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DIETARY protein restriction has long been used for the
symptomatic management of patients with advanced chronic
renal failure (CRF) and there have lately been suggestions
that low-protein diets may slow or halt the progression of
renal disease.’ The survival rate of laboratory animals with
CREF can be greatly improved by administration of a low-
protein diet.? In many trials a beneficial action in human
disease is claimed, and wider treatment with low-protein diet
is being advocated>—even for patients with a plasma
creatinine of 200 umol/l or less.* We review here the evidence
for the efficacy and safety of low-protein diets by asking ten
questions.

DOES CHRONIC RENAL FAILURE ALWAYS PROGRESS?

Implicit in the use of a low-protein diet is the assumption that,
without treatment, renal function will continue to deteriorate; this
is not always so. The MRC Glomerulonephritis Registry (Davison
A. M., personal communication) has analysed the outcome for
patients with biopsy-proven glomerulonephritis (membranous
nephropathy and crescentic nephritis excluded). Of 70 patients who
had a plasma creatinine of 150-249 umol/l at presentation, 32% had
unchanged or improved function two years later. Of the 40 patients
whose creatinine was 250~500 umol/l at presentation, 22% had
stable or improved renal function over the same period. In a
multicentre study of the natural history of membranous
nephropathy, 6 of 20 patients with chronic renal failure did not
show progressive impairment of renal function.> In chronic
pyelonephritis, 39-8% of the patients showed stable renal function
over 6-240 months.5 We too have observed many patients with
stable CRF over several years. Fig 1A shows results from 2 patients
whose creatinine measurements did not change over five years.

Maschio et al* concluded that a low-protein diet was more
effective in preventing progressive CRF if started early—i.e. when
plasma creatinine was about 200 umol/l. However, they did not
establish the rate of progression in different subgroups before the
introduction of the diet, and thus the results could reflect the
variable natural history of mild compared with severe CRF.

Whether CRF progresses could depend on the type of the

underlying nephropathy, on the degres of renal functional
impairment and hypertension at presentation, as well as on the
severity of proteinuria.” Age and sex could also be prognostic
factors: in membranous nephropathy, older-age and male patients
seem to have a particularly poor outlook.* However, proteinuria
may well be the most import:mt.m’9 In the design of most trials
these factors have not been considered. The only randomly
allocated study of low-protein diet in CRF took into consideration
Patients’ age, sex, and degree of renal failure, but not proteinuria at
the start of the treatment;!® in this study proteinuria decreased
during the low-protein diet. We have shown that a decrease in
Proteinuria indicates an imIproved prognosis in patients with
chronic glomc-:rulonephritis.l

HOW SHOULD WE ASSESS THE PROGRESSION OF CHRONIC
RENAL FAILURE?

The effect of low-protein diets on CRF can be assessed only if the
Tate of failure of renal function follows a predictable pattern, and
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this seems to be so in most patients with CRF. A widely used
method of assessing progression is to plot the reciprocal or the
logarithm of plasma creatinine against time.!>!> The reciprocal
method is based on the notion of a constant decline; the logarithm
method on that of a constant fractional loss. Linear regression
analysis often reveals close fit of the calculated line to the measured
values, but, not all patients with CRF show a predictable pattern. In
one study the results of 15% of patients did not fit any mathematical
model,'> while Ledingham and Hart'* found that in up to 30% of
patients the calculated slopes changed with time, including 12%
who showed a spontaneous improvement; one common cause for
the variation is the onset of hypertension.!®

In most studies reciprocal creatinine concentrations before and
after the introduction of the low-protein diet have been compared.
Unfortunately, once the patient is on the diet the plasma creatinine
ceases to be a valid measure of renal function,!® since it is mostly
derived from creatine in the diet and in muscle. Alllow-protein diets
entail a reduction in creatine intake which is the source of up to 15%
of plasma creatinine.!”"® Fig 2 shows the fall of plasma creatinine
in 2 patients on a low-protein diet (0:2 g/kg body weight
per day) supplemented by essential aminoacids and their
keto-analogues—i.e. no exogenous creatine.!® Glomerular filtration
rate, as judged by combined urea and creatinine clearance, was not
improved. This example emphasises the unreliability of plasma
creatinine measurements as a marker of renal function in patients on
a low-protein diet.?

