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1.2.
Tolerable upper intake level

Chronic use of riboflavin has not been reported to
cause severe toxicity. For example, a daily intake of
400 mg of riboflavin for 3 mo (15), supplemental oral
intake of up to 60 mg riboflavin, or single intravenous
injection of 11.6 mg riboflavin (16) caused no delete-
rious effects. This may be attributed to rapid excretion
of riboflavin in the urine, and also to limited solubility
and reduced absorption at higher doses. Stripp demon-
strated limited absorption of 50-500 mg of riboflavin,
and consequently no adverse effects (17). Zempleni et al.
reported that the maximum absorbable amount of ribo-
flavin in a single dose was 27 mg (16). Moreover, there
are no data indicating that riboflavin administration
during pregnancy is potentially dangerous. Thus, there
is no evidence for determining the UL.

The DRIs for vitamin B, are summarized in Table 2.

Niacin
Background information

The main compounds showing niacin activity are nic-
otinic acid, nicotinamide, and tryptophan. The DRIs for
niacin are expressed in niacin equivalent (NE).

The Standard Tables of Food Composition in Japan,
(18) list niacin as the sum of nicotinic acid and nico-
tinamide, and do not include nicotinamide biosynthe-
sized from tryptophan. Therefore, to calculate NE in a
diet, the amount of nicotinamide biosynthesized from
dietary tryptophan should be added to the amount of
niacin. The conversion ratio for tryptophan to nicotin-
amide is set at 1/60 on a weight basis. The NE is calcu-
lated using the following formula:

Niacin equivalent (mg NE)

=niacin intake (mg)-+(1/60) tryptophan intake (mg)

Most protein contains approximately 1% of trypto-
phan, and therefore the amount of nicotinamide bio-
synthesized from tryptophan (mg) is estimated as the
amount of protein (g) divided by 6.

In living cells, niacin exists mainly as the cofactor
NAD(P), which binds weakly to enzyme proteins. Dur-
ing cooking and processing of animal and plant foods,
NAD(P) is hydrolyzed to nicotinamide and nicotinic
acid, respectively. Any remaining NAD(P) is hydrolyzed
to nicotinamide in the gastrointestinal tract. Nicotin-
amide and nicotinic acid are absorbed in the small intes-
tine. Most nicotinic acid binds to complex carbohydrates
in cereal grains, and is therefore less digestible (19). The
relative availability of dietary niacin to free nicotinamide
is approximately 60% in a typical Japanese diet (1, 2).

Determining DRIs
Evidence for determining the EAR

The conversion ratio of tryptophan to nicotinamide
is set at 1/60 on a weight basis (20, 21). Niacin relates
to energy metabolism, and therefore the EAR for nia-
cin is expressed as mg NE/1,000 kcal. Human studies
show that NE intake correlates well with urinary nico-
tinamide metabolite N'-methylnicotinamide, and that
a urinary N!-methylnicotinamide of 1.0 mg/d reflects
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clinical niacin deficiency (20, 22-25). Analysis of previ-
ous studies shows that the niacin intake equivalent to a
urinary N*-methylnicotinamide of 1.0 mg/d is 4.8 mg
NE/1,000 kcal. This value was set as the EAR for sub-
jects aged 1-69 y. The RDA is determined as 5.8 mg
NE/1,000 kcal, calculated by multiplying the EAR by
1.2. Based on niacin intake and urinary nicotinamide
metabolite data, niacin activity in older subjects is con-
sidered to be the same as that in younger subjects. Thus,
the EAR and RDA were set at 4.8 mg NE/1,000 kcal and
5.8 mg NE/1,000 kcal, respectively, for adults >70y
old. To express the EAR and RDA in mg NE/d, each value
is multiplied by the estimated energy requirement cor-
responding to a subject’s sex, age, and physical activity.

Life stages

0-5mo. The mean nicotinamide concentration in
breast milk is 2.0 mg/L (4-6). The average intake of
breast milk is 0.78 L/d (7, 8), representing a daily nico-
tinamide intake of ~1.6 mg/d. The AI for infants aged
0-5 mo was set at 2 mg/d. Nicotinamide is unlikely to
be biosynthesized from tryptophan at this stage, and
therefore the Al is expressed in mg/d.

6—11 mo. To set the Al for infants aged 6-11 mo,
the extrapolated values are calculated from the AI for
infants aged 0-5 mo and the EAR for adults, using
the weight ratio method described for vitamin B;. The
means of these extrapolated values are determined for
each sex. The average of the obtained values for each sex
is 3.1 mg NE/d. Thus, the Al for infants aged 6~11 mo
becomes 3 mg NE/d.

Pregnant women. The additional amounts are set
based on the assumption that the requirement for nia-
cin increases according to energy expenditure. There
is no evidence for setting the EAR by factorial method.
Thus, the EAR and RDA for niacin are expressed as mg
NE/1,000 kcal. However, the amount of nicotinamide
biosynthesized from tryptophan increases during preg-
nancy, and this compensates for the increase in niacin
requirement (16). Thus, pregnant women do not require
additional niacin intake.

Lactating women. The conversion rate of tryptophan
to nicotinamide returns to a normal level after delivery
(26), and therefore lactating women require additional
niacin intake to compensate for the loss of niacin to
breast milk. Daily niacin secretion to milk of 1.6 mg/d is
adjusted by the relative availability of dietary niacin to
free nicotinamide 60% (1, 2). Thus, the additional EAR
for lactating women was set at 3 mg NE/d (rounded up
from 2.6 mg NE/d). The additional RDA was set at 3 mg
NE/d, calculated by multiplying the additional EAR by
1.2.

