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Sodium

1. Background Information
1—1. Definition and Classification

Sodium is an alkali metal element (atomic number: 11, Na).

2. To Avoid Inadequacy
2—1. Factors to be Considered in Estimating Requirements
Determining the Dietary Reference Intakes (DRIs)

The WHQO’s guideline states that the intake of sodium should be no more than 200 to
500 mg/day'". Based on the belief that endogenous sodium loss is equal to sodium requirement,
the estimated average requirement (EAR) was established with the goal of compensating for
endogenous loss, using the same method as the DRIs for Japanese 2010, However, the value
is lower than 1% of the intake distribution value, as determined by the 2010 and 2011 National
Health and Nutrition Survey (NHNS)®). Therefore, the sodium requirements are irrelevant with
respect to regular dietary intake, and setting an EAR might not be practical. The EAR was
calculated for reference. Since the recommended dietary allowance (RDA) has no significance
when the amount recommended is utilized, it was not calculated.

The present DRIs for sodium were set with the aim of preventing the increased risk for
lifestyle-related diseases (LRDs); therefore, the tentative dietary goal (DG) for preventing
LRDs was determined.

2—2. Method Used to Set the EAR and RDA
2—2—1. Background Information

Under conditions of normal renal function, sodium deficiency does not occur, as
sodium balance is maintained through sodium reabsorption in the kidneys. The unavoidable
sodium loss is the sum of the excretion via urine, stool, skin, or others at a dietary sodium intake
of 0. The required sodium intake has been regarded as the loss because the sodium consumed

is mainly absorbed by the intestine®.

2—2—2. Adults and Children (EAR, RDA)

From the results of a review of traditional studies, the endogenous sodium loss of
adults was calculated to be 0.023 mg (0.001 mmol)/kg body weight (BW)/day from the feces,
0.23 mg (0.01 mmol)’kg BW/day from urine, and 0.92 mg (0.04 mmol)/kg BW/day from skin
(total: 1.173 mg (0.051 mmol)/kg BW/day)®. On applying these values to men aged 18 to 29
years, the endogenous sodium loss was 74 (1.173 x 63.0) mg/day or 3.2 (0.051 x 63.0)
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mmol/day. The endogenous sodium loss was set at 115 mg/day (5 mmol/day) in the American
dietary requirement 1989%, and 69 to 490 mg/day (3 to 20 mmol/day) in the DRIs for the UK
1991©. Thus, the endogenous sodium loss of adults is lower than 500 mg/day or 600 mg/day
(sodium chloride equivalent of 1.5 g/day) even after considering interindividual variations (with
a coefficient of variation of 10%). This value was set as the EAR for adults. In practical terms,
the regular dietary intake of salt is lower than 1.5 g/day.

Working or exercising in hot environments can lead to the loss of a significant amount
of sodium through profuse perspiration; hydration with a small amount of added salt may be
needed in such cases'”). In view of the rising summer temperatures in Japan, it is necessary to
consume a moderate amount of salt. However, excessive intakes can be unfavorable in the
prevention of the onset and progression of LRDs, and improvement in their severity.

For children, since no data were available, the EAR was not determined.

2—2—3. Additional Amount for Pregnant and Lactating Women (EAR, RDA)

The amount required by pregnant women was estimated to be approximately 21.85 g
(950 mmol) for the maintenance of the increase of the mothers’ tissues, fetus and placenta®.
These increases occur over a period of 9 months, which is equivalent to 0.08 g (3.5 mmol)/day
(a sodium chloride equivalent of 0.2 g/day). Since the regular dietary intake of salt is considered
to be sufficient, pregnant women do not require an additional intake of sodium.

The average concentration of sodium in the breast milk of Japanese mothers is 135
mg/L®19, Considering the daily milk secretion is 0.78 L/day, the amount of sodium consumed
i1s 105 mg/day (a sodium chloride equivalent of 0.27 g/day). Since their regular dietary intake

of salt is considered sufficient, lactating women do not require an additional intake of sodium.

2—3. Method Used to Set the Adequate Intake (AI)
2—3—1. Infants (Al)

For infants aged 0-5 months, the Al was calculated using the average concentration of
sodium in breast milk (135 mg/L)®!9 and average milk intake (0.78 L/day)"!"!?, yielding 100
mg/day (a sodium chloride equivalent of 0.3 mg/day).

For infants aged 6 to 11 months, the Al was calculated using the average consumption
of sodium from breast milk>'¥ and complementary food!”.

The daily sodium intake was calculated as 559 mg/day (72 mg/day (135 mg/L x 0.53
L/day) from breast milk and 487 mg/day from complementary food); therefore, the Al was set
at 600 mg/day (a sodium chloride equivalent of 1.5 g/day).

3. To Avoid Excessive Intake
3—1. Dietary Intake
The major sources of sodium intake are dietary salt (sodium chloride), and sodium-

containing seasonings. The amount of sodium chloride can be calculated as follows:
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Sodium chloride equivalent (g) = sodium (g) x 58.5/23 =sodium (g) x 2.54

The Standard Tables of Food Composition in Japan 20109 used the above-stated
formula to measure the sodium content in food. There are various kinds of sodium compounds
other than sodium chloride in various foods, especially in processed foods that contain sodium
chloride.

Although sodium exists in foods as sodium salt or sodium ion, humans consume most
of the sodium as sodium chloride (NaCl). Therefore, sodium intake is often expressed as sodium

chloride equivalents.

3—2. The Tolerable the Tolerable Upper Intake level (UL)
The ULs for sodium have not been determined, as DGs have been set for similar

purposes.

4. For the Prevention of the Development and Progression of LRDs
4—1. The Association between Sodium and Major LRDs

The development and maintenance of hypertension are based on the interaction of
heritable factors and environmental factors (lifestyle habits). Lifestyle modification plays an
important role in the prevention and treatment of hypertension. In addition to patients with
hypertension, those with heritable factors for hypertension or a high normal blood pressure
(130-139/85-89 mmHg) should work on modifying their lifestyle habits, especially in terms of
diet.

