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INTRODUCTION

An understanding of calcium metabolism of the hu-
man involves a study of the intake, absorption, utiliza-
tion, and excretion of calcium. Although there are sever-
al known factors which influence these processes, there
are many unknown influences, not clarified by preliminary
experiments, wnhich need to be investigated.

Since calcium is not abundantly present in many
foods which make up the average American diet and the evi-
dence of calclum depletion 1in azing women has been demon-
strated (Albright, 1929), it 1s of particular importance
that the factors affecting calcium metabolism be clarified
so that dietary requirements may be more precisely defined.

Calcium 1s taken into the body in the form of both
inorganic and organic compounds. Hydrolysis of the organic
matrix in the digestive process presumably releases inor-
ganlc calcium and the process of absorption is thought to
be one of simple diffusion from the intestines through the
intestinal mucosa into the blood vessels. Thus it would
scem to be quite feasible to look at the chemical and
physlical properties of the element and its compounds as
well as the factors which influence these properties and
to form certaln working hypotheses concerning the flow of

calcium in the metabolic stream.

Digestion and absorption of calcium

The chief factors which influence the digestion



and absorption of calcium in addition to the endogenous
or endocrine factor are: (1) the total intske of calcium,
(2) the reaction of the intestinal contents (Schmidt and
Greenoerg, 1935), and (3) the normality of the fat metab-
olism of the body (Zverett, 1944). In addition to these
major factors, there are many minor influences wnrich may
alter the normal metapbolism of the element, sucn as, the
ingestion of an acld or of an alkaline forming diet, the
quantity of protein ingested, thne amount and form of car-
bohydrate in the diet, the fiber content of the dlet, and
the presence or absence of vitamin D, the ratio between
the calcium and phosphorus ingested, and the intake of
other salts (Everett, 1944).

As in the course of digestion the calcium of food-
stuffs 1s set free as 1norganic salts, it should follow
that the form in wnich the element 1s ingested is not of
great importance. However, for the purpose of absorption,
1t 1s essentlal for the salts to be soluble (Schmldt and
Greenberg, 1935). Calcium salts, particularly the phos-
phates and caroonates, are quite soluble in acld solu-
tions and are relatively insoluble in alkaline solutions
(Cantarow and Trumper, 1945). As the saliva 1s alkaline
in character and the calcium salts are relatively insolu-
ble, digestlion 18 not initlated in the mouth. 1In the
stomach under conditions of normal gastric acldity, the
compounds of calcium with weak organic aclids may be con-

verted into the soluble chlorides and, if retained in the



stomach for a sufficient period, even the less soluble
phosphate may go into solution. The rate of the digestion
of the organic fraction of the ingested food, especially
the cellulose, also may affect the absorption of the cal-
cium. If the calcium 1s still bound with the indigestible
cellulose, there 1s little chance for absorption to take
place in the upper portion of the intestinal tract. The
acidity of the duodenum 1s in sll probability quite im-
portant as much of the absorption 1s thought to take place
in this area. The normal range of the acidity of the duo-
denum is from pH 2.3 to 7.0 (Cantarow and Trumper, 1945).
This factor determines the state of the solubility of the
calcium phosphates, that 1is, wnether they are in the basic
or acid form, and since the latter is more soluble, a
higher acidity tends to facilitate the absorption of cal-
clum. Therefore, any factor waich might influence the pH
of the intestinal tract is of importance in the absorption
of calcium. |

One of the factors which might influence the reac-
tion of the 1ntestina1 contents would be the formation of
lactic acid by means of the fermentation of lactose in
the intestines. Of course, the increased absorption of
calcium when lactose 18 present in the diet may be due to
the formation of calcium lactate (Robinsdn and Duncan,
1931). There, however, would be such a small amount of
the salt formed that it might be questionable as to the
extent that it would increase the absorption of calcium.






It has been suggested that the formation of amino
aclds from protein digestion will increase the solubility
of the dietary calcium and therefore, 1ts absorbability
from the intestinal tract (Hall and Lehmann, 1944). If
this 18 the cause of increased calcium absorption, it
would seem that an increase in the amount of protein in-
gested would produce a greater effect upon the amount of
ocalcium absorbed. However, as one of the most common ways
of increasing the amount of protein in the dlet is the ad-
dition of milk which would in itself ralse the intake of
calcium, one must be sure that the protein increase 1s not
by means of a foodstuff which is high in calcium before
any influence of protein is declared.

A dlet conslisting of large amounts of so cal led
roughage may have a twofold effect upon absorption of cal-
cilum. The calcium may be bound in the indigestible por-
tion of the diet and therefore, 1t would pass through the
intestinal tract unaffected by the digestive process. The
other alternative is that the fiber content of the high
roughage diet has a cathartic effect and causes the cal-
cium to be carried through the intestines at such a rapid
rate that the absorptive prbcess is limited by the time
element. It may be that these two factors operate simul-
taneously.

The relationship between calcium and phosphorus
in the intestines 1s an important one if the optimal ab-
sorption of both elements 18 obtalned. If the calcium-



phosphorus ratio in the upper intestine is excessively
high, calcium absorption is probably diminished due to the
production of an unduly large quantity of insoluble terti-
ary ocalcium phosphate (Cantarow and Trumper, 1945). This
i1s particularly true if calcium is supplied in insufficient
amounts. However, when the calclum was raised by means of
the addition of calcium gluconate to the diet, Roberts et
al (1947) found that although the calcium retentions were
increased, the phosphorus retentions were poorer. This
would tend to lead one to believe that the ratio itself

is important in order to secure adequate retentions of
both elements.