Mitch’® has noted that it takes several months for a new steady
state to be achieved, and has recommended a wait of up to 4 months
before creatinine values are used to assess renal function. So far, all
published trials have used creatinine values to assess the effect of
dietary treatment from the start of low-protein diets. If early
changes in creatinine values are included, this may give a falsely
encouraging impression of renal function improvement. Since
several of the research groups have examined only the effect of 6
months’ dietary treatment, their results may well represent changes
in creatinine metabolism rather than in renal function. In advanced
renal failure a substantial proportion of the creatinine is not
excreted in the urine but is lost extra-renally, possibly being
degraded in the gut;'® this fact has also been ignored.

Clearly, direct measurement of glomerular filtration is more
religble than measurement of plasma creatinine. Creatinine
clearance testing is subject to error, and glomerular filtration can be
overestimated where there is poor renal function due to glomerular
disease.?! Changes in creatinine clearance may result from
variations in dietary protein intake;*>? these could be secondary to
changes in renal tubular handling of creatinine associated with low-
protein or high-protein diets?* and are not necessarily due to
changes in glomerular filtration. Combined urea and creatinine
clearances correlate better with values obtained with inulin.?

Only one group of investigators has consistently provided data on
changes in creatinine clearance before and after various diets: in this
study dietary protein restriction did not significantly improve renal
function; only when severe phosphorus restriction was combined
with nitrogen restriction was the slower rate of decline in renal
function significant,?

Isotope measurements might be the best way to assess renal
function, but reliance on plasma measurements alone after a single
dose might lead to an overestimate of glomerlular filtration rate.?’
Paired urine collections and plasma samples are therefore essential.
None of the groups who have claimed benefit from a low-protein
diet measured renal function isotopically.

IS THERE A PLACEBO EFFECT IN DIET TRIALS?

Bergstrom et al?® have shown that frequent clinic visits have a
beneficial effect on the rate of decline of renal function. It is likely
that regular monitoring of calcium and phosphate metabolism,
hypertension, and urinary tract infections will lead to improved
renal function. In some of our patients renal function has apparently
stabilised after transfer to a special renal clinic, without any great
change in treatment (fig 1B). In very few published trials have
patients been monitored at comparable intervals or for the same
observation period before and after treatment with low-protein diet.



598 THELANCET,MARCH]15, 1986
100 A bl . 100 ¢
"
[]
. o ] = - - . 4
3 70 o i i
‘5 | ,: e ! .
2 Fl s als®"s = v
: " F »® o 00 : *
5 40 4 [ ] 5 20 * ... E “1 H
§ a = as = -t P ° * s o "a ant?
=~ % 4 'Y -~ 3 . '
e o & o e 4 -~ L ]
2 4 10 4 2 4 "“"00
. R
T PR 3 T . T s ] v l/ y a4 s 1 v R L] s
YEARS YEARS TRARS

Fig 1--Long-term indices in patients with renal failure.

(A) Reciprocal of serum creatinine plot against time of 2 patients with non-progressive chronic renal failure. (B) 2 patients whose rates of decline in renal function
changed upon more frequent outpatient follow-ups. (C) 2 patients whose rates of decline in renal function changed spontaneously. Creat=creatinine.

HAVE THERE BEEN ANY CONTROLLED STUDIES?

The paper by Rosman et al'° is the only published prospective,
randomised trial of low-protein diet in CRF. Although their patient
groups appeared comparable, there was no assessment of
proteinuria or rate of progression at the outset. Moreover, the
numbers of age and sex matched patients for each diagnosis were
small, and there were no data on glomerular filtration rate. Rosman
et al claimed benefit with dietary protein restriction, but their
conclusion has been challenged.?

Many groups have claimed benefit on the basis of inadequate or
non-existent controls. In some trials the effect of protein restriction
was assessed prospectively in patients with varying degrees of renal
failure, the control groups being recruited retrospectively.%’ In
other studies results were compared before and after treatment,!1+26
but the frequency of observations and time before and after
treatment have often béen far from equal.?® Other “controls” have
been patients treated in different hospitals, by different
physicians;*® some workers have taken as controls the patients who

- refused or would not comply with low-protein diet.! In CRF,
patient and control groups should be matched for age, sex,
diagnosis, degree of renal failure and proteinuria, rate of
progression, and presence or absence of other adverse factors such
as uncontrolled hypertension. Sufficient numbers of adequately
matched patients can be obtained only in multicentre trials.

WHEN SHOULD A LOW-PROTEIN DIET START?