(1722) showed that the blood pressure was

Results from large Western clinical studies
significantly reduced when the sodium intake was within 6 g/day. Worldwide, the major
guidelines for the treatment of hypertension recommend that the salt intake be reduced to 6
g/day or less, based on the above-stated findings. The Japanese Guideline for the Management
of Hypertension by the Japanese Society of Hypertension (JSH2009)?* also set a threshold of
6 g/day for salt intake.

In Western countries, the guidelines for salt reduction are stricter. In 2010, the
American Heart Association issued a recommendation stating that the goal for sodium intake
should be 2,300 mg (a sodium chloride equivalent of 5.8 g/day) for healthy adults, and 1,500
mg (a sodium chloride equivalent of 5.8 g/day) for those at risk (having hypertension, belonging
to a black race, or being middle-aged)®?. The 2013 WHO guideline for the general population
strongly recommends a dietary salt intake goal of 5 g/day'". Although the 2005 US-Canada
DRIs set a salt intake lower than 1,500 mg/day as a dietary goal®, this goal has been deleted
in the recent DRIs due to a lack of relevant data®®. Several studies have reported on the
association between dietary salt and cancer, especially gastric cancer. According to a review of
the World Cancer Research Fund/American Institute for Cancer Research, the intake of salted
foods and dietary salt are likely to increase the risk of gastric cancer®”. Japanese cohort studies

have reported that dietary salt intake is positively associated with gastric cancer prevalence and
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mortality®®>9, while the frequency of the intake of salt-cured foods was associated with the
risk of gastric cancer®®. A meta-analysis reported that a high salt intake increased the risk of
gastric cancer®", while another meta-analysis reported the presence of a dose-response

relationship between salt intake and gastric cancer risk®?.

4-2. Method Used to Set the DG

In the DRIs for Japanese 2010, the target DG to attain over a period of 5 years was
calculated to be less than 9 g/day for men, and less than 7.5 g/day for women. Since that point,
the average intake of salt has decreased by approximately 0.5 g in men, and 1 g in women (the
median intake was 10.5-11.8 g in men, and 8.8-10.0 g in women in the 2010 and 2011 NHNS)®.
Although the current intake does not meet the DGs set in the previous DRI, the new DG should
be set as low as possible, as a salt intake less than 6 g/day is favorable for the prevention and
management of hypertension.

The 2013 WHO guideline for the general population strongly recommends achieving
a dietary salt intake goal of 5 g/day). However, this goal was achieved in only about 5% of the
participants in the 2010 and 2011 NHNS®. Considering that the intraindividual variation of
dietary salt intake (34-36%) is greater than the interindividual variation (15-20%)%%, some
individuals may consume less than 5 g/day habitually. Therefore, for the sake of feasibility, the
DG should not be lower than 5 g/day.

Accordingly, the DG for sodium was set at the median of 5 g/day and the current intake
(the median intake from the 2010 and 2011 NHNS®). This value was applied for the DG, except
among those aged 50-69 years; in such cases, smoothing was conducted.

The 2013 WHO guideline for the general population strongly recommends a dietary
salt intake goal of 5 g/day'", through the calculation of the values for children by adjusting the
adults’ values for energy requirement. The current DRIs also extrapolated the values for adults
aged 18 to 29 years into the values for children, using estimated energy requirement (level 2 of
physical activity). The DG was set at the median of both these values, and the current intake
(the median intake from the 2010 and 2011 NHNS®) as follows:

DGx=(5.0 x (EERx/EERo) + Ix [g/day])/2

EERx: Estimated Energy Requirement for each age and sex group (kcal/day)
EERo: Estimated Energy Requirement for adults aged 18-29 years (kcal/day)
Ix: the median intake (sodium chloride equivalent) in the 2010 and 2011 NHNS® (g/day)

Smoothing was conducted for girls aged 12-14 years, and those aged 15-17 years. No

additional amount was set for pregnant or lactating women.
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Table 1. Methods to determine the DG for sodium (salt equivalent: g/day)

Gender Male Female
Age (years) (A) (B) ©) (D) (A) (B) © (D)
1-2 1.8 43 3.0 3.0 2.3 4.2 3.3 3.5
3-5 2.5 5.9 4.2 4.0 32 5.4 43 4.5
6-7 2.9 7.2 5.1 5.0 3.7 7.0 53 5.5
8-9 3.5 7.8 5.7 5.5 4.4 8.1 6.2 6.0
10-11 42 9.1 6.7 6.5 5.4 8.4 6.9 7.0
12-14 4.9 10.7 7.8 8.0 6.2 9.0 7.6 751
15-17 5.4 11.0 8.2 8.0 5.9 9.1 7.5 751
18-29 5.0 10.5 7.8 8.0 5.0 8.7 6.9 7.0
30-49 5.0 10.7 7.9 8.0 5.0 8.8 6.9 7.0
50-69 5.0 11.8 8.4 851 5.0 10.0 7.5 751
70+ 5.0 10.7 7.8 8.0 5.0 9.4 7.2 7.0

(A) Recommendation in guideline of WHO in 2013. The values for 1-17 years old were extrapolated using
estimated energy requirement.

(B) Median value of the sodium intake (salt equivalent) in NHNS2010 and NHNS2011 (g/day)

(C) Intermediate value of (A) and (B)

(D) Value after rounding, Tand | present the way to smooth the calculated value (up and down)
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Potassium

1. Background Information
1—1. Definition and Classification

Potassium is an alkali metal element (atomic number: 19: K) that is found in high
quantities in fruits and vegetables; the amount of potassium decreases as the degree of

processing or refinement increases®*3?,

1—2. Function

As the main cation contained in intracellular fluid, potassium has an important role in
the determination of the osmotic pressure of the aqueous humors and maintaining acid-base
balance. It also participates in nerve transmission, muscle contraction, and regulation of
vascular tone®®.

