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Over a wide range of nitrogen intake, protein-
depleted (1, 2) or growing rats (3, 4) retain in-
creasing amounts of nitrogen as the dietary ni-
trogen is raised provided adequate calories are fed.
Malnourished (5) or normal children (6) also in-
crease nitrogen retention as nitrogen intake is
raised, although some exceptions have been noted
(6, 7). In malnourished adults it is apparent that
some similar relationship between nitrogen intake
and nitrogen retention is also present. For sev-
eral reasons, however, the relationship between
nitrogen intake and nitrogen retention in mal-
nourished adults has not been well defined. In
most adult studies, for example, caloric intake has
frequently been substantially altered along with
variations in nitrogen intake (8-13). In view of
the known effect of non-protein calories on nitrogen
metabolism (14) such studies become quite diffi-
cult to interpret. Equally difficult to interpret
are studies (7, 11, 15) in which fecal nitrogen
analysis has been omitted. And finally it should
be noted that in many instances study periods have
been too short with no account taken of the vari-
able time required for re-equilibration of nitrogen
metabolism after a change in dietary nitrogen (9,
10, 16-21).
In the present study, nitrogen retention was

measured at various levels of nitrogen intake in a
series of patients suffering from malnutrition after
severe injury. In most of the patients at least
two levels of nitrogen intake were employed,
while caloric intake was kept constant. Balance
periods were sufficiently long to allow for re-
equilibration of nitrogen metabolism after changes
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in dietary nitrogen. In all studies fecal nitrogen
analyses were performed.

MATERIAL AND METHODS

The thirteen subjects of this study were soldiers who
had been severely injured or wounded in combat. Their
individual case histories are recorded in the appendix. A
patient's average body weight before injury was taken
to be the pre-injury weight. In patients who had limbs
amputated, the estimated weight of the amputated limb
was subtracted from the pre-injury weight to give the
corrected pre-injury weight. Lean body weight before
injury was calculated using Behnke's (22) formula for
Navy men; lean body weight in kilograms = 53.9 (sur-
face area in M') - 32.6. Lean body weight at the start
of study was determined by measurement of skinfold
thickness using calipers with the specifications described
by Broiek and Keys (23). The formula of Rathbun and
Pace (24) was used to convert body specific gravity to
per cent body fat. The estimated changes in body com-
position of each subject are presented in Table I.

All patients except patient number 7 received a liquid
diet throughout these studies. Ten patients were studied
at two or more levels of protein intake. As the protein
intake was varied, the caloric intake and the ratio of
carbohydrate to fat were maintained constant by calcu-
lation using standard food tables (25). In patients 3

TABLE I

Estimated changes in body composition at start of study

Percentage loses
Body Lean body Body

Patient weight weight fat

1 14
2 26 26 33
3 16 13 70
4 39 35 77
5 26 24 72
6 23 19 75
7 32 29 68
8 22 19 57
9 23 21 49
10 23 21 66
11 19
12 36 35 72
13 26 25 64

165@



BRUCE T. FORSYTH, MARGARET E. SHIPMAN, AND IRVIN C. PLOUGH

TABLE II

Composition of a representative liquid diet with three levels of protein intake

100 Grams protein 180 Grams protein 270 Grams protein

Weight Nitrogen Energy Weight Nitrogen Energy Weight Nitrogen EnergyFood grams grams calories grams grams calories grams grams calories

Skim milk
powder 140 8.0 507 400 22.8 1,448 700 39.9 2,534

Cream 950 4.4 1,938 560 2.6 1,142 100 0.5 204
Eggs 200 4.1 324 200 4.1 324 170 3.5 275
Sugar 140 539 100 385 75 289
Total 16.5 3,308 29.5 3,299 43.9 3,302