Tolerable upper intake level

Nicotinic acid and nicotinamide are often used in nia-
cin supplements and fortified foods. The UL for niacin
therefore takes into account the nicotinic acid and nic-
otinamide taken from supplements and fortified foods.
The large doses of nicotinamide and nicotinic acid used
to treat patients with type I diabetes and hypercholester-
olemia, respectively, may cause gastrointestinal effects
such as dyspepsia, diarrhea, and constipation, and also
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Table 3. DRIs for niacin (mgNE/d).!
Sex Males Females
Age EAR RDA Al UL? EAR RDA Al uL?
0-5 mo® — — 2 — — — 2 —
6—11 mo — —_ 3 —_ — 3 —
12y 5 6 — (15) 4 5 — 60 (15)
3-S5y 6 7 — 0(20) 6 7 — 80 (20)
67y 7 9 — 100 (30) 7 8 — 100 (30)
8-9y 9 10 — 150 (35) 8 10 — 150 (35)
10-11y 11 13 — 200 (45) 10 12 — 150 (45)
12-14y 12 14 — 250 (60) 11 13 — 250 (60)
15-17y 13 16 — 300 (70) 11 13 — 250 (65)
18-29y i3 15 — 300 (80) 9 11 — 250 (65)
3049y 13 15 — 350(85) 10 12 — 250 (65
50-69 y 12 14 — 350(80) 9 11 — 250 (65)
=70y 11 13 — 300 (75) 8 10 — 250 (60)
Pregnant women
(amount to be added) A +0 o -
Lactating women
(amount to be added) +3 +3 o -

I NE=niacin equivalents (mgNE)=niacin intake (mg)+1/60 of tryptophan intake (mg).

Calculated by using PAL II of the EER.

2The ULs were the amounts of nicotinamide (mg) and mg of nicotinic acid in parentheses. Values were calculated using

reference body weight.
3 Values were expressed as mg/d.

hepatotoxic symptoms such as dysfunction and fulmi-
nant hepatitis. According to previous reports (26-30),
the no observed adverse effect levels (NOAELSs) for nico-
tinamide and nicotinic acid were set at 25 mg/kg body
weight and 6.25 mg/kg body weight, respectively. The
NOAELs were divided by an uncertainty factor of 5,
and the obtained values of 5 mg/kg body weight and
1.25 mg/kg body weight were set as the ULs for nicotin-
amide and nicotinic acid, respectively. A pharmacologi-
cal dose of nicotinic acid has the transient vasodilatory
effect of flushing (reddening of the skin), but no adverse
health effects. Thus, it is not appropriate to use flushing
for setting a UL for nicotinic acid. .
The DRIs for niacin are summarized in Table 3.

Vitamin Bg
Background information :

The chemical substances possessing v1tamm B6 activ-
ity are pyridoxine, pyridoxal, and. pyridoxamine and
their respective phosphorylated forms. The functional
form is pyridoxal 5’-phosphate (PLP). Vitamin B defi-
ciency results in seborrheic dermatitis, epileptiform
convulsions, and microcytic anemia. In foods, vitamin
Bs exists mainly as a complex of PLP or pyridoxamine
5’-phosphate (PMP), associated with protein. During
digestion, PLP and PMP are released and hydrolyzed
by phosphatase, after which pyridoxal and pyridoxam-
ine are released and absorbed. Plants possess pyridox-
ine 5'B-glucoside (PNG), which, if ingested, is partially
hydrolyzed to pyridoxine and absorbed. The bioavailabil-

ity of vitamin Be¢in humans is estimated to be 50% (31).
The bioavailability in typical American foods is esti-
mated to be 75% (32), while that in a typical rice-based
Japanese diet is 73% (1).

In serum, PLP and pyridoxal are the dominant Be
vitamers. PLP is bound to protein, predominantly albu-
min. Erythrocytes possess pyridoxal kinase and pyridox-
amine 5’-phosphate/pyridoxine S5’-phosphate oxidase,
and therefore PLP can be synthesized from pyridoxal
and PMP. Pyridoxal is incorporated into the body tissues
and converted to PLP.

Pyridoxal is metabolized in the liver to 4-pyridoxic
acid, and excreted in the urine.

Determining DRIs
Evidence for determining the EAR

Vitamin B is involved in the catabolism of amino
acids and formation of bioactive amines, including some
neurotransmitters such as +y-aminobutyric acid. The
plasma PLP concentration has been reported to reflect
the body store of vitamin Be (33). A low plasma PLP
concentration was shown to be associated with elec-
troencephalographic changes in young, non-pregnant
women (34). Furthermore, a plasma PLP concentration
of 30 nmol/L was required to alleviate vitamin B¢ defi-
ciency-induced disorders (35). The EAR for vitamin Bg is
based on the amount of vitamin Bs that can maintain a
plasma PLP level of 30 nmol/L. The vitamin B¢ require-
ment increases as the protein intake increases, and the
plasma PLP concentration correlates well with vitamin
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Table 4. DRIs for vitamin Be (mg/d).!
Sex Males Females
Age EAR RDA Al UL? EAR RDA Al UL?
0~5 mo — — 0.2 — — — 0.2 —
6-11 mo — — 0.3 — — — 0.3 —
1-2y 0.4 0.5 — 10 0.4 0.5 — 10
3-5y 0.5 0.6 — 15 0.5 0.6 — 15
6~7y 0.7 0.8 — 20 0.6 0.7 — 20
89y 0.8 0.9 — 25 0.8 0.9 — 25
10-11y 0.9 1.0 — 30 0.9 1.0 — 30
12-14y 1.0 1.3 — 40 1.0 1.3 — 40
15-17y 1.1 1.4 — 50 1.0 1.3 — 45
18-29y 1.1 14 — 55 1.0 11 — 45
3049y 1.1 1.4 — 60 1.0 1.1 — 45
50-69 y 1.1 14 — 55 1.0 1.1 — 45
=70y 1.1 1.4 — 50 1.0 1.1 — 40
Pregnant women
(amount to be added) +0.7 +0.8 - -
Lactating women
(amount to be added) +0.3 +0.3 - o

! Calculated by using recommended dietary allowance of protein (except for additional amount for pregnant and lactating

women).