The interpretation of the effect of vitamin D upon
calclum metabollism has been qulte controversial. Vitamin
D has been cited as being essentlal far the absorption of
calcium from the intestines. This effect is thought to
be brought about by the lowering of the pH of the intest-
nal contents (Everett, 1944). It appears to be possible,
however, that the main activity of the vitamin may be
exerted in the intermediary metabolism of phosphorus and
calcium in thelr deposition in the bony structures of the
body (Cantarow and Trumper, 1945).

If the hydrolyzed fat of the dlet 18 not absorbed
rapldly and quantitatively, the remaining part may combine
with the calcium forming insoluble calcium soaps which
would not be absorbed. Thus, 1t would seem that the nor-

mality of the fat metabolism would have an influence upon



the absorption of calcium from the intestines. It is

thought that bile salts assist in calcium metabolism by
accelerating the absorption of fatty acids and thereby,
preventing the undue loss of insoluble calcium soaps in

the feces (Schmidt and Greenberg, 1935).

Excretion of calcium

Man excretes, unabsorbed, fully two-thirds of his
dally dletary intake of calcium while the rat, under con-
ditions of partial calcium insufficlency, 1s able to utilize
almost all of its inteke (Holmes, 1945). Excretion of cal-
cium 18 by means of two pathways; namely, (a) fecal and
(b) urinary output.

(a) The fecal excretion of calcium has at least
three possible sources. Some of the calcium taken into
the body is not absorbed and is excreted undigested. This
was formerly thought to make up the entire feocal excretion
of calcium. The older German literature took this view-
point. However, the viewpoint of intestinal chemistry
and physiology has changed somewhat and although it is
thought that the feces do contain some residue of materi-
als which the body is incapable of absorbing, 1t also may
contalin materials that have been excreted or secreted
into the gut (Shohl, 1939).

Another of the sources of fecal calcium may be due
to the fallure of reabsorption of the calcium of the in-
testinal secretions which are therefore excreted in the

feceas. It has been found that these intestinal secretions



are very similar in their calcium content to the calcium
content of the serum. Thus, any such secretion in the
feces would probably increase the fecal calcium. Of these
secretions, the bile has a relatively high concentration
of calcium (Drury, 1924). The use of the radioactive
isotopes of calcium and strontium have alded in the study
of the fate of calcium in the bile. G@reenberg and
Troescher (1942) observed that calcium is excreted with
the bile.

Then there is the theory that calcium 1s excreted
through the epithelium of the large intestine (Bauer
et al, 1929). Hamilton and Moriarty (1928) indicate that
the calcium in the feces originates chiefly from the calci-
um excreted into the intestines after having played a role
in the acid-base metabolism of the body. They found that
the relationship between the calcium excreted in the feces
and the fixed base intake showed a correlation of 0.91f
0.07. However, this theory has been disputed by Telfer
(1922) in his study with infants. He based his assumption
that there is no re-excretion of calcium into the colon on
the parallelism between the calcium intake and the fecal
excretion of calcium and also the fact that calcium is ex-
creted chiefly as the'inaoluble tertiary phosphate. 1In
following this line of thought, McCance and Widdowson
(1939) followed the fate of the intravenous administration
of calcium in a normal person. - They found that this pro-

voked no increased excretion of calcium bj the intestinal



tract and supported the view that the intestinal tract
does not excrete calcium in amounts which vary with the
serum calcium level,

It can be seen that there is much to be learned
concerning the source of the fecal calclum.

(b) Although the urinary calcium of individuals .
varies considerably, Bauer et al (1929) found that about
30 to 50 per cent of the calcium excreted is in the urine.
The fact that urinary calcium increases significantly with
increase in weight of the individual is based upon the
fact that there 1s a definite relationship between the
skeletal weight of the body and the total body weight
(Knapp, 1947). This percentage remalns amazingly constant
with the increase of age and weight. Any increase in body
weight caused by the increase in the fat content of the
body immediately destroys this relationship. However,
for all people of normal body weight the percentage of the
total body welght which is made up by the skeleton is
fairly constant. The increase in the skeletal weight of
children would account for the differences in urinary cal-
clum excreted observed between age groups.

Intake of calcium has been investigated as one of
the influences upon urinary calcium excretion. Knapp
(1947), eliminating the weight factor by ueing the excre-
tion per kilogram weight, found that there was a definite
pattern of excretion, the percentage of intake excreted

in the urine decreasing at a decreasing rate as the intake



rose.

In addition to these above mentioned influences and
the endogenous factor (to be discussed later), there are
several dietary factors which have been thought to have an
influence upon urinary calcium. These are the increase of
metabolites in the body, the calcium-phosphorus ratio,
dietary roughage, the quantity of the protein ingested,
vitamin D, and the possible effects of other salt intakes.

Equilibrium of calcium in the body tissues

Absorption of calcium is thought to take place by
means of simple diffusion. It is transported in the serum
since the membrane surrounding the erythrocytes is imper-
meable to calcium. The serum calcium for normal adults
has been reported to be 10,3 £ 0.3 milligrams per ocent
(Everett, 1944). . Approximately 45 per cent of this calci-
um is lonized and 5 per cent exists as a oitfate complex,
The remaining 50 per cent consists of non-diffusable cal-
clum-protein complexes whose concentration varies with that
of the plasma proteins, especially the serum albumin.