and 5, nitrogen retention was also measured at a second periods. All diets were supplemented daily with vitamin
caloric intake. The liquid diets were made up from A 30,000 units, vitamin D 2,400 units, ascorbic acid 450
skim milk powder, cream, eggs and sugar. The daily mgm., thiamine 12 mgm., riboflavin 18 mgm., nicotinamide
volume was approximately 1,400 cc. and was divided into 120 mgm., pyridoxine 7 mgm., folacin 3 mgm., and B.
six feedings: one glass every two hours from 8 A.M. to 3 mcg. Dietary potassium ranged from 0.51 mEq. per gm.
6 P.M. Diets were prepared a day in advance; ingredi- protein to 1.2 mEq. per gm. protein. The nitrogen bal-
ents were weighed, and mixed with a measured volume ance technique used has been described (26). Body
of water in an electric blendor. Half diets were analyzed weights were determined daily, after voiding, before
periodically in the laboratory. The composition of a breakfast, on a scale accurate to ± 25 gm.
typical liquid diet is given in Table II. Three to five Statistical analyses of data were done using the
days of ad lib. diet were allowed between diet study methods of Fisher (27) and Ezekiel (28).

TABLE III

Nitrogen balance data

Days Average
Average Daily Daily Length of used in nitrogen
body Daily nitrogen stool balance calculating balance

Patient weight caloric intake nitrogen period nitrogen gm. nitrogen
number Kg.t intake grams grams days balance per day

1 52.21 3,419 14.2 2.79* 11 Last 4 +2.77
2 45.45 3,550 17.3 2.53 14 Last 8 +7.22

46.16 3,555 33.6 3.14 16 Last 8 +9.05
3 54.48 3,353 15.9 1.32 12 Last 7 +4.08

56.76 3,352 31.3 1.77 12 Last 6 +7.44
55.96 3,364 47.5 3.64 10 Last 3 +12.16
54.30 2,598 16.2 1.31 9 Last 5 +3.96

4 48.87 3,000 31.7 3.11 11 Last 5 +7.30
51.20 2,997 15.5 1.45 7 Last 4 +2.49
54.31 2,998 27.5 3.91 10 Last 4 +3.86

5 44.93 1,995 15.7 3.12 8 Last 5 +3.31
46.00 2,027 29.9 4.82* 7 Last 3 +4.36
47.00 1,996 21.6 2.75* 10 Last 5 +4.29
47.38 3,003 21.9 3.52* 12 Last 3 +4.54
50.65 3,003 14.8 2.55 7 Last 4 +4.50

6 51.76 3,298 15.9 2.12 7 Last 4 +5.12
55.78 3,299 28.2 2.06 11 Last 4 +6.02

7 52.10 3,144 17.5 1.80 13 Last 3 +2.68
53.38 3,135 29.7 1.77 12 Last 6 +10.69

8 60.06 3,005 18.8 1.96 11 Last 5 +6.11
61.89 3,004 44.5 6.95* 13 Last 6 +7.86
61.93 2,999 31.4 3.73 14 Last 4 +5.67

9 47.90 3,493 39.3 2.60 14 Last 5 +6.06
49.70 3,500 34.5 3.20 14 Last 6 +6.84

10 54.20 3,015 32.5 4.63* 14 Last 5 +7.40
54.75 3,005 29.1 5.74* 12 Last 6 +6.18
56.69 3,004 19.8 3.46* 10 Last 4 +2.86

11 51.17 3,715 27.1 2.28 8 Last 4 +8.94
12 48.57 2,816 7.8 1.56 8 Last 4 +2.86
13 51.27 2,851 8.7 1.25 8 Last4 +1.93

54.93 2,848 24.4 1.53 31 Last 7 +4.20

* Diarrhea during this stool collection period.
t The average of daily body weights on the days used for nitrogen balance calculation.
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RESULTS