Potassium deficiency is rarely observed in healthy individuals, and typically affects
only those with diarrhea or heavy perspiration, or those taking diuretics. The average sodium
intake in Japan is higher than that in many other countries®. As the urinary excretion of sodium
is related to potassium intake, it is believed that increasing the ingestion of potassium is
important for Japanese individuals. Moreover, recent animal and epidemiological studies
indicated that an increased potassium intake may be associated with a reduction in blood

pressure and the prevention of stroke®?.

1—3. Digestion, Absorption and Metabolism

Although the absorption of potassium is passive, it is released actively in the ileum and
large intestine. It is released in the large intestine at 25 mEq/L. In the case of severe diarrhea,
the plasma potassium level sharply decreases, as more than 16 L/day of intestinal juices could

be lost (hypokalemia).

2. To Avoid Inadequacy
2—1. Factors to be Considered in Estimating Requirements

Since potassium is present in various foods, its deficiency rarely occurs with the
consumption of a regular diet. Few scientific data are available for the establishment of the
EAR and RDA.

Therefore, the Al was determined to compensate for endogenous potassium loss and
the maintenance of potassium balance at the present intake level. Moreover, the DG was

determined for the prevention of the onset and progression of LRDs.

2—2. Method Used to Set the Al
2—2—1. Adults (AI)

The endogenous potassium loss has been estimated as follows: stool, 4.84 mg/kg BW/
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day; urine, 2.14 mg/kg BW/ day; skin, 2.34 mg/kg BW/day (5.46 mg/kg BW/ day at high
temperatures, at rest); and total, 9.32 mg/kg BW/day (12.44 mg/kg BW/day at high
temperatures, at rest)®. Another study reported the total endogenous potassium loss to be 15.64
mg/kg BW /day®?. A study reported that when the loss from stool is 400 mg/day, and that from
urine is 200 to 400 mg/day, the loss from sweat or others can be ignored, indicating that an
intake of 800 mg/day is sufficient to maintain balance®. However, in that study, the plasma
potassium levels of some participants decreased at this level; thus, 1,600 mg/day (23 mg/kg
BW/day) was reported to be an appropriate amount. In research conducted in other countries,
an intake of 1,600 mg was found to be adequate in the maintenance of potassium balance®?.
From these findings, 1,600 mg/day can be considered as the amount at which balance can be
maintained safely.

Based on data from the 2010 and 2011 NHNS, the median intakes of potassium were
2,309 mg/day and 2,138 mg/day in men and women, respectively®. The current intake of
Japanese individuals was found to exceed the amount required for the maintenance of balance.
The median intake of potassium in men aged over 50 years was approximately 2,500 mg/day;
therefore, Als of 2,500 mg/day and 2,000 mg/day were set for men and women, respectively;

these values are not unrealizable, considering the differences in energy intake.

2—2—2. Children (AI)
Based on the Al of adults aged 18 to 29 years, the Al was extrapolated by the 0.75"

power of the BW ratio, in consideration of the growth factors.

2—2—3. Infants (Al)

The Al for infants aged 0-5 months infants was calculated using the average
concentration of potassium in breast milk (470 mg/L)®'?, and the daily intake of breast milk
(0.78 L/day)!1?), yielding 367 mg/day.

The Al for infants aged 6 to 11 months was calculated using the amount of potassium
obtained from breast milk (249 mg/day (470 mg/L x 0.53 L>!9) and complementary food (492
mg/day)!¥.

By rounding, the Als were set at 400 mg/day and 700 mg/day for infants aged 0-5

months and 6-11 months, respectively.

2—2—4. Pregnant and Lactating Women (AI)

During pregnancy, the potassium demand increases, for the development of fetal
tissues. This demand was reported to be 12.5 g7, Considering this value as the demand over a
period of 9 months, the daily requirement was calculated as 46 mg/day. This amount can be
obtained from regular meals; therefore, an increase in the intake of potassium is not required
during pregnancy. The median value from the 2007 to 2011 NHNS®? was calculated to be
1,902 mg/day. The Al for women of childbearing age is 2,000 mg/day. From these data, the Al
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for pregnant women was determined to be 2,000 mg/day.
For lactating women, the median value of the 2007 to 2011 NHNS®? was calculated
to be 2,161 mg/day. This value is considered to be sufficient for the maintenance of potassium

balance, and thus, was adopted as the Al, yielding a value of 2,200 mg/day by rounding.

3. To Avoid Excessive Intake
If renal function is normal, the potassium intake from regular meals will not lead to
excessive potassium levels. Therefore, the UL was not determined. However, caution must be

exercised in terms of potassium intake, if renal disorders are present.

4. For the Prevention of the Development and Progression of LRDs
4—1. The Association between Sodium and Major LRDs

A meta-analysis of cohort studies®”) reported that, while increased potassium levels
increased the risk of stroke, they did not affect the risk of cardiovascular diseases. An
epidemiological study showed that the Na/K intake ratio was significantly associated with the
risk of cardiovascular disease or all-cause mortality in the healthy population®?. Thus,
potassium intake should be evaluated in relation with salt intake. A recently published WHO
guideline®® recommends a potassium intake higher than 90 mmol (3,510 mg)/day. This value
was determined from a meta-analysis which showed that a potassium intake of 90 to 120
mmol/day decreased the systolic blood pressure by 7.16 mmHg.

However, the presence of renal disorders requires attention, as these can cause
hypekalemia in their milder forms; therefore, those with renal function disorders should avoid

the aggressive intake of potassium.

4-2. Method Used to Set the DG

The WHO reported that an intake of 3,510 mg potassium/day is desirable for the
prevention of high blood pressure®®. This value is considered an intake goal. However,
considering the current intake of Japanese adults, this intake may be difficult to realize.
Therefore, the DG was calculated using the following method. The reference was set at the
current median intake of Japanese adults--2,384 mg for men and 2,215 mg for women--based
on the 2010 and 2011 NHNS®. Then, the DGs were calculated by extrapolating by the 0.75"
power of the BW ratio using the average reference BW (57.8 kg for adults) and reference BWs
for each age and sex group (the average potassium intake and average reference BW were
calculated solely from all the age and sex groups) as follows:
2,856 mg/day x (reference BW for each age and sex group / 57.8 kg)"’*

The higher of the two values was adopted as the DG. In this method, rounding at each
200 mg/day and smoothing were conducted.