2 Quantity as pyridoxine, not indicating values in dietary vitamin Bs.

B¢ intake per protein intake (36). Thus, 0.014 mg pyr-
idoxine/g protein was estimated as the concentration
required to maintain a plasma PLP concentration of
30 nmol/L. Based on the bioavailability of vitamin Be in
a typical rice-based Japanese diet (1), the EAR becomes
0.019 mg pyridoxine/g protein. The RDA is calculated
by multiplying the EAR by 1.2, to give 0.023 mg pyr-
idoxine/g protein. To obtain the daily requirement of
vitamin B, the EAR of vitamin Be is multiplied to a RDA
of protein. For example, the EAR for 18- to 29-y-old
males and females are 1.1 mg pyridoxine/d and 1.0 mg
pyridoxine/d, assuming that RDAs of protein is 60 g/d
and 50 g/d, respectively.

Life stages

0-5mo. For infants of 0-5 mo, breast milk is the
sole source of vitamin Bs. The mean concentration of
pyridoxine in breast milk is 0.25 mg/L (4-6, 37). The
average intake of breast milk is 0.78 L/d (7, 8), repre-
senting a daily vitamin Bg intake of about 0.2 mg/d.
This value was set as the AL

6-11 mo. To set the AI for infants aged 6-11 mo,
the extrapolated values are calculated from the AI for
infants aged 0-5 mo and the EAR for adults, using
the weight ratio method described for vitamin Bi. The
means of these extrapolated values are determined
for each sex. Thus, the AI for infants aged 6~11 mo
becomes 0.3 mg/d.

Pregnant women. The plasma PLP concentration
has been reported to decrease during pregnancy (38).
However, during the last stage, it must be maintained
at 30 nmol/L. Thus, the additional amount is set at
0.5 mg/d (36). The additional EAR during pregnancy is
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set at 0.7 mg/d including a bioavailability of 73%. The
additional RDA is calculated by multiplying the addi-

_ tional EAR by 1.2.

Lactating women. The additional amount is calcu-
lated based on the assumption that the excreted amount
in breast milk is supplemented. The additional EAR for
pregnant women is calculated based on the mean con-
centration of vitamin Be in breast milk (0.25 mg/L) (8),
the average secretion (0.78 L/d) of breast milk (7, 8),
and a bioavailability of 73%, i.e., 0.3 mg/d. The addi-
tional RDA is calculated by multiplying the additional
EAR by 1.2.

Tolerable upper intake level

A continuously high intake of pyridoxine for several
months was shown to result in sensory neuropathy
(39). This symptom was used as a criterion for estimat-~
ing the UL for pyridoxine. By contrast, administration of
100-300 mg pyridoxine/d over a period of 4 mo did not
cause sensory neuropathy in 24 patients with carpal

‘tunnel syndrome (40). Based on these data, the NOAEL

was set at 300 mg/d. Assuming an uncertainty factor
of 5, the UL for pyridoxine was set at 60 mg/d, namely
0.8 mg/kg body weight. The UL for each age group was
obtained by multiplying the UL by the respective weight.
The DRIs for vitamin Be are summarized in Table 4.

Vitamin B]z
Background information

Vitamin B2 (Bi2) belongs to the corrinoids, which
are compounds having in common a corrin nucleus.
There are various B;; compounds with different upper
ligands; in particular, methylcobalamin and 5’-deoxya-
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Table 5. DRIs for vitamin By, (ug/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — — 0.4 — — — 0.4 —
6~-11 mo — — 0.6 e — — 0.6 —
1-2y 0.8 0.9 —_ — 0.8 0.9 —_ e
3-S5y 0.9 1.1 — — 0.9 1.1 _ —
6-7y 1.1 1.4 — — 1.1 1.4 — —
89y 1.3 1.6 — — 1.3 1.6 — —
10-11y 1.6 1.9 — — 1.6 1.9 — —
12-14y 2.0 2.4 — — 2.0 24 — —
15-17y 2.0 2.4 — — 2.0 2.4 — —
18-29y 2.0 2.4 — - 2.0 2.4 — —
30-49y 2.0 2.4 — — 2.0 2.4 — —
50-69y 2.0 2.4 — — 2.0 2.4 — —
=70y 2.0 2.4 — — 2.0 2.4 — —
Pregnant women
(amount to be added) +0.3 +04 - o
Lactating women
(amount to be added) +0.7 +0.8 _ -

denosylcobalamin function as Biz coenzymes. The DRIs
for B1, were set as cyanocobalamin (molecular weight
1,355.4).

Humans possess a complex process for gastrointes-
tinal absorption of dietary Biz (41). Bi released from
food protein is first bound to haptocorrin (salivary
B1;-binding protein) in the stomach. After proteolysis of
the haptocorrin-B1, complex by pancreatic proteases in
the duodenum, the released B1, binds to intrinsic factor
(IF, gastric Bi2-binding protein) in the proximal ileam.
The IF-B12 complex can enter mucosal cells in the distal
ileum by receptor-mediated endocytosis.

