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Is the dietary protein restriction achievable in chronic kidney disease?
The impact upon quality of life and the dialysis delay
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Abstract

The possible deleterious effect of meet consumption upon deterioration of renal disease was speculated from Lionel
Beale as early as 1869. The first attempt to apply a very low protein diet in humans is attributed to Millard Smith who
prescribed a diet consisting of 300 mg protein per day in a volunteer medical student for 24 days. Unfortunately, in early
20" century, prescribing very low protein diets among patients suffering from renal disease complicated with malnutri-
tion and the medical practice of this era turned to the recommendation of high protein diets because it was believed that
protein consumption is coupled with the strength of civilized man. In mid sixties Giordano and Giovanetti introduced
low protein diets in the treatment of uremic patients but their efforts did not accepted from the medical community.
Meanwhile the evolution of haemodialysis, peritoneal dialysis and transplantation as effective methods of treating end
stage renal disease guided doctors and patients far from privative diets in the era of plenty. The rapidly increasing num-
ber of end stage renal disease patients needed substitution of renal function produced a tremendous increase of financial
burden upon public health system expenditure and alternative measures of therapy, prevention and delaying chronic
kidney disease searched. Unfortunately MDRD study failed to show convincing results of food protein restriction and
blood pressure lowering in ameliorating deterioration of renal function and the majority of physicians turned to the prac-
tice of early dialysis in an attempt to avoid malnutrition. Despite the increasing knowledge and the appliance of certain
guidelines in treating end stage renal disease patients, the morbidity and mortality remain high among this population.
The search toward other possible toxic substances showed that phosphorus consumption with diet is another danger-
ous element exerting its deleterious effect in deteriorating renal function as well as increasing morbidity and mortality.
Recently published epidemiological data suggest a very poor outcome of elderly patients, older than 80 years of age,
undergoing substitution of renal function by dialysis or peritoneal dialysis and a lot of skepticism arise concerning the
beneficial effect of diet and a rigorous effort of rehabilitation of these patients instead of substitution of renal function by
either method. Hippokratia 2011; 15 (Suppl 1): 3-7
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The role of low protein diets (LPDs) and phosphorus
in chronic kidney disease (CKD).

Dietary protein restriction as a therapeutic measure in
kidney disease has been introduced by Lionel S. Beale as
early as 1869. Beale suggested protein restriction based
upon the knowledge that the human organism metabo-
lizes proteins to urea which is cleared from the kidney,
therefore protein restriction ameliorates “kidneys work”
and may protect them from further damage'.

Very low protein diets were examined experimentally
in humans by Millard Smith as early as 1926. He applied
a very low protein diet, consisting mainly of carbohydrates
and fat, in a volunteer medical student for 24 days. The
diet provided a daily nitrogen intake of about 300 mg and
4000 caloriesThe only symptom experienced by the volun-
teer was nausea which subsided by the use of low nitrogen
bread prepared from corn starch, India gum, yeast, sugar
and salt. One year later Smith applied a very low protein
diet (0,26 g/kg/day) in an azotemic patient for six months?.

It has to be passed more than half a century (1931),
after Beale’s suggestion, when Newburgh LH showed
that high nitrogen diets produce renal injury in rats. It
is worthy to emphasize that these experiments showed
no deleterious effect of pure protein (casein) upon kid-
neys and it was necessary to feed rats with animal tissues
(dried liver or bovine muscle) in order to produce kidney
damage®. After that, Lois L. MacKay and Thomas Ad-
dis showed that high protein diet as well as unilateral ne-
phrectomy produces renal hypertrophy in rats. The renal
size of two kidneys rats as well as the uninephrectomized
rats was proportional to the amount of protein fed*.

Although there was a considerable amount of evi-
dence suggesting beneficial effect of low protein diet
upon evolution of renal disease, the therapeutic efforts
of physicians toward this direction ceased until the sec-
ond half of 20™ century, mostly because the two seniors
on renal physiology of this period, namely Homer Smith
and John P. Peters, did not accept the causative relation
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between protein consumption and renal disease. On the
other hand the advent of Second Word War turned the
interest of physicians far from diets and after war termi-
nation new fields of investigation upon the cellular level
emerged’.

