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CHAPTER

INTRODUCTION

Our goal 1s to provide the reader with an understanding
of how chronic kidney disease (CKD) induces metabolic
aberrations and how introducing nutritional factors can
improve these metabolic problems. Achieving this goal
requires knowledge about how the requirements of differ-
ent nutrients change with the different stages of CKD. For
example, diabetes is the most frequent cause of CKD and
the incidence of diabetes 1s growing. In part, this 1s occur-
ring because of the increasing prevalence of obesity. Clearly,
both diabetes and obesity require the manipulation of the
diet to improve health and to prevent adverse outcomes. In
addition, diabetes and/or obesity is frequently accompanied
by high blood pressure and diffuse vascular complications.
If the salt intake of these individuals is not controlled, anti-
hypertensive drugs tend to become ineffective.'* There also
are the consequences of progressively accumulating waste
products leading to uremia (literally, urine in the blood).
Because these waste products arise mainly from the metabo-
lism of protein, it i1s not surprising that symptoms of CKD
can be successfully reversed by controlling protein intake.”
Besides ensuring that nutrient requirements are met, the
nephrologist must understand how to monitor compliance
and how to deal with the progressive loss of kidney func-
tion. As will be discussed, there remains uncertainty about
the influence of dietary modification on the progression of
CKD. Regardless, this 1s not the sole reason to manipulate
the diet of a CKD patient.® Other reasons include correcting
acidosis, preventing or ameliorating protein-energy wasting
(PEW), suppressing uremic bone disease, combating hyper-
tension, and reducing the accumulation of waste products
and thereby mitigating uremic syndrome.”® Ignoring these
aspects of patient care hastens the need to begin dialysis.
But several studies have demonstrated that initiating dialy-
sis earlier (e.g., at glomerular filtration rates [GFR] of about
10 to 12 mL per minute) does not improve the mortality
associated with CKD nor does it reduce the complications of
CKD.”'* This makes it even more important to use dietary
modification to prevent the complications of CKD.
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Are there specific problems arising in CKD patients
attributable to inadequate attention to nutritional principles?
Among such problems, there is uremic bone disease. This com-
plication has become more prominent, in part related to a re-
cent and dramatic increase in phosphate additives to processed
food."” In addition, hyperphosphatemia reduces the effective-
ness of angiotensin-converting enzyme (ACE) mhibitors in
slowing the loss of kidney function.'* Likewise, adding sodium
chloride to foods, particularly processed foods or fast foods,
is a major contributor to increasing difficulties in managing
hypertensive patients."*'> Another major diet-related problem
1s the accumulation of waste products when the dietary protein
of a CKD patient is unrestricted.®'® For example, metabolic
acidosis arises from the metabolism of amino acids in protein
and acid excretion falls as function is lost.” This problem is
raised because simply correcting the serum bicarbonate im-
proves protein metabolism, calcium metabolism, and possibly;
the progression of CKD.!"** Complicating dietary planning
are the reports that the average intake of energy, calcium, and
a number of vitamins may be inadequate in CKD patients. In
short, attention to the diet of patients with CKD i1s not sim-
ply an mntellectual exercise; it can produce rapid and sustained
benefits as long as the adequacy of the diet is ensured.’

The need for and approaches to manipulation of the
diet will depend on the degree of renal insufficiency. The
most widely used classification of the degree of CKD was
developed by the National Kidney Foundation-Kidney Dis-
case Outcomes Quality Initiative (NKF-KDOQI) Commit-
tee and includes a level signifying an increase in the risk of
progressive loss of kidney function (i.e., individuals with an
estimated GFR [eGFR], of <60 mL/min/1.73 m?). Notably,
those with higher eGFR values can still develop complica-
tions of CKD.*® The variables used in the equations that
estimate GFR include age, serum creatinine, sex, and race
and the interpretation of the eGFR level has several limita-
tions. First, it was derived from individuals in the United
States with established kidney disease but without severe
PEW or morbid obesity. Second, there i1s evidence that the
equations are inaccurate for other regions of the world, in-
cluding Asia and Latin America.***° Third, the boundaries
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for the stages of renal insufliciency are somewhat arbitrary;
it seems unlikely there is an absolute threshold identify-
ing all patients who will develop progressive CKD. Fourth,
certain activities can acutely reduce GFR (e.g., hyperten-
sion therapy with blockers of the renin—angiotensin system
[RAS], a very low protein diet). In this case, the stage of
CKD can change even though kidney damage has not oc-
curred. Nonetheless, this system can identify patients for
whom interventions, including dietary modification, could
improve their overall health.

