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Minerals

CALCIUM

The adult body contains approximately 1,200 g of calcium, ap-
proximately 93% of which is present in the skeleton. Bone mineral
consists of two chemically and physically distinct calcium phosphate
pools—an amorphous phase and a loosely crystallized phase. The
skeleton contains two major forms of bone: trabecular {spongy) bone,
exemplified by the veriebral bodies, and denser cortical bone, such
as the femur. Bone is constantly turning over,
of resorption and formation. In children and adolescents, the rate
of formation of bone mineral predominates over the rate of resorp-
tion. In later life, resorption predominates over formation. There-
fore, in nermalaging, there is a gradual loss of bone (Arnaud, 1988).

The remaining 1% of body calcium is found in extracellular fluids,
intracellular structures, and cell membranes. This extraskeletal cal-
cium plays an essential role in such vital functions as nerve conduc-
tion, muscle contraction, blood clotting, and membrane permeability.
Blood caldiunm concentration is maintained within very narrow limits
by the interplay of several hormones (1,25-dihydroxycholecakiferol,
parathyroid hormone, calcitonin, estrogen, testosterone, and possibly
others), which contro! calcium absorption and excretion, as well as
bone metabolism.

Levels of soft tissue calcium are maintained at the expense of bone
in the face of inadequate calcium intake or absorption. Under such
drcumstances, there is either inadequate mineralization of bone in

the young or mineral is withdrawn from bone with a consequent
reduction of bone strength.

a continuous process
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Calcium is lost from the body in feces, urine, and sweat. The fe.c::ll
caldium consists of unabsorbed dietary calcium, the amount of whic ;
depends on dietary intake and other factors, and a small pq).m(?:.ol
the endogenously secreted calcium (about 100 to 150 mg/day), w bolfj : _
escapes reabsorption. Urinary calcium excretion of adults is a If
100 to 250 mg/day, but varies widely among persons consuming se (i
selected diets (Nordin et al, 1967). Urinary excretion is mﬂu.cnce
by hormonal and dietary factors. Among the latter are protein, so-
dium, and some carbohydrates, \t‘hl(ll increase ca!crun} .excre;_lon:
and phosphorus, which decreases it. Except under condmonslg zx’
treme sweating, loss of calcium from the skin is small (about 15 mg,
day).

Calcium Absarption

Intestinal absarption of calcium is variably influenced by several
putritional and phi))'siological factors (Avioli, 1988). Studies 0{(3!0:11:11
absorption have frequently been flawed by failure to incude ‘e
extended period (4 weeks or more) required for ada.platlo:? o
changes in dietary intake and to control for intervening dietary \r‘Fln-
ables. Nonetheless, the literature is consistent on several l_lomts!; The
efficiency of absorption is increased during periods of h:g‘!:. p )T:i
logic requirement. Thus, children may absorbup to 75% (; inges n(
calcium as compared to the 20 to 40% typically observec md) (;ill g
adultsin the United States. Absorption is impaired in the ggeb ( h?d
ney et al., 1982). A higher percentage of ingested calciumiis asz}({)}r ,
at low intakes than at high intakes. Above an intake of abogt rll:ﬁl
day in normat adults, absorption is approximately 15%.()!':‘ e arm:) i
ingested (Heaney et al,, 1975). Vitamin 1 is a recognized prom et
of calcium absorption. The role of protein and phosphorus ls‘ <
clear. INietary protein enhances calcium absorption (M(Cc:;n(;: cua(:
1942} in the protein intake range between inadequate an z} eq 1ate
Ievels, but has linle additional effect beyond RDA levels t})l pronte
(Chu e al, 1975). The effect of phosphorus d:ﬂ'c_rs with the sou ars'
but, excluding phytate phosphorus (sce below), this element gppﬁ("
to have little if any depressing effect on calcium absorption (Spe

8, 1986). ) .
« ;itli; L?\ic}lain i:'lhcrc are biologically importamt differences in rl‘:];;
absorption of caldum from different foods or diets. lln a;\(:ium
models, the presence of lactose tends to enhance paracellular t::t o
absorption, but this effect has not been consistently (i;ft(llon e
(Scrimshaw and Murray, 1988). Phytate and oxalate bind ca .