The bioavailability of dietary Bi> is highly dependent
on this IF-mediated absorption system. Under phys-
iological conditions, 50% of dietary Biz is assumed to
be absorbed by healthy adults (42). The IF-mediated
Bi, absorption system becomes saturated at a dietary
concentration of about 2 ug of Bi, (43). Ingestion of a
large quantity of B> from certain foods results in a sig-
nificant decrease in the absorption rate of Bia.

Substantial amounts of Bi; are excreted in bile (aver-
age excretion of 2.5 ug/d) (44). Approximately 50%
of biliary Bi; is re-absorbed by the intestine, with the
remainder excreted in the feces.

Determining DRIs
Evidence for determining the EAR

It is not possible to determine the EAR of Bj, for
healthy adults, because of the saturable IF-mediated
Bi2 gastrointestinal absorption system and/or substan-
tial amounts of enterohepatic Bi, circulation. Thus,
the EAR for adults was estimated based on clinical data
(the amount of By required for maintenance of ade-
quate hematological status and serum Bia level) from
Bis-deficient patients with pernicious anemia, following

intramuscular injection with varying concentrations
(0.1-10 pg/d) of B12 (45, 46). The data suggest an aver-
age intramuscular requirement of 1.5 ug/d for mainte-
nance of adequate hematological status. Bi;-deficient
patients with pernicious anemia cannot reabsorb B,
(0.5 ug/d) from the bile, because of the lack of an IF-me-
diated B12 absorption system (42). Thus, under normal
physiological conditions, an average intake of 1.0 ug/d
is required to compensate for the estimated extra losses
of biliary B12 (0.5 ng/d) from the average intramuscu-
lar requirement (1.5 pg/d). We adjusted this value with
a 50% absorption rate of dietary Bi2, to obtain an EAR
(2.0 pg/d) for healthy adults. The RDA was calculated
as 2.4 ug/d, by multiplying the EAR by 1.2.

The EAR for children was calculated from the EAR for
adults (2.0 ug/d), using the following equation for body
surface area at each age: [(reference weight at each age/
reference weight of 18- to 29-y-olds)®7>X(1+growth
factor)].

The EARs and DRIs for >50-y-olds were set at identi-
cal values to those for 18- to 49-y-olds, because of the
lack of detailed information concerning the decrease in
B12 absorption in elderly persons.

Life stages

0-5 mo. The mean concentration of Biz in breast
milkis 0.45 pg/L (5, 6, 47). The average intake of breast
milk is 0.78 L/d (7, 8), representing a daily B, intake of
0.35 ug/d. The Al was rounded up to 0.4 ug/d.

6-11 mo. To set the Al for infants aged 6~11 mo,
the extrapolated values are calculated from the Al for
infants aged 0—5 mo and the EAR for adults, using the
weight ratio method described for vitamin B;. The means
of these extrapolated values are determined for each
sex. Thus, the Al for infants aged 6—-11 mo becomes
0.6 ug/d (rounded down from 0.61 ug/d).
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Table 6. DRIs for folate (ug/d).!

SHIBATA K et al.

Sex Males Females
Age EAR RDA Al UL2 EAR RDA Al UL?
0-5 mo — - 40 — e - 40 —_
6—-11 mo — — 65 — — — 65 —
12y 80 100 — 300 80 100 — 300
3-5y 90 110 — 400 90 110 — 400
6-7y 110 140 — 600 110 140 — 600
89y 130 160 — 700 130 160 — 700
10-11y 160 190 — 900 160 190 — 900
12-14y 200 240 —_ 1,200 200 240 — 1,200
15-17y 200 240 e 1,300 200 240 — 1,300
18-29y 200 240 — 1,300 200 240 — 1,300
30-49y 200 240 — 1,400 200 240 — 1,400
50-69 y 200 240 — 1,400 200 240 — 1,400
=70y 200 240 — 1,300 200 240 —_ 1,300
Pregnant women +200 +£240 . .
(amount to be added)
Lactating women
(amount to be added) +80 +100 - -

! Women planning pregnancy or possibly pregnant are advised to take 400 ug/d of supplemental pteroyl monoglutamate

to reduce risks for fetal NTDs.
2 ULs were estimated as pteroyl monoglutamates.

Pregnant women. Based on the liver By, content
of infants, the human fetus is estimated to accumu-
late 0.1-0.2 pg/d of Biz (48, 49). Using the median
(0.15 pg/d) of the fetal deposition and the 50% absorp-
tion rate for dietary Bi» in healthy adults, the additional
EAR for pregnant women becomes 0.3 ug/d. The addi-
tional RDA is calculated as 0.4 ug/d (rounded up from
0.36 wng/d) by multiplying the additional EAR by 1.2.

Lactating women. Using the average values for
breast milk Bi» concentration and secretion, and the
50% absorption rate for dietary Bi» in healthy adults
(0.45 nug/LX0.78 L/d+0.5), the additional EAR for
lactating women becomes 0.7 ug/d (rounded up from
0.702 pg/d). The additional RDA is calculated as
0.8 ug/d (rounded down from 0.84 ug/d) by multiply-
ing the additional EAR by 1.2. :

Tolerable upper intake level

Oral administration of substantial amounts (>500
ug) of Bz was shown to result in only about 1% absorp-
tion in the intestine (50). Even when a mega dose
(2.5 mg) of By was administrated parenterally, no
harmful effect of the excess intake was observed (51).
Thus, in the present study, we did not determine the UL
for Blz.

The DRIs for vitamin B3 are summarized in Table 5.