When the dietary nitrogen is changed a variable
time is required for adjustment of body processes
to the new nitrogen intake. Characteristically, the
first day or two after a higher nitrogen intake is
begun the nitrogen balance is more positive than
is the case after a few days on the diet. In order
to select days which most accurately represent the
nitrogen balance, the present data were analyzed,
as represented in Figure 1, to determine the time
needed to reach a steady urinary nitrogen excre-
tion at three ranges of nitrogen intake. In each
case the preceding ad lib. diets provided nitrogen
intakes estimated to be from 0.2 to 0.25 gm. N
per Kg. per day. It can be seen that with diets
containing 0.6 gm. or more N per Kg. per day
the urinary nitrogen excretion continued to rise
through the fourth day of the new diet and then
levelled off. With diets containing 0.4 to 0.59 gm.
N per Kg. per day, urinary nitrogen was rela-
tively constant after the second day of the new
diet. Urinary nitrogen excretion was nearly
constant from the start with diets containing 0.16
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to 0.39 gm. N per Kg. per day, although the vari-
ability was greater during the first two days.
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In Table III are listed the results of the indi-
vidual balance periods in the present study. In
calculating nitrogen balances only the later days
of each period were used in order to provide as-

surance that a steady state had been reached. In

addition, the blood urea nitrogen was either stable
or falling slightly during the days used for balance
calculation.
From the data in Table III the coefficient of

correlation between nitrogen intake and nitrogen
retention (gm. per Kg. per day) is 0.74 with p <
0.01. These data are shown in Figure 2, together
with their regression equation. The equation is
Y = 0.016 + 0.19X where Y is nitrogen retention
and X is nitrogen intake, both in gm. per Kg. per
day. The data show no tendency for the fraction
of nitrogen intake retained to decrease at high
levels of intake.
As noted in Table III, the liquid diet produced

diarrhea in 8 of the 31 periods, with a resulting
high fecal nitrogen. To exclude distortion of the
results due to diarrhea, the relations between ab-
sorbed nitrogen (nitrogen intake minus fecal ni-
trogen) and nitrogen retention were calculated.
A coefficient of correlation of 0.76 (p < 0.01)
was found. The regression equation relating ni-

trogen retention (Y) and nitrogen absorbed (X),

both in gm. per Kg. per day, was Y = 0.019 +
0.21X.
To assess the effect of non-protein calories on

nitrogen retention a series of correlations were

performed. Non-protein calories per Kg. vs. per
cent of nitrogen intake retained gave a correlation
coefficient of 0.53 (p < .01) (Figure 3); non-

protein calories per Kg. vs. per cent of absorbed
nitrogen retained, 0.52 (p < .01). Each of these
distributions has a single aberrant value; elimina-
tion of this reduces the coefficients to 0.41 (p <
.05) and 0.36 (p = .05), respectively. The ratio
of non-protein to protein calories vs. per cent of
nitrogen intake retained gives a coefficient of 0.39
(p < .05); the ratio of non-protein to protein
calories vs. per cent of absorbed nitrogen retained
gives 0.48 (p < .01). These two distributions
have two pairs of aberrant values; their removal
changes the coefficients to 0.35 (p < .1) and 0.29
(p < .2), respectively.
The possibility that avidity for retention of ni-

trogen is related to weight loss was also con-
sidered. No significant correlation was found
between percentage loss of body weight, of lean
body weight, or of body fat and per cent of dietary
nitrogen retained. This possibility is also con-
sidered in Figure 4, in which are plotted individual
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No relation appears to exist between rate of nitrogen storage and esti-

mated loss of lean body weight.

relations between nitrogen intake and nitrogen
retention, drawn by best visual fit, for all patients
with three isocaloric study periods. It appears in
this small series that no relation exists between
estimated loss of lean body weight and rate of
nitrogen storage.

DISCUSSION

Patients with malnutrition are valuable sub-
jects for the study of rates of nitrogen storage,
since, for practical purposes, they can store un-

limited amounts of nitrogen. The patients in the
present series are a group with as near to uncom-

plicated malnutrition as may be found in a hospital
population. All subjects were well into the ana-

bolic phase of convalescence; all major wounds
were healed and no significant infection was

present.
Early studies of the response of malnourished

men to various protein intakes (8-10, 20) led
to the estimate that 60 to 70 per cent of the ni-
trogen intake was retained if the caloric intake

