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Summary: Twenty-four nitrogen balances have been

performed in 16 patients with chronic renal failure,
with a protein intake of 023 to 10 g./kg./day. The
results show that most patients with chronic renal failure
require about 0-5 g./kg./day (35 g. for a 70-kg. man) to
remain in nitrogen balance. The proportion of high-
quality protein in the diets varied from 40 to 98% and
the calorie intake from 23+6 to 59-0 calories/kg./day (1,330
to 3,310 calories/day). Within these ranges the propor-
tion of high-quality protein and the calorie content did
not have a detectable effect on the nitrogen balance.

It is concluded that when other forms of treatment for
renal failure are available, reduced protein diets should
be used for only short periods, and that the protein intake
should be 0-5 g./kg./day to maintain the patient in nitro-
gen balance.

Introduction

The treatment of advanced renal failure with a very low
protein diet is mow well established (Giordano, 1963, 1964 ;
Giovannetti and Maggiore, 1964 ; Giordano et al., 1967). Some
of the original low-protein diets which were evolved for Italian
consumption contained large quantities of pasta and also a
relatively large proportion of high-quality as opposed to low-
quality proteins (Giovannetti and Maggiore, 1964 ; Giordano
et al., 1967). Shaw et al. (1965) modified the diet to be more
in line with British tastes. Nitrogen balances have been per-
formed in some patients on the Italian type diet, whereas very
few have been performed on patients on the British modifica-
tion of the diet. This paper describes the effect of diets con-
taining varying quantities of protein on the nitrogen balance
of patients suffering from advanced renal failure.

Methods

The investigation was carried out in a metabolic ward
according to the principles of Reifenstein et al. (1945). Sixteen
patients were studied on 24 separate occasions. Before balances
were begun the patients had been on controlled protein intake
for periods varying from 5 to 415 days (average 96 days). The
controlled protein diet was started either when in hospital or
as an outpatient. During the initial three to seven days in
hospital changes were made in the constituents of the diet to
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establish a diet suitable both for the individual’s tastes and for
balance purposes. The patients were encouraged to be up and
about for most of the day. Balances were performed for 6 to
55 days ; on 19 occasions the balance continued for 15 days
or more. Faecal collections were made over balance periods
of four to six days. Chromium sesquioxide was used as a
continuous faecal marker. Capsules containing 0-5 g. of acid-
washed chromium sesquioxide were given three times a day
with meals (Whitby and Lang, 1960). Carmine markers were
used at the beginning of the balance to delineate the equilibra-
tion period. Urine was collected in 24-hour periods and kept
at 4° C.

Faeces, diet, urine, and plasma were analysed for nitrogen
by a micro-Kjeldahl method (Clarkson ef al., 1966). Chromium
was estimated by the method of Clarkson et al. (1965, 1966).
Urea, creatinine, sodium, and potassium were measured with
an autoanalyser ; bicarbonate was measured in a Van Slyke
constant volume apparatus. Urinary and serum proteins were
estimated by a biuret method (Weichselbaum, 1946). Blood
was taken between 9 a.m. and 12 noon, without the use of a
sphygmomanometer, one sample being placed into a heparinized
tube and another into a plain tube for estimation of serum
proteins. .

The nitrogen balance results have been corrected for changes
in plasma urea that occurred during the balance periods. Urea
was assumed to be distributed equally throughout the total body
water at the same concentration as in the plasma. Total body
water was taken to be 659% of the average body weight during
a balance period, and the changes in plasma urea between the
beginning and end of such a period were converted to changes
in total body water nitrogen (g./day). The balance was then
adjusted so that nitrogen retention due to a rise in plasma urea
was subtracted from the daily balance, while the nitrogen loss
due to a fall in plasma urea was added to the daily balance.
For the calculation of nitrogen balance the estimated urinary
loss of protein during each balance period was subtracted from
the estimated dietary intake of protein.

Diet

Diet histories were taken from each patient to ascertain the
diet taken before the balance was started. In order to gain
the co-operation of the patients the aims of the balance study
were carefully explained. The principles of the diet and the
types of food allowed were described to the patients who had
not previously been on a controlled protein intake. After a
discussion on suitability and availability of foods for the
balance, a menu to cover two days was drawn up according
to the patient’s tastes. The quantity of each item was then
determined.
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Periodically the nitrogen content of portions of chicken,
lamb, wheat-starch bread, and potatoes (high-quality proteins)
were estimated.