Folate
Background information

In its narrowest sense, folate is referred to as pteroyl-
monoglutamate. In broader terms, it includes coenzyme
species in their reduced form, and also single-carbon
compounds and their polyglutamate forms. The Stan-

dard Tables of Food Composition (18) list food folates,
and also their DRIs, in their broader terms, as equiva-
lents of pteroylmonoglutamate.

Cellular folate is mostly bound to enzyme proteins
in their single-carbon polyglutamate coenzyme form.
In comparison with monoglutamates, these polygluta-
mates readily lose their activities during heat process-
ing (52). Most of the folate coenzymes are released
through cooking and digestion by gastric acid. Follow-
ing digestion by intestinal enzymes, they are converted
to 5-methyltetrahydrofolate, and absorbed through the
surface cells of the small intestine.

The relative bioavailability of food folate varies con-
siderably (25-81%) (53-55). In a bioavailability study
of wheat bread, the bioavailability was estimated to be
50% (2, 54).

Determining DRIs
Evidence for determining the EAR

Red blood cell folate (=300 nmol/L) and plasma
total homocysteine (<14 pmol/L) concentrations were
applied as biomarkers to reflect middle- to long-term
folate nutritional status (54, 56—59). The EAR for adults
(18-49 y) was estimated as 200 ug/d. The RDA was
calculated as 240 pg/d, by multiplying the EAR by 1.2.
The EAR for children was calculated from the EAR for
adults (200 ug/d), using the following equation for body
surface area at each age: [(reference weight at each age/
reference weight of 18- to 29-y-olds)®73X (1 +growth
factor)]. The values were rounded to the nearest 10 ug.
For adults aged =50y, folate bicavailability was esti-
mated to be equivalent to that of younger adults (60),
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and therefore the same values were applied.
Life stages

0-5 mo. The mean concentration of folate in breast
milk is 54 ug/L (4-6). The average intake of breast milk
is 0.78 L/d (7, 8), representing a daily folate intake of
folate of about 40 ug/d. This value was set as the Al

6-11 mo. To set the Al for infants aged 6-11 mo,
the extrapolated values are calculated from the AI for
infants aged 0-5 mo and the EAR for adults, using
the weight ratio method described for vitamin B;. The
means of these extrapolated values are determined
for each sex. Thus, the AI for infants aged 6~11 mo
becomes 65 ug/d.

Pregnant women. Macrocytic anemia in pregnancy
recovers naturally after delivery (61), indicating a con-
siderable increase in demand for folate during pregnancy.
The addition of 100 wg/d of pteroylmonoglutamate to a
diet adequate in food folate has been reported to result
in adequate levels of red cell folate (62, 63). Thus, this
value was set as the additional EAR (200 pg/d=100/
bioavailability rate 0.5). The additional RDA was calcu-
lated by multiplying the additional EAR by 1.2.

Lactating women. The additional amount is calcu-
lated based on the assumption that the excreted amount
in breast milk is supplemented. Thus, the additional EAR
is calculated using the following formula: (breast milk
consumption X breast milk content)~folate bioavailabil-
ity, which becomes (0.78 LX54 ug/L)+0.5. The addi-
tional RDA is calculated by multiplying the additional
EAR by 1.2. '
Tolerable upper intake level

In the United States, there have been reports of
adverse health effects resulting from elevated serum
folate, caused by intake of folic acid-supplemented foods
(64). These adverse effects may be induced by dihy-
dropteroylmonoglutamate derived from pteroylmono-
glutamate, which inhibits the activities of thymidylate
synthase, phosphoribosylaminoimidazolecarboxamide
transformylase, and 5,10-methylenetetrahydrogenase
(65-67). Thus, excess pteroylmonoglutamate may
inhibit the single-carbon transfer pathways of folate
metabolism.

In order to develop the upper limit of folate intake,
we considered the US and Canadian DRIs. It has been
reported that women of reproductive age who were given
0.36-5 mg/d of folic acid during preconception to 3-mo
gestation suffered no serious side-effects (68—74). Based
on this finding, the adverse effect level was estimated to
be 5 mg/d, equivalent to 80 ug/kg body weight/d. The
UL was estimated as 27 ug/kg body weight/d, by divid-
ing by an uncertainty factor of 3.

Additional concerns regarding women of reproductive age

Fetal neural tube defects (NTDs) are disorders of the
closure of the neural tube (which occurs approximately
28 d after conception), and are clinically diagnosed
as anencephaly, spina bifida, and myelomeningocele.
Abundant evidence suggests that preconceptual intake
of pteroylmonoglutamate decreases fetal NTD risk (68—
74). Genetic polymorphisms of enzymes related to folate
metabolism (e.g., methylene tetrahydrofolate reductase)
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may be associated with NTD risk (75-80). Other con-
genital disorders that can be avoided by administer-
ing folic acid are cleft lip/palate (81, 82) and congeni-
tal heart disease (83). Thus, adequate maternal folate
status is essential for the prevention of NTDs. In order
to estimate the minimum effective dose for risk reduc-
tion of NTDs, the lowest reported preconception dose
(0.36 mg/d) was applied. This value was rounded up to
0.4 mg/d (400 ug/d), i.e., a dietary folate equivalent of
800 ug/d.
Association between cardiovascular disease and folate

Higher folate intake is associated with decreased risk
of strokes or heart disease. Several randomized con-
trolled trials have. investigated the preventive effect of
folic acid, but with inconsistent results (§4-88). Thus,
we did not determine any specific values for modifying
DRI values.

The DRIs for folate are summarized in Table 6.

