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In the investigation of various problems of calcium and phosphorus
metabolism, it has been found that great changes in the volume and
direction of the calcium and phosphorus stream may occur without
any notable difference in the serum levels of these elements. In
hyperthyroidism the calcium excretion in the urine is relatively huge
and there are large negative balances of calcium and phosphorus, yet
the serum calcium and serum phosphorus' remain within normal limits
(1). Moreover, there is no appreciable change in the serum levels of
healthy people when, by changing the calcium intake, a positive
balance is shifted to a negative one or vice versa.
Yet the actual and relative amounts of calcium and phosphorus in

the serum is of the utmost importance in certain abnormal conditions.
MacCallum and Voegtlin (2) described the low blood and tissue
calcium associated with tetany after removal of the parathyroids.
Greenwald (3) later demonstrated the associated rise in serum phos-
phorus and since that time the high phosphorus, low calcium of the
serum in many types of tetany has come to be recognized. Marriot
and Howland (4), DeWesselow (5) and others have found a similar
relationship of the serum values in terminal nephritis. On injection
of large amounts of inorganic phosphate into dogs Binger (6) produced
tetany with a low serum calcium and high serum phosphorus. Similar
results have been found to follow injection or ingestion of very large
quantities of phosphate by numerous investigators (7, 8, 9). The

1 Throughout this paper the term "serum phosphorus" is used in referring to
serum inorganic phosphorus.
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272 NORMAL FLUCTUATIONS IN BLOOD CALCIUM AND PHOSPHORUS

feeding of much smaller amounts of phosphate to rachitic rats has
been found to produce tetany with the typical blood changes by
Karelitz and Shohl (10). That in rachitic animals even the high
phosphorus metabolism of fasting may have similar effects has been
shown by Cavins, (11), Wilder, (12), and Shohl and Brown (13). The
ingestion of sodium oxalate in dogs was found to result in a low blood
calcium, high phosphorus, and tetany (14).

In states of hyperparathyroidism, on the other hand, a high serum
calcium is well known to be associated with a low serum phosphorus.
This has been discussed in other papers (15, 16).

It is quite clear, therefore, that gross changes in the serum phos-
phorus value in many conditions are associated with equally marked
variation of the serum calcium in the opposite direction. That the
level of serum calcium is also affected by the protein content of the
serum was shown by Salvesen and Linder (17). Hastings, Murray
and Sendroy (18) showed that there was a linear relationship between
the protein content of serum or transudate and the calcium level.
Their data, taken from human sera and transudates as drawn from the
body, indicate that 0.014 millimol of calcium are bound per gram of
protein at the pH value of the blood. Peters and Eiserson (19) also
found in a group of cases, mostly nephritics, that the concentration of
calcium in the serum varies directly with the concentration of protein
and inversely with the concentration of inorganic phosphorus.

Other investigators have described temporary fluctuations in either
serum calcium or phosphorus of normal individuals in response to
various factors. Thus, Stewart and Haldane (20) found that an
increase of from 1.5 to 2 mgm. in serum calcium might occur after
ingestion of 30 grams CaCl2, after forced breathing for 90 minutes,
and after breathing 6 to 7 per cent CO2 for 90 minutes; and a decrease
of about 2 mgm. after ingestion of 60 grams NaHCO3. Although
values for serum phosphorus were not given in this paper it was
reported separately (21) that forced breathing for 90 minutes resulted
in every instance in a fall in serum inorganic phosphorus to below 1.25
mgm. Salvesen, Hastings, and McIntosh (22) found that intravenous
injection of CaCl2 resulted in a moderate rise in serum phosphorus as

well as a temporary rise in serum calcium.
The object of our investigation was to determine the extent of
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temporary variation in the serum levels of calcium and phosphorus in
normal adults and to what degree the inverse relationship noted above
would prevail when changes in one or another component could be
induced at will. Accordingly, the serum levels were determined at
various times of the day in subjects on ordinary diets and after inges-
tion of food rich respectively in carbohydrates, fat, and protein, as
well as when insulin was given preceding a carbohydrate meal. The
effect of ingestion of large amounts of salts of calcium and phosphorus
was also followed.

