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B I m I  cdciuni conccntration is maintained within very narrow limits 
tq- the in t e rpla y of s e v e n  I ti or mones [ I ,25-di h yd rox yc ho!ecalciferol, 
parathyroid hormone, calcitonin, estrogen, testosieronc, arid psribly 
others), which control calcium absorption and excretion, as well as 
bone merablism. 

IaveJs ofsoft tissue calcium are  maintained at the expense of b n t  
in the face of i n a d c q u ~ e  calcium inrake or abjorption. Under such 
circumstances, there i s  either inadequate mineralization of bone in 

Minerals 

CALCIUhI 
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Glciurn is lost from the W y  in feces, urinc, and sweat. T h e  fecal 
calcium consists of un3bmrkd  dietary calcium, the amount of  which 
depends on dietary intake and other factors. and a small p r t i o n  of  
the endogenously secreted mkiuni (ahout 100 to 150 rnglday). which 
escapes reabsorption, Urinary calcium excretion of adults is about - 
100 to 250 mglday, but mries widely among persons consuming self- 
selected diets (Nordin et 31.. 1967). Urinary excretion is influcriced 
by horrnorlal and dietary factors. Among the latter are protein, SO- 
diurn, alii! some arbohgdratts, which increase calcium excretion, 
and phosphorus, which decreases it. Except undcr conditions af ex- 
treme sweating, loss of calcium rrom the  skin is small ( a b u t  15 rngl 
day). 

lntertinal absorption of calcium is-variably inRuenced by several 
nutritional and physiological factors {Avioli, 1958). Studies of calcium 
absorption have rrequentry keri flawed by failure to include the 
extended periad (4 weeks or more) required for adaptation to 
changes in dietary intake and to control for intervening dielary vari- 
ables. Nonetheless, the literature is consistent on  several p i n u -  The 
efficiency or absorption is increased during p e r i d s  or high ph+ 
logic requirement. Thus, children may absorb up to 75% of ingested 
ralciurn as cornpred to the 20 LO 40% typically observed in young 
adults in the Uriitcd States. Absorption is impaired in the aged (tlea- 
ney et al., 1952). A higher percentage of ingested calcium isabrortxd 
at IOH- intakes than at high intakes. Above an intake of about SO0 mgl 
day in normal adults, absorption is approximatelj- 15% of the amount 
ingertrtl (kleaney et  a\.. 1975). Viwmin 11 is a recognized promoter 
of calcium absorption. T h e  role or protein a n 3  phosphorus i s  less 
clear. Dietary protein cnhancer calcium absorption (McCancc ct  al., 
1942) in the protein intake range bctwccn inadequate and adequate 
fevclr, but has little additional effect k p n r l  RIIA levels of protcin 
(Chi1 ct al., 1975). The effect of phosphorus cliffen with the source, 
but. exctuding ptqtate phosphorus (sec kJorv), [tiis elenlent appears 
to have little if any depressing effect on calciunl absorption (Spncc' - 

c i  a!., IWS, m86j. - 
I t  is uncertain if thcre arc biologically important differences in the 

absorption of calcium from different f d s  or diets. I n  anintal 
rndeIs. the mcsence of lactose lends to enhance paracellular calcium . .  -.. _. - 

absorption, but this effect has not k e n  consis!tntly rlemonrtr3teci 
(Scrimshaw and Murray, 1988). Phktate and  Qxalatc-bind CA!!Fma 

rendering it insoluble, and ccrtain fiber fractiod 'riiai iritiiftic wth <, 2:Ct.: 
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ralriuni absorption. I'hese substances are bdievetl to k of little prac- 
tical inipwtinre at intakes typical for the U.S. diet Uudd et 31.. 1'353; 
ISKC), 1997; &liwarfz et al., 1996). 