High-quality Protein.—In the first two balance studies the
main source of high-quality protein in the diet was egg white.
Subsequently two patients were studied with meat and egg
white separately as the chief sources of high-quality protein
while the rest of the diet was unchanged. As this change made
no difference to the nitrogen balance meat was used instead of
egg white as the main source of protein. Lean roast lamb and
steamed chicken were chosen. These two meats were found to
produce consistent nitrogen figures on repeated laboratory
analyses. Some patients chose to have lamb and chicken on
alternate days, others preferred one meat throughout. The
total nitrogen intake was adjusted in each balance by controlling
the proportion of meat in the diet. The meat intake varied
from 018 to 0-51 g. of protein/kg./day. Also included under
foods of high-quality protein were potatoes and low-protein
wheat-starch bread, the quantities of which were determined
according to the patients’ tastes. The wheat-starch bread was
included because of the high proportion of yeast in the recipe
and also because several patients consumed almost a whole loaf
a day (29 g. of protein/loaf). One patient (Case 8) had
340 g. of ordinary white bread and 24 g. of homogenized
milk a day; another (Case 16) had 240 g. of ordinary milk,
80 g. of beefsteak, and 90 g. of ordinary white bread per day in
addition to the foods mentioned above. In the earlier studies
the low-protein bread was supplied from Welfare Foods Ltd.,
Stockport, Cheshire. Later the bread was made in the kitchen
of the metabolic ward from Energen Wheat Starch. The
essential amino-acid content of each diet was calculated only
on the high-quality protein content of the diet.

Low-quality Protein and Other Foods.—Part of the diet
consisted of foods which contributed little to the essential
amino-acid content of the diet. It contributed 0-6-14-4 g. of
protein/day. Foods included under this heading were:
unsalted butter, vegetable oils, jam, honey, marmalade, sugar,
glucose, boiled sweets, green and root vegetables, salads, fruit,
Aproten pasta (Carlo Erba U.K. Ltd.), and double cream.
Two portions of vegetable or salad and three portions of fruit
were served daily. Cream (60-100 g./day) was served with
fruit and in tea and coffee. At the beginning of each balance
the nitrogen content of an aliquot of part of the diet was
estimated.

Calories.—FEach patient was encouraged to eat 3,000 calories/
day, but not all patients were able to do this ; the calorie intake
therefore varied from 1,330 to 3,310 calories/day (236 to 59-0
calories/kg./day). Hycal provided a palatable source of calories
for nearly all patients (400 to 1,000 calories/day).
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Sodium, Potassium, and Vitamins.—The diet contained
8-21 mEq of sodium/day. All food was prepared without the
addition of salt, except the low-protein bread, to which 1 g. of
sodium chloride per loaf was added. Additional sodium was
given according to the patients’ clinical requirements in the
form of capsules (0-5 g. NaCl) to sprinkle over food, or as
Slow-Na tablets. The potassium contents of the diets ranged
from 45 to 60 mEq potassium/day. Each patient was given
one tablet of Orovite a day, containing aneurine hydrochloride
50 mg., riboflavine 5 mg., pyridoxine hydrochloride 5 mg.,
nicotinamide 200 mg., ascorbic acid 100 mg., and pantothenic
acid 5 mg./tablet.

Results

Tables I and II summarize the relevant clinical and Ibalance
data on the 16 patients studied.

Clinical Data

The main clinical problems in our patients were gastro-
intestinal symptoms, hypertension which was difficult to treat,
malaise, and tiredness. Two patients (Cases 3 and 12) were
without symptoms before they began the controlled protein
diet. In three (Cases 2, 6, and 14) satisfactory control of
symptoms was not obtained. The 11 remaining became rela-
tively free of symptoms for one month to two and a half years ;
in five of these (Cases 5, 7, 8, 10, and 11) this period exceeded
15 months.

Of the 16 patients studied, seven have since died (Cases 2,
8, 10, 12, 13, 14, and 15), six are being treated with maintenance
haemodialysis (Cases 1, 3, 4, 6, 9, and 11), and three remain
on controlled protein diets and are well (Cases 5, 7, and 16) ;
two of these three have been on reduced protein intake (about
0-4 g./kg./day) for about 18 months (Cases 5 and 7).