METHODS

Venous blood was taken from the arm into a clean syringe, pre-
viously washed with liquid paraffin, care being taken to avoid any
unnecessary manipulation and to prevent hemolysis. As soon as clot-
ting was complete the serum was separated by centrifugalization, and
removed. In some cases the CO2 content or capacity of the plasma
was determined by the Van Slyke method, the blood having been
taken under oil and coagulation prevented by the use of heparin.
For these determinations we are indebted to Dr. A. V. Bock. Serum
protein was determined by macro Kjeldahl, serum phosphorus by the
method of Fiske and Subbarow (23), and serum calcium by Fiske's
(24) method. The latter method has proven most satisfactory under
all conditions. Determinations were done in duplicate, usually with
identical results, the variation seldom being greater than 2 per cent.

In all cases, blood was first taken during fasting and then at varying
intervals after different types of meals or after ingestion of calcium
salts or phosphates.

EXPERIMENTS AND RESULTS

The level duringfasting
It was important to find whether the basal fasting level would be

appreciably affected by changes in type of diet or by ingestion of excess
acid,. alkali, or phosphate as well as to note any temporary change
occurring immediately after such ingestion. Also, it was interesting
to observe the relative constancy of the. fasting levels of the serum
calcium and phosphorus over comparatively long periods. In table 1
are presented data for such observations on two healthy individuals.
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274 NORMAL FLUCTUATIONS IN BLOOD CALCIUM AND PHOSPHORUS

TABLE 1

Serum values (fasting) in two healthy subjects

Phos P Plasma Total
Date Calcium phor S c R. fixed Remarks

content ,base

Subject R. F. F.

mgm.
per

100 cc.

3.4
4.2

3.6

3.2

3.7

3.4

3.9
3.2
2.5
3.2
3.0
3.6
3.8
3.4
3.6
3.2

3.1

per cent volumespeetper cent

6.9

6.3

6.4

m.Eq.
per liter

70.7 148
71.2 152

69.5

71.8

58.6

8.0 29.1*1

5.9
6.4

7.1

6.6

6.6

63.8
61.7

168 {

{
162

Ordinary diet
6 grams NaHCO3 taken daily,
January 27 to February 2

12 grams NaHCO3 + 12 grams
sodium citrate February 2-6

52 grams NaHCO3 on February 7
56 grams NaHCOs on February 8
4 grams NH4Cl on February 9
12 grams NH4Cl on February 10
12 grams NH4Cl on February 11
15 grams NH4Cl on February 12
Ordinary diet
Ordinary diet
Low calcium diet April 5-14
High protein diet April 14-27

High protein diet June 11-16
Ordinary diet
Ordinary diet
Ordinary diet

Subject D. M. T.

1928

February 27 10. 1 3.3 Ordinary diet throughout
March 5 9.8 3.6
June 27 9.2 3.3 6.9
November 24 9.5 3.7
December 10 10.0 3.5

1930

May 27 9.6 3.2

* Total CO2 oxygenated whole blood.

1928

January 27
February 2

February 6

February 9

February 11

February 13

February 20
February 27
April 10
April 19
April 23
April 26
June 16
June 19
June 22
June 26

1930
May 26

mgm.
per

100 cc.