- - 2l ~ 174 P T e \‘]‘3—: )
rendering it insoluble, and certain hber fractions may intérfere with ~%:%p
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calcium absorption. These substances are believed to be of little prac-

tical importance at intakes typical for the U.S. di
S. diet :
LSRO, 1987; Schwartz et al., 1936) detluddetat. 1985

Dictary Sources and Usual Intakes

Cakiumintake varies widely among individualsin ! i
b‘ul Is generally higher in n:.ﬂcs (h§n in females. ’l]‘(l':ulzj l;g?;f;;‘;‘;
L\auanmdg F90<| Consumption Survey (USDA, 1981) reported an
average daily intake of 743 mg for all people, ranging from 530 m
ﬁ‘)r women 351050 ycarsold to 1,179 mg for 12-10 18-year-old bo sg
No group of adult females had a calcium intake equal to or ‘great)cr.
than the RDA of 800 mg. Black women ingested less dictary calcium
than whites (152 compared to 610 mg/day) (USDA, 1987)

Dairy products conttibute more than 55% of the calcium intake of
llu_‘ U.S population (Block et al., 1985). Other contributors to the
dal!)' ntake of calcium are some lealy green vegetables {such as broc-
coli, kale, and collards), lime-processed tortillas, caldum-precipitated
tolu, and calcium-fortified foods. Bones, especially the soft bones of
fish {e.g., sardines, salmon) and tips of poulury feg bones, are rich
and often unrecognized sources of calcium. Water is a variable sou rce.

Several proptietary antacid preparations are calcium salts that may
constiute an underreporied calcium source.

Bone Formation and Retention

1n:‘1:|h*h?3u(%(l)‘[:a:!:f}unl' 1s a major constituent of bone, it is only one of
¥ ecting bone health. Genetic influences determine
boncimass; sex hormones and physical activity influence bone me-
tabolism. Many dietary constituents are either essential for, or com-
plementary to, the proper utilization of calcium, indudiné vitamin
l! (Parfitt et al, 1982), copper (Dasis and Mertz, 1987), zinc (I1am-
bidge et al, 1986), manganese (Hurley and Keen, 1987), Muorine
(Krishnamachari, 1987), silicon (Catlisle, 1986), and boron-(Nielscn
1987). '
The growth of the skeleton requires a positive calcium balance
until peak bone mass is reached. Mineralization of bone continues
for some years after longitudinal bone growth has ceased. Most of
the accumulation of bone mineral occurs in humans by about 20
years of age, but some bone mineralis added during the third decade
Bone mass then begins to decline stowly during the fifth decade in
both sexes, as evidenced by progressive reduction of bone density
The rate of loss accelerates greatly about the time of menopause |’n
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women and remains high for several years. Bone loss accelerates
much later in men (by a decade or more). This results in gradually
diminishing bone strength and increased risk of fractures. The risk
of fracture is less at a given age in people who have achieved larger
bone mass during the period of bone mass accretion than in those
with fower peak bone mass (Arnaud, 1988; Heaney, 1986).

Peak bone mass appears to be related to intake of caldium during
the years of bone mineralization. Investigations have usually involved
estimation of past calcium intake from a history of food consumption
pauterns, in which differing habitual mitk consumption is the chiefl
contributor to differences in caldum intake. Thus, intakes of other
nutrients (e.g., protein, phosphorus, and, imporiantly, the vitamin
1 added 1o most mitk in the United States) are likely to covary with
calcium. In a study of two population groups in Yugoslavia with
different, long-standing intake patterns {500 and 1,100 mg of calcium
per day), greater bone mass was found at all ages and in both sexes
in the high caldum comimunity {Matkovic et al., 1979). Since the rate
of bone loss was the same in adults of the two communities, the
finding of more bone mass in the older age groups of the high-
caldium district must reflect higher peak bone mass attainment. In
studies conducted in the United States, investigators have reported
significant correlations between current bone density and past milk
or caldum imake in adult women (Halious and Anderson, 1959;
Husxthaland Vose, 1969; Sandler etal., 1985). In another U.S. study,
present caldum intake was compared with bone density of postmen-
opausal women in two lowa communities where the water sup_pl)'
contained different levels of calcium over at least a 50-year period
(60 compared to 375 mg/liter), resuliing in average calcium intakes
of 964 compared to 1,326 mg/day, respectively (Sowers et al., 1985).
There were no detectable differences in measured bone density be-
tween communities. After adjustment for confounding factors, there
was a small but significantly higher bone density in the lowa womcen
who currently consumed both 800 mg or more of caldum and 400
U or more of vitamin D per day. There is, however, nodear evidence
that bone density of posimenopausal women is related to concurrent
dietary alcdium intake within a wide range {Garn, l97_0; Gamm etal,,