was adequate. Five-day balance periods on any

given diet were usual. These short periods did
not allow for the lag in urinary excretion of ni-
trogen when a new diet was begun, and as a re-
sult a falsely high quantity of nitrogen appeared
to be stored on high nitrogen intakes. In addi-
tion, as the protein intake was raised, the calorie
intake was usually increased also; such caloric
increments may also have tended to give falsely
high values for nitrogen storage. The same criti-
cisms may be directed at more recent studies
(11-13, 16-21). The length of balance periods
in the present study was sufficient to allow a stable
urine nitrogen excretion and a stable blood urea

nitrogen. The results so obtained permit the cal-
culation of the relation, nitrogen retention =
0.016 + 0.19 times nitrogen intake, in gm. per Kg.
per day. The values of nitrogen retention calcu-
lated from this equation include 28 of the 31 ob-
served values within limits of + 0.05 gm. per Kg.
per day. Limits of ±+0.075 gm. per Kg. per day
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include all but one value. The maximum devia-
tion from predicted is 0.078 gm. per Kg. per day.
The dietary nitrogen intakes ranged from 0.16 to
0.85 gm. per Kg. per day, equal to 1.0 to 5.3 grams
protein per Kg. per day. The mean retention of
dietary nitrogen was 23 per cent. This estimate
of 23 per cent dietary nitrogen retained is similar
to those obtained in other studies of malnourished
adults. Strang, McClugage, and Brownlee (29)
found a mean of 19 per cent (S. E. 4.0 per cent)
dietary nitrogen retained, Beattie, Herbert, and
Bell (12) a mean of 20 per cent (S. E. 2 per cent),
Burger, Sandstead, and Drummond a mean of 24
per cent (S. E. 4 per cent) (13), and in the pa-
tients of Browne, Schenker, Venning, and John-
son (30) about one-third the dietary nitrogen was
retained. Widdowson and Thrussell (31) found
40 per cent of the dietary nitrogen retained, but
the caloric intake of their patients approximated
100 calories per Kg. per day, a caloric intake so
high that a higher degree of nitrogen retention
might be expected. Malnourished adults with
chronic nephritis (32) retained 22 per cent (S. E.
1.2 per cent) while malnourished children (5)
retained 14 per cent (S. E. 1.8 per cent) of the
dietary nitrogen. Thus a substantial body of evi-
dence indicates a relatively constant relation of
nitrogen retention to nitrogen intake over a wide
range of nitrogen intake in malnourished humans
who are ingesting adequate calories. Contrary to
the findings of Von Hoesslin (9) there is no indi-
cation of less efficient use of protein as the pro-
tein intake increases.

Burger, Sandstead, and Drummond (13) and
Beattie, Herbert, and Bell (12) have stated that
the amount of nitrogen retention in malnourished
men is related more specifically to calorie intake
than nitrogen intake. The data used as the basis
of the belief in the pre-eminent influence of calories
on nitrogen metabolism are presented in Table 5
of Beattie, Herbert, and Bell's paper (12). How-
ever, using these data, correlation of the per cent
of absorbed nitrogen retained with the ratio of
non-protein calories gives a correlation coefficient
of - 0.27 (p > 0.1). This negative correlation is
due to the results in the patients of Group II where
nitrogen and caloric intake were much lower than
Group I and, as stated by the authors, may have
been so low that any effect by non-protein cal-
ories could not be manifested. The correlation
coefficient between these two measurements in
the present series was 0.48 (p < 0.01 ); removal

of two deviate values reduces it to the non-sig-
nificant value of 0.29.

Another approach to the question of the relative
effects of caloric and nitrogen intakes is to analyze
the relation of caloric intake, more specifically in-
take of non-protein calories per Kg., and per cent
of nitrogen intake retained. The data of Beattie,
Herbert, and Bell (12) give a correlation coeffi-
cient of 0.79 (p < 0.01), while those of the pres-
ent series give 0.53 (p < 0.01), or 0.41 (p <
0.05) removing the aberrant value. The reasons
for these differences are unknown. However, it
is apparent that the effect on nitrogen retention of
non-protein calories is much less predictable than
that of nitrogen itself.
The desirability of increasing nitrogen retention