D i e h i j  Source3 mid UJiial t i i f a k a  
Ctlciuni intake \.arics~~~idelgan~ori~ir~cli\-idualsin the UnitcrtISrates 

but is getierally higher io  rndes than in females. The 1977-1978 
Katinnwide F w l  Consumption Survey (USf)r\, 195 I )  reprrer l  an 
average daily intake of 743 I I I ~  for all people, nriging from 530 alig 
for w)Iiicn 35 to 50 )cars old to I, 173 nig for 12- to IS-)ear-o!d h ) - s .  
No grt~up of  atlult females had a calcium irirake e q u d  to or greater 
cha~:  lie K I M  of SO0 mg. nl3ck w m e n  ingested less dietary calcium 
t l i m  rvhites (452 compretl to G I 0  rnglrlay) (USIIA, 1937). 

I h i r y  p d i r c t s  co~ilrIhutc more than 55% of the calciurn h a k e  of 
tlic U S .  p o p i r l s i o r i  (Illock ct a!., 19S5). Oilier contributors to ihe 
daily intrtke of calcium are some leafy green vegetables (such as broc- 
coli, kale. arid collartlr), lime-prcxessed tor tillas, ralciuni-precipitatcd 
tofu. and calcium-fortifictl I d s .  Hones. eqwcirrlly the soft Imoes of 
Cis!, (e-g., sardines, sdnion) arid t ips  of p i i l t r y  ICR bones, arc rich 
andoften trnteco~niretlsourcesofcakiuni. Waterisa nrii3blesource. 
%vera1 propictary antacid preprations are cakiuni s31ts that niay 
conrtitutc an uiiderreporretl a k i u n i  source. 

Uonc Formation atid Rctcntion 
Although calriuni is ;I n i ~ j o r  constituent of bone, it is only one of 

imny factors affecting bone health. Genetic influences cleterniinc 
h i e  niass; sex hormones and phlsiral actitity influence b n e  me- 
adKdism. htany dietary c ~ n s t i t u ~ r ~ t s  are either csscntid for. or com- 
plerncntary to, the proper utilization of calcium, induding sitamin 
I )  (t'arfitt et a!., 1'352). copper (D3ris and Afettr, 19S7). zinc (liam- 
&lgc et al., 19SG). rnmgmese (Ilurlcy and Kccn, 1987). fluorine 
[Krbhn~machiri ,  1357), silicuri (Cjrlirlc, 19SS), and boron (Nielwn, 
1957). 

'I'he growth of the sleletori requircs a p s i i i v c  calcium balance 
until p-ak bone rinss is re;icIicd. btineraliri~iion of bone continues 
for some years after longitudinal bone growth ftas ceased- hfost of 
h e  accurnuldtion of bone rnincral occurs in humans by a b u t  20 
years of age,but some bone mirieralir added during the third decade. 
Bone miss thcn begins to ciecline r l o ~ l y  during ifie fifth decade in 
hotli sexes, as evidenced by progressive reduction of h n c  density. 
I'he rate of loss acceleratcs greatly a b u t  the time ot menopause in 
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W I I W I ~  md rernairis high for several )cars. Rorie loss arce!erates 
niuch later in men thy a tleacle or more). 'This resiilts in graduaHy 
diminishing bone strength arid increased risk of fractures. The risk 
of fraclure is less at a giver1 age in people \&o have achieved larger 
In)ne rmss during the period of bone mass accretion than in those 
\sitlr lower pe3k Imne n i m  (Arnaud, 1958; Ileaney, 19%). 