It is often stated that low-protein diets are most beneficial when
introduced early.? Some workers even recommend starting dietary
protein restriction when serum creatinine exceeds 150 umol/1.*
There are no good data to substantiate these claims. The only study
in which early and late protein restriction were compared had many
of the shortcomings discussed earlier, including inadequate
controls. Linear regression analysis was used to assess progressive
renal failure when plasma creatinine levels were between 150 and
200 umol/], but there is doubt about the method at this level of renal
failure.'>!? Finally, the rate of progression of CRF was not assessed
before low-protein dietary treatment. The least affected group could
have been progressing more slowly before the start of treatment.

WHICH LOW-PROTEIN DIET?

Unfortunately the number of different diets tried in CRF is nearly
equal to the number of reported studies: {)rotein intake has ranged
from 0:6 to less then 0-2 g/kg per day.” The very low nitrogen
intakes have usually been supplemented by essential aminoacids
(EAA) alone or in combination with ketoacid analogues (KAA).
Several different formulations of aminoacids and ketoacids have
been proposed. All restricted protein diets have a low calcium
content and below 05 g/kg per day deficiencies of other substances
such as iron and zinc may occur. Moreover, once dietary protein is

restricted it is essential to maintain an adequate calorie intake. As
much as 50 kcal/kg per day may be required in patients on severely
restricted diets.! In several trials the calories supplied are not
specified® while in others, patients were not allowed enough
calories for optimum use of the limited protein intake.

Might phosphorus restriction contribute to the beneficial effect of
a low-protein diet? In animals, phosphorus restriction was believed
tohave little effect on the progression of CRF and renal scarring; its
influence seemed to be mediated by anorexia and the consequent
reduction of protein intake.>* However, recent data suggest that
phosphorus restriction is synergistic with protein restriction in the
prevention of severe renal scarring and CRF in animals®® and in
man.%

There is controversy also about supplementation of low-protein
diets with EAA or KAA: in the very few studies in which
supplemented diets have been compared with unsupplemented,
nitrogen intakes differed, and the results are difficult to
interpret.3%37 Therefore, the claimed additional benefit from EAA
could well be attributed to a reduction in nitrogen intake. Most
studies of the effect of EAA supplementation on the pro§ression of
CRF were short-term, from a few weeks to 6 months’®>’ —ie, not
long enough for assessment of changes in glomerular filtration.

There are similar shortcomings in the few published studies on
the effect of KAA supplementation. In a long-term study Mitch et
al*2 have reported beneficial effects of KAA supplementation on the
progression of CRF, but their earlier studies with the same diet have
been severely criticised.’® Not only are there no data showing any
advantage of such KAA supplements to the conventional low-
protein diet, but also there is evidence that severe muscle wasting
can occur in children®® and in adults'® on the supplemented diets.
Changes in muscle mass and creatinine production and metabolism
could explain the reported fall in plasma creatinine values. Mitch et
al*? did not provide anthropometric data on their patients, andserial
plasma creatinine measurement alone is clearly an inadequate index
of renal failure on such a restricted diet. Prospective, randomly

_ allocated trials are needed to evaluate further the possible benefit of

dietary aminoacids in the management of CRF.

HOW SHOULD COMPLIANCE BE ASSESSED?

Strict adherence to a low-protein diet is demanding of the patient
and his family, so the clinician must try to assess compliance. qu
the patient the most accurate method of controlling dietary intake 1§
probably to weigh all meal portions for a few days every month, but
this is tedious. Dietary questionnaires and interviews seem to bea
satisfactory method of assessment, provided that they are conducted
by an experienced dietitian.®* Both patient and spouse should be
interviewed. A four-day dietary history is usually adequate and
correlates well with the true dietary intake.

In general, although dietary recalls and interviews are us}xally
satisfactory, more objective ways of assessing patient compliance
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should also be used. The plasma urea/creatinine ratio has been
suggested®! but is subject to the errors discussed earlier. Urea
nitrogen appearance is probably the best guide to nitrogen intake,*?
but only one study of the progression of CRF has provided serial
data for assessment of compliance.!!

WHAT ARE THE RISKS OF A LOW-PROTEIN DIET?

The most serious hazard of dietary protein restriction is
malnutrition. Therefore it is very important to avoid muscle-
wasting in patients on a low-protein diet. In patients on dialysis,
morbidity is largely related to physical fitness at the start of
replacement therapy.*> It would be a great disadvantage if the
postponement of dialysis therapy secured by treatment with a low-
protein diet was paid for by loss of fitness at the time dialysis is
started.

