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In view of the frequently observed stimulating effect on growth of large
amounts of milk included in the mixed diet of older children, it was thought
worth while some years since to determine the calcium and phosphorus excretion
and retention during pericds of feeding with high milk and low milk diets.
The observations were completed shortly before the appearance of the valuable
contribution by Sherman and Hawley' on calcium and phosphorus metabolism
in childhood. Our results seemed not altogether consistent, and as Sherman
and Hawley's work covered the ground far more completely than ours, these
results were set aside for the time.

A recent consideration of the data has revealed some interesting relation-
ships among groups of the children studied, and the findings seem to have a
more instructive aspect than was at first apparent.

Beyond demonstrating clearly that the low milk diets contained too little
calcium and phosphorus to provide for retention of those elements, at least
during the period of observation, there were no clear cut differences in the
findings for the two dietary groups, that on a high milk and that on a low
milk mixed diet. On the contrary, the values found for each dietary group
fall into two distinctly different classes, making altogether four groups of two
children each. and in each group the calcium and phosphorus metabolism
appears to be strikingly similar for the two making up the group, while dis-
tinctly different from that of the other groups. An account of the conditions
of the study will precede a discussion of the findings.

The subjects of the study were two girls, respectively 5 years and 10 months,
and 6 years and 2 months, and two boys, 9 years and 5 years, who were given
a suitable mixed diet, modified to include a large amount of milk,partlyincooked
items of the diet, partly given as drink; also two girls, 5 years and 10 months,
and 91 years respectively, and two boys 8 years and 2 months and 131 years,
who were given a mixed diet containing very little milk, but suitable as regards
caloric value and percentage composition. The girls were all surgical cases
recovered after treatment for congenital disclocation of the hip or infantile
paralysis. One in the pair forming Group 4 was somewhat underweight. The
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ARCHIVES OF DISEASE IN CHILDHOOD

boys were of vario-us conditions: one somewhat underweight after recovery
from tuberculous glands, one a mental defective physically normal, one an
epileptic free from attacks at the time of observation, fairly well-nourished
and with normal sugar tolerance, the fourth a congenital syphilitic undersized
but in fairly good condition at the time. Serum calcium and phosphorus were
determined in seven of the eight children and were in all cases normal.

The four girls were under observation together, two on each kind of diet,
and immediately after the four boys were studied under practically the same
conditions as the girls. The corresponding menus for girls and boys were
as nearly as possible the same. A variation in kind of cereal, vegetable, meat
and cooked fruit was made from day to day in accordance with hospital routine
with both boys and girls. The high milk diet was as follows:

Breakfast: Orange, cereal, sugar, milk, bread and butter.
Dinner: Cream soup, potato, one other vegetable, custard, milk.
Supper: Cereal, sugar, milk, junket, bread and butter.

This diet included 32 ounces of milk besides that in cream soup, custard, and
junket. The girls in Group 1 refused part of the milk and cream soup, and
both boys refused part of the cream soup.

The low milk diet was as follows:
Breakfast : Orange, cereal, sugar, milk, bread and butter, lemonade.
T)iiner: M1eat, potato, another vegetable, jelly, orangeade.
Supper: Egg, cooked fruit, bread and butter, lemonade.

This (liet included only fouir ounces of milk, taken with the cereal at breakfast.
The weather being wvarm the fruit juices were an acceptable substitute for milk.
On both diets the boys uisually took more bread and butter than the girls.
The wide difference in the two diets in milk content necessitated making
important differences in the other items, particularly in order to bring up the
protein and fat content of the low milk diet. With all modifications practicable,
the fat intake on the low milk diet was much lower than on the high milk one,
for the children on low milk intake would not take the extra butter offered,
while those on high milk intake would not take skim milk. Obtaininig ideal
experimental conditions was made secondary to giving diets which would be
taken with appetite and no undue urging. This was especially difficult as the
children had been for some time in hospital, took little exercise and the weather
was warm and debilitating.

The children were given their respective diets for a short preliminary period.
The exact measurement of the intake was carried out for five days, and a repre-
sentative sample corresponding to the food taken by each child was reserved
for four days to make up a composite collection for the period of analysis.
The separate collection for each child was necessarv becauise of slight, or in one
case considerable, variation in the amounts taken. Fees and urine were
collected in twenty-four houir quantities, the feces for the first day and urine
for the fifth being discarded. When it seemed necessary in order to insure
a regular excretion of faeces, a plain water enema was given. The analyses
of urine and faeces were made on composite samples for each child. Standard
gravinietric methods for determining calcium. magnesium and phosphorus were
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CALCIUM ANI) PIhOSPHORU S METABIOLISMA1

used. Fat was estimated by a modification of the Roesse-Gottlieb method.
No changes in physical condition of the children were noted during the observa-
tion period.