9.6
9.7

9.6

9.1

10.0

10.0

9.6
10.1
10.1
9.6
10.1
10.2
9.6
9.5
9.6
9.6

10.0
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In the case of R. F. F. the fasting serum calcium was remarkably
constant at about 9.6 to 10.0 mgm. per 100 cc. Under the influence of
ingestion of very large amounts of alkali, it fell to 9.1 mgm., a result
similar, although not as great, as that obtained by Stewart and
Haldane (20). Apart from this single lower value all other deter-
minations, indcluding those taken during periods on very high protein
diets and on ingestion of large amounts of NH4Cl, lay between 9.5 and
10.2 mgm. Variation in the serum phosphorus level was a little
greater than that of calcium, ranging as it did from 2.5 to 4.2 mgm. In
eight instances, when the fasting serum calcium was 9.6 or 9.7 mgm.,
the phosphorus varied between 4.2 and 3.2 mgm.; when the serum
calcium was 10.0 to 10.2 serum phosphorus values ranged from 2.5 to
3.7 mgm. The effect of high phosphorus intake in the form of a very
high protein diet (200 grams protein daily) had no appreciable affect
on the fasting values nor did the ingestion of large doses of NH4CL.
The serum protein varied from 5.9 to 8.0 per cent.

In subject D. M. T. a smaller number of determinations showed a
slightly greater variation in the calcium and smaller variation in the
phosphorus level.
That ingestion of large amounts of inorganic phosphate in patients

on a low calciun diet produced no appreciable effect on the fasting
serum calcium and phosphorus levels has been mentioned in another
paper (25). After several weeks on a low calcium diet, also, as
described elsewhere (26), ingestion of large amounts of NH,Cl was
associated with slightly decreased levels for calcium and phosphorus
in some cases, and ingestion of NaHCO3 with increased levels for serum
calcium. In all experiments, however, on ingestion of acid or alkali
on high or low calcium diets, the total range of variation of many
determinations for any given individual was never greater than 1
mgm. calcium except in one instance. In patient D. A. (Case IT,
period XV), described elsewhere (26), the ingestion of large amounts
of NH4Cl after the subject had been on a low calcium diet for several
weeks, resulted in a fall of slightly more than 1 mgm. in serum calcium.

Absolute rest and mild exercise
In one instance, it was found that there was a definite slight increase

in serum calcium and protein and fall in serum phosphorus in blood
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276 NORMAL FLUCTUATIONS IN BLOOD CALCIUM AND PHOSPHORUS

taken from a fasting, healthy subject after lying at complete rest for
one and one-quarter hours. This was repeated in a number of healthy
individuals; but no material change in levels of calcium or phosphorus
was found, although the serum protein did change considerably. The
results are presented in table 2.

TABLE 2

Effect of absoluite rest and mild exercise during fasting

Date

1928

April 19

June 28 f

June 28 {

November 24 {

December 10 {

November 24 S

December 10 {

* Some hemolysis.

Calcium

mgm.
per

100 cc.

9.6
10.1

9.5
9.5

9.8
9.6

9.5
9.7

10.0
10.0

10.4
10.4

10.2
10.4

Phos-
phorus

mgm.
per

100 cc.

3.2
2.8

3.8
3.5

3.6
3.6

3.7

3.5
3.2

4.5

3.9
3.5

Protein

per cent

6.4
7.6

5.9
6.6

7.1
5.9*

Remarks

After walking 2 mile
After 1- hours complete rest

At rest, before rising
After working one hour

After working one hour
After lying down one hour

After working three hours
After lying down one hour

After working three hours
After lying down one hour

Before rising
Moving about for one hour

Before rising
MIoving about for one hour

Fluctuations in serum calcium during the day when on ordinary diet

The serum levels of two healthy subjects were determined at

different times during a day when an ordinary diet was taken and

ordinary work done. Results are presented in table 3. In subject
R. F. F. the calcium remained constant at 9.9 to 10.0 mgm., while the

phosphorus varied between 3.0 to 3.8 mgm. In D. M. T. the serum

Subject

R. F. F.

C. F.

F. A.

D. M. T.

G. P. R. 1

~L

l~Il~
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calcium varied between 9.4 and 10.4 mgm., a range as great as that of
the fasting values over many months; and the serum phosphorus
between 3.1 and 3.8 mgm. It is notable that the highest value for
calcium was obtained at the same time as the highest value for
phosphorus.

TABLE 3

Seruim valuies during the day on ordinary diet

Subject Date Time Calcium phorus Protein Remarks

1930 ~~~mgm. mgm.1930 per 100 cc. per per cent
100 cc.