The relative concentrations of the diffusible and
non-diffusible forms of the blood}calcium ére thought to
be determined by the parathyroild hormone, vitamin D, and
the amount of phosphorus present (Bernheim, 1933). The
serum proteln concentration constitutes an important regu-
lating factor of the plasma calcium concentration according

to the formulas:



Y. (Ca Protelnate)
(Ca”") = K (Protein--) » where K = 10

-2.22

(Caff) -k _(HA)
( HCOz™)

The serum calcium ion concentration decreases as the plasma
protein rises and the hydrogen ion concentration falls;
tetany developing from hypoparathyroldism is thought to be
caused by a decrease in the ionized blood calcium (Everett,
1944).

Approximately 99 per cent of the calcium in the
body 1s contained in the skeleton; the muscles contain a-
bout eight milligrams per 100 grams and the blood calcium
con-tent 18 about 4.5 to 6 milligrams per cent (Best and
Taylor, 19495).

Deposition of calcium in the skeletal structure 1is
in the form of tertiary calcium phosphate and of calcium
carbonate. Vitamin D 1s also thought to be necessary
for the deposition of calcium. This bony structure 1is
not an inert mass but 1s in reality a readily avallable
source of calcium when necessary for the maintenance of
the calcium requirements of other tissues when the exo-
genous supplies are deficient (Bauer et al, 1929). This
accounts for the maintenance of a normal serum calcium
even when the diet 1s deficlent in calcium. The para-
thyroid secretion raises the serum calcium by mobilizing
these calcium stores (Aub et al, 1929).

Calcilum may be deposited in the soft tissues of

the body as well as in the bones. Metastatic calcifica-



tion usually involves the arteries, the stomach, the
lungé, and the kidneys. Urinary calcull are quite com-
mon in various bone diseases of a destructive nature.
Calcull may be composed of calcium salts quite similar to
bone but there are other types of stones as well. This
depoaition of calcium in the soft tissues has not been
considered a normal process but 1t does occur in the aging
as well as in diseases affecting the bone formation. As
yet, very little is known about the actual causes for
calcium deposition in any soft tissue.

The endocrine balance of the individual has an ef-
feot upon the urinary excretion of calcium. Aub et al
(1929) believe that the thyroid secretion has a direct
stimulating catabolic effect upon the calcium deposits
in the bony trabeculae. This caﬁées an increase in tie
serum calcium whidh in turn causes an increase in the
urinary output of calcium. This would follow the sugges-
tion of Bauer et al (1929) that the calcium liberated in
the process of catabolism 1s not avallable for anabolism
- but must be excreted. Albright et al (1929) found that
as the serum calcium rose from 5.2 to 11.2 milligrams per
100 milliliters following an 1njection of parathormone,
there was a critical serum calclum value of about 8.5,
at which point the almost negligible urinary calcium ex-
cretion suddenly changed to an appreciable one. When the
serum calcium was above 8.5 the urinary calcium rose then

decreased abruptly as soon as the serum calcium fell below



8.5. This suggests that there is a threshold for urinary
calcium and that the threshold 1s below the normal value
for serum calcium (9 to 11l.5 milligrams per 100 millili-
ters, Best and Taylor, 1945). This would mean that at a
normal serum calcium there would still be a definite ex-
oretion of calcium until the serum calcium fell to the
threshold figure of 8.5. This 18 unique in that most
other threshold substances are excreted in quantity only
at concentrations above the normal serum value for the
substance; 1. e., sugar. If calcium i1s a threshold sub-
stance, any increase in the serum calcium above normal
ranges should result in an increased urinary excretion of
calcium,

A negative calcium balance on a zero calcium intake
might be thought of as an index of the endogenous calcium
metaboliem, This would be comparable to the findings of
Voit (188l1) on nitrogen metabolism wherein the endogenous
nitrogen metabollem was obtalned by determining the nitro-
gen excretlion during starvation. Although the difficulty
in obtaining an otherwise adequate diet with a zero calci-
um intake has limited experimentation of this type, there
have been some such studies (Benedict et al, 1915) (Bauer
et al, 1929).

The National Research Council (U. 8. A.) Food and
Nutrition Board (1945) have suggested a requirement of
0.8 grams of calcium per day for a 56 kilogram woman,

This compares with Sherman's (1946) requirement of 0.45



grams with a recommended 50 per cent safety factor which
would mean a calcium standard of 0.68 grams. These values
are averages derived from an inspection of the limited
metabolism experiments recorded in the literature including
work on all adults. More recently, there has been some
work done to investigate the upper limit to the intgke of
calclum beyond which intake, the calcium 1s no longer
utilized economically. McKay et al (1941) studying 109
women predicted that 95 per cent of the subjects would
show retention on intskes ranging from 0.758 to 0.895
grams dally.

8teggerda and Mitchell (1941) malntﬁin that Sher-
man's estimate of the calecium requirement of maintenance
in man 1s too low by reason of the method of derivation,
which neglects to conslder the close positive correlation
between the intake and the excretion of calcium. They in
turn suggest that a good average value for the calcium re-
quirement of adults of a nutritional status representative
of college étudents and staff members, subsisting on dlets
contalning dailry products to furnigh from one half to two-
thirds of the calcium content, 1s 10 milligrams per kilo-
gram of body weight per day (Steggerda and Mitchell,
1946). This would mean an average of 0.6 grams for a
woman of 60 kilograms. While the 10 milligrams suggested
here 1s the average intake, Knapp (1947) has suggested
that 20 milligrams 1s the maximum intake beyond which the
calcium is not utilized economically.