In experimental CRF, the beneficial effect of a low-protein diet on
progressive renal failure is often accompanied by some muscle-
wasting and malnutrition.* However, we have shown that growth
can be maintained if adequate calories, minerals, and vitamins are
provided.s In children with CRF there is a similar dilemma
because severe protein restriction can also retard growth®*—an

, unacceptable price to pay for a few months’ delay in the initiation of
dialysis. In adults we have observed a serious depletion of ;)rotein
stores in some patients treated with a very low-protein diet!® (figs 2
and 3).

HOW SHOULD NUTRITIONAL STATUS BE ASSESSED?

Clinical and biochemical assessments of nutrition are mandatory
for all patients on low-protein diets. Anthropometric measurements
of muscle mass (protein stores) and skinfold thickness (fat stores) are
accurate and reproducible,*¢ but unfortunately such measurements
have seldom been made on patients treated with low-protein diets.
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Fig 2—Effects oflow-protein diet supplemented with EAA and KAA in
two patients.

MAMC=mid-arm muscle circumference. S. creat=serum creatinine.
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Fig 3—Results in a patient on a very low-protein diet supplemented
with EAA and KAA
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Instead the patient’s weight is recorded and monitored*>—an
unreliable means of assessing body solids in advanced ureamia.#’
As to the biochemical indices, serum albumin, transferrin,
complement, and retinol-binding protein have been used to monitor
nutritional status;*$ unfortunately, most of these do not indicate
early changes in nitrogen balance, and retinol-binding protein is
raised in renal failure. We have observed substantial muscle loss
without change in serum albumin and transfertin'® (fig 3). Urinary
excretion of 3-methylhistidine has been used as a measure of muscle
protein breakdown,*® but is dependent on the degree of renal
failure*® and the dietary protein intake.’ Combined serial
anthropometric and biochemical measurements probably offer the
best approach.

WHAT IS THE COST OF A LOW-PROTEIN DIET?

If long-term dialysis is postponed by treatment with low-protein
diets there will be a considerable cost saving. However, dietary
restriction has its price. Firstly, it requires the skills of a renal
dietitian. Secondly, dietary restrictions and adjustments require
commitment from both patient and family. Exclusion of normal

be prepared, at extra expense. Finally, supplementation with EAA
or KAA can cost up to £500/patient per year.
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RECOMMENDATIONS FOR FUTURE STUDIES

The case for low-protein diets in CRF is not established in man.
For further study we make the following recommendations. (1).
Patients should be proven to have progressive renal failure with no
obvious reversible factor before administration of a low-protein
diet. (2). The rate of decline of renal function should be assessed
over several months. This will allow for the placebo effect and
ensure treatment of conditions such as hypertension. (3). Renal
function should be monitored by isotopic clearances. (4).
Assessment of nutrition should include anthropometric and
biochemical measurements. (5). Patient compliance should be
assessed by an experienced dietitian and also by the measurement of
urea nitrogen appearance. (6). If a randomised trial is undertaken,
groups of patients should be matched for age, sex, diagnosis, rate of
progression, degree of renal failure, hypertension, and proteinuria.
Control and experimental diet groups should be treated and
followed up in the same way, and should be kept apart at clinics to
prevent inadvertent “crossover” of diets. (7). In future trials we
would favour the less restricted diets (standard 0-6 g/kg protein
intake) since they are a more realistic option for large-scale use. (8).
Follow-up should be for at least two years.

We thank A. M. Davison for allowing us to quote data from the MRC
Glomerulonephritis Registry.
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Child Health

COST OF NEONATAL INTENSIVE CARE
FOR VERY-LOW-BIRTHWEIGHT INFANTS
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Summary A detailed costing of the Mersey regional

= neonatal intensive care unit was made for
1983 (at 1984 prices) for three levels of care; costs per
inpatient day were £297, £138, and £71 for intensive, special,
and nursery care, respectively. Regression of ungrouped
patient-specific costs against birthweight showed the
explanatory power of birthweight to be negligible. The
average cost per very-low-birthweight (<1500 g) infant was
£4490 for a survivor and £3446 for a non-survivor. A similar
study elsewhere showed an almos¢ six-fold difference in cost
between survivors and non-survivors. It is postulated that
medical management policy largely determines this
difference and is crucial to any investigation of cost-
efficiency.