Peak h i e  111;1ss qq)cars  to be related to intake of calcium during 
[lie )ears oitonc niiIiemlizatim. lnvestigations have tlsuairy involved 
rstiniation of p s t  calciuni intake from a history of foot! consumption 
ptterns,  in which dirrering habitual niilk consurnptiori i s  the chief 
conmibutor to differences in cdciurn intake. Thus. intakes of otlicr 
nutrients (e.g.. protein, phosphorus, atid, i~iiimrtantly, the vitamin 
I) added IO n m t  inilk in tlic United States) are likely to cowry with 
calcium. In 3 sttidy of two p~pulat ion groups i n  Yugoslrr~ia with 
different, long-staiding intake patterns (500 and 1,100 iiig of a l c i u n ~  
per thy) ,  grrAter h i i c  mass was found at  all ages and in  both sexes 
in h e  high calcium community (hfatkovic et al.. 1979). Since the rate 
of h n e  loss was t l i e  a m c  in adu1ts of the t w o  coii~munities. the 
finding of more bone mass in the older 3ge groups of the high- 
calriunr district iriust reflect higher p x k  b n c  mass attainment. In 
studies conducted in tlie United States, investigators Itaye reportctti 
significant correlarions betwen current bone tlensity ant1 p3st inilk 
or rakium intake in adi111 women (€lalious and Anderson, 19S9; 
tlurxthalarid Vow, 1963; Sandler et a!., 1985). In  another US. study, 
present crtkiuni intake w a s  comprlred with tmne density of postmen- 
o p x ~ s i l  women in  t M - 0  lo.n.3 communities where the water supply 
contained difrerent levels of catcium aver at least a 5O-year p e r i d  
(GO cornp3ted to 375 nigniter), resulting in average caIciuni intakes 
of 961 compared to 1,326 mgfday, respectively (Sowers et a!., 1985). 
There were nn detect~ble differences in measured bone density k- 
tween communiries. After adjustment €or confounding factors, there 
was a small but significantly higher bone density in the loha H - O I T I C ~  

WIIO currently consumcd bvth SO0 m g  or rnore of calcium and -100 
IUorrnoreofvitanlin L) per day.Thereis, ho~ever,Ilocfeareviden~c 
that bone ritnsity of posirnenopaural worraen is related to concurrent 
dietar). calcium intake within a wide range (Gain, 1970; Gain et a!., 
19G9) except, perhaps, where this reflects a higli-alciurn food con- 
sumption pttern established in childhood. 

The pstmenopaural rate of decline in bone mineral is szrongly 
dependent on eurogen staf us. Fstrogen repliceanent slows the rate 
of bone loss. Evidence that supplementary calcium (1.5 to 2.5 gtday) 
can retard thc rate of postmenopausal bone loss is mixed (NRC, 
1989), but the Manre of evidence sugg&d thai *&Iti6mUoni bas:-> 
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only 3 m a i l  effect on cortical bone loss and none on  trabecular Iwne 
(Freudenheim, 1986; Riis et a!., 1987). Combined daily treatment 
with 0.3 mg of conjugated estrogens plus 1 g of ralciuni supplement 
has, liowevcr, k e n  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 mlriurn (Euinger et al., 1987). 
The observed inverse relrttionship between body weight and risk of 
hip fracture in older women (heavier women having less risk of frac- 
ture) m3y be d u e  in part to the maintenance of higher levels of 
estrogen by pcripliersl conversion of precursor steroids to estrogen 
in adipose tissuc (Riel et al., I9S7). 

I n  the subcommittee's judgment, the most promising nutritional 
approach to reduce the  risk of osteoporosis in later life is to ensure 
3 calriunl intake that allows the development of each iiidividuali 
geiieiically programmeti peak bone mass during the formative years. 
Tfic importance of meeting recommended alloBances at all ages is 
stressed, but with special attention to intakes throughout c l i i l d l ~ d  
to age 25 years. 

RdnIioiuh$ to t'ho~~honrr and Proifit1 InirrRcs 

'I'he level or dietary protein and phosphorus can affect the me- 
tahlisni of, and requirement for, calcium, primarily as a result of 
their opposing effects on urinqry calcium brought about by changes 
in fractional tubiilar reabsorption of calcium. 'The effect on urinary 
excretion outweighs h e  small effects on absorption described above. 
An increase in protei11 intake reduces fractiona1 tubuIar reabsorption 
(AIien et al., 1979; Kim and  I-inksrsikr, 1979) and results in a n  in- 
crease in urinary calcium excretion (johnson et al., 1970; hlargen et 
al., 1974). In contrast, an increase in phosphorus intake increases 
fractional reabsorption and causes urinary calcium to decrease 
(Ilcgstetl et 31.. 1951; Spencer et al., 1978). Because of the opposing 
effects of protein and phosphorus o n  urinary calcium and calcium 
retention, a simultaneous increase in the intake of both, a pattern 
cl13racterizerl by milk, eggs, and meat ingestion, has but little effert 
on calciunl halance at recommended levebofca!cium intake (Spencer 
et al., 1988). 

