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The urinary exceletioni of creatinine in the adult both in health and
disease has been extensively studied. In infants, however, data concerning
the urinary output of this important endogenous catabolite are still incom-
plete. Investigations on this line therefore are called for, since they might
prove of value for at better understanding of both the physiology anld the
pathology of the infant.

Until Folin- developed his miiethod for quantitative (letermination of
creatinine there was much difference of opinion whether creatinine did
exist in the urine of the infant or not. In 1905, however, von Hoogenhuyze
and Vorploegh(l) were able to show that creatinine was constantly present.
In a few infants they made quantitative estimations and found the values
to vary between 041 and 17 mg. per 10 c.cs. of urine, the lower figure
being in a wealk artificially-fed babv. Lesne and Binet(2), on the basis of a
study of 13 cases, state that the total creatinine output in infancy increases
with age, varying between 14 and 190 mg. per kg. of body-weight in 24
hourt. Their results are expressed as per volume of urine and are rather
inconstant. In a recent publication(3), studying the day and night creatinine
excretion, I have shown that in infants the creatinine output is quite
independent of the volume of urine voided and consequently the above
results cannot be accepted as a basis for any quantitative estimations.

Funaro(4), in a study of a few subjects, finds that the urinary creatinine
in infants varies between 4 6 and 10 8 mg. per kg. of body-weight in 24 hours.
He does not think however that excretion is affected by the nutritional
condition of the infant. Amberg and Morrill(5), in a study based on 24-hourly
urine collections, find in five new-born infants that the creatinine output
ranges between 6-71 and 9-94 mg. per kg. of body-weight in 24 hours.
Utheim(6) in 1921 studied 19 infants, two of whom were normal, the others
suffering from various morbid conditions and most of them athreptic. Her
figures for creatinine output expressed in terms of body-weight show wide
variations and are somewhat lower for underweight infants. However, the
two normal infants she observed yielded 9-1 and 10.5 mg. of creatinine per
kg. of body-weight in 24 hours.
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THE CRE.ATININE COEFFICIENT IN TIHE INFANT

*In a previous paper(7), and concurrently with the question of uric acid
excretion in the infant, I have dealt with the rate at which creatinine is
eliminated in the urine. The cases studied comprised both normal and
undernouirished infants. It was found that in both groups, i.e., the normal
annd underweight infants, the crea.tinine elimination showed itself to be
closely related to the body-weight and independent of the age, except in so
far as weight and age are connected. When expressed in terms of body-
weight the creatinine output ranged between 102 and 15 9 mg. per kg. in
24 hours. Although the va-lues obtained did not show a very wide variation
it was observed nevertheless that the higher values were generally found in
the infants in a poor nutritional condition.

It will be seen from the above review of the previous work that the data
concerning this subject are scanty and that there prevails considerable
difference of opinion and findings. It was on this account that the present
-vork was undertaken in an effort to estimate ma-ore accurately the relation-
,hip of the creatinine outpuit to the weight of the infant and to evaluate, if
possible, the creatinine coefficient as defined by Schaffer as a. measure of the
atate of muscular development.

The cases rep-orted in the p)resent study were selected from the wards
of the Royal Hospital for Sick Children, Glasgow. The infants were in
varying state of inutrition, bIut none of them slhoweed evidence of any acute
gastro-intestinal disturbance or of the so-called specific diseases (syphilis or
tuberculosis) or of fever(8). To secure similarity of conditions the infants
selected were all in the first year of life, so that there was agreement in diet,
habits and physiology in general. Their nutritional condition is expressed in
percentages of expected weight (normal weight for age) using Holt's(9)
figures of weight for age. All the subjects had the usual and similar nursing
care and in nearly all instainces the diet was whole cow's milk, which is the
standard feeding of the clinic; in a few cases milk modifications were
employed. The caloric intake wvacs regulated according to individual require-
ments and the feeding wvas unchanged for several days before and during the
experiments. The infants were weighed before and after the period of study
and the weights recorded are an average of these two estimations. For urine
collections Findlay's method(10) was used. Urine sainmples were collected for
two 24-hourly periods in order to serve asIx(. check for qualntitative collections
and a.lso to lessen the possible error due to any differeniees in the amounts of
urine evacuated from the bladdler and actually excreted by the kidneys.
This ma-ade possible the exclusion of eases of inaceurate collections. Urine
was preserved on ice and by adding toluol. C'reatinine estimtations were done
on the day following colleetions, using Folin's(H1) colorimetric m-ethod. The
.details of the findings are shown in the fol1osting table:
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THE CREATININE COEFFICIENT IN THE INFANT

