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the diurnal variation of nitrogen and crea
tinine excretion was examined. Because
methods for measuring total nitrogen and
creatinine in the urine are rapidly and
easily performed, this technique can be
readily adapted to field survey work. Al
though the accuracy may not be satisfac
tory for studying individuals, it is hoped
this method of estimating dietary protein
will be useful when applied to large popu
lations.
METHODS

The subjects were 6 healthy young men,
18 to 23 years old, whose average weight
was 74.8 kg (range 62.0 to 92.1 kg). They
were housed in a metabolic ward, but were
permitted off the ward for supervised ac
tivities. During the study they completely
consumed weighed test diets as the only
source of food. The daily water intake
which exceeded two liters for each subject,
provided adequate urine specimens. Timed
urine samples were collected throughout
the study at 3-, 4-, and 5-hour intervals
(5 to 8A.M., 8 to 12A.M., 12 to 5 P.M., 5
to 9P.M., 9 to 1 A.M., and 1 to 5 A.M.).
The volume of each urine sample was re
corded, and each specimen was analyzed
for total nitrogen using a microKjeldahl
method (Hawk and Bergeim, '37) and for
creatinine using the Jaffe reaction (Knowlton et al., "55). This permitted us to ex
press urinary nitrogen excretion both as
grams of nitrogen per collection period and
as grams of nitrogen per gram creatinine.
The study was divided into three periods
differing in dietary protein (17, 13 and 13
days respectively). In the first period all
6 subjects consumed a daily diet contain
ing by analysis: 84 gm of protein, 135 gm
of fat, and 359 gm of carbohydrate. In the
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Proper evaluation of dietary protein is
one of the important problems confronting
nutrition survey teams today. A biochem
ical test which would aid in judging the
adequacy of protein intake, then, would
be helpful. Such a test would have to be
easily and rapidly performed for use when
surveying large populations.
For many
years it has been known that daily urinary
nitrogen excretion varies with nitrogen in
take (Folin, '05). This assumes, of course,
nitrogen balance. Equally well-established
is a diurnal variation of nitrogen excretion
such that when the daily diet is divided
into three equal meals, maximum excre
tion occurs in the late afternoon and early
evening hours (Forsgren and Schnell, '34).
Thus, while we would expect 24-hour urin
ary nitrogen excretion to reflect protein
intake, the determination of 4- and 6-hour
urinary nitrogens would add the problem
of diurnal variation.
Experience with nutrition surveys has
taught us that timed urine collections are
difficult to obtain, and the accuracy of
these collections has been questioned. For
this reason certain vitamin excretions have
been measured in random urine samples,
the results being expressed per gram of
creatinine contained in the sample (Adamson et al., '45; Aykroyd et al., '49; Interde
partmental Committee on Nutrition for
National
Defense [ICNND], '57, '58;
Lowry, '52; Plough and Consola/io, '59).
Following the same line of reasoning, the
present study was designed to evaluate the
use of nitrogen/creatinine
ratios (grams
of nitrogen per gram of creatinine) in
random urine samples to estimate dietary
protein. Partial instead of random urine
samples were collected, however, so that
the ratios could be compared with timed
urinary nitrogen excretion. In addition,
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and 5 P.M. The following exceptions are
noted. On the llth day of each period 4
meals (divided equally) were served at
8 A.M., 12 noon, 5 P.M. and 9 P.M. On the
12th and 13th days of each period two
meals were served at 12 noon and 5 P.M.
On the 4th day of the study 1.8 gm of
creatinine was given orally before break
fast to each subject in order to evaluate its
effect on urinary creatinine excretion.
RESULTS