-

Maschio G, Oldrizzi L, Tessitore N, et al. Effects of dietary protein and ph
restriction on the progression of early renal failure. Kidney Int 1982; 22: 371-76.

. Davison AM, Cameron JS, Kerr DNS, et al. The natural history of renal function in
untreated idiopathic membranous glomerulonephritis in adults. Clin Nephrol 1984;
22: 61-67.

. Arze RS, Ramos JM, Owen JL, et al. The natural history of chronic pyelonephritis in

the adult. Quart ¥ Med 1982; 204: 396-410.

Oldrizzi L, Rugin C, Valvo E, et al. Progression of renal failure in patients with renal

disease of diverse etiology on protein restricted diet. Kidney Int 1985; 27: 553~57.

. Idelson A, Smithline N, Smith G, Harrington JT. Prognosis in steroid treated
idiopathic nephrotic syndrome in adults. Arch Intern Med 1977; 137: 891-96.

. Kincaid-Smith P, Becker G. Reflux nephropathy and chronic atrophic pyelonephritis.
A review. ¥ Infect Dis 1978; 138: 774-80.

10. Rosman JB, Meijer S, Sluiter WJ, et al. Prospective randomised trial of early dietary

protein restriction in chronic renal failure. Lancer 1984; ii: 1291-95.

11. El Nahas AM, Masters-Thomas A, Brady SA, et al. Selective effect of low protein diets
in chronic renal diseases. Br Med 7 1984; 289: 1337-41.

12. Mitch WE, Walser M, Buffington GA, et al. A simple method for estimating

progression of chronic renal failure. Lancer 1976; ii: 1326-28.

. Rutherford WE, Blondin J, Miller JP, et al. Chronic progressive renal disease: rate of
change of serum creatinine concentration. Kidney Int 1977; 11: 62-70.

14. Ledingham JGG, Hart G. The optimum time to start regular haemodialysis. In:

Davison AM, ed. Dialysis review. Philadelphia: JB Lippincott, 1978: 22-31.
15. Oksa H, Pasternack A, Luomala M, et al. Progression of chronic renal failure. Nephron
1983; 38: 31-34,
Mitch WE. The influence of the diet on the progression of renal insufficiency. Annu
Rev Med 1984; 35; 249-64. .

17. Bleiler RE, Schedl HP, Creatinine excretion: variability and relationships to diet and
body size. ¥ Lab Clin Med 1962; 59: 945-55.

18. Mitch WE, Collier VV, Walser M. Creatinine metabolism in chronic renal failure. Clin
Sci 1980; §8: 327-35.

19. Lucas PA, Meadows JH, Roberts DE, Coles GA. The risks and benefits of a low
protein-essential amino acid-keto acid diet. Kidney Int (in press).

20. Gutierrez A, Qureshi A, Bergstrdm J. Influence of meat-free diet on the urinary
excretion of 3-Methyl Histidine (3MH) and creatinine (Cr) in chronic renal failure.
Kidney Int 1985; 28: 289 (abstr).

. Shemesh O, Golbetz H, Kriss JP, Myers BD. Limitations of creatinine as a filtration
marker in glomerulopathic patients. Kidney Int 1985; 28: 830-38.

22. Barsotti G, Morelli E, Giannoni A, et al. Effects of low protein diets on creatinine

clearance of normals and chronic uracmics, Kidney Int 1984; 28: 498 (abstr).

23. Fonseca V, Weerakoon J, Mikhailidis DP, et al. Plasma creatinine and creatinine
clearance of normals and chronic uraemics. Kidney Int 1984; 28: 498 (abstr).

24. El Nahas AM, Gornacz G, Hutchings V, et al. Effects of dietary protein on renal
haemodynamics. Clin Sci 1984; 68: P36 (abstr).

25. Lubowitz H, Slatopolsky E, Shankel S, et al. Glomerular filtration rate. JAMA 1967;
199: 100~04.

26. Barsotti G, Giannoni E, Morelli E, et al. The decline of renal function slowed by very
low phosphorous intake in chronic renal patients following a low nitrogen diet. Clin
Nephrol 1984; 21: 54-59.