Of the seven patients who died, two died suddenly—one from
gastrointestinal haemorrhage (Case 10) and one from papillary
necrosis and anuria (Case 13)—at a time when their symptoms
had been controlled. Two patients deteriorated gradually, one
dying after transplantation (Case 15), the other from gross
pyelonephritis, pyonephrosis, and nephrolithiasis (Case 8). One
of the two patients who had never had any symptoms despite
a very low glomerular filtration rate died after renal transplant-
ation (Case 12). Another patient did not respond to the diet.
She remained depressed and tired, and died at home from an
unknown cause (Case 14). The patient who was on a reduced
protein diet for the longest period (415 days) died from liver
failure a few weeks after starting treatment with maintenance

TABLE I.—Age, Weight, and Certain Biochemical Data Related to Renal Function and Protein Metabolism in the 16 Patients Studied.
The Letters a, b, and ¢ Refer to Separate Nitrogen Balances on the Same Patient.

. Plasma Serum Protein Urinary
: : Creatinine Plasma Plasma f

(I:qase ‘?igeearl: v%?g;“ Clearance Creatinine Urea Bic};(l))t:rllat e (8./100 ml.) Pi?(::;n

0. g. (ml./min.) (mg./100 ml.) | (mg./100 ml.) ‘ (mEq/l) ! Total Albumin (2./day)

!
1 32 660 10-0-7-0 10-0-12-0 110-75 240 i 6:0-5'4 2:8-3-8 : 20
2 46 663 5-0 5-0 134-58 13'5 6:8-5-6 3-8-3'5 | 04
3 46 65-0 80 120 137-67 235 7-0 49 ’ 1-1
4 32 77-9 12-0 10-0 115-66 230 56 3-2 ! 39
(a) 25 43-0 12:0 6-0 74-35 17'5 7-:0-60 3-7-3-2 { 1-7
5< (b) 445 8-0 73 44-43 20-0 60 3-8 i 0-9
(c) 445 7-2-5-2 9:0 75-59 19-0 64 40 i 2:0
s % 570 ol | OGP0 | P | 20540 63 N R+
a 50 7-0 . . -0~ . . | .
7{Eb)) 610 7-0-9-0 ! 7-2-62 84-72 27-0-30-0 6-2 37 ! 26
48 48-0 2:5 15-0 290-172 205 5:4-6'0 3-8-28 | 33
(a) 44 67-0 6:0-9-0 1 9-0 106-90 20-0 62 45 1-0
Lo AT = S v < SR S - PR Y
58 60.0 52+ o ) — . 0-6" +3-3 .

