National Health
and Nutrition Survey (1, 2). Therefore, the meaning in
practical use does not presume to provide the average
required quantity. Since it has no meaning when utiliz-
ing the amount recommended, it was not calculated.
For infants aged O to 5 mo, the adequate intake (AI)
was calculated using the average concentration of
sodium in breast milk (135 mg/L) (3, 4) and average
volume of breast milk secreted per day (0.78 L/d) (5, 6).
For infants aged 6 to 11 mo, the AI was calculated using
the average consumption of sodium from breast milk (3,
4, 7, 8) and complementary food (9). The dietary goal
for preventing lifestyle-related diseases (DG) for sodium
was established by epidemiology research that consid-
ered the relationship between high blood pressure (10,
11) and cancer (12) and sodium ingestion, changes in
sodium intake in the Japanese (1, 2), and the desirable
level of sodium established in many Western countries.
In adults, the target to attain over 5 y was calculated to
be less than 9 mg/d for men and less than 7.5 mg/d for
women. In children aged 1 to 11 y, the value was cal-
culated by extrapolation from the value for adults aged
18 to 29 y by the 0.75th power of the weight ratio. The
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Table 1. DRIs for sodium (mg/d, the value in parentheses is equivalent to table salt [g/d]).
Sex Males Females
Age EAR Al DG EAR AL DG
0-5 mo — 100(0.3) — — 100 (0.3) —
6-11 mo — 600 (1.5) — — 600 (1.5) —
12y — — (<4.0) — — (<4.0)
3-5y — — (<5.0) — — (<5.0)
6-7y — — (<6.0) —_ — (<6.0)
89y — — (<7.0) — — (<7.0)
10-11y — - (<8.0) — — (<7.5)
12-14y — — (<9.0) — — (<7.5)
15-17y — — (<9.0) — — (<7.5)
18-29y 600 (1.5) — (<9.0) 600 (1.5) — (<7.5)
30-49y 600 (1.5) — (<9.0) 600 (1.5) — (<7.5)
50-69y 600 (1.5) — (<9.0) 600 (1.5) —— (<7.5)
=70y 600 (1.5) o (<9.0) 600 (1.5) — (<7.5)
Pregnant women
(amount to be added) - - -
Lactating women
(amount to be added) - - -

DRIs, Dietary Reference Intakes; EAR, estimated average requirement; Al, adequate intake; DG, tentative dietary goal for

preventing lifestyle-related diseases.

value for adults aged 18 to 29 y was applied to adoles-
centsaged 12to 17 v.
DRIs for sodium are summarized in Table 1.

Potassium
Background information

As the main cation contained in intracellular fluid,
potassium is an important factor in determining the
osmotic pressure of aqueous humors and maintaining
acid-base balance, and participates in nerve transmis-
sion, muscle contraction, and vascular tone. In healthy
individuals, potassium deficiency is rarely observed,
typically afflicting only those experiencing diarrhea or
heavy perspiration or taking diuretics. Average sodium
intake in Japan is high compared with that of many
countries (1, 2). As the urinary excretion of sodium is
related to potassium intake, it is believed that increasing
ingestion of potassium is important for the Japanese.
Determining DRIs

" Based on the National Health and Nutrition Survey

data, the Al was determined to compensate for endoge-
nous potassium loss and maintenance of potassium bal-
ance at the present intake level (1, 2). In research con-
ducted in other countries, an intake of 1,600 mg was
found adequate to maintain potassium balance (13).
The current intake of the Japanese was found to exceed
this value (1, 2), reaching an Al of 2,500 mg for men,
which is not an unrealizable value, nor is 2,000 mg
for women in consideration of the difference in energy
intake.

Based on the AI of adults aged 18 to 29y, it was
extrapolated by the 0.75th power of the weight ratio in
consideration of the growth factor. The Al for infants

-307-

aged O to 5 mo infants was calculated using the average
concentration of potassium in breast milk (3, 4) and the
average volume of breast milk secreted per day (5, 6).
The Al for infants aged 6 to 11 mo was calculated using
the average consumption of potassium from breast milk
(7, 8) and complementary food (8). Since it is supplied
with normal meals, the additional amount required for
pregnant women was not determined. The additional
amount required for lactating women was calculated as
follows:

Additional amount of potassium required for lactat-

ing women ’

=average amount of potassium in breast milk (3,
4)Xthe amount of milk (5, 6).