All the subjects of these investigations were fed on cow's milk, i.e., a
diet practically creatinine-free, consequently we are dealing with creatinine
of endogenous origin. Again, they form a group which is homogeneous as
regards feeding, habits, routine life and physiology in general, but whose
main differences are those of age and nutritional state. This condition
obviously directs our investigation to the finding out whether, and if so to
what extent these two differentiating factors, age and nutritiGnal condition
as expressed in terms of body-weight, are related to creatinine output.

Infancy is the period of life in which age plays the most, important role.
There is no age during which not only morphologictl and anatomical but
physiological changes occur with such rapidity as during infancy and early
childhood. The infants studied ranging in age fromi 6 to 52 weeks thus
provide a group in -which these changes are most marked.

A review of the values as shown in the Table No. I. for total 24-hourly
creatinine output as compared with age will show that age per se is not the
determining factor. Variations are observed in the tota.l creatinine elimina.-
tion, but they would seem to be due to some factor other than age. For
example, Cases 2, 7 and 19 are respectively 16, 34 and 49 weeks old, yet the
total daily creatinine output on two successive days is found to be respec-
tively, 72 0 anid 67-8 mg.; 72-7 and 74 1 mg.; and 77 4 and 7555 mg. That
infants of such valrying age should excrete amiiounts of creatinine which are
approximately so equal is one of the most striking features of all our work
on this question.

Having thus ruled out any connection between the age of the infant
and the creatinine elimination there remains for consideration the question
of body-weight. But before proceeding to the analysis of the results from
this point of view it seems useful to review the literature concerning the
origin and significance of the urinary creatinine and to state the prevai]ing
opinions.

Folin(12) first established the fact that the rate of creatinine excretion is
an index of the level of endogenous nitrogen metabolism. This conception
is generally accepted althouigh some authors still believe that a small portion
may be converted into urea(13). Schaffer(14), on a basis of extensive studies,
finds that the creatinine output is directly proportionate to the muscular
development and the power of an individual. He adv.ances the opinion that
creatinine is derived by some special process of catabolism taking place
largely, if not entirely, within the muscle. This view finds confirmation in
further studies of Folin and his co-worker, Denis(15). Benedict and
Mayers(16), on the other hand, while observing the creatinine excretion to be
related to the body-weight, flnd no constant ratio between the creatinine
ouiput and the miuscular development of the subject, Tt is to be noted that
allthese stildies were done in the adult.
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ARCHIVES OF )ISEASE IN CHIT.r)HOOD

A survey of the cases included in the present study as shown in Table
No. I. gives ample evidence t,hat, there is a close relationship between the
body-weight of the infant, and the daily creatinine output. The values
obtained iin practically all the cases of the group vary within very narrow
limits-101 and 13-7 mg., though 9-2 and 15 1 mg. are the extremes. It is
of int-erest to note that the lowest value was obtained in the case of an
overweight infant, which observation is in accord with Folin's- statement
that fat persons yield less creatinine per unit of body-weight, than do lean
persons.

According to Cathcart(17) a. normal adult, yields as much as 30 to 40 mg.
of creatinine per kg. of body-weight in 24 hours. Infants thus show a
marked difference as it is seen that their excretion amounts to decidedly less
than half (10-13 mg.) of that amount. HIow can this apparent difference
in creatinine metabolism be explained? Sufficient evidence has been accu-
mulated to show that creatinine is produced entirely within the muscle and
it this connection it is important to bear in mind that the proportions of
the various b6dy-tissues are different, in the infant and in the adult. While
the infant's body is relatively rich in water and fat and poor in muscle, the
proportion of muscle in the adult is high. It is computed that muscle forms
47 per cent. of the body-weight of the adult but only 23 per cent. of that, of
the infant. Thus weight for weight the infant has just one h.ldf of the
creatinine yielding tissue (muscle) possessed by the adult. Schaffer,
assuming that urinary creatinine is formed wholly in the muscle and that
the muscular tissue constitutes about half of the body-weight in the adult,
estimates that on the average 50 mg. of creatinine are formed by one
kilogram of muscle per day. Applying this computation of Schaffer, which
is based on lower values for creatinine output than these given by Cathcart,
to two cases of our series, one of them 93 per cent. and the other 38 per
cent. of expected weight, and thus representing the two extremes in
nutritional state, the theoretical creatinine output as compared with the
observed output is as shown in the following ta.ble