0 (a) 31 57-5 12:0 : 7-0 94-57 21-0-25-0 56 39 1-0
1 (b) 60-0 10-5 i 7-0 77-55 21-0-25-0 6:6-6°0 3-9-3-6 06
(a) 22 48-0 3-5 | 16-0 170-82 24-0-19-0 64 41 16
29w 48-0 3-0 160 85-82 19-0-25-0 68-53 42-32 16
3 63 1 52:3 6343 10-5 155-130 135 64 37 03
(a) 52 59-0 35 13-0 180-165 165 64 39 1-1
14 (b) 590 35 13-0 175-210 17-0 6:3-59 3-7-3:4 1-1
1 (a) 17 59-0 60 | 13-5 155-130 15-5-26'5 60 33 33
5 (b) 59-0 6:0—4-0 | 14-0 130-120 250 I 6:0-6-4 4-0-3-7 33
16 ' 42 51-0 7-0-9:0 ; 5-8 180-96 225 i 8:6-7-8 45-3-9 11
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TaBLE Il.—Balance Data.
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The Letters a, b, and ¢ Refer to Separate Nitrogen Balances on the Same Patient
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1 4/8/66 20 Meat| 0-11 7-2 0-08 52| 012 7-8 40 0-23 150 | 020 130 36-2 2,385 5 —210 | —2-48
2 23/10/67| 25 | Meat| 017 | 1146 | 016 | 112 | 009 57| 66 | 026 | 17:3| 025 | 169 | 39-2 2,600 | 415 -129 | —165
3 29/10/66 | 20 | Meat| 017 | 11-2| 016 | 101 | 011 | 74| 58 | 028 | 186 027 | 17:5| 347 2,185 12 -2:09 | 186
4 11/9/67 | 33 | Meat| 027 | 2114 | 022 ' 175|010 76! 70 | 037 | 290| 032 | 251 | 395 3,145 5 ~236 | —0-06
(a)| 3/12/66| 20 Meat| 026 | 11:3 0-22 96| 019 80 55 0-45 19-3 0-41 176 | 30-9 1,330 5 -1-26 | —015
5{(b){ 15/3/67 | 11 | Meat| 021 | 93| 019 84| 022 100! 46 | 043 | 193 | 04l 184 | 450 2,000 | 107 -075 | —0-50
(c)| 11/7/67 | 10 | Meat! 021 | 93 | 0-16 73| 016! 73! 50 | 037 | 166 | 033 | 146 | 450 2,000 | 225 —~2:06 | —076
6 3/5/67 8 | Meat| 027 | 186 | 025 | 170 012| 81| 68 | 039 | 26:7| 037 | 251 | 298 2,040 44 -073 | —072
4l 1| 9/1/67 | 20 | Meat| 0-26 | 146 | 022 126 | 0-15| 86| 50 | 04l | 232| 037 | 21-2| 414 2,360 7 -074 | —031
(b)| 9/7/67 15 | Meat| 0:30 | 184 | 025 158 | 012 70| 69 0-42 254 | 0-37 22:8 | 456 2,790 188 -046 | +0-02
8 12/4/67 | 15 | Meat| 0-41 | 19-8 | 034 | 165| 007 | 32| 8 | 048 | 23:0| 0-41 197 | 333 1,600 5 -1:09 | +033
9 {(a) 5/5/67 | 35 | Meat| 031 | 2009 | 030 | 199| 0-12| 85| 70 | 043 | 204 | 042 | 284 | 493 3,310 31 -130 | —067
()| 9/7/67 | 20 | Meat| 032 | 209 | 027 | 179 | 014 | 80| 67 | 046 | 289 | 04l | 259 | 502 3,300 96 —071 | +053
10 22/10/63| 55 | Egg ! 0-35 | 20-8 | 0-31 184 010 | 63| 74 | 045 | 27:1| 0-41 | 247 | 416 2,500 | 339 +066 | +077
11{ @) | 21/11/66 | 30 | Meat| 025 | 14-5 | 023 | 135 | 0119} 112 | 55 | 044 | 257 | 042 | 247 | 450 2,590 11 -102 | —033
®)| 1/3/67 | 11 | Meat| 024 | 145 | 023 | 139| 019 | 112 | 55 | 043 | 257 | 042 | 251 | 432 2,590 | 110 +0-34 | +0-40
120@) | 3/5/66 | 20 | Meat| 030 | 146 | 027 | 130| 016, 74| 66 '| 046 | 22:0| 043 | 20-4 | 440 2,110 33 -043 | +0-21
(b)! 1/6/66 | 15 | Egg | 030 | 146 | 027 | 130| 016 . 74| 66 | 046 | 22:0| 043 | 204 | 440 2,110 62 +0-53 | +073
13 12/7/67 | 15 | Meat| 030 | 157 | 029 | 154 | 018 | 94| 62 | 048 | 251 | 047 | 248 | 590 3,080 29 -138 | —1:22
14 @ | 16/6/64 | 15 | Egg | 0-34 | 200 | 032 | 189! 0-18 | 107 | 64 | 052 | 307 | 050 | 29-6 | 423 2,500 8 +0-20 | —0-30
()| 7/7/64 | 32 | Egg | 047 | 279 | 045 | 268 | 020 | 115| 70 | 067 | 394 | 065 | 383 | 236 1,390 29 -015 | +1:25
15 @) | 13/6/65 6 | Egg | 057 | 334 | 051 | 301 | 024 | 14| 68 | 081 | 478 | 075 | 44:5 | 425 ,500 15 +1:60 | +1-62
(b)| 23/6/65 | 20 | Meat| 057 | 33-4| 051 | 301 | 024 | 144 | 68 | 081 | 478 | 075 | 44-5| 425 2,500 25 +1-43 | +2-40
16 10/3/68 | 28 | Meat| 0-99 | 50-8 | 098 | 497 | 001! 06| 98 | 100 | 51-4| 099 | 503 | 30-4 1,545 10 +0-80 | +1-07

haemodialysis (Case 2). Dialysis was begun when her uraemic
symptoms returned and when vitamin-D-induced hyper-
calcaemia had caused a further reduction in glomerular filtration
rate.

Of the six patients now on maintenance haemodialysis, one
was asymptomatic from the outset, but after receiving tetra-
cycline from his general practitioner there was a profound fall
in glomerular filtration rate and his symptoms became uncon-
trollable (Case 3). Four patients deteriorated suddenly, three
with uncontrollable hypertension (Cases 1, 4, and 6) and the
other with pericarditis (Case 9). One patient deteriorated very
gradually, with recurrent urinary infections and hypertension
(Case 11).