I h e  tow ratio of ralcirlm to phosphorus in the U.S. diet was of 
concern in the p3st. Anima1 studics indicated that excessive phos- 
phorus intake led tosecondary hyperparathyroidism, resulting in loa 
o f a l c i u m  from the skeleton (ISRO, 1981). This effc-ct was riot seen 
in monkeys (Anderson et al., 1977), and studies in humans have failed 
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to demonstrate effects of dietary phosphorus intake on calcium bd- 
ance at  adequate levels of calcium intake (Spencer et a!., 1988). 

Ofhcr Potcnlial Funclimu 
A high intake of calcium has been associated with lower b l d  

pressure in some studies (hIcCarron et a!., 1984), but not in others 
(Ackley et  al., 1953). Animal studies show that high levels of dietary 
calciiioi protect against cell proliferation in the colon induced by fat 
and bile acids (Bird, l9S6; Wargoviclr et a!., 19SY). The cvklence 
from human studies is, however, iiisuflicieni to support a n  inferenre 
that trigti calcium diets protect against the development of' colon 
turnnrs.'Tliese subjects are reviewed in the Foorl and Nurriiion Hoard 
report Dirt and ilraldi (MRC, 1989). 

Rccornmendd AIlouwrczs 
Adults arzd AdoCcscc& An optinial calcium intake is difficult to 

define. given the substantial adaptive capacity and the long hg period 
before changes in status an be detected. I t  is riot surprising that 
reroniinendations in different countries bary widely, from a low of 
400 nigltfay for women in Thaitand to a high of 1,000 mg for bolh 
sexes over 75 years of age in the Netherlands. Concern for the high 
ptopwiion of postmenopausal women at risk for osteoporosis has 
led some to suggest that the RDA for calcium should be incrrased 
markedly ( N l € I ,  1984). This subcommittee is not persuaded by th r  
evidence in hand that the long-standing RDAs shoutd bc reviscd- 
upward in response to this m e d i d  concern. Nor is the subcommittee 
convinced that fevels should be lowered to those recommcnded 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 XDA. 

l'he age at which peak bone mass is attained i s  uncertain, but 
probably is not less than 25 years. The subconinlittee thur recom- 
mends an extra calcium allowance to permit full mineral deposition 
through age 24 mther than through age IS years, as in previous 
editions of the RDA. 

The recornntended cakium allowance for adults i s  based on an 
estimate of 200 to 230 rngfday of obligatory loss and a n  estimated 
absorption rate of 30 to 40%. Calcium accretion during the growing 
years averages 1-10 to 165 rnglday and may be as high as 400 to 500 
mglday during the pubertal growth period (Garn, 1970). lntcstinal 
calcium absorption is efficient in youth a n d ~ . a d 3 p t s : I n _ r ~ . ~ ! ~ . ~ ~  10s; i--fp.) 
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oeetis. In setting the KDA. however, tlic rtbsorption rate is COIISC~V- 

atively esiiriiatecl eo be 40%. 
An intake of 1,200 mg is recornmende<l for h t i  sex groups from 

ages I I to 2-1 years. For older age groups, the previous aliowancc of 
800 nig is retainetl. ‘These aniounts of calcium cat1 easily be obtained 
if dairy products are included in rlic diet. A balanced diel furnishes, 
in addition to calcium, other nutrients necessary for bone health. ‘The 
subconinliitee ernphasizes that its recon~ri~endations do not address 
[tie possibh riecds of‘ persons who may have osteoporosis and sliouki 
rcreivc m d i r a l  attention. 

I’rrgrra~q urd Lactation T h e  newborn contains approximately 
SO g of calciiini, 11105t of 1%-hich is deposited during the third trimester 
ui intrauterine developnent (Piikin, 1985). Calciuni retention is 2Qo 
to 250 nigldAy during that  p e r i o d .  € Iunim milk contains ailiiroxi- 
niaiety 320 ing ralciurditer. This concenrmion rorrespnds io 2-10 
riig in the average daily milk secretion of 750 ml; 300 m g  encootiqmsses 
tlie prohdde upper boundary of production (+2 Slls). 