Pantothenic acid
Background information

Pantothenic acid exists mainly as the coenzyme A
(CoA) derivatives, acetyl CoA and acyl CoA. Addition-
ally, some pantothenic acid, such as phosphopantethe-
ine, binds to enzyme proteins in living cells. Most CoA
and phosphopantetheine derivatives separate from pro-
teins during cooking and processing of food, and also
under the acidic conditions of the stomach. Free CoA
and phosphopantetheine derivatives are digested to
release pantothenic acid, which is absorbed in the intes-
tine. The relative availability of dietary pantothenic acid
to free pantothenic acid is approximately 70% in a typi-
cal Japanese diet (1, 2).

Determining DRIs
Evidence for determining the Al

There is no evidence for setting an EAR for panto-
thenic acid, because deficiency of this vitamin has not
been reported to occur in humans. Thus, we estimated
the Als based on food surveillance data. According to the
National Health and Nutrition Survey 2005 and 2006,
(89, 90), the median dietary pantothenic acid intake for
adults and adolescents is 3—7 mg/d. In another dietary
assessment study, the mean pantothenic acid intake of
young Japanese females was reported to be 4.6 mg/d
(91). There is no evidence that such intake levels cause
pantothenic acid deficiency. Thus, the Als were set at the
median dietary pantothenic acid intake determined in
the National Health and Nutrition Survey Japan 2005
and 2006, corresponding to a subject's sex and age.
The Als for elderly subjects were set at the same median
value, because there are no data indicating specific con-
sideration for pantothenic acid nutrition in the elderly.
Life stages

0-5mo. The mean pantothenic acid concentration
in breast milk is 5.0 mg/L (6, 47). The average intake of
breast milk is 0.78 1/d (7, 8), representing a daily pan-
tothenic acid intake of 3.9 mg/d. The Al was rounded
up to 4 mg/d.

6—11 mo.

To set the Al for infants aged 6-11 mo,
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Table 7. DRIs for pantothenic acid (mg/d).
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[
Sex Males

Females

EAR

g
2

Age

UL EAR

g
2

UL

0-5 mo — —
6-11 mo — —
1-2y — —
3-S5y — —
6-7y — —
89y —_ —
10-11y — —
12-14y — —
15-17y
18-29y e —
30-49y — —
50-69y — —
=70y — —

O UT U NN N Oy W

|

l

|
Gttt YO U Ut i e

|

Pregnant women
(amount to be added)
Lactating women
(amount to be added)

the extrapolated values are calculated from the Al for
infants aged 0-5 mo, using the weight ratio method.
The average of the obtained values for each sex is
5.0 mg/d. Thus, the AI for infants aged 6-11 mo was
set at 5 mg/d.

Pregnant women. There is no evidence for deter-
mining the amount of additional pantothenic acid for
pregnant women by factorial method. Moreover, there
is no indication that the pantothenic acid requirement
increases with the iricrease in energy requirement
during pregnancy. Thus, the pantothenic acid intake
for pregnant women is estimated using the median
of dietary pantothenic acid intake determined in the
National Health and Nutrition Survey Japan 2005 and
2006 (89, 90). The additional Al for pregnant women
was set at 1 mg/d.

Lactating women. The additional water-soluble vita-
min intake for lactating women is determined based
on the assumption that the excreted amount in breast
milk is supplemented, with adjustment according to
relative bioavailability. However, for pantothenic acid,
the estimated Als are in excess of the pantothenic acid
requirement. Thus, the pantothenic acid intakes for lac-
tating and non-lactating women are estimated using the
median dietary pantothenic acid intake determined in
the National Health and Nutrition Survey Japan 2005
and 2006 (89, 90). The additional Al for lactating
women was set at 1 mg/d.

Tolerable upper intake level

A pharmacological dose of pantothenic acid, admin-
istered over a 3-mo period in combination with nicotin-
amide, ascorbic acid, and pyridoxine, was reported to
cause adverse effects such as nausea, poor appetite, and
abdominal pain in children (92). However, there are no
reports that a pharmacological dose of pantothenic acid
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causes any adverse health effects. Thus, in the present
study, no UL for pantothenic acid was set.

The DRIs for pantothenic acid are summarized in
Table 7.

Biotin
Background information

Biotin is involved in gluconeogenesis, amino acid
catabolism, and fatty acid synthesis. Biotin deficiency
is known as “egg white injury,” and is characterized by
symptoms such as dermatitis, alopecia, and nervous
irritability in humans and experimental animals. Biotin
is also essential for reproduction. Maternal biotin defi-
ciency during gestation results in congenital malforma-
tions such as cleft palate, micromelia, and micrognathia
in mammalian fetuses.

Determining DRIs
Evidence for determining the Al

Biotin in foods exists not only in a free form, but also
in a protein-bound form. Biotin generally binds to the
lysine in proteins, and is converted to the free form dur-
ing cooking and processing. In the digestive tract, intes-
tinal hydrolysis of protein-bound biotin yields biotinyl
oligopeptide and biocytin, which are cleaved to free
biotin by biotinidase prior to absorption. Free biotin is
mainly absorbed from the small intestine. There are no
reports concerning the bioavailability of biotin in foods.
However, the proportions of free biotin and protein-
bound biotin are likely to vary substantially, even within
food groups. The bioavailability of biotin in a typical
Japanese meal is reported to be about 80% (1).