9:00 10.0 3.1 6.8
9:30 Breakfast Eggs, toast, and coffee
11:30 10.0 3.0 7.5

R. F. F. May 26 12:45 9.9 3.2 7.5
1:00 Lunch Ham, carrots, potatoes,
2:15 10.0 3.8 7.2 custard
5:00 10.0 3.8 7.2

9:00 9.6 3.2 7.8
9:30 Breakfast Toast, marmalade, coffee

D. M. T. May 26 11:30 9.7 3.1 8.0
a1 12:15 Lunch Ham, potatoes, carrots,

1:30 9.4 3.7 7.8 custard
4:45 10.4 3.8 8.3

Ingestion of carbohydrate, or carbohydrate witlh administration of insulin
It has been clearly shown that the administration of insulin or the

ingestion of large amounts of carbohydrate with or without insulin
results in a prompt fall in the serum inorganic phosphorus (27, 28, 29).
It was, therefore, interesting to find to what extent the serum calcium
would vary when rapid changes in serum phosphorus were induced in
this way. Accordingly, large amounts of carbohydrate in the form of
ordinary foods or 100 grams of glucose were given to a number of
healthy subjects and to some patients, including a case of tetany with
high serum phosphorus. The changes in serum phosphorus, calcium,
and blood sugar were followed for several hours. Results are given in
table 4.



TABLE 4

Effect of ingestion of large amounts of carbohydrates

Subject

R. F. F. , >

Fe

D. M. T.

M

E. R. M

B. W. Fe

(Tetany)

D. S. Fe

(AcromegalI

Date

1928

bru- f
ary 2

bru-
ary 27 {

arch 5

[arch 5

ebru-
ary9

ebru-
ary 26
Y)

Bln March 5 f
(Acromegaly)

S. A. Janu-
ary 9

(Hypertrichosis)

* Some hemolysis.

Time

Fasting
21 hours

Fasting
i hour
1 hour
2 hours
4 hours

Fasting
4 hour
1 hour
2 hours
4 hours

Fasting
4 hour
2 hours
3' hours

Fasting
i hour
Ij hours
2 hours
32 hours

Fasting
4 hour
21 hours

Fasting
j hour
1 hour
2 hours
4 hours

Fasting
2 hour
l1 hours
3 hours

Cal- Phos- Blood Pro-
cium phorus sugar tein

mgm.
per

100 cc.

9.7
9.6

10.1
10.2
10.3
9.9
10.0

9.8
9.8
9.8
9.7
9.7

9.1
9.1
9.4
9.1

4.7
4.8
4.4
4.7
4.2

9.5

9.7

9.8
9.8
9.6
9.8
9.6

9.5
9.5
10.3
9.7

mgm.
per

100 cc.

4.2
3.2

3.3
3.0
3.0
3.1
3.4

3.6
3.0
2.9
2.7
3.0

3.8
2.8
2.7
3.1

7.5
7.1
7.1*
6.5
6.6*

5.7
4.7
4.7

4.3
4.2
3.8
3.7
3.8

2.9
2.5

mgm. perper pert100 cen.

81
95
68
72
68

86
94
97
91
83

93
93
101
84

90
124
130
110
123

114
147
162

95
143
170
154
87

92
173

2.6 150
2.6 114

7.1

7.1

6.2

Remarks

High carbohydrate break-
fast

Sugar tolerance. 100 grams
glucose

High carbohydrate meal
Carbohydrate, 122 grams
Protein, 4 grams
Fat, 10 grams
Calcium, 64 mgm.
Phosphorus, 77 mgm.

High carbohydrate meal
Carbohydrate, 122 grams
Protein, 4 grams
Fat, 10 grams
Calcium, 64 mgm.
Phosphorus, 77 mgm.

High carbohydrate break-
fast
Carbohydrate, 171 grams
Calcium, 23 mgm.
Phosphorus, 105 mgm.

Sugar tolerance.
glucose

Sugar tolerance.
glucose

Sugar tolerance.
glucose

100 grams

100 grams

100 grams

278
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The effects of ingestion of large amounts of carbohydrate im-
mediately after the administration of a large dose of insulin in three
normal subjects are shown by data collected in table 5.