The plasma creatinine throughout the balances varied from
45 to 20 mg./100 ml. (mean 109 mg./100 ml). Creatinine
clearance varied from 2 to 14 ml./min. (mean 7-1 ml./min.).
The blood urea level ranged from 44-300 mg./100 ml. before
to 35-210 mg./100 ml. after the balances ; there was a mean
fall of 37 mg./100 ml. per patient, and the blood urea fell
during 22 of the 24 balances.

Serum albumin levels were measured at the beginning and
end of each balance. There was no change in serum albumin
in 14 balances, a fall in six (average — 048 g./100 ml.), and
a rise in four (average +0-65 g./100 ml.). The mean change
in serum albumin was —0:02 g./100 ml. These changes were
not related to the quantity of high-quality protein intake.

None of the patients were subjected to peritoneal dialysis
before or during the study.

Protein Intake and Nitrogen Balance

Fig. 1 shows the relationship between nitrogen balance in
g./day and the effective total protein intake in g./kg./day in
24 balance studies performed on 16 patients over 6 to 55 days.
The effective amount of protein ingested varied from 0-23 to
1-0 g./kg./day ; it was calculated as the total protein intake
less the urinary protein loss. There was a positive relationship
between the effective quantity of protein ingested and the
nitrogen balance. During 21 of the 24 studies the nitrogen
balance became either less negative or more positive. In five
of the 21 studies the nitrogen balance started negative and
became positive ; in six the nitrogen balance started positive
and became more positive ; and in the remaining 10 studies
‘there was a progressive diminution in the extent of the initial

negative nitrogen balance
become positive.

but the nitrogen balance did not
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F1G. 1.—Nitrogen balance at the end of each study plotted

against effective total protein intake. The interrupted

horizontal line denotes average nitrogen loss per day in
sweat in a moderate climate (Wolthuis, 1961).

During 3 of the 24 studies the nitrogen balance became less
positive or more negative. Two of these patients (Cases 1
and 2) received the smallest amounts of protein (0-23 and
026 g./kg./day). The third (Case 14) failed to retain nitrogen
when given 0-52 g./kg./day but when the protein intake was
increased to 0'67 g./kg./day the nitrogen balance became
positive.

Four patients (Cases 5, 7, 9, and 11) were admitted for a
second balance study 107, 188, 96, and 110 days respectively
after they had been on a controlled intake of protein of about
04 g./kg./day (Table II). The nitrogen balance of all four
patients had been negative throughout the first study. In the
initial period of the second study one patient was in positive
nitrogen balance but the other three were still in negative
nitrogen balance ; in two of these three, however, the balance
became positive during the second balance, while only one
remained in negative nitrogen balance.

One of these patients (Case 5) was admitted for a 'third
balance 225 days after the start of a reduced protein diet. At
the beginning of the third balance she was in severe negative
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nitrogen bala'noc (=206 g. of nitrogen/day), but within 10 days
the balance improved to —0-76 g. of nitrogen/day.
In those patients in whom the balance studies continued for

several yvceks the nitrogen balance continued to improve for
up to six weeks.

Nitrogen Balance and Duration of Protein Intake

The patients had been on a controlled protein diet for
between 20 and 440 days when the balance studies in each
individual had been concluded. The average duration of the
controlled protein intake was 121 days. Fig. 2 shows the
relationship between the nitrogen balance and the duration of
the controlled protein intake. There was a tendency for the
greatest changes in nitrogen balance to occur during the first
two months on the controlled protein intake,

Effective total protein intake
x <Or4q./kq./day

- +3W e  0-4-05q/kq/day
) o >0-5g/kg./day
g X
o +2-
$ e o . \
-S +14 ® o
’Z ®oo x
U
;‘T o ...c\.).(c.).'.x b % 142
z P X
q ‘ J L
20 60 100 140 180 220 400 440

Total duration of controlled protein intake (days)

F16. 2.—Changes in nitrogen balance plotted against total
duration of controlled protein intake.

Nitrolgen Balance and Proportion of High-quality Protein in
iet

In 12 balances in which the effective total protein intake varied
betwpen 0-4 and 0-5 g./kg./day, and the percentage of high-
quahty protein to low-quality protein varied from 46 to 86%,
the nitrogen balance at the end of the balance study ranged
ffom —1-221 to 4077 g. of nitrogen/day, being negative in
six and positive in the other six. Within this narrow range of
protein intake there did not appear to be a positive correlation
between the nitrogen balance and the ratio of high-quality to
low-quality protein.

When the protein intake was below 0-35 g./kg./day the
nitrogen balance was negative even when the percentage of
high-quality to low-quality protein was 70%.