METABOLIC CHANGES IN CHRONIC
KIDNEY DISEASE AND TOXINS IN OR
DERIVED FROM NUTRIENTS

Although it 1s possible for one toxin or group of toxins to be
responsible for specific signs and symptoms of uremia, the
interaction of many toxins more commonly causes the prob-
lems of CKD. For example, it was reported that a combina-
tion of products of protein metabolism (urea, magnesium,
acetoin, 2, 3-butylene-glycol, sulfate, creatinine, T-cresol,
and guanidine) impairs oxidative metabolism in slices of
the cerebral cortex. When studied at the same concentration
but separately, however, none of the potential toxins exerted
adverse effects on metabolism.?’” There are a large number
of potential uremic toxins: in 2003, the European Uremic
Toxin Work Group (EUTOX) identified 90 potential toxins
that are accumulated i patients with CKD. Proving they are
toxic has been difficult. Bergstrom *® noted that the require-
ment for identifying a uremic toxin should mclude: (1) its
chemical identity; (2) a concentration higher in tissues or
plasma from uremic patients compared to levels in normal
subjects; (3) a concentration should correlate with specific
uremic signs or symptoms that are improved when the sub-
stance 1s removed; and (4) its toxicity in tissues, cells, etc.
should be demonstrable at the concentration present in tis-
sue or fluids from uremic patients. Few putative compounds
have met these criteria.

Urea

There 1s some evidence that urea is toxic, but it is difficult
to test for toxicity because the short half-life of urea makes
it difficult to maintain a high level in blood and tissues. Ne-
phrectomized dogs were treated with peritoneal dialysis and
the serum urea nitrogen (SUN) level was raised to ~200 mg
per deciliter by adding urea to the dialysate; the dogs de-
veloped weakness, anorexia, and decreased attentiveness.”’
Continued therapy led to vomiting, hemorrhagic diarrhea,
hypothermia, and death. In humans undergoing mainte-
nance hemodialysis (MHD), a similar strategy was used to in-
crease the urea concentration in the dialysate: at serum urea
nitrogen (SUN) levels of 140 to 200 mg per deciliter most
patients developed malaise, lethargy, and some evidence of
bleeding.’ Consistent with the idea that urea is toxic at high
levels is the recent report that urea can stimulate reactive

oxygen species (ROS), leading to insulin resistance.’' In pa-
tients with CKD, msulin resistance could lead to accelerated
muscle wasting (see the following).

Urea toxicity could arise following its decomposition to
ammonia or cyanate adducts. Cyanate can condense with
NH,-terminal amino groups and amides, altering the tertiary
structure of proteins and, hence, interfering with enzyme
activity. For example, a variety of lipids are carbamylated
to form toxins, including 3-carboxy-4-methyl-5 propyl-2-
furaproprionic  carboxy-4methyl-5propyl-2furapropionic
(CMPF) acid, a major cause of altered drug protein bind-
ing in uremia.’*>> Still, the role of protein carbamylation in
uremic toxicity is unsettled.’* Finally, urea is converted to
ammonia and carbon dioxide largely by bacterial ureases,
but this does not raise blood ammonia substantially, at least
in patients with normal hepatic function.”> The kidney is
another contributor to body ammonium levels but this func-
tion 1s markedly reduced or lost in kidney failure. Thus, hy-
perammonemia rarely occurs in kidney failure.