The findings have been arranged in two tables giving values for intake
and faeces content of fat, calcium, magnesium and phosphorus, and urinary and
feecal excretion and retention of calcium and phosphorus. The children are
classified in these tables in four groups, 1 and 2 on the high milk diet, and 3
and 4 on the low milk. On the high milk intake one girl and one boy form one
group and the other boy and other girl another group, the two of each group
showing similar conditions of excretion and retention of calcium and phosphorus.
On the low milk diet the two boys form one pair and the two girls another pair,
the two of a pair showing similar metabolism of calcium and phosphorus.
Except in Group 1 the intake of the two children of a group corresponds fairly
closely. In Group 1 the girl had a poor appetite and took considerably less
milk than the other children on the high milk diet. The girls forming Group 4
took slightly less food than the boys or the same diet.

The question arises whether the different assimilation of calcium and
phosphorus by these children on similar diets can be explained by differences
in their condition of health.

The girls were all surgical cases, well-developed and well-nouirished, except
Hilda, who was thin and somewhat emaciated. Agnes had been receiving treat-
ment for infantile paralysis. the other three for congenital dislocation of the
hip. There is more reason to consider three of the boys not quite normal,
though none was ill at the time. Tommy had recovered from tuberculous
glands but suffered from endocarditis and mediastinal tubercutlosis and was
underweight. Ivan was an epileptic but had been without seizures for a
considerable period. He was well-nourished. Billy was a congenital syphilitic
and had paroxysmal haemoglobinuria. but though thin and undernourished,
was well at the time, not having had a chill for more than a month. Abe, the
fourth boy, was mentally subnormal but physically normal.

The theory might be advanced that the intake of Regina in Group I was
more nearly ideal than the greater intake of the other three children on the
high milk diet. but that under-nourished and tuberculouis Tommy needed and
assimilated the larger intake, the normal Abe and Agnes did not. This reason-
ing, however, cannot be applied to Groups 3 and 4. as one of each of these
groups was distinctly better nourished than the other, but the diet of the two
of each pair was almost identical.

Discussion.

Groups 1 and 2, on large calcium and phosphorus intake The calciumn
intake is larger than Sherman and Hawley's' estimate of the requirement
of children, 1 grm. calcium a day, equal to 1-4 grm. calcium oxide; but neither
the intake of calcium nor that of phosphorus can be considered excessive,
according to the study of Orr and his fellow-workers.2

Group 1 shows a much smaller excretion of both calcium and phosphorus
in the fawces and in urine than Group 2; a much greater retention of calcium
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ARCHIVES OF DISEASE IN CHILDHOOD

a,nd of phosphorus, than Group 2; and about the same excretion of phos-
phorus in faeces and in urine or more in urine.

Group 2 shows greater excretion of fat and total salts as well as of calcium
and of phosphorus than Group 1, and greater excretion of phosphorus in fieces
than in urine.

Groups 3 and 4, on low intake of calcium and of phosphorus, extremely
low of calcium:-

Group 3 shows a much smaller excretion of calcium in the faeces and dis-
tinctly less of phosphorus than Group 4; less calcium in the urine but very
much more phosphorus in the urine than Group 4; a near equilibrium as
to retention of calcium and slight negative balance of phosphorus; and more
phosphorus in urine than in fieces.

Group 4 shows a large negative balance of calcium and smaller of phos-
phorus; and more phosphorus in faeces than in urine.

The difference in calcium and phosphorus metabolism between Groups 3
and 4 on low intake of calcium and phosphorus seems to be more or less parallel
with that between Groups 1 and 2 on the high intake, but there is a striking
difference between the high and low groups in respect to excretion of phosphorus
in the urine. Group 4 on the low intake with greater fsecal excretion of phos-
phorus shows greatly reduced urinary excretion, while Group 3 has much more
in the urine than in the f eces. On the other hand on the high intake, in Group 2
with greater faocal excretion of phosphorus than in Group 1, there is also greater
urinary phosphorus excretion.

In the entire lack of data concerning acidity conditions, particuilarly total
excretion of acids and bases through fieces and urine, an attempt to explain
these differences in calcium and phosphorus metabolism on practically the same
diet is mainly theorizing. It is advanced by several writers, among whom may
be mentioned Telfer4, Orr 2, Chaney and Blunt5, and Bergeim 6, that too little
acid in the beginning of the small intestine interferes with absorption of the
calcium and phosphorus of the intake, particularly of the calcium, and as a
result calcium and phosphorus pass into the large intestine as insoluble calcium
phosphate. That this is not the whole story is evident from the condition
shown in Groups 3 and 4, where in the one group the faecal calcium is nearly
equal to the entire intake of calcium and in the other group far surpasses that
of the intake. In these two groups, especially in Group 4, there must have
been a considerable excretion of calcium into the large intestine from the body.
Some studies on the intestinal contents of rats made in this laboratory3 indicate
that calcium is largelv absorbed from the small intestine and excreted into the
large, into the coecum in the rats.