It was in the mid sixties when Giordano and Giovanet-
ti showed that nitrogen free diets enriched with essential
amino acids were capable to maintain nitrogen balance
among uremic patients and more important to minimize
or revert uremic symptoms'~, but unfortunately there is
scant literature evaluating the clinical appliance of Gior-
dano-Giovanetti diet among patients with chronic kidney
disease during this period. The underlying mechanism
of low protein diet’s beneficial effect upon renal damage
remained obscure until mid seventies when Shimamura
and Morrison described the glomerulosclerosis occurring
in 5/6 nephrectomized rats and attributed to hyperfiltra-
tion of the remnant nephrons®. The final solution of the
relationship between protein consumption and kidney
damage came from Barry M. Brenner and colleagues in
1979 with their experiments upon 5/6 nephrectomized
rats. These investigators showed that the remnant neph-
rons increased single nephron glomerular filtration rate
(snGFR) and developed glomerular and mesangial le-
sions which could be prevented by reducing the amount
of protein feeding®.

Accumulation of data at the beginning of eighties
was enough to support an extensive implication of diet
in treating renal diseases but, haemodialysis, peritoneal
dialysis and renal transplantation facilities developed
quickly during this period and physicians and patients
unwillingness to be conformed under the requirements of
food deprivation in the era of plenty swamped again the
role of diet in treating the so called degenerative diseases.
After that an enormous increase of the expenditures sup-
porting these modalities of therapy exceeded any expec-
tation of health providers and more importantly morbid-
ity, mortality and life quality of these patients remains
questionable until nowadays.

Under these circumstances, in 1989, the National Au-
thorities of USA together with an expert advisory group
of academic nephrologists sponsored and conducted a
multicenter prospective study known as Modification
of Diet in Renal Disease (MDRD) study in order to test
the hypothesis that dietary protein restriction and blood
pressure lowering are capable to slow the progression of
renal disease among 1.840 patients with various stages
of chronic kidney disease. The results of this study, pub-
lished in 1994, showed that dietary protein restriction has
a slight beneficial effect upon declining of renal function
only among patients with moderate renal insufficiency
and blood pressure lowering proved be beneficial only
among patients with albuminuria greater than one gram
per day’.

Recently the recognition of phosphorus as an in-
dependent risk factor for cardiovascular disease even
among non chronic kidney disease patients as well as a
risk factor for rapid deterioration of renal function among

non dialysis patients and experimental animals put the
set of investigation in another direction independent of
protein diet and energy consumption®?. It is believed that
in CKD the increased reabsorption of filtered phosphate
in proximal tubules forms calcium-phosphate crystals,
which precipitates in tubular cells mitochondria, inter-
stitium and capillaries aggravating renal damage known
as the “precipitation-calcification hypothesis”!®. More
over the recent discovery of the critical role of FGF-23
and klotho protein in phosphate homeostasis!'" indicate
toward the possibility that inorganic phosphate may be
a toxic element for our vessels, our heart and our kid-
neys’.

Chronic kidney disease: the problem of “timely
initiation” of diet and adequate energy intake

Evaluation of LPDs in slowing the deterioration of
renal function in chronic kidney disease exhibits a lot of
difficulties. First of all recruit of subjects encompass di-
verse age groups with various degrees of renal failure.
The etiology of renal failure is not uniform and the com-
mencement of dietary intervention is probably too late
in contrast with experimental animals where the protein
restriction is applied immediately after the establishment
of renal damage. The compliance of patients restricting
the daily protein intake is poor and in the majority of
trials the amount of protein ingested is greater than that
prescribed. Even more if supplemental ketoacids-amino
acids are prescribed there is a considerable difficulty in
providing these products and the deleciousness of diets
is an additive trouble. Another problem is the sufficient
amount of daily energy intake in terms of calories in or-
der to avoid malnutrition'?.