Quthouse et al (1941l) have also pointed out that
Sherman based his requirement of 0.45 grams per day upon
the assumption that the milk of the dlet was utilized 100
per cent. The experiments on the utilization of milk by
the above authors have demonstrated that milk 1s utilizead
by the average adult hﬁman only to the extent of approxi-
mately 32 per cent.

Roberts et al (1947) found that the requirements
for the aging women whom they studied were higher than
the proposed standard for adults. At least one gram
of calcium per day was suggested for healthy older women.

The purpose of this study 1s to analyze the rela-
tionship between dietary intake, output and retention of
calcium of women over 20 years of age as these relation-
ships influence dietary requirements. Also, the influence
of certaln factors upon the mode of excretion of the

element will be investigated.




SOURCE OF MATERIAL

The data used in this study have been obtained from
two sources, namely: (1) the avallable existing litera-
ture and (2) a serles of studies from this laboratory.

The data selected from the literature were only.
those which were from experiments carried out on normal
healthy women over the age of 20 years. 8ome of the sub-
Jects were studled at more than one intake of calcium.
Each intake was treated as an individual study. The
dietary regimes of the various subjects were quite differ-
ent in the source of the calcium. Also the length of the
balance periods varied with the different experiments.
However, as the final comparisons were done on a per day
basis, this should not affect the comparative value of the
experiments. As the method used in determining the calci-
um was the McCrudden method or modifications thereof for
all of the experiments, no serious error is introduced by
the combining of the results of separate studies as long
as intake 18 one of the variables to be considered. The
various studies used are cited in the aopended list of
references. A description of these studies follows:

Adolph and Chen (1932)

This study was done on a Chinese subject to deter-

mine the utilization of the calcium of soy beans;

Two periods were used, the amount of proteln given

beilng different. Milk was the main source of pro-



tein in the first period. 1In the second period the
protein source was changed from milk to soy beans
and the results compared.

Bauer et al (1932)

A 27 year old woman served as the subject for this
study to determine the efféct of irradlated ergos-
terol upon the metabolism of calcium, phosphorus and
nitrogen of normal individuals. Two different in-
takes of calcium with three different amounts of
irradiated ergosterol were given and the results
observed.

Blatherwick and Long (1922)

Two healthy young women served as the subjects for
this study of the utilization of the calcium and
phosphorus of vegetables. A basal dietary was ad-
ministered first and then followed by an 1ncreaséd
calcium intgke provided by added vegetables. The
periods observed were four days in length.

Bogert and McKitterick (1922)

Four college women ﬁere studied on a normal intake
of calcium and on high intakes of magnesium and of
calcium in order to determine interrelationships
between the two elements.

Bogert and Kirkpatrick (1922)

The effects of balanced, basic, and acid forming
diets were observed on four college women. The

balance perliods were divided into four day perlods.



Breiter et al (1941)

Four adult women were fed a basal diet and then a
diet supplemented by the addition of pasteurized
fluild milk until a slightly negative balance was
obtalned. The purpose of this study was to ascer-
tain the utilization of the calcium of milk,
Breiter et al (1942)

The subjects for this experiment were the same as
for the one cited above. The food studled in this
case was carrots.

Leverton and Marsh (1942)

This 18 a lafge study involving the average of week-
ly balances for 100 college girls on theilr usual
dietaries. Calcium, phosphorus, iron and nitrogen
analyses were determined.

Mallon et al (1930)

The effect of high and low fat dlets upon the
utilization of the calcium of a dietary consisting
of a constant intake of calcium was observed upon
two college age women. Perlods of three days were
observed.

Mallon et al (1932)

Two college women served as subjects for this study
of the retention of calcium on a diet contalning
American Cheddar cheese as compared with a milk
supplement equivalent to the calcium content of the

cheesge,



Mallon et al (1933)

The retention of calcium supplied by green leafy
vegetables was compared with the retention of the
calcium of milk when fed to two college women at
approximately equal calcium intgkes.

McCance et al (1942)

The effect of the sddition of a protein supplement
to a basic dietary on the absorption of calcium
and magnesium of a 26 year o0ld woman was studied.
McCance and Widdowson (1942a)

Each of four women was placed on a basic dletary
with 40 to 50 per cent of the calories consisting
of white bread. The calcium retention on this
diet was compared with the calcium retention when
sodium phytate was added to this dietary. Then
the effect of brown bread was observed and the ad-
dition of calciferol to the brown bread dietary
also was observed. Calclum salts were added to
both the white and the brown bread during a later
perliod.

McCance and Widdowson (1942b)

A study of the effect of phytic acid was carried
out on three of the same subjects of the experi-
ment described immedilately above. The effects of
a brown bread dietary were compared with the effects

of dephytinized brown bread.



McCance and Widdowson (1942c)

This experiment was a continuation of the one quoted
above. A white bread dletary was compared with the
others which had been studied.

Pittman (1932)

A serles of bean purees and a serlies of baked bean
diets were given to college girls with and without
added cystine. The effects upon the matabolism of
calcium were observed.

Pittman and Kunerth (1939)

Graduate students on three day balance periods were
studied on medium protein intakes. This experiment
was part of a long time study of the effect of
varying protein intakes on the nitrogen, calecium
and phosphorus mefabolism.

Roberts et al (1947)

The sublects for this study were over 650 years of
age. The calcium intakes of these eight women were
observed at their usual intske and then increased by
the addition of one and two cups of milk. The
effect on calcium retentions were observed.