in malnourished patients has been commented on
by many workers (2, 33, 34). It would appear
from the data of the present series and that re-
viewed that increased nitrogen retention may be
much more readily accomplished by an increase
in dietary nitrogen rather than an increased ca-
loric intake, provided caloric intake is adequate
initially. A calorie intake of 35 calories per Kg.
per day is considered adequate for patients com-
parable to those of the present series (12, 34).
The proposal that the degree of body weight

loss determines the avidity for nitrogen in recovery
from malnutrition was advanced by Rubner (35),
and subsequently discussed by Wang, Hawks, and
Hays (17). If the data of Wang, Hawks, and
Hays (17) are analyzed statistically, no significant
difference is present in the amount of nitrogen
retained by the various groups studied with dif-
ferent degrees of underweight. Strang, Mc-
Clugage, and Brownlee, (29) found no relation
between the rate of nitrogen storage and the de-
gree of undernutrition of the patient, but Murray
(36) found a more rapid weight gain in the more
severely malnourished patients, although no ni-
trogen balance data are available in the latter in-
stance. The data from the present series would
indicate no apparent parallelism between estimated
loss of lean body mass and rate of nitrogen
storage.

CONCLUSIONS

1. Nitrogen retention is directly related to ni-
trogen intake in malnourished adults on adequate
caloric intakes.

2. With nitrogen intakes ranging from 0.16 gm.
to 0.85 gm. N per Kg. per day no diminished ef-
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ficiency in the use of dietary nitrogen is evident at
the higher levels of nitrogen intake.

3. Non-protein calories appear to have a rela-
tively small effect on nitrogen retention.

4. In the present series the rate of nitrogen
storage does not appear to be related to the de-
gree of malnutrition.
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CASE SUMMARIES

Patient No. 1, a 20-year old infantryman, height 67
inches, average pre-injury weight 65 Kg., was struck
by mortar fire in August 1951, receiving compound com-
minuted fractures of the right humerus and left femur
and multiple penetrating wounds of the right foot and
left leg, requiring amputation of the left leg. A long
series of orthopedic and plastic surgical procedures were
required in rehabilitation, the last, an open reduction of
the right humerus, was done in December 1952. Dur-
ing this period, the patient also suffered three relapses
of malaria due to P. vivax. When the study was begun
in February 1953, the patient weighed 52.2 Kg. and ap-
peared moderately underweight.

Patient No. 2, a 25-year old infantryman, height 72
inches, pre-injury weight 72 Kg., stepped on a land mine
in December 1952, suffering compound comminuted frac-
tures of both tibias and fibulas and the left ilium; and
multiple penetrating wounds of both thighs and buttocks
and the right forearm. The left leg was amputated dur-
ing initial treatment; the right three months later,
shortly before the start of the study. At that time, the
patient weighed 44.5 Kg. and appeared markedly under-
weight. Anorexia, apathy, and marked lability of emo-
tions were noted.

Patient No. 3, a 24-year old infantryman, height 67
inches, pre-injury weight 64 Kg., received a bullet wound
in the left foot in November 1952, resulting in partial
avulsion of the foot. After initial treatment, a series of
reconstructive operations were done. At the beginning
of the study in March 1953, the patient weighed 54.0
Kg. and appeared slightly underweight.

Patient No. 4, a 23-year old infantryman, height 71
inches, pre-injury weight 82 Kg., in October 1952 sus-
tained multiple penetrating wounds resulting in com-
pound comminuted fractures of the right tibia and fibula
and left femur, right hemopneumothorax, and multiple
superficial lacerations of the head and neck. Continuing
treatment required amputation of the right leg and in-

tramedullary nailing of the left femur. At the beginning
of the study in May 1953, the patient weighed 46.0 Kg.
Physical findings included moderate weight loss, healed
right below-knee amputation stump, and a sinus tract
at the site of the left femoral fracture draining purulent
material from which was cultured hemolytic Staphylo-
coccus aureus and E. Coli.