27. Cohen ML. Radi lide cl hniques. Semin Nuc Med 1974; 4: 23-38.

28. Bergstrdm ], Alvestrand A, Bucht H, Gutierrez A. Progression of chronic renal failure.

(CRF) is rerarded by more frequent clirical follow ups. Kidney In: 1985; 28: 283

{abstr).

v

o

~

oo

w

—
w

1

o

2

References continued at foot of next column

A. EL NAHAS AND G. COLES: REFERENCES —continued

29. Bock HA, Brunner FP. Dietary protein restriction in chronic renal failure. Lancer 1985;
i: 465.

30. Gretz N, Korb E, Strauch M. Low protein dict supplemented by keto-acids in chronic
;enal failure: a prospective controlled study. Kidney Int 1983; 24 (supp! 16):

263-67.

31. Giordano C. Prolongation of survival for a decade or more by low protein diet. In:
Giordano C, ed. Uremia: pathobiology of patients treated for ten years or more.
Proceedings of the third uremia conference. Milan: Wichtig Editore, 1981: 1-7.

32. Mitch WE, Waiser M, Steinman TL, et al. The effects of a keto acid-amino acid
supplement 1o a restricted diet and progression of chronic renal failure. N Engl §
Med 1984; 311: 623-29.

33, Walser M, Coulter AW, Dighe §, et al. The effect of keto-analogues of essential amino
acids in severe chronic uraemia. J Clin Invest 1973; 52: 678-90.

34. Laouari D, Kleinknecht C, Cournot-Witmer G, et al. Beneficial effect of low
phosphorous diet in uraemic rats. Clin Sci 1982; 83; 539-48.

35. Kikuchi K, Marsushita T, Hirata K. Improved dietary treatment with low protein and
phosphorous restriction in uremic rats, Kidney Inz 1983; 24 (suppl 16): $254-558.

36. Kampf JD, Fischer HC, Kessel M. Efficacy of an unselected protein diet (25 g) with
minor oral supply of essential amino acids and keto analogues compared with 2
selective protein diet (40 g) in chronic renal failure. Am J Clin Nurr 1980; 53:
1673-717.

37. Barsotti G, Morelli E, Musso §, et al. Hyperphosph ia: a possible cause of chronic

renal failure. In: Giordano C, ed. Uremia: pathobiology of patients treated for ten
years or more. Proceedings of the third uremia conference. Milan: Wichtig Editore,
1981: 21-24.

. Giordano C. Amino-acids and keto-acids—advantages and pitfalls. Am § Clin Nuir
1980; 33: 1649-53.

Broyer M, Guillot M, Niandet P, ct al. Comparison of three low nitrogen diets
containing essential amino acids and their alpha analogues for severely uraemic
children. Kidney Int 1983; 24 (suppl 16): $290-94.

40. Kopple ]D, Roberts CE, Grodstein GP, et al. Low protein diets and the non-dialysed
uraemic patient. In: Avramed MM, ed. Prevention of kidney discase and long term
survival. New York, London: Plenum Medical Book Co, 1982: 3~22.

. Kopple JD, Colwin JW. Evaluation of chronic uremia. Importance of serum urea
nitrogen, serum creatinine and their ratio. JAMA 1974; 227: 41-44.

. Grodstein G, Kopple JD. Urea nitrogen appearance, a simple and practical indicator of
total nitrogen output. Kidney Int 1979; 18: 953 (abstr).

43. Degoulet P, Reach I, Aime F, et al. Risk factors in chronic haemodialysis. Proc EDTA

1980; 17: 149-54.

Kleinknecht C, Salusky I, Broyer M, et al. Effect of various protein diets on growth,
renal function and survival of uracmic rats. Kidney Int 1979; 15: 534-41.

. El Nahas AM, Paraskevakou H, Zoob S, et al, Effect of dietary protein restriction on the
development of renal failure after subtotdl nephrectomy in rats. Clin Sei 1983; 65
399-406. '

46. Blumenkrantz MJ, Kopple JD, Gutman RA, et al. Methods of assessing autritional

status of patients with renal failure. Am J Clin Nutr 1980; 33: 1567-85.

47, Coles GA. Body composition in chronic rena! failure. Quarr ¥ Med 1972; 412 25-47.

48. Long DL, Haverberg LM, Young VR, et al. Metabolism of 3-Methyl Histidine in man.
Metabolism 1975; 24: 929-34, "

49. Whitehouse S, Katz N, Schaffer G, Kluthe R. Histidines and renal function. Ciin
Nephrol 1975; 3: 24-27. .

3

13

3

©

4

_

4

N

4

>

4

3