If renal functioning is normal, the potassium intake
from normal meals will not lead to excessive potassium
levels, which can cause metabolic disorder. Therefore,
the tolerable upper intake level (UL) was not determined.

The Sixth Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (14) reported that an intake of 3,500 mg
potassium/d is desirable to prevent high blood pressure.
This value is supported from the viewpoint of primary
prevention of lifestyle-related diseases, centering on
prevention of high blood pressure. However, consider-
ing that the current median intake of adult Japanese is
2,384 mg for men and 2,215 mg for women (I, 2), this
intake may be difficult to realize. Aiming for its realiza-
tion 5 y from now, it was considered appropriate to aim
at the mean value of the current median intake and the
value reported in the Sixth Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (14), and to calculate the DG



Japanese DRIs for Macrominerals S85
Table 2. DRIs for potassium (mg/d).
Sex Males Females
Age AT ur? Al UL?
0-5 mo 400 — 400 —
6-11 mo 700 — 700 —
1-2y 900 — 800 —
3-5y 1,000 - 1,000 —
6-7y 1,300 — 1,200 —
89y 1,500 — 1,400 —
10-11y 1,900 - 1,700 o
12-14y 2,300 — 2,100 —
15-17y 2,700 — 2,000 e
18-29y 2,500 2,800 2,000 2,700
30-49y 2,500 2,900 2,000 2,800
50-69 y 2,500 3,000 2,000 3,000
=70y 2,500 3,000 2,000 2,900
Pregnant women +0 .
(amount to be added)
Lactating women +400 —
(amount to be added)
UL, tolerable upper intake level.
1 The value that is considered appropriate to maintain in vivo potassium balance was used as the adequate intake.
2The value was established from a standpoint of prevention of hypertension.
Table 3. EAR and RDA of calcium determined using the factorial method.
Reference Urinary  Percutaneous Apparent
body Accumulation . A+B+C absorption EAR RDA
Age . excretion loss
Sex 5 weight rate
) A) ®) © (D) (E=(A+B+C)/D) (Ex1.2)
(kg) (mg/d) (mg/d) (mg/d) (mg/d) (%) (mg/d) (mg/d)
Males 1-2 11.7 99 38 6 143 40 358 430
3-5 16.2 114 48 8 171 35 487 585
6-7 22.0 99 61 10 170 35 486 583
8-9 27.5 103 72 12 187 35 534 641
10-11 355 134 87 15 236 40 590 707
12-14  48.0 242 109 18 370 45 821 986
15-17 584 151 127 21 299 45 664 797
1829  63.0 38 134 22 195 30 648 778
30-49  68.5 0 143 24 167 30 556 667
50-69  65.0 0 137 23 160 27 593 712
=70 59.7 0 129 21 150 25 601 722
Females 1-2 11.0 95 36 4] 137 40 343 412
3-5 16.2 99 48 8 156 35 444 533
6-7 22.0 86 61 10 157 35 449 539
8-9 27.2 135 71 12 218 35 624 749
10-11 345 171 85 14 271 45 601 722
12-14 460 178 106 18 302 45 670 804
15-17  50.6 89 114 19 222 40 555 665
18-29  50.6 33 114 19 166 30 553 663
30-49 53.0 0 118 20 138 25 550 660
50-69 53.6 0 119 20 139 25 555 666
=70 49.0 0 111 19 130 25 519 622

RDA, recommended dietary allowance.
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Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — — 200 — — — 200 —
6-11 mo — — 250 —_— — — 250 —
12y 350 400 — — 350 400 — —
3-5y 500 600 — _— 450 550 — —
6-7y 500 600 - — 450 550 — —
8-9y 550 650 — — 600 750 — —
10-11y 600 700 — — 600 700 — —
12-14y 800 1,000 — — 650 800 — —
15-17y 650 800 — — 550 650 - —
18-29y 650 800 — 2,300 550 650 — 2,300
30-49y 550 650 — 2,300 550 650 — 2,300
50-69y 600 700 — 2,300 550 650 — 2,300
=70y 600 700 — 2,300 500 600 — 2,300
Pregnant women
(amount to be added) +0 +0 - -
Lactating women
(amount to be added) +0 +0 - -

based on this view.
DRISs for potassium are summarized in Table 2.