Nitrogen Balance and Calorie Intake

The calorie intake varied from 236 to 590 calories/kg./day.
Only three patients were able to manage a total intake o
3,000 calories/day. :

_'Ijhe estimated caloric requirements for maximum protein
utilization in normal adults (35-50 calories/kg./day ; Rose,
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1957) was met in 18 out of the 24 balance studies. Within
the range of calorie intake consumed the variation from 23-6
to 59-0 calories/kg./day did not have much effect on the
nitrogen balance. In the 12 balances in which the effective
protein intake was between 0-4 and 0-5 g./kg./day the calorie
intake was adequate in 10. Of these 10 balances the final
nitrogen balance was positive in five and negative in five, but
all 10 showed improvement in nitrogen balance during the
study. Two patients did not have an adequate calorie intake,
one ultimately had a positive nitrogen balance and one a
negative nitrogen balance, but both showed marked improve-
ment (>1 g. of nitrogen/day) in nitrogen balance. One patient
showed increasing negative nitrogen balance despite an adequate
calorie intake (42-3 calories/kg./day) and an effective protein
intake of 0-52 g./kg./day. The same patient developed a positive
nitrogen balance when the protein intake was increased to
0-67 g./kg./day despite the calorie intake being reduced by
almost 509 (23-6 calories/kg./day), bringing the calorie intake
below the requirement for optimum protein utilization.

Nitrogen Balance and Calculated Essential Amino-acid
Intake

Table III shows the essential amino-acid intake of each
patient compared with the calculated requirements to maintain
nitrogen equilibrium in normal adults (Davidson and Passmore,
1966). When the effective total protein intake of the patient
equalled or exceeded 04 g./kg./day, essential amino-acid
requirements were met. However, in patients with effective
total protein intake below 03 g./kg./day the essential amino-
acid content was often inadequate. The deficiencies were of
isoleucine, tryptophan, threonine, and valine. In the patient
(Case 1) with the lowest protein intake (023 g. of protein/kg./
day) all essential amino-acids were deficient in the diet. The
patients who had negative nitrogen balances were those who had
the lower intakes of protein, and were therefore apt to have an
inadequate intake of essential amino-acids.

Discussion

From the data of other workers (Bricker et al., 1945;
Hegsted, 1964) it can be calculated that the “absolute
minimum ” (Hegsted, 1964) protein requirement for normal
man is about 023 g./kg./day of high-quality protein, in order
to remain in nitrogen balance. Kempner (1945) was able to
induce and maintain nitrogen balance in hypertensive patients
by using a rice diet containing 025 g. of protein/kg./day. It
was from these results that the impression was obtained that
the optimum protein intake for patients in chronic renal failure
should be about 20 g./day (0-285 g./kg./day for a 70-kg. man).
But it has been shown that patients suffering from chronic
renal failure need more protein to maintain nitrogen balance.
Herndon ef al. (1958) found that the protein requirements of
such patients was 0-5 g./kg./day to be in nitrogen balance.
Giordano et al. (1967) reported that of 221 patients suffering
from chronic renal failure, 85% were in positive nitrogen
balance with a protein intake of 0-42 g./kg./day. Berlyne and

TABLE I11.—Essential Amino-acid Content of Each Patient’s Diet ; + = Quantity of Amino-acid Theoretically Adequate ; — = Quantity of

Amino-acid Theoretically Inadequate (see text). Blank Spaces are
The Letters a, b, and ¢ Refer

in Presence of Cystine in Women.

Due to Lack of Information About the Requirements of Methionine
to Separate Nitrogen Balances on the Same Patient

Amino-acid j Case No.
0-aci
\ 1 | 2 3 | 4 |5a,b, &c 6 7a&b 8 9a&b] 10 11a&b|12a &b 13 14a&b{15a &b 16

Isoleucine .. .. - + - + + + + + + + + + + + +

ucine + + + + + + + + + + + + + + +
Lysine .. .. | = + + + + + + + + + + + + +
Methionine in presence \

of cystine . + + + + + + + +
Phenylalanine in | . .\ . N . N

presence of tyrosine | — + + + + + + + +
Threonine .. O + - + 1 I + + + + + + + + + +
Tryptophan .. - - - + + - + + + + + + + + + +
Valine - - - + + + + + + + + + + + + L+
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Hocken (1968) and Shaw et al. (1965), however, claimed that
with a diet of 026 g. of protein/kg./day “not more than
10 out of 82 patients were in negative nitrogen balance ” and
that “ 62 were in positive balance.”