Case

2

28

Body -

weight

580

2-50

Percentage
of

expected
weight

93

38

Amount of
Muscle = 23 %

of
body-weight

1,334 grms.

575 grms.

Creatinine output in 24 hours

Observed Theoretical =
average of O50 mg.perkilo
two days of muscle

69'9 66'7

29 3 28 75

This striking agreement between the actual and the theoretical findings
surely points clearly to the fact that in wasti'ng in infancy the loss of muscle
is in direct! proportion to that of the other tissues, and thus opposed to
the conclusions drawn from the study of basal metabolism. This hypothesis

.352
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THE CREAUININE COEFPICIENT IN THE INFANT

is further substantiated by , prolonged study of ai recovering underweight
infant:

A.L. Male. Aged 10 weeks. Admitted June 26, 1926. Weight on admission
2'70 kg. The history was the usual one of a non-thriving infant. Healthy at birth,
weighing 3.40 kg.; never breast-fed; vomiting often expulsive in character since first
week of life, latterly diarrhoea. On admission, stools normal, but vomiting severe.

The clinical findings were niegative, except that the case was that of a small
wasted infant, and the diagnosis was improper and irregular feeding. In the first
24 hours peptonised milk was given, then whole cow's milk which was continued during
the whole period of study. Vomiting stopped within two days and the infant rapidly
improved and increased steadily in weight. Creatinine estimations were done weekly.

The full data are seen in the accompanying table:-

TABLE II.
On the first and last occasions for purposes of control urine was collected for two

successive 24-hour periods.

Creatinine
Feeding- Body- of 1Urinary

Age (weeks) whole cow's weight expected output
iziilk-calories kg. veight c.cs. Total Per k. of

ill 24 hours body-wveight

11 i 192 2 332 38-8 139

456 ) 2 268 39 8 14 3

12 456 300 53 381 41 3 13 7

13 456 3-23 56 377 45'6 14,1

14 504 3 52 58 460 46 9 13-3

15 504 3 74 60 409 49 2 13 1

16 504 3 90 62 357 54 7 14-0

17 558 4-19 65 492 57-1 13 6

18 558 4145 68 503 63-3 14 2

19 558 4 70 70 430 66 2 14'1

230 69 0 14 4
20 558 480 71

184 671t 14-0

The striking feat.ure of the results obtained in the case is that parallel
with the remarlkable gain in weight there is a rise of total 24-hourly creatinine
output and that quite irrespective of the volume of urine voided. Also,
even -if the age factor had not been ruled out as a factor determining the
daily creatinine output, the short period of time within which parallel
changes' in body-weight and creatinine ouLtput occurred is impressive,
although characteristic of the age of infancv. The constant ratio between

a

X.53
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354 ARCHIVES OF DISEASE IN CHILDHOOD

the body-weight and the rate of creatinine elimination shown by the subject
is to our mind strong confirmation of our view of the question. The chart
given below s;hows the f;acts graphically.

CIfART I.-BABY A.L.

Y of Expected Weight.
Total 24-hour Output of Creatinine.
Creatiniine per kg. of Body Weight in 24 houirs.
Body Weight.

.~

mg. Creatiniiie.

i7

70

60

55

50

40

35

30

25

20

15

10

5

0

Weight kg.