Calcium
Background information

Calcium accounts for 1% to 2% of body weight, with
more than 99% of total body calcium contained in
the bones and teeth and the remaining 1% contained
in blood, tissue fluid, and cells, where it plays a role in
various bodily functions. The calcium concentration in
the blood is controlled within a very narrow range. If
the concentration decreases, parathyroid hormone will
stimulate the absorption of calcium from bone, which
undergoes repeated bone resorption (resorption of cal-
cium from the bones) and bone formation (accumula-
tion of the calcium in the bones). Bone mass increases
during growth and begins to decrease in menopause or
later and then continues to do so during the aging pro-
cess (15, 16). Since the primary means of prevention
of bone fracture is increasing bone mass, the calcium
requirement has the character of a DG.

Determining DRIs

The EAR was calculated using the factorial method,
which considers the amount of calcium accumulated
in the body (17-27), excreted by urine (28-30), lost
via dermal tissue (31), and the apparent rate (32-50)
(Table 3).

Assuming that infants aged O to 5 mo can obtain the
required calcium from their mother’s milk, the Al was
calculated using the average concentration of calcium
in breast milk (3, 4, 8) and the average volume of breast
milk secreted per day (5, 6). For infants aged 6 to 11 mo,
the AI was calculated using the average consumption of
calcium from breast milk (3, 4, 7, 8), and complemen-
tary food (9).
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It was assumed that determining the additional
amount required for pregnant and lactating women
was unnecessary. Although the metabolism of calcium
changes during pregnancy and lactation, during which
more calcium is taken into the body, the calcium accu-
mulated in an embryo and in the mother’s milk origi-
nates from the bones of the mother’s body, and even if
they supply calcium, they cannot prevent bone mass
reduction in the mother’s body. Furthermore, since cal-
cium intake is excreted in the mother’s urine, the bone
mass reduction that occurs during pregnancy and lac-
tation is recovered within 6 mo after breast feeding is
terminated if the quantity required before pregnancy
is being consumed, and thus ingesting any additional
amount is unnecessary.

Because milk alkali syndrome, a type of hypercal-
cemia that occurs with excessive ingestion of calcium
and alkaline chemicals, has been reported (51-59), the
UL was calculated with high reliability based on case
reports of the obstacles encountered by superfluous
ingestion of calcium. The UL was determined using the
lowest observed adverse effect level (LOAEL) of calcium
that causes milk alkali syndrome, which is 2.8 g, and
dividing it by an uncertainty factor of 1.2, which yields
aULof 2.3 g.

DRIs for calcium are summarized in Table 4.

Magnesium
Background information .
Magnesium contributes to the maintenance of bone
health and various enzyme reactions. Approximately
25 g of magnesium exists in the adult body, and it exists
in bone at levels of 50% to 60% (60). If magnesium is
deficient, re-absorption of magnesium occurs from the
kidneys, for which magnesium absorption increase from
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Table 5. DRIs for magnesium (mg/d).
Sex Males Females
Age EAR RDA Al UL! EAR RDA Al UL!
0-5 mo — en 20 — — — 20 —
6-11 mo — — 60 — e — 60 —
1-2y 60 70 — — 60 70 — —
3-5y 80 100 — — 80 100 — —
6-7y 110 130 — — 110 130 — —
89y 140 170 — — 140 160 — —
10-11y 180 210 — — 170 210 — —
12-14y 240 290 — - 230 280 — —
15-17y 290 350 —_ — 250 300 — —
1829y 280 340 — — 230 270 — —
30-49y 310 370 — — 240 290 — —
50-69y 290 350 — —_ 240 290 — —
=70y 270 320 — — 220 260 - —
Pregnant women
(amount to be added) +30 +40 - o
Lactating women
(amount to be added) +0 +0 o -

1When the nutrient is obtained from ordinary food, no upper threshold is set. When the nutrient is obtained from a source
other than ordinary food, the upper threshold is set at 350 mg/d for adults and 5 mg/kg weight/d for children.

the bone will be used. At an average intake of approxi-
mately 300 to 350 mg, magnesium is absorbed from the
intestinal tract at a rate of approximately 30% to 50%
(61), with the rate increasing with lower intake.