No additional DG was set for pregnant and lactating women.

For children aged 1 to 5 years, few reports present quantitative evidence on potassium
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intake, and its association with the prevention of LRDs. It is difficult to assess potassium intake,
and no relevant data were available in Japan. Thus, for children aged 6 to 17 years alone, the
DG was determined using the same method as that used for adults. The current average intake
was adopted when the calculated amount exceeded it. In the WHO guideline®®, the DG for
adults was adjusted for energy requirement; however, the value for girls would be higher if the
same DG as that used for boys is employed. Therefore, in the current DRIs, extrapolation was

performed using the reference BW.

Table 2. Method to determine the DG for Potassium (mg/day)

Gender Male Female
Age
(years) (A) (B) ©) D) (A) (B) ©) D)
6-7 1,393 1,861 (B) 1,800 1,379 1,822 (B) 1,800
8-9 1,658 1,986 (B) 2,000 1,632 1,977 (B) 2,000
10-11 1,986 2,198 (B) 2,200 2,015 2,052 (B) 2,000
12-14 2,523 2,450 (A) 2,600 2,465 2,211 (A) 2,400
15-17 2,926 2,332 (A) 3,000 2,634 1,939 (A) 2,600
18-29 3,054 2,004 (A) 3,000 2,562 1,700 (A) 2,600
30-49 3,244 2,077 (A) 13,000 2,680 1,843 (A) 2,600
50-69 3,130 2,452 (A) 13,000 2,676 2,341 (A) 2,600
70+ 2,937 2,459 (A) 3,000 2,543 2,293 (A) 2,600

(A) Extrapolated value from the reference value for DG calculation (mg/day).

(B) Median value of the sodium intake (salt equivalent) in NHNS2010 and NHNS2011.

(C) Value of the DG determined.

(D) Value after rounding, Tand | present the way to smooth the calculated value (up and down)
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Calcium

1. Background Information
1—1. Definition and Classification

Calcium is an alkali earth metal (atomic number: 20: Ca) that accounts for 1%- 2% of
the total BW of humans, with more than 99% present in the bones and teeth, and the remaining

1% in the blood, tissue fluid, and cells.

1—2. Function

The calcium concentration in the blood is controlled within a very narrow range (8.5
to 10.4 mg/dL). If the concentration decreases, the parathyroid hormone stimulates the
absorption of calcium from bone, which undergoes repeated bone resorption (resorption of
calcium from the bones) and bone formation (accumulation of calcium in the bones). Bone mass
increases during growth, and begins to decrease in menopause or later, and then continues to
decrease during the aging process. Calcium deficiency can cause osteoporosis, high blood
pressure, or arteriosclerosis, while excessive calcium intake can cause hypercalcemia,
hypercalciuria, calcification of soft tissues, urinary system calculus, prostate cancer, absorption

disorders of iron and copper, or constipation.

1—3. Digestion, Absorption and Metabolism

Orally digested calcium is predominantly absorbed in the upper part of the small
intestine through active transport. The absorption rate is comparably low, at 25 to 30%, and is
affected by various factors such as age, pregnancy/lactation, or other food compositions.
Vitamin D promotes calcium absorption.

Absorbed calcium is regulated by bone accumulation, and the urine excretion pathway
through the kidney. Therefore, calcium nutrient status should take into account intake,

absorption from the intestine, bone metabolism, and urine excretion.

2. To Avoid Inadequacy
2—1. Factors to be Considered in Estimating Requirements

As a biomarker for the requirement of calcium, bone health is important. This apart,
calcium has been reported to be associated with LRDs such as blood pressure or obesity,
although the effect has not been established®?. At present, the requirement cannot be set using
biomarkers other than bone health.

A meta-analysis showed a significant association between calcium intake, bone mass
and bone mineral density™®*>. A Japanese epidemiological study demonstrated a significant
association between increased bone fracture prevalence and low calcium intake“®. A meta-
analysis of studies conducted in other countries reported no significant association between

calcium intake and bone fracture prevalence®”. While intervention studies reported that
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calcium supplementation alone was not associated with the prevention of bone fracture®®+%,

calcium supplementation with vitamin D inhibited bone fracture development according to a
meta-analysis©®®>). However, another report negated the above-stated finding®®?); therefore, the
results of epidemiological studies are not necessarily consistent.

In contrast, useful data have been accumulated for the estimation of the calcium intake
required for the maintenance of bone mass using factorial methods. The US-Canada DRIs have
set the EAR and RDA instead of the Al previously used®. Although the US-Canada DRIs used
data from balance studies, the current DRIs adopted factorial modeling, as no balance study has

been conducted in recent times.

2—2. Method Used to Set the EAR and RDA
2—2—1. Background

For those aged over 1 year, the EAR and RDA were calculated using the factorial
method, which considers the amount of calcium accumulated in the body, excreted through
urine and lost via dermal tissue, as well as the apparent rates. For the RDA, the interindividual
difference in the requirement is unclear; however, the coefficient of variation was set as 10%.

For infants, the AI was determined.

2—2—2. Factors for Factorial Modeling
2—2—2—1. Calcium Accumulation in the Body

Few longitudinal studies have examined calcium accumulation in Japanese
populations, especially among children. A Chinese study reported that the calcium
accumulation in the body was 162.3 mg/day in girls aged 9.5 to 10.5 years, and the
accumulation rate was 40.9%%. In that study, the mean calcium intake was 444 mg/day, which
is approximately 200 mg/day lower than that of Japanese girls of a similar age. In a study that
examined adolescents, the greatest calcium accumulation was observed at 13.4 years of age in
boys with an average calcium intake of 359 mg/day (standard deviation [SD] 82), and at 11.8
years of age in girls with an average calcium intake of 284 mg/day (SD 59)9. Another study
reported that the maximum accumulation was observed at 628.9 mg/day in boys, and the
difference between the sexes was 171 mg/day®®. It is known that calcium accumulation varies
between ethnicities. A study reported that a calcium intake of 700 mg/day resulted in an
accumulation of 367 mg/day in black participants; this value was 183 mg/day in white
participants, among adolescent girls®”. Although increased calcium intakes are not associated
with race-related differences in the increase in the calcium accumulation, increased calcium
intakes are associated with an increase in calcium accumulation, indicating that using the
aforementioned results pertaining to calcium intakes higher than those in the normal Japanese
diet may be problematic. Taking these into consideration, the accumulation for Japanese
individuals was calculated.