Sherman et al (1918)

Four graduate students served as the subjects for a
study of the monthly metabolism of nitrogen, phos-
phorus and calcium in healthy women,



Sherman etal (1918)

This study was conducted for the purpose of obtain-
ing the nutritive value of maize protein and the
phosphorus and calcium requirements of healthy

women.

The data used from this laboratory are a part of a
eeries of larger stuéiea on the nutritionsl status of
adult women of varying age groups.

8ix normal healthy college girls were the subjects
for one of the studies. These girls were fed a standard-
ized basal dlet with varying intakes of protein (append x).
In varying the protein intake, the amounts of meat and the
quantity of milk consumed were increased or decreased. The
change in the milk intake varied the amount of calcium in-
gested as well as the protein. In this way varyilng intakes
of calcium by the same individuals were observed. The
balance periods were of seven days duration and each peri-
od was preceded by a preliminary period in order to allow
for the adjustment of the subject to the change in the
diet.

The subjects for the study on older women were over
50 years of age, had borne and reared one or more children,
and were in apparent good health. The fact that these
women had families and that they had famlily responsibili-
ti es limited the amount of restrioction imposed upon their
dietary habits. They were asked to continue their usual



pattern of dietary intake. The experiment was divided
into three periods during which the milk intake was variled.
Period I contalned the usual amount of milk. One cup of
milk was added to this intake for Period II. For Perlod
III, another cup of milk was added. An adjustment period
consisting of from ten days to two weeks preceded each
balance period of ten days.

The samples from both studies were treated in the
same way. Food was weighed as eaten and an aliquot of one
fifth of the food consumed was collected in hydrochlorie
acld and saved for the entire experimental period. The
urine was collected under toluene, measured dally and saved
until the entire collection was completed. Then an aliquot
of this collection was digested for analysis. Carmine was
used as a feces marker. The entlre fecal excretion for
the period was saved and used for analysis. Brown digests
and wet ashes were prepared according to the method of
Stearns (1929). The calcium was precipitated as the
oxalate and titrated with potassium permanganate using the
MoCrudden method modified as described by Stearns (1929).1

All of the data were combined and tabulated accord-
ing to the amount of calcium in grams per day. The intskes
and urinary and fecal outputs and retentions were recorded

for all of the studies (appendix).

1The author 1s grateful to Norma Jean Rader for her as-
sletance in the mineral analysis.



After the grouping of the data had been done, a
statistical analysis of the data was carried out. The re-
gression of the intake of calcium on the urinary output
was determined for two ranges of intakes for the age group
consisting of women between the ages of 20 to 39 years.
The significant difference between these two lines was

deternined. The methods used were from Snedecor (1946).



STATISTICAL ANALYSIS

The data from thls laboratory and from the litera-
ture were combined and arrangzed according to the mean in-
takes of calcilum. The data were divided into two age
groups. One group conslsted of those subjects between the
ages of 20 to 39 years and the other group was made up of

the subjects over 40 years cf aze (Table 1).

Relationship of intzke to urinary output

A3 the subjects of the oresent study were all over
20 years of age, and were normal individusls, welght may
be consldered to be relatively unimportant in the interpre-
tatlion of the urinary eicretion (Knapp, 1947).

The calcium intakes of the subjects between the
ages of 20 to 39 years ranged from 0.09 to 1l.68 grams per
deys. Upon graphing the mean intekes against the mean
urlnary outputs (Fizure 1), there was a definite break in
the direction of the slope of the line at an intake of
approximately 0.95 grams. Althouzh there was a steady
increase in the mesn urlnary outout as the mean 1intake
rose ébove 0.95 grems, the mean urinary output increased
at a faster rate. Therefore, it was declded to treat the
nean lntakes below 1l.20 grams as a separate group of data
and the mean intakes ebove 0.85 yramsg as another group
allowing an overlanving of data around 0.95 grams. The
linear regression of the mean intakes upon the mean

urinary outputs were determined for each group of
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TABLE 1
Summary of All Data on Intake and Output of Calclum