Giordano (1963, 1964), Giovannetti and Maggiore (1964), and
Giordano et al. (1967) used low-protein diets in which all the
protein was supplied as pure essential amino-acids and egg
whites. These diets were not particularly palatable and
Giordano even found it necessary to tempt his patients with
rum and anise. In the present study reduced protein diets have
been devised to suit the British palate for periods as long as
two and a half years. One of the main improvements was to
use meat as opposed to egg white as the main source of high-
quality protein. The variability in the patients’ eating habits,
pattern of meals at home, and personal fads and tastes were all
taken into consideration when arranging each diet. This
accounts for the variation in total calories and the different
proportions of high-quality to low-quality protein in each diet.

The results show that in patients with chronic renal failure
a total protein intake of less than 0-4 g./kg./day is associated
with an initial negative nitrogen balance which remains negative
for many months thereafter.

Within the range studied the ratio of high-quality to low-
quality protein and the protein-sparing effect of the carbo-
hydrate intake had no apparent effect on nitrogen balance. The
total protein intake was the most important factor affecting the
nitrogen balance. This is in keeping with the conclusions of
Snyderman et al. (1965). The type of high-quality protein
did not appear to be important. Fig. 3 illustrates in two
patients (Cases 12 and 15) that an improvement in nitrogen
balance was obtained when either egg white or meat was used
as the main source of the high-quality protein. Reversal of
the main source of high-quality protein did not affect the
nitrogen balance, which in both cases became more positive.
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F1G6. 3.—Nitrogen balance in two patients (Cases 12 and

15) during 26-35 days. - - - - Main source of high-quality

protein was egg white, Main source of high-quality
protein was meat.

In our patients the nitrogen balance was megative at the
beginning of 17 of the 24 balances, but in 15 of these 17
balances it became positive or less negative subsequently The
change in nitrogen balance from megative to positive or less
negative may have been due to the patients having been on
a higher protein intake outside hospital and that they were
therefore coming into equilibrium. In some patients who were
studied on a second occasion there was again an initial negative
nitrogen balance (which subsequently improved) despite the
fact that in the interval between the two balances they were
supposed to be on the same diet that they had ingested during
the first balance. This suggests that the patients’ protein intake
outside hospltal was higher than that prescribed ; and this
suggestion is supported by the fact that in such patients
there was a small fall in blood urea during the second balance
study. The improvement in nitrogen balance seen during 21
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balances could therefore be partly due to an adaptation to the
reduced protein intake.

For more than a century it has been known that when
protein intake is suddenly reduced there is a net protein loss
(negative nitrogen balance) which after a short period is
counteracted and equilibrium restored. Slrmlatly on returning
to a higher protein intake protein is laid down in body tissues
(positive nitrogen balance) until equilibrium is again reached
(Voit, 1867). Nitrogen balance therefore exists at varying
levels of total body protein. The readily mobilized protein
used for equilibration has been called “labile” body protein
and constitutes up to 5% of total body protein (Lancet, 1963).

Patients with chronic renal failure have additional mechan-
isms to adapt to a reduced protein intake. Giordano (1964)
showed that, provided adequate amounts of the essential amino-
acids are supplied, uraemic patients are able to manufacture
non-essential amino-acids from their own nitrogenous waste
products. Richards et al. (1967) showed that the incorporation
of N ammonia in patients with chronic renal failure is greater
the lower the protein intake and the longer it has been admin-
istered, the ammonia being derived by bacterial breakdown of
urea in the intestine. Giordano (1963, 1964) also found that
positive nitrogen balance could not be obtained on a low-protein
diet unless the diet had been preceded by a period when the only
source of protein was essential amino-acids. Giovannetti and
Maggiore (1964) found it necessary to precede essential amino-
acid diet with a period of protein-deficient diet (1 to 1-5S g. of
nitrogen). Allison (1951, 1957) had found that dietary protein
requirement was reduced by feeding a protein-deficient diet,
and Forsyth et al. (1955) showed that protein depletion was a
strong stimulus to the synthesis of body proteins. It is there-
fore possible that the continued improvement in nitrogen
balance which developed over several weeks in some of our
patients was due to a slow adaptation to new metabolic path-
ways as a response to reduced protein intake. The work of
Allison (1951), Giordano (1963, 1964), Giovanetti and Maggiore
(1964), and Richards et al. (1967) suggests that this adaptation
might have been quicker had the reduced protein diet been
preceded by a period of complete protein depletion.