T h e  calcium absorption m e  has been reported to increase during 
pregnancy and tactation in r a ~  (tialloran and L)et.uca, I9SO) and 
adolescent girls (Ilraney and Skillman, 1971). There is 110 clear re- 
lation between women’s bone health and  either their number of p e g  
ri~ncies or lactation history in populations that consume currently 
rccurnrnendetl amounts of d c i u m  (Koetting and \Vardlaw, 1958; 
Ianbke et at-, 1977). This evidence suggests it is prudent to rec- 
ommend a calcium intake of 1,200 mg throughout pregnancy arid 
Irlctation, irrespective of age. 

In/onfs  and Childrrn Infmts thrive on an average intake of 2-10 
nig of calcimi horn 750 rnl of human milk, of which the). retain 
approxinirttely two-thirds. AlloH-ing 25% for variance, intake would 
ix 300 mg. of which 200 mg is absorbed. T h e  retention of calcium 
from forniulas b3red on cow’s milk is Icrs rlmn one-half. Therefore, 
the recommendation for formula-fed infants is 4 0 0  rngfday for the 
first 6 months of life. This amount is provided by  iypkal infant 
forniuhs now in use in ilte United States- An allowance of GOO mgl 
day wou!ri suffice fur the next G months and 800 rngfday at ages 1 
10 IO years. These latter allowances a re  arbitrary, since specific d a t a  
on requirements of h i s  age group arc lacking. 

Exctssiiv /ntnkcs and Tom’ci!,. 
Alrhough no adverse effects have becn observed in Inany healthy 

attults consuming up to 2,500 Ing of calcium per day, high intakes 

may inducc corrstiption and place up to half of otherwise healhy 
hjjxrcalciuric males ai increased risk of urinary stone formation. A 
high ralciuni intake may inliibit tlie intestinal abrorptioti of iron, zinc, 
and other essentid minerds  (Greger. 1988). Ingestion of very large 
3iriounts may result in Iiypercalciuria. hjpercdcemia, arid cleterio- 
ntioii in renal fuiiction in both sexes (A\ioli, 1’388). Supplemenlatiori 
to a total cakium intake much a h v c  the R D h  is riot recommenderl. 
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I’hospliorus is an essential coniprrient of h n c  mincml, hliere i t  

occurs in the tmss ratioof I phosphorus to 2 ralciurn. Approxitnately 
85% (700 g) uf the phosphorus in the adult M y  is found in bone. 
Fhosplrorus also 1 h ) s a n  important role in n i a n } m d  varied cfiea~ical 
reactions in the I x ~ l y .  I t  is present in soft tissues as soluble p h o s p l i ~ ~ e  
ion; in 1ipids. proteins, rarbohgdratcs, and nirckic acid i i I  an  ester 
or anhyrlritle tirikage; and in enzjnws 3 s  a tnotlul3tor of their activ- 
ities- Energy for inrtahlic processes rlcrives Iargclr iron1 the pItos- 
phare lrnmis of mlertosinc tripho5phre (AI‘P), creatine pl~ospltatc, 
and sirrdar compuids .  

i’lio~pltorus is c%ciently ahsort~d by ~ h c  small irircstinc 2s free 
phosphate (Avioli, 1999). i’hosphorus absorptiori prolmbly taker 
place by three different mechsnisnis: ( I )  calciurn-couplecl, vitarliin 
I)-drpentfent; (2) noncakillnl-Eollpled, \ itamin I)-depcntient; a i d  (3) 
noncalciuni coupleti, vitarriin I>-indrpendent (I’aifii t m t 1  Klccrcko- 
per, 19SO). 

Inrants atsoif) from 65 to 70%. of the phosphonrs in cow’s m i l k  
and 85 to 90% of that  in human milk. Childrerl and adidis absorb 
50 to 70% of the pliospliorus in nornial diets mid as much 3s 90% 
when the intake is  low (ISKO, ISfS1). 

t’olyphosphatc (soclitrm ~~exametapliospllate), which is uscd in the 
processing of Itmi, is efficiently hgJro1yzed to orthophospharc in the 
intestine, where it i s  well absorbed (Zcmel arid I.inkswiler, 1981). 
Approxinutely 5016 of ph)tate phosphorus i s  absorbed (Farfitt et a]., 
19GI). 