Dally No. Mean Qutput No. of No. of % #
Intake 8tud- Intake Urine Feces /Reten- -Reten- Reten-
Range les gm/day gm/day tions tions tions
20 to 39 years of age
0-0.149 2 0.112 0.121 0.096 0 2 0
0.150-0. 249 4 0,239 0.136 0.194 0 4 0]
0.250-0.349 20 0.296 0.114 0.273 1 19 5
0.350-0.449 17 0.419 0.197 0,357 2 15 12
0.450-0.549 30 0.56 0,134 0.431 4 26 13
0.650-0.749 22 0.703 0.17?5 0.536 15 5 68
0.750-0.849 15 0.805 0.135 0.650 10 5 75
0,850-0.949 16 0,903 0.181 0.685 (4 9 44
0.950-1.049 19 1,011 0.151 0.791 12 7 63
1.050-1.149 15 1.096 0.193 0.827 11 4 73
1. 250-1. 349 -] 1l.304 0.209 0.959 5 0 100
1, 3560-1. 449 1l 1,426 0,235 0.945 1 0 100
1.450-over 3 1,573 0.228 1.228 2 1l 67
over 40 years of age
0.150-0. 249 l 0.232 0.193 0.159 0 1l 0
0. 250-0, 349 l 0.343 0.180 0.261 0 1 0
0., 350-0. 449 2 0.411 0.155 0,341 0 2 0]
0. 450-0. 549 l 0.492 0.214 0.327 0 1l 0
0.550-0.649 l 0.607 0.113 0.473 1l 0 100
0.650-0.749 4 0.706 0.160 0.650 2 2 80
0.750-0.849 5 0.785 0.154 0.698 1l 4 D
0.850-0,949 5 0.898 0.134 0.799 3 2 60
0.950-1.049 6 0.991 0.200 0.902 0 6 0
1,050-1.149 8 1.088 0.174 0.905 4 4 o0
1.150-1. 249 5 1.194 0.193 0.939 3 2 60
1. 250-1. 349 2 1.301 0.164 1.089 2 0] 100
1, 350-1, 449 3 1,400 0.156 0.965 3 0 100
" l.450-over 5 1l.641 0.173 1l.191 4 1l 80
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data.
These regression lines and thelr scatter are
plotted in Figure 2. For the mean intakes below 1l.25
grams of calcium, the predicting equation was y - 0.148
# 0.008 x and for the mean intakes above 0.85 grams the
predicting equation was y - 0.078 # 0.100 x. The error
of estimate for each line was determined and the lines
were tested for significant dirforenoeo.l
Dietary standards for the intake of calcium have
been proposed by varying individuals during the past thirty
years. Sherman (1946) set a tentative standard allowance
of 0.68 grams per 70 kilograms of adult body weight. The
National Research Council (1945) recommended an allowance
of 0.8 grams of calcium per day for the maintenance of
adults. These amounts of calcium represent the median in-
takes on which calélun equilibrium was maintained usingall
data on normal adults of both sexes. The figures do not
represent the least amount on which many persons are able
to maintain a calcium balance nor are they representative

of maximum intakes apparently required by a few individuals

1rormu1as used were as follows:
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for equilibrium. Taey &o represent the averase require-
ment of adults.

Leitch (1937) in reviewing the literature, has re-
ported an inteke of 0.55 uzrams dailly as the celcium require-
ment of adultse. OQuthouse et al (1941), using the same
techniques as Sheorman and the Nation§1 Research Counclil,
found that an averaze requirement of 0.75 grams of calcilum
per 70 kilograms welznt for adults of both sexes was
needed and Steggerda and Liltchell (1941) have reported an
aversge requilrement of 0.67 grams per 70 kilozrams per day
for men. Tne averare intske of calcium per day for
equllibrium of colleze aze women has been reported by
licKay et al (1942) to be 0.8 grams.

All of these requirements are based upon the 1ldea
taat a positive retention is not necessary, out rather
that etullibrium is all that 1s to be desired.

As one of the ourposes of this study 1s to define
an upper limit of intake beyond walch calclum 1s not
utilized efficlently by the cody, 1t 1s quite interesting
to note that the regression lines for tne two different
intake ranges, namely, 0.1l to 1,25 grams and 0.85 to 1.57
grams, intercept at en intake of 0.85 grams. The error
of estimate of the regression line for the intakes below
1.25 grams of calcium is 0.071 grams and for the intakes
above 0.85 prams, the error of estimate 1s 0.063 grams.
The regression lines were tested for siyniflicant differ-

ences. The "t" value was -1.860 which is Just below that



requlred for si:nificance. Therefore, there 1s about one
cnance out of 19 that tnls result would be repeated 1f the
data were renlicated. Hovwever, there are many varlaoles
wrtich enter into a study such =8 t.is w.ich may not te
eliminated oy means of statlistical metnods with the infor-
mation evellable. Althou.th tnhe welrnts of the various
subjJects were within normal linits, there is bound to be
variation in hei;ht as well as wei :2t of an unsected zroup
of normal vomen and welght has been shown to be e factor
in urinary excretion of calcium. Taen too, the a.ze span
covered 1s quite larze. Tae wide varlation between 1ndi-
viduals quite possibly precludes the demonstration of a
zreater difference petween the regression lines. When
factors known to influence variation cannot be excluded.
ldore numerous investigations along these lines might aild
In the determination of tnis difference.

There is a real need for thne determination of a
maximum intske range for economlcal utilization of calclum
by normal women during periods of recroductive rest as
much stress hss been placed upon drinking quantities of
ir1lk to insure sufficlent calclum intaxe. The danger in
thls type of instruction 1s that in order to secure tniis
excessive anount of milk many other foods are omitted from
the dletary at the expense of other necessary nutrlents.
Also the practice of taking calcium salts in order to
insure an asdequate calclum intske over and above the milk

inpgested mey be of questionable value.
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It 1s interestin; to note that the rezression lines
" intercept eacn other at an intake of 0.85 grams of calclum.
This falls within the rance of calcium intake sugzested by
the investigators Guoted by this study for the malntenance
of a statzs of equiliprium for ncrmal women during verlods
of reproductive rest.

Below the intake of calcium necessary to maintaln
equilibrium for the averare women, the percentase of
oersons retaininz calcium or m2intaining an equiliprium
decreases steadily. ILicKay et a1l (1942) found that an
intake of 0.8 grams of calcium was necessary for equili-
prium for over half of the individuals studied. On an
intake of celcium of less than 0.8 3zrams, the retentions
steadily decreased until at an intake of 0.4 to 0.5 grams
there was no retention by any subject. This was also
observable 1n the combination of the various studies
included in this study as shown in Table I. Three fourths
of the subjects show a positive retention at an intake of
0.75 to 0.85 grams. Below a mean intske of 0.35 grams
there are only five percent of the subjects showing a
positive retention.