The calcium accumulation per year was calculated based on the results of several
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studies that examined the total body bone mineral content using dual-energy X-ray
absorptiometry®®7, for each age and sex category. In a cross-sectional study on Japanese
children, the accumulation was quite similar to that obtained from the current calculation(”.
For children younger than 6 years of age, the calcium accumulation was determined according

to increases in the bone mineral content per year®®.

2—2—2—2. Urine Excretion and Percutaneous Loss of Calcium

Urine calcium excretion can be calculated as BW?7° x 6 mg/day, when calcium balance
is maintained®”. This calculation is similar to the 24-hour urine calcium excretion observed in
a balance study in Japanese women’%’!. Another study estimated the percutaneous loss to be
approximately one-sixth of the urine excretion’?. Based on these findings, the percutaneous
loss was calculated by estimating the urine calcium excretion calculated by the reference BW

for each age and sex category.

2—2—2—3. Apparent Absorption

The apparent absorption rate varies inversely with the calcium intake®”. The intake
level is higher in studies conducted in countries other than Japan; therefore, this rate may
underestimate the requirement when applied to the Japanese population. The actual absorption
rate estimated by the double-isotope method tends to be higher than the apparent rate. Therefore,
the apparent rate was estimated based on studies that reported the results of balance tests
(through which the apparent rate can be examined), and isotope procedures (through which the

actual rate can be examined)>?,
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Table 3. Factors for factorial modeling to determine the EAR and RDA

Age Reference By & © A EAR RDA
(years) BW(ke) accumulation | Urinary | Percutaneous | (A)+(B)+(C) | absorption (mg/day) | (me/day)
(mg/day) excretion | loss(mg/day) rate (%)
Male
1-2 11.5 99 37 6 143 40 357 428
3-5 16.5 114 49 8 171 35 489 587
6-7 22.2 99 61 10 171 35 487 585
8-9 28.0 103 73 12 188 35 538 645
10-11 35.6 134 87 15 236 40 590 708
12-14 49.0 242 111 19 372 45 826 991
15-17 59.7 151 129 21 301 45 670 804
18-29 63.2 38 135 22 195 30 648 778
30-49 68.5 0 143 24 167 30 557 668
50-69 65.3 0 138 23 161 27 596 716
70+ 60.0 0 129 21 150 25 601 722
Female
1-2 11.0 96 36 6 138 40 346 415
3-5 16.1 99 48 8 155 35 444 532
6-7 21.9 86 61 10 157 35 448 538
8-9 27.4 135 72 12 219 35 625 750
10-11 36.3 171 89 15 275 45 610 732
12-14 47.5 178 109 18 305 45 677 812
15-17 51.9 89 116 19 224 40 561 673
18-29 50.0 33 113 19 165 30 550 660
30-49 53.1 0 118 20 138 25 552 662
50-69 53.0 0 118 20 138 25 552 662
70+ 49.5 0 112 19 131 25 524 629
2—2—3. Adults and Children (EAR, RDA)

The EAR and RDA were calculated using the factorial method, which considers the

amount of calcium accumulated in the body, excreted by urine, and lost via dermal tissue, as

well as the apparent rate. For the RDA, the interindividual difference in the requirement is

unclear; however, the coefficient of variation was set as 10%.

2—2—4. Additional Amount for Pregnant and Lactating Women (EAR, RDA)
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mother and stored®". The intestinal calcium absorption rate in mothers doubles beginning early
in pregnancy®?. A balance study in Japanese women reported that an increased absorption (42
+ 19%) was observed in the late stages of pregnancy compared to when they were not pregnant
(23 £ 8%)®Y. As a result, calcium is transferred to the fetus. At the same time, excess calcium
absorption increases the urinary excretion in the mother. Therefore, an additional intake of
calcium is not required for pregnant women. The US-Canada DRIs adopted this estimation®?).
However, Hacker et al. reported that women with an insufficient calcium intake (less than 500
mg/day) may require an additional amount of calcium to meet both their demands and those of
the fetus®?.

During lactation, the intestinal calcium absorption slightly increases®®, and the urine
calcium excretion decreases®>?¥, so as to provide calcium to the breast milk. Thus, there is no

requirement for additional calcium intake.

2—3. Method Used to Set the Al
2—3—1. Infants (Al)

The Al for infants was calculated based on the calcium concentration, and the volume
of breast milk. For infants aged 0-5 months, the calcium concentration of breast milk was
estimated to be 250 mg/L based on Japanese studies®!?. Using 0.78 L/day as the average milk
intake'"!?), the Al was determined to be 200 mg/day by rounding. Infant formula includes
nutrient values that are similar to those of breast milk; however, the absorption rates are lower
than in the case of breast milk("3).

For infants aged over 6 months, the calculation of intake needs to consider breast milk
as well as other food. Calcium intake from breast milk was calculated using the average milk
intake (0.53 L/day)®'""!>, and the mean calcium concentration of breast milk (250 mg/L) ©-11:15),
and was estimated as 131 mg/day. The calcium intake from foods was estimated to be 128
mg/day for this age group; thus, the total calcium intake was estimated to be 261 mg/day, and
the Al was set at 250 mg/day after rounding.