The diets were tolerated well by all sub
jects. Each man in the gluten group (aver
age weight 64 kg) gained approximately
0.5 kg during the study. The subjects in
the meat group (average weight 86 kg),
on the other hand, each lost approximately
0.7 kg. Daily urinary nitrogen and creati
nine excretions were obtained by adding
the results of the 6 collection periods
(5 A.M. to 5 A.M.). The 24-hour urine excre
tions of all subjects in each group were
averaged using the last 5 days of each
period. These results, together with nitro
gen intake, are shown in figure 1.
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Fig. I Nitrogen intake, and average 24-hour urinary nitrogen and creatinine excretions in
each period with one standard deviation. Three subjects in each group were averaged using
the last 5 days of each diet period.
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second and third periods the subjects were
divided into two groups of three men. In
the first group a protein supplement of
wheat gluten was added to the previous
diet and served as gluten bread; in the
second group a protein supplement of meat
was added. Macronutrients were adjusted
to keep the total calories relatively constant
at 3000 per man per day. The gluten
group in the second period consumed a diet
containing by analysis: 100 gm of protein,
122 gm of fat, and 339 gm of carbohy
drate; in the third period: 113 gm of pro
tein, 111 gm of fat, and 340 gm of carbo
hydrate. The meat group in the second
period consumed a diet containing by anal
ysis: 100 gm of protein, 120 gm of fat, and
354 gm of carbohydrate; in the third
period: 128 gm of protein, 124 gm of fat,
and 351 gm of carbohydrate. The diet in
the first period contained approximately 25
gm of protein as meat. Diet composites
were also analyzed for preformed creatinine and creatine.
The daily ration was divided into three
equal parts and served at 8 A.M., 12 noon,
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in the day. This was noticeable only in the
third period when nitrogen intake was at
its highest level and was statistically sig
nificant only during collection periods
from 9P.M. to 5 A.M. (P < 0.025). The
nitrogen/creatinine
ratios were not signifi
cantly altered by changing mealtimes un
der the conditions of this experiment.
Linear regression equations were calcu
lated for nitrogen intake as a function of
urinary nitrogen excretion (table 1).
These equations and correlation coeffi
cients are shown, first expressing urin
ary nitrogen as grams of nitrogen per
collection period, and then as grams of
nitrogen per gram creatinine. Only the
last 5 days of each period were in
cluded. Thus, each equation was calculated
from 5 urine specimens collected at the
appropriate time of day from each subject
in each period (a total of 90 specimens).
Nitrogen/creatinine
ratios were calculated
for each of the 90 specimens and these
data were used to obtain the second set of
equations. The 24-hour urinary excretions
were obtained by adding the results of the
6 collection periods (5A.M. to 5 A.M.).
Prediction of daily nitrogen intake from
nitrogen/creatinine
ratios is shown graph5.7
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Fig. 2 Diurnal variation of nitrogen and creatinine excretion. Variation of the nitrogen/
creatinine ratios is shown numerically at the top. The values for 6 subjects were averaged
using the last 5 days of the first period.
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When 1.8 gm of creatinine was given
orally to each subject before breakfast, an
additional 1.0 gm of creatinine on the
average was recovered in the urine over the
next 24 hours. Diet analyses for pre
formed creatinine averaged 0.16 gm per
day in the control and gluten diets, and
averaged 0.24 gm per day in both meatsupplemented periods. Analyses for die
tary creatine averaged 0.21 gm per day in
the control and gluten diets, and 0.36 gm
per day in both meat-supplemented periods.
The similarity of the diurnal variations
of nitrogen and creatinine excretion is well
demonstrated in figure 2. The average of
all subjects for the last 5 days in the first
period is graphed. Note also the diurnal
variation of nitrogen/creatinine
ratios (fig.
2). Similar results were obtained in the
other periods. Changing mealtimes did not
affect the diurnal variation of creatinine
excretion. Administration of Vitli of the
daily ration at 9 P.M. did not change nitro
gen excretion the following morning.
When breakfast was omitted on two con
secutive mornings (the total daily ration
remaining constant) there was a tendency
for nitrogen excretion to reach a peak later
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TABLE 1
Prediction of daily nitrogen intake (Y) from timed urinary nitrogen
Collection
time58 A.M.
8-12 A.M.
12- 5 P.M.
5- 9 P.M.
9- 1 A.M.
A.M.24-hour1Regression
1- 5
Prediction

of daily nitrogen

equationY=8.4
+ 6.0X
Y=8.3 + 4.1X
Y = 6.3 + 3.3X
Y = 7.6 +
3.0XY

intake (Y) from nitrogen

25i

(X)