From thls discussion of calclum studies it is pos-
sible to postulate a standard for calcium intake which
would meet the needs of most normal women gs far as
equilibrium of calcium is concerned. The lower rance of
intakes showlng retention or equilibrium would be from

+ 55 to 0.80 zrams per day. The averase intake to



malntain eguilliorium would pe about 0.3 grams per day.
The upper limits of intecke are suszmested by tae fact that
out of the 20 subjlects from tihis study who ad an intake
of calcium over 1l.15 zrams per cay, there were only two
ne:ative calcium retentions. Knanop (1947) ncted that
irrespective of age, very few subjects lost calcium from
the body when the calcium intake was zreater than 20
mililgrams per kilosoram of body welht. From tals, 1t
would seem that the upper limits of economical utilization
of czlcium would not be more than from 1.15 to l.2 grams
per day.

In plottiny the intakes of the wroup of subjects
who were over 40 years of age agalnst the urinary outputs
(Fizure 3), the wide varistion between individuals made
it difficult to see a definite vattern of relationsnip
and there were tco few cdata to Jjustify statistical treat-
ment. However, Roberts et al (1947), by means of covari-
ance, nave eliminated the variatlion between individuals
and have reported a slight but definite rise in retention
as the intakes rose in women between 50 and 70 years of
ege. Few women of thils aze group were in calcium equilli-
brium on self-selected dlets which tended to supoly less
then a gram cf calcium per day. They did find that in a
few cases of well nourished older women that 1t was diffi-
cult to persuade them to cut their irilk intoke. Therefore,
more studies involving the lower intekes of calcium would

probably adZ much to the present knowledge of the calcium
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netsabollism of older women.

In velw of the fact that calcium is not found abun-
dantly in the natural foodstuffs with the exceotlon of
milk, 1t behooves cdults to conslder the amount of thls
element wnich 1s necessary for adequate melntenance but
factors of eccnomy of fcod intake preclude an excessive
standard. Unless the dlet contains liberal guantities of
milk end _.reen ve-etacles, 1t will oe low in calclum
(Tnhompson and Chlson, 1942). An evera:e adult dletary
contalning no milk or cheege provides about 0.2 to 0.25
grams of calcium per 1000 calories of food (Ohlson et gl,
1947). Therefore, the aversge adult inzesting 2000
calories per cay (Pittman et al, 1942), without milk,
would be ingzesting about 0.4 to 0.5 grams of calclum per
dey. The addition of one cun of milk to this dletary
would mean the addlitlon of aporoximately 0.25 grams of
calclum which would raise the total calclum 1lntexe to
0.65 to 0.75. This would be sufficlent to meet the aver-
age rejuirements for equilibrium as defined by most of
the investigators quoted earller. The addition of two
cups of milk per day would raise the intake to approxi-
mately one gram ¢f calcilum which would very nearly meet
the maximum intske for efficlent utilization as determined
Ly thls study of the literature. Therefore, an intake of
milk over two cups would seem to be unnecessary for ecquil-
liorium for edult women during periods of reoroductive

rest except in the smz2ll proportion of individuals whose



requireuents aope=ar to te nl:i cr waere previous celclum
Cepletion has occurr=d., Tae data dlscucsceed above ascsume
that equilibrium 1s a satisfactory state in the adult tut
1t 1s ren~sonadle to suppose that an incressed need would
follow a period of depletion. LicKay et al (1942) have
sinown that late :rowth in young women 1s sgccompanied by a
tremendous conaclty for celclum retention wihen Intekes

are increased.

Relatlonsnip of intake to fecel output

The thneory thet the fecal calcium 13 the calcium
which has been taken into the body but not absorbed has
been gquestloned in recent years. Unabsorbed minerel
undoubtedly does form vart of the excreted fecal calcium,
but tnere may be other sources such s the calcium éf the
dlgestive secretions which nave not besn resasbsorbed or a
possible secretion by the evlthelium of the large
intestine.

Deta from these studies would seem to support the
theory that not all of the fecal calcium is unabsorbed
calcium. This 1is evidenced.by the fact that the fecal
calcium 1s egual to or eicecds the calcium intake in 43
out of é51 indificual studles cited (Table 2). Tae cal-
clum excreted in the feces exceeded the intake of calclum
oy emounts varying from 0.0 to 0.403 srams per day. Walle
varlations in fecal collections and in the determinstion

of calcium in these materials occur, some of these fiuures



are higher than the usually accepted errors of measurement
when gll of the conditions of the original exveriments
vere considered.

It would seem logical to suppose that other sources
of fecal calclum were tie dil.estive secretions. Pertizl
reapsorntion of these secretions undoubtedly takes place.
However, a percentare of eacii secretion may not be reab-
sorbed and thus excreted witih the feces. For exemole,
muman plle has been found to contain 3.8 milligramsg of
calcium per 100 milllliters of bile (Riezel and Kaslnskas,
1941). <Zuckerazn et o1 (1939) found tiet a normally func-
tloning liver secreted a total volume of about 480
milliliters of blle per day. Therefore, the calclum con-
tent of tne blle secreted would be ajsroximstely 0.018
grams. As the calcium content of the dlrestive Julces
also reflects the concentration of calcium of the pblcod,
the entire secretion of the dlzestive Julces cpuld be
estimated at about 0.109 grams of calcium per day. In
these studlies, the mean calcium excreted in the feces in
excess of tie mean intskes was 0.059 grams with a standard
deviation of 0.008 grams and never exceeded 0.l109 grams
per day. Tnerefore, 1t i3 quite possible that the calcium
excreted in the feces in excess of the intoke had 1ts
source in the dlrestive Juices which had not been reab-
sorbed by the lntestines. This amount remains falrly
constant rejardless of the intake (Table 2) =iving further

valldity to this conclusion. Aoparently, the same



conéitions wiilch 1limit ebsorption of food calcium may
limit reapbsormtion of calclum derived from secretions and
these data do not justify the assumptlon that the
eplthelium of the sut excretes calcilum.