3. To Avoid Excessive Intake
3—1. Method Used to Set the UL

Excess calcium intake can cause hypercalcemia, hypercalciuria, soft tissue
calcification, calculus development in the urinary system, prostate cancer, iron and zinc
absorption disorders, and constipation®®. The previous DRIs set the lowest observed adverse
effect level (LOAEL) using data pertaining to milk-alkali syndrome. Patel and Goldfarb
suggested that the name of the syndrome be changed to “calcium-alkali syndrome”®®, and the
US-Canada DRIs set the UL according to the results of this case report®?). High serum calcium
levels were observed at a calcium intake greater than 3,000 mg/day in a case report on calcium-
alkali syndrome®®?).

From these data, the LOAEL was set at 3,000 mg/day, and the UL was set at 2,500
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mg/day using an uncertainty factor of 1.2. The current dietary pattern among Japanese
individuals is not considered to exceed 2,500 mg/day. However, calcium supplementation can
lead to excessive intake. Bolland et al. reported that the use of calcium supplements elevated
the risk of cardiovascular diseases®”*®. Although these reports have attracted debate®), it
should be noted that calcium intake through supplementation or calcium medication may lead
to excessive intake. For those aged under 18 years, the UL was not determined due to a lack of
data.
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Magnesium

1. Background Information
1—1. Definition and Classification

Magnesium is an alkaline earth metal (atomic number: 12, Mg) that contributes to the
maintenance of bone health, and various enzymatic reactions. Approximately 25 g of

magnesium exists in the adult body, and is present in bones at levels of 50% to 60%%?.

2. To Avoid Inadequacy
2—1. Factors to be Considered in Estimating Requirements

The EAR was calculated on the basis of the results obtained by previous studies on
magnesium balance. For infants, the Al was determined using the magnesium concentration of

breast milk and average milk volume.

2—2. Method Used to Set the EAR and RDA
2—2—1. Adults (EAR, RDA)

A magnesium balance study reported 4.7 mg/kg BW/day as the amount required for
the maintenance of magnesium balance in 86 Japanese participants aged 18 to 28 years!?D.
However, another Japanese study reported that the amount was 4.4 mg/kg BW/day among 109
participants aged 18 to 29 years('’?. A report examining 31 Japanese participants aged 18 to 26
years from 13 studies pointed to a value of 4.18 mg/kg BW/day after adjusting the magnesium
balance%?,

In contrast, an American study suggested that 4.3 mg /kg BW/day is the amount
required for the maintenance of magnesium balance!*¥. A reanalysis of 243 Americans from
27 studies reported that, at an intake of 2.36 mg/kg BW/day of magnesium, the magnesium
balance was 019,

Compared these findings, as the studies for Japanese individuals were given priority,
and 4.5 mg was set as the EAR per an adult’s BW. The RDA was set after multiplying it by the

reference BW, applying a factor of 1.2, and assuming a coefficient of variation of 10%.

2—2—2. Children (EAR, RDA)

A magnesium balance study examining Japanese children aged 3 to 6 years estimated
the EAR to be 2.6 mg/kg BW/day, based on the observation under conditions of the
consumption of a regular diet!°®. The results of an American balance test examining 12 boys
and 13 girls, aged 9 to 14 years, using a stable magnesium isotope, determined the EAR to be
5 mg!"¥; this value was adopted since isotope procedures are considered reasonably accurate.
This value was subsequently adopted as the RDA after multiplying it by the reference BW, and
applying a factor of 1.2, as had been applied to the adult EAR.
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2—2—3. Additional Amount for Pregnant and Lactating Women (EAR and RDA)

According to the results obtained in a magnesium balance study of pregnant
women'?”, an intake of 430 mg/day of magnesium maintained the plus balance in most
participants. Considering that the lean BW during pregnancy is 6-9 kg (average 7.5 kg)'%®, and
the magnesium content per lean BW is 40 mg/kg BW(%, the additional amount of magnesium
required can be calculated as 31.5 mg, using 40% as the apparent absorption rate for this
period’®. Thus, the additional EAR was determined to be 30 mg. This value was subsequently
adopted as the RDA after multiplying it by the reference BW and applying a factor of 1.2.

For lactating women, some studies reported that the urine magnesium concentration
does not differ by the presence or absence of lactation!!!%!")_ Therefore, the additional amount

required for lactating women was not determined.

2—3. Method Used to Set the Al
2—3—1. Infants (Al)

The Al for infants aged 0-5 months was calculated using the average concentration of
magnesium in breast milk (27 mg/L®!?), and average milk intake (0.78 L/day"-'?), yielding a
value of 20 mg/day by rounding 21.1 mg/day.

The AI for infants aged 6-11 months was calculated using the consumption of
magnesium from breast milk, calculated from the concentration of magnesium in breast milk
(27 mg/L®'9) and average milk intake (0.53 L/day!'*'¥), and complementary food (46
mg/day!!”). From these values, the Al was determined to be 60 mg/day.

3. To Avoid Excessive Intake
3—1. Method Used to Set the UL

The first stage of the unfavorable effects of excessive magnesium intake from sources
other than food is diarrhea. Many individuals may experience mild transient diarrhea even
without increased magnesium intake. Therefore, it is thought that the development of diarrhea
symptoms may be the clearest index for the determination of the UL. The LOAEL was
determined to be 360 mg/day based on reports from Western countries pertaining to intake
through supplements!!2-115),

However, Japan-centric data were not available. As the diarrhea caused by excessive
magnesium intake is not severe, and it is a reversible symptom, the uncertainty factor can be
set at nearly 1. The US-Canada DRIs adopted these methods''®). Similarly, the UL was
determined to be 350 mg/day for adults, and 5 mg/day for children, for intake sources other
than food.

In addition, data on unfavorable outcomes due to an excessive intake of magnesium
from typical food sources were not found. Therefore, the UL for the intake of typical foods was

not determined.
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Phosphorus

1. Background Information
1—1. Definition and Classification

Phosphorus is a nitrogen family element (atomic number: 15, P), a maximum of 850 g
of which is present in an adult individual, with 85% in the bones, 14% in soft tissues, and the

remaining 1% in extracellular fluid.