Magnesium deficiéncy causes hypercalcemia, mus-
cular convulsions, and coronary-artery spasms (62).
Moreover, no fixed view exists, although it is suggested
that insufficient magnesium over a long period raises
the risk of lifestyle-related diseases, such as osteopo-
rosis, cardiac disease, and diabetes (60). Although
adverse effects are not caused by ingestion from meals,
diarrhea may be caused by superfluous ingestion from
supplements.
Determining DRIs

The EAR was calculated on the basis of results
obtained by a previous study of magnesium balance
(63). The research for Japanese was thought to be impor-
tant, and 4.5 mg was made into the EAR per an adult’s
body weight. The EAR value of 4.5 mg was adopted as
the recommended dietary allowance (RDA) after multi-
plying it by the reference body weight, applying a factor
of 1.2, and assuming a coefficient of variation of 10%.

The results of an American balance test examining
12 boys and 13 girls aged 9 to 14 y using a stable mag-
nesium isotope determined the EAR to be 5mg (33).
This value was subsequently adopted as the RDA after
multiplying it by the reference body weight and applying
a factor of 1.2, as had been applied to the adult EAR.
The Al for infants aged O to 5 mo was calculated using
the average concentration of magnesium in breast milk
(3, 4) and the average volume of breast milk secreted
per day (5, 6). The Al for infants aged 6 to 11 mo was
calculated using the average consumption of magne-

sium from breast milk (3, 4, 7, 8) and complementary
food (9). The additional amount required for pregnant
women was calculated using the results of a magne-
sium balance study of pregnant woman (64). Because
neither calcium balance nor the amount of magnesium
excreted in urine changes during lactation (65, 66), it
was assumed that determining the additional amount
required during lactation was unnecessary.

The first-stage undesirable effect of superfluous inges-
tion of magnesium from sources other than food is diar-
rhea. Many individuals may experience mild transient
diarrhea even without increased magnesium intake.
Therefore, it is thought that it becomes the clearest
index for the existence of development of symptoms of
diarrhea to determine the UL. In addition, the report
supposes that undesirable health effects of superfluous
ingestion of magnesium from typical food sources were
not found. Therefore, the UL from intake of typical foods
was not determined.

DRIs for magnesium are summarized in Table 5.

Phosphorus
Background information

Phosphorus is indispensable to energy metabolism,
which depends on phosphorylation in the cell. Even
when phosphorus loss due to cooking is taken into con-
sideration, the quantity of phosphorus ingested from
food every day is always sufficient. The possibility of
excessive ingestion of phosphorus is regarded as ques-
tionable, particularly as various orthophosphates are
widely used as food additives.
Determining DRIs

Due to the lack of evidence in determining the pre-
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Table 6. DRIs for phosphorus (mg/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — — 120 — —_ — 120 —
6-11 mo — — 260 — — — 260 —
12y — — 600 — — — 600 —
3-5y — — 800 — — — 700 —
6-7y — — 900 — — — 900 —
89y — — 1,100 — — — 1,000 —
10-11y — — 1,200 — — — 1,100 e
12-14y — — 1,200 — — — 1,100 —
15-17y — — 1,200 — — — 1,000 —
18-29y — — 1,000 3,000 — — 900 3,000
3049y — — 1,000 3,000 — — 900 3,000
50-69y — — 1,000 3,000 — — 900 3,000
=70y — — 1,000 3,000 — — 900 3,000
Pregnant women . . +0 o
(amount to be added)
Lactating women . . +0 .
(amount to be added)

sumed EAR and RDA, the Al for phosphorus was deter-
mined using the median intake reported in the National
Health and Nutrition Survey (1, 2) and the DRIs for the
United States and Canada (67). The Al for infants aged
0 to 5 mo was calculated using the average concentra-
tion of phosphorus in breast milk (3, 4) and the average
volume of breast milk secreted per day (5, 6). The Al for
infants aged 6 to 11 mo was calculated using average
consumption of phosphorus from breast milk (3, 4, 7, 8)
and complementary food (9). The additional amount for
pregnant and lactating women was not calculated. It is
known that serum inorganic phosphorus level increases
in accordance with increases in phosphorus intake. The
no observable adverse effect level (NOAEL) is considered
to be an intake in the case where serum inorganic phos-
phorus serves as a normal upper limit. We set the uncer-
tainty factor to 1.2, and calculated UL.
DRIs for phosphorus are summarized in Table 6.