Diefat)  Sourtts and Umal Intakes 
i’hosphorus is present in neaarIy all ~Oocis.  The amount atailatrie in 

thc food supply froni unprtxeuerl prirnarycornrnotli~ies, a b u t  1 ,.I30 
to 1.520 riig pr capita per day, has k e n  relativety constant during 
the p3st 75 )cars, despite market! changes in fmd consumption p3t- 
terns (Bunch, 1987). 17ic nieaii daily phosphorus intake is approx- 
imately 1,500 rngltfay for adult males (USlIA, 1I)SG) and 1.000 rngl 
day for adtrlt females (USUA, 1387). T r u e  intakes may t>e 15 io 20% 
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higher, Iioweverl since the phosphortls supplied by numerous food 
additives in processed f d s  is typically not accounted for in tables 
of ftml cornposhion (Ocnning et 31.. 1988). 

h13jor contrihutorsof phosphorus are prutein-rich l d s  and cered 
grains. Abut half the food phospliorlts in the U.S. diet conies from 
inilk, nieit. poultry, and fish. Cereal products contribute a b u t  12%- 
Diets based heavily 011 coiivenierlce fmds may derive 20 to 30% of 
~ I I O S ~ ~ O I U S  from fwl additivcs (Greger and Kqstofiak, 19S2). 

hlcats, poultry,  and fish, exclusive of bone, contain 15 to 20 rimes 
more phosphorus t l i m  calcium. ‘Riere is twicc 3 s  rnuclr phosphorus 
a5 calcium in eggs, gnins, nuts, dry beans, peas, and lentils. Only 
inilk, natura! cliecses, green leaf)* vegetables, arid bone contain tnoce 
calciiinl than phosphorus. CoJs inilk contsiris bot11 more c ~ k i u n l  
mid phq)horus tlian (lees hunian milk, arid the mtiosuf the ekrnents 
differ ixidely. The ratio of calciurii to phosphorus in cow*s inilk is 1.3 
to  1 and  that in human milk is 2.3 to I .  

The calcium-to-pllorpliorus ratio in the U.S. diet varies1 tiepntiing 
on food roiisuniption patterns- ‘17w calciunI-to-phosIlhorus ratio is 
higher in diets of inrants and chifclrci, than in  clicts of adults. 3‘hr 
3vengc ratio is 1 to  1.8 for adults between 35 to 50 p r s  of 3ge 
(USl);l, 1954), but 1113)- be 3s law as 1 to 4 for those whose diets are 
!ow in dairy products and green vegCtab!CS. 

M I  K ER4LS 

- 

Gentrat Slgm of DeJcienc). 
Ikccausc alrllost a11 f d s  contain phosphorns, dietary-phosphorus 

deficiency 4loes 1101 usually occur. An exception is small premature 
infants fed liurnml milk exclusively. Such infants need more phos- 
phorus t h r l  is corilairlerl in human milk for the mre of bone mi- 
serjtization required (Iron Sydow, 19-46). \Vithout additional phos- 
phorus, hypopl~osphatemic rickets may dewlop (Rowc ct al., 1979). 

Serious phosphorus deficiency has k e n  induced in patients re- 
ceiving aluminum Iqdroxide as an antacid for prolonged p c r i d s  
(Bloom atid Flinchuni. 1960; I-otz et 31.. 1968). Aluminum hydroxide 
binds phosphorus, making it unavailable for absorption. I’hosphorus 
deficiency results in bone loss atid i s  ctiamctcrired by weakness. an- 
orexia, malaise, and pain. 

Rtcomrncr~ded A 1lou.a nccs 
Adults, ChiIdrrn, and Prrgnant and Latraiing \Vornrn The precise 

rquircmcnt for phosphorus is unknown. l’revious editions have set 
die allowance for phosphorus equal IO calcium- for- all . 7 . .  ages.e?ccpt, . - . -- ._ ’ ., $ ,  i l - r  _ .  