0.74
0.79
0.80
0.70
0.76
0.92

creatinine

ratios (X)

Correlation coefficient

Regression equation
Y= 6.6+1.4X
Y= 6.7 + 1.5X
Y= 8.3 + 1.2X
Y= 9.2 + l.OX
Y = 10.6 + 0.76X
Y= 8.2+1.1X
Yâ€” 4.2+1.8X

was obtained

excretion

by adding the results

0.65
0.69
0.63
0.62
0.59
0.62
0.80
of the 6 collections
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Fig. 3 Prediction of nitrogen intake from nitrogen/creatinine ratios using the 8 to 12 A.M.
collection period. The equation, correlation coefficient, and 95% confidence limits are shown.

ically in figure 3. The ratios obtained from
the 8 to 12 A.M. collection period are plot
ted, and are representative of our data.
The 95% confidence limits are also shown.
DISCUSSION

Even under the ideal conditions of our
experiment we did not, of course, find a
perfect correlation between nitrogen in

take and nitrogen excretion.
This is
readily seen in figure 1 where nitrogen ex
cretion was identical in period 3 for the
gluten group and period 2 for the meat
group, although nitrogen intake differed by
two grams (12.5 gm of protein). A possible
difficulty is failure of the subjects to
achieve nitrogen balance. We believe this
was minimized by excluding the first 8
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the left (smaller ratios) of the regression
line. We feel this tendency for smaller
nitrogen/creatinine
ratios in the meat
group can be explained by the greater
creatinine excretion. In an attempt to
partially correct for this, we studied our
data by expressing creatinine excretion per
kilogram of body weight. This manipula
tion, however, seemed to overcorrect and
did not improve the results.
It would
probably be more satisfactory if creatinine
was expressed per unit of lean body mass,
although even this would not account for
changes in dietary creatinine.
The diurnal variation of creatinine and
nitrogen excretion was similar (fig. 2).
This tended to cause less variation in the
nitrogen/creatinine
ratios with respect to
time of day, a possible advantage in the
use of ratios. With our data it was pos
sible to combine the results on specimens
collected from 5 A.M. to 9 P.M. in predict
ing nitrogen intake without loss of ac
curacy. Although admittedly we have not
tested large shifts in nitrogen intake,
changes in mealtimes under conditions of
this experiment did not significantly alter
our results.
The linear regression equations (table
1) allow a comparison of timed urinary
nitrogen and nitrogen/creatinine
ratios
(X) when used to predict nitrogen intake
(Y). As we might expect, 24-hour nitrogen
excretion yields the best correlation coeffi
cient. However, it is our feeling that there
is little to choose from when comparing
4-hour urinary nitrogen excretion with
nitrogen/creatinine
ratios under these con
ditions. The use of ratios to predict nitro
gen intake is shown graphically in figure
3. The 90 specimens collected from 8
to 12 A.M. are plotted. Note also the 95%
confidence limits. Over our range of data
these limits expressed as grams of nitrogen
intake are Â±3.66 gm. Using 4-hour urin
ary nitrogen collected from 8 to 12 A.M. to
predict nitrogen intake, the confidence
limits are Â±3.37 gm. These limits define
the predictability of dietary nitrogen from
one urine specimen in one man. When
more than one individual is sampled, the
average nitrogen intake for the group can
be predicted more accurately.
The greatest drawback in the use of
nitrogen/creatinine
ratios to estimate the
protein intake of a population does not
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days, or more, of each period from the cal
culation to allow for diet adjustment. In
fact, our data showed that nitrogen excre
tion was stabilized within 4 days after a
diet change. Although greater changes in
nitrogen intake would require more time
for nitrogen equilibrium, such changes
have rarely been noted in dietary surveys.
An adequate caloric intake is also impor
tant for nitrogen balance. In this study
each subject consumed approximately 3000
Cal. daily regardless of his size. There was
a mimimal weight gain in the gluten group,
and a slight weight loss in the meat group.
These small weight changes may not be
significant; however, it is possible that
there may have been a greater caloric de
mand in the meat group, thus affecting
nitrogen utilization.
Less easily explained was the variation
in creatinine excretion (fig. 1). The average
excretion of those in the meat group was
0.25 gm higher in the first period when all
subjects were eating the same diet. This
difference we feel is the result of a dis
crepancy in body size between groups.
Endogenous creatinine excretion tends to
vary with body size or lean body mass
(Miller and Blyth, '52), and the subjects
in the meat group weighed an average of
20 kg more than those in the gluten group.
The increased creatinine excretion in the
meat group during periods 2 and 3, we
feel, is a result of a greater meat intake
and therefore more preformed creatinine
in the daily ration. Note the diet analyses
for preformed creatinine. When 1.8 gm of
creatinine was consumed before breakfast,
we recovered approximately 56% in the
urine within 24 hours. This recovery for
oral creatinine agrees with the results of
DomÃ-nguezand Pomerene ('45).
Variation in creatinine excretion, as
would be expected, caused changes in the
nitrogen/creatinine
ratios independent of
the protein intake. For example, during
the second period when nitrogen intake
was the same for all subjects, the average
ratio using 24-hour urine specimens for
the gluten group was 7.32, and for the
meat group, 6.41. In period three, the
ratios were 8.21 and 7.81, respectively,
even though the nitrogen intake was 2.5
gm higher by those in the meat group. This
is also shown in figure 3. Note that the
meat group (open circles) tends to fall to
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SUMMARY