TABLE S
Effect of ingestion of large amounts of carbohydrate and administration of insulin

Time 3 0. R

mgm. mgm. mgm. per
per per per ce100 cc. 100 cc. 100 cc.

Fasting 9.6 3.2 98 6.6
50 minutes 9.4 2.4 105 6.9
1 hours 10.0 2.1 64 6.7
3 hours 10.4 2.1 46 6.8
10 grams cane sugar with tem-
porary relief

4hours | 9.5 2.4 46 7.1
30 grams glucose
5S hours 9.6 2.9 46 7.2
30 grams glucose plus 25 grams
bread

8 hours 9.7 4.2 91

Fasting
j hour
2 hours
3j hours
Lunch
7j hours

Fasting
i hour
2 hours
3j hours
Lunch
71 hours

9.2
9.6
9.6
9.8

3.3
2.8
2.5
3.0

9.2 3.3

9.3
9.5
9.4
9.3

9.0

4.3
3.5
3.7
3.6

3.6

84
77
73
41

6.9
7.4
6.8
6.1

105 16.6

93
104
53
60

200

6.2
6.1
6.1
6.1

Remarks

30 units insulin
Breakfast

Carbohydrate, 126 grams

Protein, 8 grams

Fat, 3 grams

Calcium, 67 mgm.
Phosphorus, 170 mgm.

20 units insulin
Breakfast

Carbohydrate, 109 grams

Protein, 8 grams
Fat, 7 grams

Calcium, 70 mgm.
Phosphorus, 118 mgm.

20 units insulin
Breakfast

Carbohydrate, 109 grams
Protein, 8 grams

Fat, 7 grams

Calcium, 70 mgm.
Phosphorus, 118 mgm.

The results, in so far as the serum calcium and phosphorus levels are

concerned, were essentially the same for ingestion of carbohydrate
alone as when it followed the administration of insulin. In the latter
cases, however, the blood sugar fell to reaction levels.

Subject

R. F. F.

D. M. T.

E. R.

Date

1928

June 26

June 27.

June 27
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In all subjects there was an early fall in serum phosphorus levels,
averaging in eleven instances 0.8 mgm. and varying from slightly less
than 0.5 mgm. to slightly more than 1.0 mgm. The initial height of
the serum phosphorus seemed to have no influence on the magnitude
of the change, nor did there seem to be any definite relation between
the extent of the decrease in serum phosphorus and the change in the
blood sugar level. When the phosphorus fell there was some tendency
for the serum calcium to rise but this was by no means constant nor
did the increase in serum calcium vary directly with the extent of
decrease in serum phosphorus. With a maximum fall of about 1
mgm. in serum phosphorus the serum calcium remained essentially
constant in R. F. F., February 2; D. M. T., March 5; E. R., March 5;
and in DS (acromegaly). In the case B. W. (tetany), when the
phosphorus fell from 7.5 to 6.5 the calcium remained essentially
constant until the last determination, when, without further appre-
ciable change in serum phosphorus it fell from 4.7 to 4.2. On the other
hand, in R. F. F., June 26, the serum calcium rose from 9.6 to 10.4
mgm., while the phosphorus fell from 3.2 to 2.1. In eight hours,
however, when the serum calcium had returned to 9.7 the serum
phosphorus had risen to 4.2, 1 mgm. higher than the fasting level.
In D. M. T., June 27, when the serum phosphorus was decreased by
0.8 mgm. the calcium rose from 9.2 to 9.6, reaching 9.8 one and one-half
hours later when phosphorus had returned nearly to normal. In the
case of hypertrichosis, the maximum rise in calcium was 0.9 mgm. and
maximum fall in phosphorus 0.4 mgm. The serum calcium was
essentially unchanged in at least six of the eleven cases, and only in
three cases was there a variation of 0.5 mgm. or more, the greatest
increase above fasting level being 1 mgm. in R. F. F. after carbo-
hydrate and insulin. In the cases in which serum protein was de-
termined there seemed to be no constant relation between the tem-
porary variations in protein and those of calcium.