1969) except, perhaps, where this reflects a high-calcium food con-
sumption pattern established in childhood. )

The postmenopausal rate of decline in bone mineral is strongly
dependent on estrogen status. Estrogen replaccinent slows the rate
of bone loss. Evidence that supplementary caliium (1.5 10 2.5 g/day)
can retard the rate of postmenopausal bone loss is mixed (NRC,
1939), but the balance of evidence suggéstt that c‘:‘;lcium"alone,h'asfj
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only a smail effect on cortical bone loss and none on trabecular bone
(I-:rcudenhenm, 1986; Riis et al., 1987). Combined daily treatment
with 0.3 mg of conjugated estrogens plus 1 g of calcium supplement
has, however, been reported tobe as effective as 0.6 mg of conjugated
estrogen (widely accepted to be the minimum effective dose for pre-
vention of bone loss) without added calcium (Ettinger et al., 1987)
'I.hc abserved inverse relationship between body weight and' risk of
hip fracture in older women (heavier women having less risk of frac-
ture) may be due in part to the maintenance of higher levels of
estrogen by peripheral conversion of precursor steroids to estrogen
i adipose tissuc (Riel et al., 1987). &
In the subcommittee’s judgment, the most promising nutritional
approach to reduce the risk of osteoporosis in later life is to ensure
a calctum intake that allows the development of each individual's
genetically programmed peak bone mass during the formative years.
The importance of meeting recommended allowances at all ages is

stressed, but with special attention to intakes throughout childhood
to age 25 years.

Relationship to Phosphorus and Protein Intakes

The level of dietary protein and phosphorus can affect the me-
tabolism of, and requirement for, caldum, primarily as a result of
their opposing effects on urinary calcium brought about by changes
in fractional tubular reabsorption of cakium. The effect on urinary
excretion outweighs the small effects on absorption described above.
An increase in protein intake reduces fractionat tubular reabsarption
(Allen et al, 1979; Kim and Linkswiler, 1979) and results in an in-
crease in urinary calcium excretion (Johnson et al., 1970; Margen et
al,, 1974). In contrast, an incaease in phospherus intake increases
fractional reabsorption and causes urirary caldum to decrease
(Hegsted eval, 1981; Spencer et al., 1978). Because of the opposing
elfects of protein and phosphorus on urinary cldum and calcium
retention, 2 simultaneous increase in the intake of both, a pattern
characterized by milk, eggs, and mcat ingestion, has but linle effect
on calcium balance at recommended levels of calcium intake (Spencer
et al, 1988).

The low ratio of calcium to phosphorus in the U.S. diet was of
concern in the past. Animal studics indicated that excessive phos-
phorusiniake led tosecondary hyperparathyroidism, resulting in loss
9[ calcium from the skeleton (1SRO, 1981). This effect was not seen
inmonkeys (Anderson etal,, 1977), and studies in humans have failed
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to demonstrate effects of dietary phosphorus intake on caldum bat-
ance at adequate levels of calcium intake (Spencer et al., 1988).

Other Polential Functions

A high intake of clcium has been associated with lower blood
pressure in some studies (McCarron et al.,, 1984), but not in others
{Ackley et al., 1983). Animal studies show that high levels of dietary
calcium protect against cell proliferation in the colon induced by fat
and bile acids (Bird, 1986; Wargovich et al., 1983). The evidence
from human studies is, however, msufficient to support an inference
that high calcium diets protect against the development of colon
tumors. These subjects are reviewed in the Food and Nutrition Board
report Diet and Health (NRC, 1989).

Recommended Allowances

Adults and Adolescents  An optimal caldum intake is difficult to
define, given the substamial adaptive capacity and the long lag period
before changes in status can be detected. It is not surprising that
recommendations in different countiies vary widely, from a low of
400 mg/day for women in Thailand to a high of 1,000 mg for both
sexes over 75 years of age in the Netherlands. Concern for the high
propoition of postmenopausal women at risk for osteoporosis has
led some to suggest that the RDA for calcium should be increased
markedly (NIH, 1984). This subcommittee is not persuaded by the
evidence in hand that the long-standing RDAs should be revised.
upward in response to this medical concern. Nor is the subcommittee
convinced that levels should be lowered to those recommended by
international groups (e.g., FAO, 1962) despite the evidence that many
population groups seemingly maintain satisfactory status with much
lower intakes of calcium than the RDA.