The three patients whose protein intake was 0-28 g./kg./day
or under did not show any evidence of adaptation, and in two
of them the mitrogen balance became increasingly negative.
This increasing negative nitrogen balance was probably due to
the fact that, at these low nitrogen intakes, the essential amino-
acid content of the diet was insufficient even when the high-
quality . to low-quality protein ratio was as high as 709%
(Table II). These findings are in keeping with those of
Giordano et al. (1967), who found that patients kept on a diet
containing 0-3 g. of protein/kg./day, of which 609% was high
quality, developed plasma aminogram problems characteristic
of kwashiorkor, with reduced quantities of several essential
amino-acids and some non-essential amino-acids.

Our results agree with those of Herndon et al., (1958),
Giordano et al. (1967), Kerr et al. (1967), and Kopple et al.
(1968) that in patients with chronic renal failure the protein
intake should be nearer 0-5 g./kg./day than the 026 g./kg./
day which has been advocated by Berlyne and Hocken (1968)
and by Shaw et al. (1965). It is difficult to explain the results
of these latter workers, who found that with intakes of 026 g.
of protein/kg./day 75% of patients with chronic renal failure
were in positive nitrogen balance. It is possible that the balance
techniques they used were not suitable. They state that they
did not measure faecal nitrogen, and it appears from the results
that the dietary nitrogen was not measured individually.

It must be kept in mind that though reduced protein diets
may prolong the patient’s life they allow time for the insidious
development of many complications. We have noticed that
when patients are placed on maintenance haemodialysis they
recover their health more quickly if they have not been on a
reduced protein diet for very long before dialysis is begun,
whereas those patients who have been on a low-protein diet
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for some time before they start treatment with maintenance
haemodialysis are more liable to have renal osteodystrophy and
peripheral neuropathy. After dialysis is begun their anaemia
remains more severe, they gain weight more slowly, and wound
healing is often markedly impaired. In some of these patients
full recovery may take up to one year.

It appears reasonable therefore to increase protein intake to
a level where nitrogen balance is achieved. An increase in
protein intake from around 03 to 0-5 g./kg./day is usually
associated with only a small rise in blood urea. It would seem
that when other forms of treatment for terminal renal failure
are available reduced protein diets should be used only for
short periods, and that the intake of protein should be 0-5 g./
ll:gi/ day (35 g. for a 70-kg. man) to keep the patient in nitrogen
alance.

We are grateful for the assistance of the nursing staff of the
metabolic unit, Fulham Hospital, and to Mrs. J. Cheston, Miss

P. Matthews, Miss B. C. Atkins, and Miss C. Durrant for technical
help.
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Broken Heart: A Statistical Study of Increased Mortality
among Widowers
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Brit. med. ¥., 1969, 1, 740-743

ummary : A total of 4,486 widowers of 55 years of age

and older have been followed up for nine years since

the death of their wives in 1957. Of these 213 died during

the first six months of bereavement, 409 above the

expected rate for married men of the same age. There-

after the mortality rate fell gradually to that of married
men and remained at about the same level.

The greatest increase in mortality during the first six
months was found in the widowers dying from coronary
thrombosis and other arteriosclerotic and degenerative
heart disease. There was also evidence of a true increase
in mortality from other diseases, though the numbers in
individual categories were too small for statistical analysis.

In the first six months 22:5% of the deaths were from
the same diagnostic group as the wife’s death. Some
evidence suggests that this may be a larger proportion
than would be expected by chance association, but there is
no evidence suggesting that the proportion is any different
among widows and widowers who have been bereaved for
more than six months.

Introduction

To most of us death from a “broken heart” is a figure of
speech, yet the term reflects a bygone belief that grief could
kill, and kill through the heart.

In 1963 a report was published of a follow-up of a cohort
of all men of 55 years and older who were widowed in England
and Wales during January and July of 1957 (Young, Benjamin,
and Wallis, 1963). This showed that during the first six
months of bereavement the mortality rate was 409 greater than
the mortality rate for married men of the same age, and that this
increase gradually fell thereafter to the level of the rate for
married men.

More recently Rees and Lutkins (1967) reported the results
of a survey of the death rate among 903 relatives of patients
dying in a semirural area of Wales. They found that 4-8% of
bereaved close relatives died within a year of bereavement com-
pared with 0-68% of a non-bereaved control group. The
greatest increase was found among widows and widowers, their
mortality rate being ten times greater than that of the matched
controls. After the first year of bereavement mortality rates
fell off sharply and were not significantly higher than in the
control group.

The study by Cox and Ford (1964) of mortality rates among
widows shows a rise during the second but not the first six
months of bereavement. This study relies on the widow having
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