In this study, we have considered the
use of nitrogen/creatinine
ratios (grams
of nitrogen per gram of creatinine) in
random urine samples to estimate dietary
protein. With diets varying from 80 to 125
grams of protein, we compared the ac
curacy of 3-, 4-, and 5-hour timed urinary
nitrogen excretion with nitrogen/creati
nine ratios determined from the same sam
ples in the prediction of nitrogen intake.
Although 24-hour urinary nitrogen gave
the best correlation, we found little differ
ence in results when comparing 4-hour
urinary nitrogen with the ratios. Diffi
culties from diurnal variation of nitrogen
excretion were reduced by the use of ratios,
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but the variability in creatinine excretion
among individuals raised other problems.
It is concluded that for surveys of large
groups of individuals the use of nitrogen/
creatinine ratios in random urine samples
to estimate protein intake merits further
consideration.
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appear to be variation in the ratio per se,
but variation in the actual output of creatinine. The equations in table 1 were cal
culated from men excreting about 2.0 gm
per day of creatinine. Using the equation
for the 8 to 12 A.M. collection period, an
observed ratio of 5 gm nitrogen per gram
creatinine indicates a daily intake of 14.2
gm nitrogen. If an individual is consum
ing this amount of nitrogen but excreting
only 1.0 gm of creatinine (to use an ex
treme example), the ratio would be 10, and
the estimated dietary intake 21.7 gm. It
may be possible in surveys to obtain some
24-hour urine collections for creatinine, or
perhaps make a rough estimate of crea
tinine excretion from body size, and use
this to adjust the equation. For a daily
excretion of 1.0 gm creatinine, the 8 A.M.
to 12 A.M. equation becomes Y = 6.7 +
0.75X. Another limitation should be men
tioned. This method for estimating protein
intake would be useful only in evaluating
adult populations where nitrogen retention
is not a large factor. It is our feeling, how
ever, that the use of nitrogen/creatinine
ratios merits further consideration.
It
would be helpful to know whether the same
correlation exists for individuals consum
ing very low and very high protein diets.
The effects of changing mealtimes should
be more thoroughly evaluated and truly
random samples should be examined.
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