The age at which peak bone mass is atained is unceriain, but
probably is not less than 25 years. The subcommittee thus recom-
mends an extra calcium allowance to permit full mineral deposition
through age 24 rather than through age 18 years, as in previous
editions of the RDA.

The recommended calcium allowance for adults is based on an
estimate of 200 to 250 mg/day of obligatory loss and an estimated
absorption rate of 30 to 40%. Calcium accretion during the growing
years averages 140 to 165 mg/day and may be as high as 400 to 500
mg/day during the pubertal growth period (Garn, 1970). Intestinal

calcium absorption is efficient in youth and-adapts’in_relation 0:: =
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needs. In setting the RDA, hawever, the absorption rate is consery-
atively estimated to be 40%.

An intake of 1,200 mg is recommended for both sex groups from
ages 11 to 24 years. For older age groups, the previous allowance of
800 myg is retained. These amounts of calcium can easily be obtained
if dairy producis are included in the diet. A balanced diet furnishes,
in addition to calcium, other nutrients necessary for bone healih. The
subcommittee emphasizes that its recommendations do not address

the possible needs of persons who may have osteoporosis and should
receive medical atention.

Pregnancy and Lactation  The newborn contains approximately
30 g of calcium, most of whichis deposited during the third trimester
of intrauterine development (Pitkin, 1985). Calcium retention is 200
to 250 mg/day during that period. Human milk contains approxi-
mately 320 mg calciumliter. This concentration corresponds to 240
mgintheaverage daily milk seciction of 750 ml; 300 mg encompasses
the probable upper boundary of production (+2 SDs).

‘Fhe calcium absorption rate has been reported to increase duiing
pregnancy and lactation in rats (Halloran and Del.uca, 1930) and
adolescent girls (Heaney and Skillman, 1971). There is no clear re-
lation between women's bone health and either their number of preg-
nancies or lactation history in populations that consume currently
recommended amounts of calcium (Koetting and Wardlaw, 1988;
Lambke ct ak, 1977). This evidence suggesis it is prudent to rec-
ommend a calcium imake of 1,200 mg throughout pregnancy and
lactation, irrespective of age.

Infants and Children  Infants thrive on an average intake of 240
mg of calcium from 750 ml of human milk, of which they retain
approximately two-thirds. Allowing 25% for variance, intake would
be 300 mg. of which 200 mg is absorbed. The retention of calcium
from formultas based on cow’s milk is less than one-half. Therefore,
the recommendation for formula-fed infants is 400 mg/day for the
first 6 months of life. This amount is provided by typical infant
fosrmulas now in use in the United States. An allowance of 600 mg/
day would suffice for the next 6 months and 800 mg/day at ages |
10 10 ycars. These latter allowances are arbitrary, since specific data
on requirements of this age group are lacking.

Excessive Intakes and Toxicily

Although no adverse effects have been observed in many healthy
adults consuming up to 2,500 mg of calcdum per day, high intakes

s
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may induce constipation and place up to half of otherwise healthy
hypercalciuric males at increased risk of urinary stone formation. A
high calcium intake may inhibit the intestinal absorption of iron, zinc,
and other essential minerals (Greger, 1938). Ingestion of very large
amounts may result in hypercalciusia, hypercalcemia, and deterio-
ration in renal function in both sexes (Avioli, 1988). Supplememation
1o a total calcium intake much above the RDA is not recommended.
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PHOSPHORUS

, . .

Phosphorus is an essential component of bone mineral, wheie it
l;g;lrs_l(l)b the mass ratioof | phosphorus 102 calcium. Apprl)ximalel
mm.s'();m g) (;f th'e phosphorus in the adult body is found in bone)r

Fus aiso plays animportant role in many 1 .

phor ! : ny and varied chemical

reactions in the body. Itis present i i hat

Teactions ir . tin soft tissues as soluble ph

ion; in lipids, protcins, carbohy i e
ids, | . ydrates, and nucleic acid inan e

. ) . . 1) sler

(l)"r anll? dride linkage; and in enzymes as a modulator of their activ-

mc*as'. .lncrgi) l'or— metabolic processes derives largely from the phos-
phate bonds of adenosine triphosphate (ATP), creatine phospl

and similar compounds. PrROSpPhate:

N . .
phlolsm:pltmr(u: is l(':m[({l)csl{l;ly absorbed by the small intestine as free

phate (Avioli, )- Phosphorus absorpri

! rption probably take
place by three different mechanisms: i itamin

sz (1) calcium-coupled, vitami
‘ . ! 1) ca » Vitamin
Ill)otr!lza p;i li]l:llf‘n(l, (Q)Im;nc:flcm m-coupled, vitamin D-dependent; and {3)

oupled, vitamin D-independe ! !
or 1080y, i at (Farfint and Kleeseko-
anldnfgaan:s :;)li)sorh from 65 10 70% of the phosphorus in cow’s milk
and 70% I'% of that in human milk. Children and adulis absorb
‘ 0 > 0 lhq phosphorus in normat diets and as much as 90%
when the imake is low (LSRO, 1981)

en | v . i

Pol) p.hosp[hatc (sodium hexametaphosphate), which is used in the
‘prtocc'ssmg 0 fvod, is efficiently hydrolyzed to orthophosphate in the
intestine, where it is well absorbed (Zemel and Linkswiler, 1981)

Approxi ; i
lgéx‘r;-nnmld) 50% of phytate phosphorus is absorbed (Parfitt e1 al.,

Dietary Sources and Usual Intakes

Phosphorus is present in nearly all foods. The amoun i i
the food supply I romunprocessed pritary mmmodi(ics.l :I::tlllf 11’1‘; 1;3
t;) 1,520 mg per c€apita per day, has been relatively constant dutin
the past 75 ycars, despite marked changes in food consumption 3§
terns (Bunch, 1987). The mean daily phosphorus intake is ap E)x-
imately 1,500 mg/day for adult males (USDA, 1986) and 1,000 mg/
day for adult females (USDA, 1987). True intakes may be 1510 20‘%
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higher, however, since the phosphorus supplied by numerous food
additives in processed foods is typically not accounted for in tables
of food composition {(Oenning et al., 1988).

Major contributors of phosphorusare protein-rich foodsand cereal
grains. About half the food phosphorus in the U.S. diet comes from
milk, meat, poultry, and fish. Cereal products contribute about 12%.
Diets based heavily on convenience foods may derive 20 to 30% of
phosphorus from food additives (Greger and Krystofiak, 1952).

AMeats, poultry, and fish, exclusive of bone, contain 15 1o 20 times
more phosphiorus than calcium. There is twice as much phosphorus
as calcium in eggs, grains, nuts, dry beans, peas, and leatils. Only
milk, nawural cheeses, green feafy vegetables, and bone cOntain more
calcium than phosphorus. Cow’s milk containis both more caldum
and phophorus than does human milk, and the rasios of the elements
differ widely. The ratio of calcium to phosphorus in cow’s milkis 1.3
to 1 and that in human milk is 2.3 to 1.

The calcium-to-phosphorus ratio in the U.S. diet varies, depending
on food consumption patterns. The calcium-to-phasphorus ratio is
higher in dicts of infants and children than in diets of adults. The
average ratio is 1 to 1.8 for adulis between 35 1o 50 years of age
(USDA, 1984), but may be as low as 1 to 4 for those whose diets are
low in dairy products and green vegetables.

General Signs of Deficiency

Because almost all foods contain phosphorus, dietary phosphorus
deficiency does not usually occur. An cxception is small premmature
infants fed human milk exclusively. Such infants need more phos-
phorus than is comtained in human milk for the rate of bone mi-
neralization required (Von Sydow, 1946). Without additional phos-
phorus, hypophosphatemic rickets may develop (Rowe ct al,, 1979).

Serious phosphorus deficiency has been induced in patients re-
ceiving aluminum hydroxide as an antacid for prolonged periods
(Bloom and Flinchum, 1960; Lotz e1 al., 1968). Aluminum hydroxide
binds phosphorus, making it unavailable for absorptien. Phosphorus
deficiency results in bone loss and is characterized by weakness, an-
orexia, malaise, and pain.

Recommended Allowances

Adules, Children, and Pregnant and Lactating Women The precise
requirement for phosphorus is unknown. Previous editions have set

the allowance for phosphorus equal to calcium, for_all ages except
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