Dr. Takatoshi Esashi who is one of the authors passed
away on March 26, 2012. He was a leader of the work-
ing group for minerals in the decision of DRIs for Japa-
nese, 2010. We would like to offer our respectful condo-
lences on his death.
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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 68.6kg (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 ol 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 EAR  RDA Al UL women women Al UL
EAR RDA EAR RDA
0~-5 mo — e 0.5 — — — — — 0.5 —
6-11 mo 3.5 5.0 — — 3.5 4.5 — — — —
1-2y 3.0 4.0 — 25 3.0 4.5 — e — 20
3-5y 4.0 5.5 — 25 4.0 5.5 — — — 25
6-7y 4.5 6.5 e 30 4.5 6.5 — — — 30
89y 6.0 8.5 e 35 5.5 8.0 — e — 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 e 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
50-69 y 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) 20 +25 -

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

level.

L The values were set excluding those with menorrhagia (blood loss exceeding 80 mL/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 (FAQO) (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, EARX 1.4;
aged 15 or older, EARX1.2.

The adequate intake (AT) 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 y,
8to 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
30-49y 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 A - -

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.

The results 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+1.00%X(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
=1.113 X(zinc intake)®>#%2, 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
0-5mo — — 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 — — 0.3 0.3 — —
67y 0.3 0.4 — — 0.3 0.4 — —
8-9y 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 o o
Lactating women
(amount to be added) +0.5 +0.6 o -

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 AI 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+280d~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 (0.35X0.78+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 —
6-7y e e 2.0 — — — 2.0 —
89y — — 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
30-49y — — 4.0 11 — — 3.5 11
50-69y — — 4.0 11 — — 3.5 11
=70y — — 4.0 11 — — 3.5 11
Pregnant women o o 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 AI 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 AT 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 AI
for pregnant women was set at the same value as the AI
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 (0.011Xx0.78+0.05)
mg/d, which is much lower than the Al 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 AT UL
0~5 mo — — 100 250 — — 100 250
6-11 mo — — 130 250 — — 130 250
12y 35 50 e 250 35 50 — 250
3-S5y 45 60 — 350 45 60 — 350
6-7y 55 75 — 500 55 75 — 500
89y 65 90 — 500 65 90 — 500
10-11y 75 110 e 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
3049y 95 130 —_ 2,200 95 130 — 2,200
50-69y 95 130 — 2,200 95 130 — 2,200
=70y 95 130 — 2,200 95 130 — 2,200
Pregnant women
(amount to be added) *75 +110 - -
Lactating women
(amount to be added) +100 +140 - o

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.

lodine
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 ug/d in adults. Thus, the EAR for adults aged 18 y
and older was set at 95 ug/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 Al for infants aged O to 5 mo
was set at 100 (133X0.78) pg/d. The AI for infants
aged 6 to 11 mo (130 ug/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 ug/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
(133%0.78) pg/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
Wolft-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 pg/d (64).
Based on this observation, the UL for children aged 6
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Table 6. Dietary Reference Intakes for selenium (ug/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5mo —_ — 15 — — — 15 —
6-11 mo e — 15 — — — 15 —
1-2y 10 10 — 50 10 10 — 50
3-5y 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
30-49y 25 30 — 300 20 25 — 230
50-69y 25 30 — 280 20 25 — 230
=70y 25 30 — 260 20 25 — 210
Pregnant women
(amount to be added) +5 +> - -
Lactating women i
(amount to be added) +15 +20 - o

to 11 y was set at 500 pg/d. The UL for children aged
1 to 5y 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 O 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 ug/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 dejodinase, 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 ug/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 0.7 5th power of
a weight ratio and a growth factor.
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Sex Males

Females

Age EAR RDA Al

UL EAR RDA Al UL

0-5 mo — — 0.8
6-11mo - — — 1.0
1-2y — — —
3-5y — — —
6-7y — — —
89y — — —
10-11y — — —
12-14y — — —
15-17y — — —
18-29y 35 40 —
3049y 35
50-69y 30 40 —
=70y 30 35 —

— 0.8 —

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 (250%3.5) dur-
ing pregnancy. Based on average blood selenium concen-
tration (184 ug/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) nug/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 AT 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 ug/d using the
0.7 5th power of a weight ratio.

Based on a Chinese report of chronic selenium
intoxication, the NOAEL of selenium is estimated to be
13.3 pg/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) ug/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 ug/1,000 kcal and
the estimated energy requirement for physical activity
level IT, 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 RDA Al

0-5mo
6—~11 mo
1-2y
3-5y
6-7y
89y
10-11y
12-14y
15-17y
18-29y
3049y
50-69 y
=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 ug/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 ug/d) (83), the EAR for adults with
a body weight of 76.4 kg was calculated to be 25 ug/d.
The BAR 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 pg/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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