5 0

4.5

4 0

3.5

-a

C)

40

10)
0
60
40
20

30

2-5

2 0

1-5

110

015

0

Age -weeks 11 12 13 14 15 16 17 1 19 20

Mlueh sttudy has; been given to the problemn. of thle wasting infant and
the question has often been r_ai,,ed of the relative parts tbat the disappearance
of the different tissumes; play in the loss of body-wNeighit. 1Presumrably, and
especially in tile. condition of acute dehvydration, there is first of all a.
rehttively greater los-s of water; adipose tjssue is probably 1-he next affected.
Fleming(18) in his study of bal.sal metabolisn-i in the athreptie infant advances
tlhe opinion.that ill the firs;t or slighlter dlegrees of ywosting, in fact till the
infant has lost 35%/i of his \eiglht. the reduction of body-weight occurs at
thle expe1nse of mat;1I)(lical 1- iIlactti e ti5lssl( 'tI(er 11m(1 hit--and lth " it
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THE CREATININE COEFFICIENT IN THE INFANT

is only.when the fall in 'weight increases beyondl this level that active
metabolic tissue or muscle is lost. It wouild seem to us that in the presenrt
study there is a good opportunity of testing this hypothesis if one assumes
that urinary creatinine is a measure of the at.mount of muscular tissue.

It will be seen from the table that the nutritional. state of the infants
studied has been indicated by percentages of expected weight. It will also
be observed, a.s already stated, that the figures for creatinine output per
kilogram of body-weight in 24 hours remain practically constant in all the
irnfants in the group, except that perhaps in the series of cases, which are
between 60% and 80% of expected weight, the variations are sonmewhat
greater. On the ba.sis of these results wre feel justified in concluding that
at any stage of wasting in an infant the reduction of muscle tissue as
indicated by creatinine output is apparently parallel with the loss of total
body-weight. In moderate degrees, however, there mav be relatively a.
slightly greater loss of " dead. " tissue, as is evidenced by the greater varyin,
values obtained for creatinine excretion in these cases. It is, of course, just
in these degrees of nutrition that there mav be a greater variation in the
relative amounts of water and fat., which would explain the wider variations
in the figures obtained.

Arguing from the premise that there is a close relationslhi) betweeni the
muscular development of an individutal and the amniouint of crelitinine excreted
Schaffer(19) established his " Creatinine Coefficient," which represents the
number of milligrams of creatinine nitrogen elimninated per kilogram of body-
weight in 24 hours. This coefficient is considered to be the inde-x of muscular
development and power of a. subject, and is estiinate(l (Schaffer) to vary
for an adult man between 8 afnd 11. Tratcy and Clark(20) in agreement. with
this conception find this coefficient, in adult women to be lower, on an average
5 8. We have computed in our cases that the coefficient in infancy- ranges
between 3-5 and 5-6, the lower value being obtained for an overweight infant.
The average creatinine coefficient in the infant, is fouind to be 4 6, i.e., half of
that in the adult, buit as we have already remarked that relativelv the
muscular tissue in the infant is also only one-half of that of the adult, the
low ratio in the infant is easilv uinderstoocl.

The rate of ereatinine excretion in 28 mnle infants between the ages
of 6 and 52 weeks and in valrying nuftritional condition ranging in percentage
of expected weight between 38 awn(l 11.0 wais stuidied. The Inain findings were
as follows:

1. The daily creatinine elimiination being constant is entirely
independent of the age of infant.

2. The daily creatinine outpuit in all the infants; is found to be closely
related to the bodv-weight aind practically independlent of the nutritional
eon(lition.

c 2

3,55
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ARCHIVES OF DISEASE IN CHILDHOOD

3. Using the evidence regarding the origin and significance of the
urinary creatinine it wa,s found that in wasting the reduction of active
(muscular) tissue is parallel with the degree of wasting or total loss of
body-weight.

4. A case of an undernourished infant studied for a longer period of
time beginning with a nutritional state of 50% of expected weight until the
infant through a remarkable and rapid improvement reached 71% of expected
weight gives full confirmation to the above expressed statement.

5. The creatinine coefficient as an index of muscular development of
the infant was determined and was found to be on an average 4-6, as
coinpared with tha.t in adult (male:-8-11, and female:-5-8) thus indicating
the relatively poor development, of the muscular system in infancy.;

I wish to acknowledge my indebtedness to Professor Leona.rd Findlay
for his kind help and invaluable criticisms.
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