Patient No. 5, a 20-year old infantryman, height 68
inches, pre-injury weight 61.5 Kg., was wounded by
small arms fire in April 1953 suffering avulsion of the
anterior two thirds of the maxilla and hard palate,
laceration of the tongue, and perforation of the sigmoid
colon. Repair of the facial defect was begun at once; the
perforated colon was exteriorized for ten days. Oral
liquid diet was started a week after injury, but the pa-
tient continued to lose weight. When the study was be-
gun eight weeks after injury, the patient weighed 45.3
Kg. and appeared markedly underweight. The abdomi-
nal and facial wounds were well healed.

Patient No. 6, a 23-year old tank commander, height
67 inches, pre-injury weight 66 Kg., was injured by a
gun explosion in March 1953, receiving second degree
burns of the hands, face, chest, abdomen and thighs; a
compound comminuted fracture of the right ilium, pene-
trating wound of the liver with right hemopneumothorax
and avulsion of the skin and superficial muscles of the
left upper abdomen and left lower chest. Six weeks later
at the start of the study, the patient weighed 51.0 Kg.
and appeared moderately underweight. All wounds had
healed except an area of clean granulation tissue 20 X 15
cm. over the right lower abdomen and upper thigh.

Patient No. 7, a 21-year old infantryman, height 70
inches, pre-injury weight 80 Kg., suffered bullet wounds
in February 1953 resulting in multiple perforations of
both large and small bowel, and severance of the left
femoral artery. Amputation of the left leg above the
knee was eventually necessary. At the beginning of the
study in July 1953, the patient's wounds were healed, he
weighed 49.5 Kg., and was moderately underweight.

Patient No. 8, 21-year old infantryman, height 69 in-
ches, pre-injury weight 75 Kg., was injured by mortar
fire in April 1953, receiving penetrating wounds of left
side, including left arm, leg, abdomen, rupture of the
spleen, laceration of the kidney, and fracture of the ilium.
Recovery was complicated by thrombophlebitis. At the
beginning of the study in June 1953, all wounds were
healed and the thrombophlebitis had subsided. The pa-
tient weighed 58.8 Kg. and appeared moderately under-
weight.

Patient No. 9, a 17-year old infantryman, height 66.5
inches, pre-injury weight 62 Kg., suffered penetrating
wounds of the skull, left eye, neck, left arm, right hip,
and a compound comminuted fracture of the left tibia
from a grenade explosion in May 1953. Treatment in-
volved several craniotomies, a tracheotomy, and ampu-
tation of the left leg. When the study was begun in
September 1953, the tracheotomy wound and amputa-
tion stump were not healing well. The patient weighed
44.9 Kg. and appeared moderately underweight.

1659



BRUCE T. FORSYTH, MARGARET E. SHIPMAN, AND IRVIN C. PLOUGH

Patient No. 10, a 22-year old infantryman, height 67
inches, pre-injury weight 68 Kg., suffered multiple pene-
trating wounds of both thighs with severance of the
right femoral artery in July 1953. Primary anastomosis
of the artery was successful. In September 1953, at the
start of the study, all wounds were healed and only
moderate weight loss was evident. The patient weighed
52.0 Kg.

Patient No. 11, a 22-year old infantryman, height 72
inches, pre-injury weight 66 Kg., sustained perforating
wounds of the left cheek, right chest wall, and both legs
in June 1953. Amputation of the right leg was necessary.
At the start of the study in October 1953 the patient ap-
peared moderately underweight and weighed 50.0 Kg.

Patient No. 12, a 22-year old infantryman, height 72
inches, pre-injury weight 75 Kg., received multiple frac-
tures of the pelvis, with rupture of the bladder in August
1953. By the time the study was started in September
1953, all wounds were healed but the patient was mark-
edly underweight. He weighed 47.7 Kg.

Patient No. 13, a 21-year old infantryman, height 69
inches, pre-injury weight 68 Kg., was wounded in March
1953, receiving a compound fracture of the left femur
with laceration of the femoral artery and sciatic nerve.
Treatment required a number of operative procedures;
the course was complicated by hepatitis in September
1953. When the study was begun in October 1953 the
patient weighed 50 Kg. and appeared moderately under-
weight. Liver function tests were normal. There was
some purulent drainage from the site of the femoral
fracture.
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