The merely disappointing results of MDRD study
misinterpreted from the majority of physicians as failure
of diet in slowing the deterioration of renal function in
CKD. Careful interpretation of the results showed that
patients with glomerular filtration rate of about 40 ml/min
showed a GFR reduction of only 3 ml/min per year. This
finding means that if it was possible to commence dietary
protein restriction and optimal blood pressure control
from the inception of disease these patients would need
about 20 to 30 years to achieve a GFR of 40 ml/min plus
an additional time interval to the end stage of renal fail-
ure.lt is obvious that the majority of these patients could
not be alive then because of an advanced age'>!'*

Further analysis of the MDRD study results showed
that the very low protein diets (0,28 g/kg/day) with or
without supplemental ketoacids — amino acids did not of-
fer any significant advantage to the low protein diets (0,6
g/kg/day). Patients compliance with low and very low
protein diets was unsatisfactory achieving an estimated
protein intake of about 0,73 - 0,77 g/kg/day in LPDs and
0,48 g/kg/day in very low protein diets. The daily amount
of phosphorus intake was estimated to be at the level of
16-20 mg/kg/day in usual diet, 5-10 mg/kg/day in LPDs
and 4-9 mg/kg/day in very low protein diets. Although
LPDs showed only a marginal effect upon declining of
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renal function compared to the usual protein diets (1,3 g/
kg/day) the LPDs consuming patients showed a reduction
in uremic symptoms and a much lower GFR at the begin-
ning of haemodialysis or transplantation. The results of
MDRD study as well as newly published data showed
that LPDs are well tolerated, effective in achieving better
metabolic control with fewer drug requirement without
evidence of malnutrition'*".

Participants in MDRD study were non-diabetic pa-
tients.There is scant literature concerning the effect of
LPD diets among diabetics type I or I with CKD. Re-
cently a meta-analysis of eight RCTs comparing the re-
sults of LPDs in 519 diabetic patients, either type I or
II, and various degrees of CKD, showed no significant
effect of LPDs upon decline of GFR or creatinine clear-
ance, while a significant effect upon lowering of HbAlc
and albuminuria was found'®. The editorial comment by
Kopple JD upon this meta-analysis emphasizes the limi-
tations of RCTs among diabetic patients because of the
poor compliance in LPDs, the rationale of treating these
patients with ACEIs or ARBs and the recent implementa-
tion of high-protein low carbohydrate diets among diabet-
ics before the establishment of kidney disease. The editor
conclude that although there is no convincing evidence of
beneficial effect of LPDs upon evolution of diabetic ne-
phropathy he advice the use of low protein diets in these
patients and according to his experience a proportion of
about 15 % of patients are capable to accept conveniently
LPDs".

According to the United States Renal Data System
(USRDS) 11 % of new patients achieving end stage renal
disease are older than 70 years of age and the mortality
rate in the first year is 35 %, while the mortality rate
among patients older than 80 years of age exceeds 50 %
the first year after initiation of dialysis's. More recently
a survey of functional status of elderly patients initiating
dialysis therapy in US showed that among 3,577 resi-
dents of nursing home, mean age 73,4 £+ 10,9 years, the
cumulative mortality rate was 58 % at 12 months and
only 13 % retained their functional status the remainder
87 % had died or worsening their functional status'. On
the other hand in a letter to the editor Jassal SV et all re-
ported similar results among their patients initiating hae-
modialysis or peritoneal dialysis®. After that it is ques-
tionable whether it is better to maintain these patients in
a low protein diet and a rigorous effort of rehabilitation
or to initiate substitution of renal function either with
dialysis or peritoneal dialysis. The results from the Diet
or Dialysis in the Elderly (DODE) study, on behalf of
the National Health System of Italy, proved the safety
and efficacy of supplemented very low protein diet in
postponing dialysis for a median of 12 months among
patients older than 70 years of age and GFR levels 5
- 7ml/min?'. Further analysis of the cost benefit of this
study showed a considerable reduction in expenditures
at the level of 21,180 €/patient for the first year, 6,500
€/patient for the second year and 682 €/patient for the
third year?.