Thus, our results are in agreement with the well established fact
that the ingestion of large amounts of carbohydrate with or without
administration of insulin is constantly followed by a definite fall in
serum phosphorus. They show on the whole little associated change
in serum calcium, the magnitude of which was no greater than that
found to occur on ordinary diet or after ingestion of other types of food
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as described below. Similar values for serum calcium in dogs, after
administration of insulin, were obtained by Briggs, Koechig, Doisy
and Weber (30). Brougher, however, reported tremendous changes
in blood calcium of rabbits (rising even to more than 20 mgm.) follow-
ing injection of insulin (31). Davies, Dickens, and Dodds (32) found
increases of from 2 to 4 mgm. in serum calcium of rabbits in hypo-
glycemic convulsions. Recently, Ellsworth (33) has reported in-
creases in serum calcium in man similar to those that occurred in some
of our cases. The maximum change in calcium did not occur always
in those cases with the greatest fall in phosphorus, nor was the recip-
rocal inverse relationship persistent in the last determinations of a
given experiment. Yet in his cases there was a more constant rise in
serum calcium than in ours.

Itgestion of large amounts of protein and fat
Data showing the effect of ingestion of large amounts of protein and

fat are presented in table 6.
When 127 grams of fat were taken, much of it in the form of cream,

there followed an increase of calcium from 9.6 to 10.8 mgm. and a fall
in phosphorus from 3.9 to 3.2 mgm. A week later the effect of 100
grams of olive oil was observed; the serum phosphorus remained con-
stant but serum calcium increased by 0.9 mgm. in 4 hours. Similar
experiments on ingestion of large amounts of protein, when the subject
took 200 grams of protein daily for several days, showed in one instance
a distinct rise in calcium from fasting value of 9.6 mgm. to 11.4 mgm. a
few hours after breakfast, associated with a slight increase in serum
phosphorus, but no material difference in serum protein. In this
instance NaHCO3 was added to neutralize the acid effect of ingested
protein. When the experiment was subsequently repeated, leaving
out the NaHCO3, the serum calcium remained stationary and serum
phosphorus rose slightly. On each occasion the subject was carrying
on with his ordinary work.
Data showing the effect of ingestion of single doses of phosphate and

of calcium lactate are presented in table 7. The phosphate caused
purgation, which persisted for several hours. The serum phosphorus,
however, rose from 3.5 to 5.0 mgm., without an appreciable change in
the serum calcium level. A similar rise in serum phosphorus after
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ingestion of large amounts of phosphate without any associated change
in the serum calcium level has been described by Schulz (34). The
ingestion of calcium lactate was followed by an increase in serum

TABLE 6
Effect of ingestion of large amounts of protein and offat

Date

1928

February 20 1

February 27

February 62

Time

Fasting
1 hour
21 hours
5i hours
Lunch
9 hours

Fasting
1 hour
2 hours
4 hours

Fasting
2j hours

Cal- Phos- Pro-
cium phorus tein

mgm.
per

100 cc.

9.6
10.5
10.6
10.8

10.0

10.1
10.8
10.3
11.0

9.6
10.0

mgm.
per

100 cc.

3.9
3.2
3.3
3.6

3.7

3.2
3.2
3.2
3.1

3.6
3.6

per
cent

6.3
6.9

Non-
protein
nitrogen

mgm.
per

100 cc.