That fat excretion and need of calcium for formation of calcium soaps
plays a small part in cases of excessive calcium excretion in the faeces is well
shown in Table 1. The highest fat excretion was in Group 2. Allowing for
a considerably greater proportion of soap fat in Group 2 than in Group 1, at
the most the difference in soap fat excretion between Groups .1 and 2 could
not have been as great as 2 grm., and probably was far less than that. Two
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CALCIUM AND PHOSPHORUS METABOLISM

TABLE 1.
COMPOSITION OF FOOD AND OF FARCES. DAILY AVERAGE.

FOOD FAECES

Group Fluid intake oz. Total CaO Mgo P205, Total Pro- Total Total CaO Mgo P205,
Total - fat solids tein fat ash
solids Milk& Fruit Water cale.
grin. cream juice fromiN.

souip bev. grin. grmn. grin. grin. grin. grin. grin. grin. grin. grin. grin.

Tommy ... 370 354 - 84 72 2-199 *429 3-316 11-9 3-16 1-80 2-78 1-224 -170 -860
Regina ... 276 30 - 8 54 1-616 *285 2-417 14-3 4-04 2.49 3-17 1-115 -163 *769

2
Abe..... 389 36 - i11 76 2-308 -376 3-422 25-0 7-30 3-97 5-53 2 022 *235 1.618

Agnes ... 334 354 -- 6 72 2-237 *389 2-874 17.6 4-97 3-82 4-51 1-922 *273 1-562

3
Ivan ... 343. 5 24 11 43 *634 *292 1-465 17-6 5-60 1-86 2-30 .590 -159 *634
Billy .. 338 5 24 11 44 *622 *232 1-591 24-2 6-94 2 -7d6 2-64 .401 -302 -573

4 7-_
Hilda ... 203 4 13 8 27 -481 -174 1-041 14-7 5-11 2-04 3-18 -904 -136 *892
Evelyn ... 266 4 184 8 30 .467 -196 1-078 15-2 4-96 2-11 3-11 -993 -132 *868

TABLE 2.
EXCRETION AND RETENTION OF CALCIUM AND PHOSPHORUS. DAILY AVERAGE.

Excretion Ratio Sum of Excretion in faeces and urine Retention
in urine faecal to CaG, MgO

urinary & P20 C5P05COP0
Group CaO P205 excretion excretion

Of P205, in foeces*

grin, grin. grin. grin. % of grin. % of grin. % of grin. % of
intake intake intake intake

Tommy .. . 105 1-050 *82 2.25 1-33 60-3a 1.91 57-6 -871 39.6 1-407 42-4
Regina .. . 069 -069 1-08 2-05 1-18 73-1 1-48 61-2 -431 26-7 -935 38-7

2
Abe .. .. .. 170 1-294 1-25 3-87 2-19 95-0 2-91 85-1 -116 5-0 -511 14-9
Agnes .. .. -259 1-091 1-43 3-76 2-18 97-5 2-65 92-3 -056i 2-5 -221 7-7

3
Ivan .. .. -081 -920 -69 1-38 -671 106-1 155 161 -3 - -089 -

Billy .. .. -157 1-135 -50 1-28 -558 89-8 1-71 107-3 -063 10-2 -118 -

4
Hilda .. .. -088 -370 2-41 1-93 -992 206-3 1-26 121-3 .512 - -2220 -

Evelyn .. .. -230 -491 1-77 1-99 1-22 261-8 1-36 126-0 .755 - -281 -
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22 ARCHIVES OF DISEASE IN CHILDHOOD

grammes of soap fat would require only about 0 2 grm. of calcium oxide to form
soap, which amount is seen to be insignificant in comparison with the large
difference in calcium excretion between Groups 1 and 2.

The large urinary excretion of phosphorus in Group 3 is difficult to under-
stand in company with so small an intake of phosphorus, especially when result-
ing in a slight negative balance. However, the greater intake in Group 3
than in Group 4 made it possible to allow an ordinary urinary excretion in
Group 3 and yet hold practically phosphorus equilibrium, while in Group 4
the lower intake and greater faecal output were accompanied by greatlyr reduced
urinary excretion as well as phosphorus deficit.

Summary.

1. Two boys and two girls were fed mixed diets including a large quantity
of milk, and two other boys and two other girls a corresponding diet
containing very little milk. Food, urine and faces were collected
quantitatively for four day periods and analysis were made for fat,
calcium, magnesium and phosphorus in order to determine the
excretion and retention of these constituents.

2. The low milk diets, even with inclusion of eggs and vegetables, were
found to provide far too little calcium and phosphoruis for the
necessarv retention of these elements.

3. The results were found to fall into two distinct groups for each kind
of diet. In one group on each calcium and phosphorus level the
excretion of calcium and phosphorus, except urinary phosphorus,
on the low intake, was much less than in the other on the same
diet and the retention correspondingly better. The large urinary
excretion of phosphortus in Group 3 is difficult to explain.

4. These observations afford evidence that children on the same diet
and apparentlv in equally good condition ca,n on occasion differ
so materially in their metabolic processes tLhat one may lose through
the freces far larger amounts of calcium and phosphorus than the
other, even to the point of suffering a serious loss to the body when
the intake of these elements is low.
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