Greenberg and Troescher (1942) working with radio-
active 1sotopes of calcium and strontium found that out
of a total excretion of about 25 per cent of an injJected
dose of labeled strontium or calcium, between four and
five per cent was eliminated in the bile in bile fistu-~
lated rats. Tae use of radioactive 1isotopes of calcium
and strontium should prove to be helpful in learning more

ebout the mecnanlism of calcium metabolism in the body.



TAa3lE 2

Studlies in Wiich the Fecal Calcium
Is Equel to or Exceeds thne Calclum Intake

Calcium in Grams per Day

amount by Which

Rance of No. of liran Fecal Fecal Qutput
Intake Studies Intake  Qutput Exceeds Intsake
0-0.099 1 0.093 0.093 0.000
0.100-0.199 2 0.1l22 0.173 0.051
0.200-0, 299 7 0. 264 0. 289 0.CZ25
0. 300-0, 399 6 0.335 0e.418 0.083
0. 400-0.499 10 0.458 0. 541 0.083
0. 500-0. 599 2 0.539 0.587 0.048
0.600-0.699 0] - - -
0.700-0.799 8 0.754 0.895 0.142
0.800-0.899 0] - - -
0.900-0.999 5] 0.963 1.035 0.072
1.000-1.09¢ 3 1.044  1.078 0.034
1.100-1.199 1 1.146 1.195 0.049
Total 43
Mean 0.0359
8. D. 0.008
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SUMMARY

Data from the literature and from this laboratory
have been combined and analyzed for relationships between
the dletary intakes, outputs and retentions of calcium of
women over 20 years of age as these relationships influence
dietary requirements.

A total of 251 individual studies were selected from
the literature and from this laboratory. The calcium in-
takes of the subjects between the ages of 20 to 39 years
ranged from 0.09 to 1.68 grams per day. For the subjects
over 40 years of age, the calcium intake range was 0.23 to
1.77 grams per day.

By means of the calculation of two lines of regress-
ion, 1t was shown that there is a difference between the
urinary exoeretion of calcium of women upon intakes below
1,26 and below 0.85 grams per day. Although the difference
in the slope of the regression lines 1s not significant, it
is suggestive of a change in the manner of exoretion of
calcium as the intake is increased above 0.85 grams per
day. An intake of approximately 1l.15 to 1.20 grams of cal-
cium 1s suggested as the upper limit for economical utiliza-
tion of calclum by most normal adult women not previously
depleted in this element.

The mean fecal excretion was found to exceed the cal-
cium intake in 43 out of 251 studies investigated. The
souree of this fecal calcium was suggested as being derived

from the calcium content of the digestive secretions.
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NITROGEN INTAKES OF COLLEGE GIRLS
FROM THIS LABORATORY

e "
Self-selected 174.8 10. 49
Restricted protein A 130.4 7.82
Re:tpicted protein B 117.0 7.02
Moderate protein 155. 3 8. 32
High protein - 266.7 15.99
Restricted protein A 117.9 7.07
Restricted protein B 106. 2 6.37

*Calculated on the basis of a 60 kgm. person



COLLEGE GIRL STUDY

MENUS FOR SEVEN DAY PERIOD

Breskfast

Luanch

Dinner

grapefrult Jjulce
oatmeal
toast-butter-Jjelly
milk-coffee

bacon-tomato sand-
wich

celery curls

canned peaches

sugar cookles

milk

roast beef-potatoes
cabbage-celery salad
peas

bread-butter

fruit jJjello

milk

orange Julice
corn flakes

vegetable plate
squash - celery

spaghetti with meat
sauce

toast-butter-jelly asparagus - egg lettuce salad
milk-coffee raw carrot strips Dbread-butter - milk
bread-butter baked apple with
milk - apricots cream
candy bar
orange Jjulce fruit plate roast pork with
shredded wheat pears - peaches applesauce
toast-butter-jelly grapefrult - baked potato
milk-coffee oranges - salad Jellled vegetable
dressing salad-mayonnaise

toast-honey butter

bread-butter

gingerbread with ice cream
whipped cream milk
milk
grapefruit juice tomato soup meat loaf
farina with dstes crackers corn - squash
toast-butter-jelly milk bread-butter
milk-coffee raw carrots lettuce-French dress-
apple crisp with ing - peaches
whipped cream cookies - milk
orange Jjulce eggs & la king broiled fish

rice krisples
toast-butter-jelly
milk-coffee

cdery curls
toast-butter
pears

milk

potatoes - lima beans
tomatoes
bread-butter-jelly
chocolate cake - milk

grapefrult Julce
farina :
toast-butter-jelly
milk-coffee

Spanish rice
lettuce

French dressing
bread-butter
prune whip
brownies - milk

beef stew - potatoes
carrots - tomatoes

celery sticks

bread-butter

milk

ice cream

grspefrult juice
cornflakes
toast-butter-jelly
milk-coffee

roast chicken
potatoes - milk
green beans
tossed salad
bread-butter
strawberry mousse

cream cheese sand-
wiches

apples

candy bar

milk
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