2. To Avoid Inadequacy
2—1. Factors to be Considered in Estimating Requirements

Phosphorus balance studies conducted among Japanese women, aged 18-28 years,
reported that the requirement amounts were 18.7 mg/kg BW /day!'®® and 22.58 mg/kg
BW/day!?. Based on these values, the EAR can be calculated as 946 mg/day or 1,143 mg/day,
both of which are higher than the RDA value in the US-Canada DRIs (700 mg/ day''®)). Another
study reported that the amount required for even balance was 1,180 mg/day for men, and 970
mg/day for women, among elderly Japanese individuals (the mean age was 74.1 years for men,
and 71.9 years for women)!'”, which would yield a remarkably higher EAR. In the US-Canada
DRIs, the EAR was calculated using the phosphorus intake required for the maintenance of the
lowest normal level of plasma phosphorus!''®- However, due to a lack of evidence in

determining the presumed Japanese EAR and RDA, the Al for phosphorus was determined.

2—2. Method Used to Set the Al
2—2—1. Adults and Children (AI)

According to the 2010 and 2011 NHNS®, the median phosphorus intake was 944
mg/day. However, the actual intake may be higher, since the phosphorus content of processed
foods was not added to this value. A study using a duplicate method reported that the average
phosphorus intake was 1,019 + 267 mg/day!'®, which is comparable to the above-stated value.

Therefore, the Al for those aged over 1 year was adopted from the median intake from
the 2010 and 2011 NHNS®, in relation to the US-Canada DRIs!"'®. The same Al was set for

adults aged over 18 years, based on the lowest intake among the age and sex groups.

2—2—2. Infants (Al)

The Al for infants aged 0-5 months was calculated using the average concentration of
phosphorus in breast milk (150 mg/L)®!? and the average milk intake (0.78 L/day)!"!?),
yielding 120 mg/day (rounding 117 mg/day).

The Al for infants aged 6 to 11 months was calculated using the average consumption
of phosphorus from breast milk (80 mg/day) and complementary food (183 mg/day!®),
yielding 260 mg/day.
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2—2—3. Pregnant and Lactating Women (AI)

The phosphorus body storage of newborns is reported to be 17.1 g!?. If this value is
considered the additional requirement for non-pregnant women, the total dietary requirement
can be calculated as 61 mg/day. However, the dietary phosphorus absorption rate is 70% during
pregnancy and 60-65% when not pregnant!'®. On multiplying the Al for non-pregnant women
aged 18-29 years (800 mg/day) and the above-stated values, the phosphorus absorption can be
estimated at 560 mg/day for pregnant women, and 480 mg/day for non-pregnant women. As
the difference (80 mg/day) is greater than the 61 mg/day above mentioned, pregnant women do
not require an additional phosphorus intake.

According to the 2007-2011 NHNS®?, the median phosphorus intake of pregnant
Japanese women was 846 mg/day. As mentioned above, sufficient evidence was not available
to increase the requirement, in comparison to non-pregnant women. Therefore, the Al was set
at 800 mg/day, which is the same as that for non-pregnant women.

The serum phosphorus concentration has been reported to be high in lactating women,
although there may be loss due to lactation!?”. Furthermore, lactating women exhibit an
elevated bone absorption of phosphorus and decreased urinary excretion!!®). Therefore,
pregnant women do not require an additional amount of phosphorus. The median phosphorus
intake of lactating women was 979 mg/day in the 2007-2011 NHNS®?. The AI was set at 800

mg/day, which is the same as that for non-pregnant women.

3. To Avoid Excessive Intake
3—1. Dietary Intake

Phosphorus is present in various foods. Although many processed foods use
phosphorus as a food additive, the contribution of such phosphorus to the overall phosphorus
intake is unclear since presenting information on the amount present, on food labels, is not

mandatory.

3—2. Method Used to Set the UL

If renal function is normal, a high intake of phosphorus may enhance the secretion of
parathyroid hormone and fibroblast growth factor 23 (FGF23), which promote phosphorus
excretion from the kidney and maintain blood phosphorus concentrations!?). Therefore, the
fasting serum phosphorus concentration cannot be used as an indicator of excess phosphorus
intake. Postprandial serum phosphorus concentration, urinary phosphorus excretion rate,
parathyroid hormone level, and FGF23 level may be indicators for the determination of the UL.

The association between phosphorus intake and parathyroid hormone has been
examined!2%122-130) A study reported that hyperparathyroidism occurred when the phosphorus
intake from food additives exceeded 2,100 mg/day!??. Additionally, an intake of 1,500-2,500
mg/day of inorganic phosphorus (phosphoric acid)'?*!> or 400-800 mg/meal of inorganic

phosphorus elevated postprandial parathyroid hormone levels'?®. Excess phosphorus intake
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reduces the calcium absorption in the intestine and acutely increases the postprandial serum
inorganic phosphorus concentration, decreases the serum calcium ion concentration, and
elevates the serum parathyroid hormone concentration!?”. A report questioned if these
reactions may lead to decreased bone mass (1?9, In contrast, a study reported that phosphorus
intake elevated the blood parathyroid hormone concentration, dose-dependently, and bone
resorption marker type 1 collagen cross-linked N-telopeptide level, and decreased the bone
formation marker level (bone-type alkaline phosphatase) in women, under conditions of low
calcium intake!!?”). The phosphorus and calcium intake ratio may also be considered. However,
few human studies have focused on this issue, and it is difficult to determine the UL using the
parathyroid hormone level as an indicator.

An increasing number of studies are focusing on FGF23 as an indicator of phosphorus
load(121:125:128-136) However, the methods used for the measurement of serum FGF23 levels were
different between studies. Moreover, evidence on the effect of serum FGF23 function on human
health is scarce, while the association between dietary phosphorus and serum FGF23 in
Japanese individuals is unclear.

Several studies have reported an association between dietary phosphorus intake and
adverse health effects in body parts other than the bones!!3’~141_ Although it may be possible to
use these data for the determination of the UL, the intake levels leading to adverse effects ranged
from 1,347-3,600 mg/day across the studies. Due to data insufficiency, it was difficult to set a
threshold value.