Diets in Chronic Renal Disease: low protein
or low phosphate?

The role of dietary phosphorus intake in the progres-
sion of CKD was assessed as early as 1978 by Ibels et al
in experimental animals. These investigators showed the
beneficial effect of low phosphate diet upon evolution of
renal damage in remnant nephrons among 7/8 nephrec-
tomized rats?®. Two years later Haut LL et al conducted
a well controlled trial in rats and showed that increased
phosphorus intake is coupled with considerable nephro-
toxicity which can be avoided by dietary phosphorus re-
striction or administration of phosphate binders by means
of reducing the amount of phosphate filtered in renal tu-
bules. The main histological finding was the deposition
of calcium phosphate in renal tubules and concluded that
tubular calcification was the result of increased phos-
phate excretion per functional renal unit rather than blood
phosphate level?.

Soon there after Maschio et al and Barsotti et al re-
ported their results upon the beneficial effect of low-pro-
tein and low-phosphate diets on the progression of renal
failure among patients with CKD?*%*, Based upon cumu-
lated data Kai Lau expressed the “precipitation-calcifica-
tion hypothesis” as the main mechanism of renal damage
by phosphorus. According to this hypothesis, the filtered
load of phosphorus per renal tubule increases, as a conse-
quence of increased blood phosphate level and increased
snGFR, leading in an increased tubular lumen phospho-
rus burden and concomitant transepithelial phosphate
traffic. In case of CKD the concomitant increase of PTH
level leads to increased calcium filtration and reabsorp-
tion, which leads to calcium phosphate crystal formation
precipitated in epithelial cells and peritubular space with
resultant inflammation and fibrosis. Thus any effort to
decrease the burden of phosphorus filtered in urine is of
outmost importance in alleviating the perpetuation of re-
nal damage in CKD'.

The mere effect of phosphorus upon evolution of renal
damage is difficult to be assessed because the reduction in
phosphate intake is coupled with reduction in protein intake
and so the interplay of these tow measures in ameliorating
renal damage can’t be avoided. Kusano K et al investigated
the effect of various diets containing graded amount of pro-
tein and phosphorus in irreversible Thy 1 rats (experimen-
tal animals similar to IgA nephropathy). They applied six
isocaloric diets containing 16,9 %, 12,6 % and 8,4 % pro-
tein supplemented with either 0,5 % or 0,3 % phosphorus,
respectively. The results showed that among usual phos-
phate diets (0,5 %) only the very low-protein diet (8,4 %
protein) had a protective effect upon deterioration of renal
function. On the contrary all low-phosphate diets (0,3 %),
irrespective of protein content, exhibited a protective effect
upon declining of renal function and more importantly they
showed that low-phosphate diets were coupled with low
PTH levels?.

Upon clinical grounds the results of PREPARE study
showed that phosphate levels among 448 pre-dialysis pa-
tients (kidney disease stage IV-V) was inversely corre-
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lated with the decline of renal function and mortality rate
of these patients®. Each mg/dl phosphate increment was
associated with an increase in loss of renal function by
0,154 ml/min/month (95 % CI: 0,071 — 0,237) and an in-
crease in mortality risk by 1,25 (95 % CI : 1,02 —2,59). In
another study Kestenbaum B et all examined a cohort of
3490 patients with CKD, from the Veterans Affairs Medi-
cal Centers, and found a positive correlation between
phosphorus levels and myocardial infarction (MI) and
death. The detailed results of this study showed that each
mg/dl increment in phosphorus level produced a 35 % in-
crease in the risk for MI (HR 1,35; 95 % CI : 1,09 — 1,66)
and a 28 % increase in the risk for death plus nonfatal MI
(HR 1,28; 95 % CI : 1,16 — 1,4). More importantly these
investigators found that the cutoff point of phosphorus
level which produced a statistically significant increase
in the risk of death was 3,5 mg/dI?®. Take in account that
K/DOQI guidelines concerning the target for phosphorus
levels in CKD stage III - IV are recommend to be lower
than 4,6 mg/dl and the daily amount of dietary phospho-
rus should be restricted to 800 — 1000 mg/day it seems
likely that a revision of guidelines may be needed in the
view of later findings concerning the toxic effect of phos-
phorus upon heart and the kidney.