There are no data on which to base an EAR for adults.
It has been reported that the average daily biotin intake
for Americans is 35.5 pug. A number of studies have




Japanese DRIs for Water-Soluble Vitamins S77
Table 8. DRIs for biotin (ug/d).
Sex Males Females

Age EAR RDA Al UL EAR RDA Al UL
0-5 mo — — 4 — — — 4 —
6-11 mo — — 10 S - — 10 —
1-2y — e 20 — — — 20 —
3-S5y — — 25 - — — 25 —
6-7y e — 30 — — — 30 e
89y — — 35 — — — 35 —
10-11y — — 40 — — — 40 —
12-14y — — 50 — — — 50 —
15-17y — — 50 — — — 50 —
18-29y e — 50 — — S — 50 e
30-49y e e 50 — — —— 50 —
50-69y — — 50 — — — 50 —
=70y - e 50 - — — 50 —

Pregnant women . _ 42
(amount to be added) o
Lactating women o o +5 _

(amount to be added)

determined the average daily biotin intake for Japanese
as 45.1 ug, 60.7 ug, and 70.1 ug (93-97). Thus, the
Al were set based on the average dietary biotin intake
for adult males and females, i.e., 50 pg/d.

The Al for children is calculated from the Al for adults
(50 pg/d), using the following equation: AI for 18- to
29-y-oldsX (reference body weight for children/refer-
ence body weight for 18- to 29-y-olds)%75X (1 +growth
factor).

Few studies have investigated biotin requirements in
the elderly. There are no data indicating that the biotin
requirements of healthy subjects aged =70 y differ from
those of young adults. Thus, the AI for subjects aged
=70y is the same as that for adults aged 18-29 y.

There were insufficient data to enable differences in
requirements to be discerned between males and females
of all age groups.

Life stages

0-5mo. The mean biotin content of breast milk
is 5 ug/L (5, 6, 47, 98). The average intake of milk is
0.78 L/d) (7, 8), representing a daily biotin intake of
~3.9 pg/d. The AT was rounded up to 4 pg/d.

6-11 mo. The Al for infants aged 6—11 mo is calcu-
lated from the average of values extrapolated from the
Al for infants aged 0-5 mo and the Al for adults aged
18-29 y. This gives a value of 10.4 ng/d (14.9 pg/d for
males and 16.6 ug/d for females). The Al was rounded
down to 10 ug/d.

Pregnant women. Pregnant women have been dem-
onstrated to exhibit reduced biotin concentration in the
serum, and also reduced biotin excretion in the urine.
By contrast, urinary excretion of organic acids such
as 3-hydroxyisovaleric acid increases during late preg-
nancy (99). These findings indicate that pregnancy

increases biotin requirements. However, there are no
data on the additional amount required by pregnant
women. Thus, the additional AI for pregnant women
is calculated using the following formula: Al of biotin
for infants aged 0—5 moXaverage additional amount of
energy for pregnant women/average additional amount
of energy for male and female infants aged 0—5 mo. The
additional Al for pregnant women was set at 2 pg/d.

Lactating women. The additional amount of biotin
required during lactation should be calculated from
the difference in biotin requirements for lactating and
nonlactating women of a similar age. However, no such
data are available. Thus, the increased requirement dur-
ing lactation is based on the estimated biotin concen-
tration in breast milk and the average milk secretion
(0.78 L/d), adjusted by the bioavailability (1) (5 ug/
LX0.78 L/d/0.8=4.875 ug/d). The additional AI for
lactating women was set at 5 pg/d.
Tolerable upper intake level

There was insufficient evidence for determining the
UL for healthy individuals. No adverse effects are asso-
ciated with excess biotin intake, even in patients with
biotin-responsive inborn errors of metabolism (100).

The DRIs for biotin are summarized in Table 8.

Vitamin C
Background information

Vitamin C refers to ascorbic acid and its oxidized
form, dehydroascorbic acid, which exerts a biological
effect through immediate reduction into ascorbic acid
in the body (101). Severe vitamin C deficiency results in
scurvy, which may be preventable by an ascorbic acid
intake of 6-12 mg/d (102). Intake of a higher dose of
vitamin C exerts an antioxidant effect, thereby helping
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Table 9. DRIs for vitamin C (mg/d).
Sex Males Females
Age EAR RDA Al UL EAR RDA Al UL
0-5 mo —_ . 40 _ . - 40 .
6-11 mo — — 40 _ _ - 40 B
1-2y 35 40 — — 35 40 - .
3-S5y 40 45 — — 40 45 _ _
6~7y 45 55 — — 45 55 . -
8-9y 55 65 — — 55 65 — —
10-11y 65 80 . o 65 30 B _
12-14y 85 100 — — 85 100 — —
15-17y 85 100 — — 85 100 — —
18-29y 85 100 _ . 85 100 B B
3049y 85 100 — — 85 100 — —
50-69y 85 100 - — 85 100 — —
Pregnant women
(amount to be added) +10 +10 — —
Lactating women }
(amount to be added) +40 +50

to prevent cardiovascular disease (103).

Ascorbic acid is readily absorbed by the intestine at
a dose of <200 mg/d. Absorption is reduced at higher
doses, and is <50% at a dose of >1 g/d (104). Vitamin
C is reused within the body and excreted from the kid-
neys as unmetabolized ascorbic acid; the plasma is satu-
rated at a dose of approximately 400 mg/d (105, 106).