One study examined the diurnal changes in serum phosphorus concentrations
according to phosphorus intake!'*?. In that study, an intake of 1,500 mg/day phosphorus
resulted in normal serum concentrations, while an intake of 3,000 mg/day led to a high serum
phosphorus level. A Japanese study reported that an intake of 800 mg/meal (2,400 mg/day) did
not lead to serum concentrations that exceeded the normal range, while 1,200 mg/meal (3,600
mg/day) exceeded the normal range!?®. There is no standard value for urinary phosphorus
excretion, and data on the relationship between urinary phosphorus excretion and adverse health
effects are scarce.

The UL was determined based on the relationship between dietary phosphorus intake
and the elevation of serum phosphorus concentration.

Serum inorganic phosphorus = 0.00765 x absorbed phosphorus + 0.8194 x (1-e(-0.2635 X
absorbed phosphorus))

This equation includes both inorganic phosphorus (mmol/L), and absorbed phosphorus
(mmol/day)'*. Assuming an absorption rate of 60% 2%, serum inorganic phosphorus level of
4.3 mg/dL"* (upper limit of the normal range) and phosphorus molar weight of 30.97, the
phosphorus intake can be estimated as 3,686 mg/day, which is the upper limit of the normal
range of the serum inorganic phosphorus level. This value was used as the LOAEL. Using an
uncertainty factor of 1.2, the UL for adults was set at 3,000 mg/day by rounding 3,072 mg/day.

For children, the UL was not determined due to a lack of data.
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DRIs for Sodium (mg/day. Values in parentheses are salt equivalent [g/day])

Gender Males Females

Age etc. EAR Al DG EAR Al DG

0-5 months — 100(0.3) — — 100(0.3) —

6-11 months — 600(1.5) — — 600(1.5) —
1-2 years — — (<3.0) — — (<3.5)
3-5 years — — (<4.0) — — (<4.5)
6-7 years — — (<5.0) — — (<5.5)
8-9 years — — (<5.5) — — (<6.0)
10-11 years — — (<6.5) — — (<7.0)
12-14 years — — (<8.0) — — (<7.0)
15-17 years — — (<8.0) — — (<7.0)
18-29 years | 600(1.5) — (<8.0) | 600(1.5) — (<7.0)
30-49 years | 600(1.5) — (<8.0) | 600(1.5) — (<7.0)
50-69 years | 600(1.5) — (<8.0) | 600(1.5) — (<7.0)
70+ years | 600(1.5) — (<8.0) | 600(1.5) — (<7.0)

Pregnant women — — —

Lactating women — — —
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DRIs for Potassium (mg/day)

Gender Males Females

Age etc. Al DG Al DG

0-5 months 400 — 400 —

6-11 months 700 — 700 —

1-2 years 900 — 800 —

3-5 years 1,100 — 1,000 —
6-7 years 1,300 >1,800 1,200 >1,800
8-9 years 1,600 >2,000 1,500 >2,000
10-11 years 1,900 >2,200 1,800 >2,000
12-14 years 2,400 >2,600 2,200 >2,400
15-17 years 2,800 >3,000 2,100 >2,600
18-29 years 2,500 >3,000 2,000 >2,600
30-49 years 2,500 >3,000 2,000 >2,600
50-69 years 2,500 >3,000 2,000 >2,600
70+ years 2,500 >3,000 2,000 >2,600

Pregnant women 2,000 —

Lactating women 2,200 —
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DRIs for Calcium (mg/day)

Gender Males Females

Age etc. EAR RDA Al UL EAR RDA Al UL

0-5 months — — 200 — — — 200 —

6-11 months — — 250 — — — 250 —

1-2 years 350 450 — — 350 400 — —

3-5 years 500 600 — — 450 550 — —

6-7 years 500 600 — — 450 550 — —

8-9 years 550 650 — — 600 750 — —

10-11 years 600 700 — — 600 750 — —

12-14 years 850 1,000 — — 700 800 — —

15-17 years 650 800 — — 550 650 — —
18-29 years 650 800 — 2,500 550 650 — 2,500
30-49 years 550 650 — 2,500 550 650 — 2,500
50-69 years 600 700 — 2,500 550 650 — 2,500
70+ years 600 700 — 2,500 550 650 — 2,500

Pregnant women — — — —

Lactating women — — — —
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DRIs for Magnesium (mg/day)

Gender Males Females
Age etc. EAR RDA Al UL'! EAR RDA Al UL!
0-5 months — — 20 — — — 20 —
6-11 months — — 60 — — — 60 —
1-2 years 60 70 — — 60 70 — —
3-5 years 80 100 — — 80 100 — —
6-7 years 110 130 — — 110 130 — —
8-9 years 140 170 — — 140 160 — —
10-11 years 180 210 — — 180 220 — —
12-14 years 250 290 — — 240 290 — —
15-17 years 300 360 — — 260 310 — —
18-29 years 280 340 — — 230 270 — —
30-49 years 310 370 — — 240 290 — —
50-69 years 290 350 — — 240 290 — —
70+ years 270 320 — — 220 270 — —
Pregnant women +30 +40 — —
(additional)
Lactating women _ _ _ _
(additional)

! No UL is developed for dietary intake from normal food. For dietary intake from sources other than
normal food, ULs of 350 mg/day and 5 mg/kg body weight/day are set for adults and children,
respectively.
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DRIs for Phosphorus (mg/day)

Gender Males Females
Age etc. Al UL Al UL
0-5 months 120 — 120 —
6-11 months 260 — 260 —
1-2 years 500 — 500 —
3-5 years 800 — 600 —
6-7 years 900 — 900 —
8-9 years 1,000 — 900 —
10-11 years 1,100 — 1,000 —
12-14 years 1,200 — 1,100 —
15-17 years 1,200 — 900 —
18-29 years 1,000 3,000 800 3,000
30-49 years 1,000 3,000 800 3,000
50-69 years 1,000 3,000 800 3,000
70+ years 1,000 3,000 800 3,000
Pregnant women 800 —
Lactating women 800 —
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