The mechanism by which phosphate burden produces
nephrotoxicity and cardiotoxicity is until now obscure but,
it seems likely that the precipitation-calcification hypoth-
esis is sufficient to explain the vascular and interstitial ma-
trix calcification of the kidney as well as calcification of
coronary arteries and cardiac muscle fibrosis. Moreover
experimental studies showed that increased phosphorus
concentration is capable to produce transformation of
vascular smooth muscle cells to bone forming cells’. In
case of CKD, reduction of GFR under 60 ml/min/1,73m?,
phosphate levels produce an increase in PTH levels and a
decrease in 1,25(0OH),D levels. It is well known that in-
creased PTH levels are consisted with cardiac hypertrophy
and an increase in the risk for cardiovascular and all causes
mortality*®. On the other hand a decrease in 1,25(0OH),D
levels has shown to be correlated with coronary artery cal-
cification even among patients without CKD%.

Under the light of recent discoveries it is possible
that the common link between all these abnormalities is
the FGF23 and klotho protein''. FGF23 is a potent phos-
phaturic substance which inhibits the sodium-phosphate
cotransporter in proximal tubules and produces hypo-
phosphatemia in experimental animals and humans.It
is also a potent suppressor of 1,25(0OH),D synthesis by
inhibiting the 1a-hydroxylase which converts 25 (OH)D
to 1,25(0OH),D.In order FGF23 to exert it’s phosphatu-
ric action in the kidneys needs the presence of klotho
protein, an anti-aging protein, as a cofactor. It is pos-
sible that in early stages of CKD the increased burden
of phosphate produces an increase in FGF23 produc-
tion in order to increase phosphate clearance from the
kidneys but concomitantly decreases the production of
1,25(0H),D in an attempt to normalize the phosphate
levels. This goal is achieved only in the early stages of

CKD but as renal function declines it is impossible to
counteract the increased phosphate burden as a conse-
quence of very low number of functioning nephrons and
the blood phosphate levels increase with a consequent
increase of PTH levels®. The above defined alterations
describe the full blown picture of secondary hyperpara-
thyroidism, renal osteodystrophy, vascular and soft tis-
sue calcification and heart damage which accompanies
the evolution of CKD.

It is obvious that the restriction of phosphate burden
in patients with CKD, and not only, is of outmost im-
portance in alleviating renal damage and the accompany-
ing disorders of other organ’s function.There is one more
problem appearing from the content of food phosphorus
by means of the additives used by manufacturers and
providers of commonly used foods. Increasing evidence
suggest that beyond the amount of phosphorus contained
in low-protein diets there is an additional phosphorus
quantity ingested by patients with the food additives such
as disodium phosphate, monosodium phosphate, potas-
sium triphosphate, sodium acid phosphate, sodium hexa-
methaphosphate, sodium tripolyphosphate, tetrasodium
pyrophosphate and trisodium triphosphate. This amount
has been estimated to be as much as 25 — 50 % of the rec-
ommended daily intake of phosphorus by diet and more
importantly phosphorus contained in additives is 100 %
absorbable in contrast to that contained in natural food*'.

After that it is worthy to suggest that another prospec-
tive study is needed with special emphasis not only to the
amount of protein content in diet but also to the phospho-
rous and especially to the amount of phosphate additives
because it is a real problem not only for CKD patients but
also for public health.
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