Determining DRIs
Evidence for determining the EAR

Optimal antioxidant activity in plasma, and preven-
tion of cardiovascular disease, is achieved at a plasma
ascorbic acid concentration of 50 wmol/L (103). This
can be maintained by an ascorbic acid intake of approxi-
mately 85 mg/d (107), which is recognized as the EAR.
The RDA is calculated by multiplying the EAR by 1.2,
to give 100 mg/d. In a vitamin C depletion—repletion
study, excretion of unmetabolized ascorbic acid into the
urine was not detectable at an intake of 50-60 mg/d,
but was detectable at an intake of 100 mg/d, where leu-
kocyte vitamin C as an indicative of body store was satu-
rated (105, 106). This finding supports an RDA value
of 100 mg/d. Levine et al. (106) did not consider differ-
ences in requirement according to sex.
Life stages

0-5 mo. The mean concentration of vitamin C in
breast milk is 50 mg/L (4-6). The average intake of
breast milk is 0.78 L/d (7, 8), representing a daily vita-
min C intake of about 40 mg/d. This value was set as
the AL

6-11mo. To set the Al for infants aged 6-11 mo,
the extrapolated values are calculated from the AT for
infants aged 0-5mo and the EAR for adults, using

the weight ratio method described for vitamin Bj. The
means of these extrapolated values are determined
for each sex. Thus, the AI for infants aged 6-11 mo
becomes 40 mg/d.

Pregnant women. The additional amounts are calcu-
lated based on the intake of vitamin C required to pre-
vent infant scurvy. Thus, the additional EAR becomes
10 mg/d. The additional RDA is set by assuming a coef-
ficient of variation of 10%.

Lactating women. The additional amounts are calcu-
lated based on the assumption that the excreted amount
in breast milk is supplemented. The additional RDA is set
by assuming a coefficient of variation of 10%.

Elderly. Vitamin C requirement appears to be higher
in elderly subjects (aged 60-96 y old) than in younger
subjects (aged 15-65 y old) (107). However, it is difficult
to determine the required intake for the elderly subjects,
because of insufficient data.

Tolerable upper intake level

Vitamin C is safe for healthy subjects, because excess
intake results in a lower absorption rate from the intes-
tine, and enhanced excretion in the urine following
absorption (105, 106, 108). However, for patients with
renal dysfunction, intake of several grams of vitamin
C may increase the risk of kidney stones (109, 110).
Acute gastrointestinal intolerance was observed fol-
lowing excess intake; for example, intake of 3-4 g/d
induced diarrhea (111). There are insufficient data with
which to determine the UL. Absorption of vitamin C is
saturated at high doses. By contrast, intake of =1 g/d
from supplements is not advised (102, 105, 106).
Special consideration for smokers

There is evidence that smokers require more vita-
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min C than do nonsmokers (107, 112). This is also the
case for passive smokers (113, 114). Thus, smokers
would require more vitamin C than nonsmokers, while
they should recognize that smoking cessation is a basic
countermeasure.

The DRIs for vitamin C are summarized in Table 9.
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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:

NaCl equivalent=sodium (g)<58.5/23

=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 O mg/d.

Determining the Dietary Reference Intakes (DRIs)
Based on the belief that the amount of endogenous

E-mail: uenishi@eiyo.ac.jp

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 Al 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 11y, 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 e — (<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)
30-49 y 600 (1.5) — (<9.0) 600 (1.5) — (<7.5)
50-69 y 600 (1.5) — (<9.0) 600 (1.5) — (<7.5)
=70y 600 (1.5) — (<9.0) 600 (1.5) e (<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 .
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 Al 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
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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 (1, 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
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Table 2. DRIs for potassium (mg/d).
Sex Males Females
Age AT Ur? ALl UL?
0-5mo 400 — 400 —
6-11 mo 700 — 700 —
1-2y 900 — 800 e
3-S5y 1,000 — 1,000 —
6-7y 1,300 — 1,200 e
89y 1,500 — 1,400 —
10-11y 1,900 — 1,700 .
12-14y 2,300 — 2,100 —
15-17y 2,700 — 2,000 —
18-29y 2,500 2,800 2,000 2,700
30-49y 2,500 2,900 2,000 2,800
50-69y 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 ioht excretion loss te
Sex weig! ra
) (A) (B) (© 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
18-29  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 6 137 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 46.0 178 106 18 302 45 670 804
15-17 506 89 114 19 222 40 555 665
18-29  50.6 33 114 19 166 30 553 663
30-49 530 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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Table 4. DRIs for calcium (mg/d).
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 — —
89y 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
30-49 y 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.
DRIs 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 Al 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




Japanese DRIs for Macrominerals S87
Table 5. DRIs for magnesium (mg/d).
Sex Males Females
Age EAR RDA Al UL! EAR RDA Al UL!
0-5 mo — — 20 — — — 20 —
6-11 mo —— — 60 — — — 60 —
12y 60 70 — e 60 70 — —
3-S5y 80 100 — — 80 100 — —
6-7y 110 130 — — 110 130 — —
8-9y 140 170 — — 140 160 — —
10-11y 180 210 — — 170 210 — —
12-14y 240 290 — — 230 280 — —
15-17y 290 350 — — 250 300 — e
18-29y 280 340 — — 230 270 — —_
30-49y 310 370 — —— 240 290 — ——
50-69y 290 350 — — 240 290 — —
=70y 270 320 — — 220 260 — —
Pregnant women 430 440 . .
(amount to be added)
Lactating women . .
(amount to be added) +0 +0

1 When 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 deficiency 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 5 mg (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 AI 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

0-5mo — — 120 — — —_ 120 —

6-11 mo — — 260 — — — 260 —

1-2y — - 600 - - — 600 —

3-S5y — — 800 — — — 700 —

67y — — 900 — — — 900 —

8-9y — — 1,100 — — — 1,000 —

10-11y — — 1,200 — — — 1,100 —

12-14y — — 1,200 —— e — 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
50-69 y — — 1,000 3,000 —_ — 900 3,000
=70y — — 1,000 3,000 — — 900 3,000

Pregnant women o o +0 .

(amount to be added)
Lactating women . . 40 o
(amount to be added)
sumed EAR and RDA, the Al for phosphorus was deter- 4) Idota T. 2007. The components of Japanese mother’s

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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