31
39

8:30 a.m. 9.6 3.2 6.4 45
9:45 a.m. 10.1 2.8 7.6 46
10:00 a.m. Breakfast, plus 2 grams

soda
April 19 12:45 p.m. 11.4 1 3.7 6.9 51

1:30 p.m. Lunch, plus 3 grams soda
2:30p.m. 10.2 3.8 1 6.8 | 50
6:30 p.m. Dinner, plus 3 grams soda
9:15 p.m. 10.2 4.2 59

8:50 a.m. 10.2 3.6 7.1 42

9:00 a.m. Breakfast
10:15 a.m. 10.0 3.7 6.8 50

April 26 12:15 p.m. 10.3 3.5 7.2 47
1:20 p.m. 10.2 3.3 6.8 50

1: 30 p.m. Lunch
6:15 p.m. 10.0 1 4.1 6.9 51

Remarks

Breakfast
Fat, 127 grams
Carbohydrate, 15 grams
Protein, 6 grams
Calcium, 185 mgm.
Phosphorus, 181 mgm.

100 grams olive oil

Breakfast
Protein, 61 grams
Fat, 29 grams
Calcium, 30 mgm.
Phosphorus, 461 mgm.

Total diet for day
Protein, 200 grams
Carbohydrate, 161 grams
Fat, 100 grams
Calcium, 119 mgm.
Phosphorus, 1,586 mgm.

Same diet as on April 19
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calcium from 9.6 to 11.0 mgm. but the inorganic phosphorus remained
relatively constant.

TABLE 7
Effect of ingestion of sodium phosphate and of cakium lactate

Date Time Calcium Phosphorus Remarks

.mgm. mgm.
per 100 cc. per 100 cc.

Fasting 9.5 3.5 3 grams phosphorus in form of
1 hour 9.4 5.0 equimolecular solution of

June 19 31 hours 9.5 4.9 NaH2PO4 and Na2HPO. Pur-
5 hours 9.2 5.0 gation followed in about one hour

Fasting 9.6 3.6 10 grams calcium lactate = 1.3
2 hours 11.0 3.6 grams calcium

June 22 3 hours 10.5 3.6
5 hours 10.5 4.2*
Lunch
9 hours 10.3 3.8

* Some hemolysis.

COMMENT

It is seen that there may be greater changes in the serum calcium
and phosphorus within a few hours after meals of ordinary foodstuffs
than occur in the fasting levels over periods of many months. The
fasting serum calcium, however, and to a lesser extent the serum
phosphorus, remains remarkably constant in spite of great changes in
diet and in the intake of calcium and phosphate.
Although the inverse relationship between the levels of calcium

and phosphorus of the serum seems to hold in some instances during
temporary fluctuations, it is quite clear that in many cases the calcium
was constant while the phosphorus level changed, in others the
phosphorus remained constant during changes in calcium, and in some
instances both rose or fell together. Concomitant variation in the
serum protein was not great enough to overshadow a specific effect of
variation in phosphorus on the calcium level or vice versa, nor were
temporary fluctuations in protein always paralleled by corresponding
changes in serum calcium when the serum phosphorus remained
constant.

TH JOURNAL OF CLIICAL INVESTIGATION, VOL. X, NO. 2
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These observations do not affect the truth of the statement that the
serum calcium level varies directly with the protein content and
inversely with the concentration of inorganic phosphorus; for the
changes described occurred during periods of flux, were of short
duration and did not represent equilibrium values. Their magnitude,
moreover was much less than that of corresponding changes in ter-
minal nephritis, in cases with very low serum protein, and in tetany.
It is possible, however, that they represent influences of other factors
that are difficult of control, factors that might affect the level of either
serum calcium or serum phosphorus independently.

SUMMARY

Fasting values for serum calcium and phosphorus of healthy indi-
viduals show only slight variations over long periods, whereas greater
changes may occur within a few hours after ingestion of ordinary food-
stuffs. It is interesting how small are the variations.

In such temporary fluctuations the serum calcium does not always
vary inversely with the serum inorganic phosphorus, although there is
some tendency for it to do so.
Temporary changes in serum protein are not always associated

with corresponding variations in the serum calcium.
Ingestion of large amounts of carbohydrate or carbohydrate after

administration of insulin is constantly followed by a fall in the serum
inorganic phosphorus and sometimes but not always by a slight
increase in serum calcium.
The magnitude of the diurnal variations in the serum calcium and

phosphorus was small when compared with the great changes found
in states of tetany and terminal nephritis.
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