LOSS OF NONEXCRETORY KIDNEY
FUNCTION AND TOXIC METABOLITES
OF PROTEIN

At first glance, many of the manifestations of CKD appear
to be due to small, water-soluble toxins that are cleared by
hemodialysis or peritoneal dialysis because the removal of
urea by dialysis reverses several uremic complications. Be-
sides problems related to urea accumulation, the retention of
salt leads to extracellular volume expansion, hypertension,
cardiac dilatation, sympathetic nervous system activation,
and inflammatory cytokine production. But, the removal of
ions or small molecules 1s only part of the story. First, the
loss of metabolic or endocrine functions of the kidney can
cause certain complications of CKD. For example, loss of
kidney-produced hormones, such as erythropoietin (EPO)
or 1,25 hydroxyvitamin D3, can interfere with metabolic
functions. Second, the ability to remove larger molecules
(so-called middle molecules [0.5 to 3.0 kD] or larger poly-
peptides including many hormones and cytokines) is pro-
gressively diminished as CKD progresses. This interferes
with normal cellular metabolism. A more easily understood
example is the accumulation of unexcreted acid arising
largely from metabolism of sulfur-containing and phos-
phate-containing proteins and lipids. Acid accumulation
causes an increase in the breakdown of protein and essential
amino acids. It also causes insulin resistance and abnormali-
ties in endocrine function, including factors affecting bone
metabolism.!”>°>° Fortunately, these problems are largely
prevented when metabolic acidosis 1s corrected.

Other potentially toxic metabolites of dietary protein
can affect kidney function indirectly. For example, phenyl-
alanine metabolites can accumulate when dietary protein is
unrestricted; the phenylalanine metabolite, phenyl acetic
acid, will mmhibit the expression of inducible nitric oxide
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synthase (INOS) and, hence, may contribute to the develop-
ment of atherosclerosis.*’

Guanidino-Containing Compounds

Guanidino compounds are potent organic bases that accu-
mulate in the sera and tissues of uremic patients.*'*** Their
production rises with excess protein intake. However, the
production of guanidinosuccinic acid also increases in re-
nal failure independent of protein intake, thus underscor-
ing the metabolic complexities induced by CKD.***** The
controversy around the identification of uremic toxins such
as guanidine compounds arises in part because of the dif-
ficulty measuring the plasma and tissue concentrations of
guanidino compounds.** In uremic patients, plasma levels
may be as high as 8 to 10 mM, but corresponding tissue
levels have not been documented. Certain guanidino com-
pounds can have neurotoxic effects: guanidine and methyl-
guanidine are implicated in the development of peripheral
neuropathy, and <-guanidinobutyric acid, taurocyamine,
homoarginine, and a-keto-6-guanidinovaleric acid lower
the seizure threshold of experimental animals.*> The cen-
tral nervous system excitatory effects of uremic guanidino
compounds may reflect an inhibition of depolarization at
v-aminobutyric acid (GABA) receptors, selective activation
of N-methyl-D-aspartate (NMDA) receptors by guanidino-
succinic acid, and an intrinsic depolarizing response.*

The Arginine Derivative Asymmetric
Dimethylarginine

Asymmetric dimethylarginine (ADMA) derived from arginine
can inhibit NOS, and its concentration rises in patients with
CKD to decrease nitric oxide (NO) and impair vascular
responses.”*® In experimental animals, ADMA is associated
with concentration-dependent pressor and bradycardic re-
sponses and vasoconstriction.*’ In CKD patients, a decrease
in the actions of NO because of a high ADMA level could ag-
gravate hypertension and, possibly, the progression of renal
failure.>® Despite these intriguing reports, the influence of
ADMA on cardiovascular disease is controversial.*®

Products of Bacterial Metabolism

Uremic toxins can be produced by gut bacteria, and their
absorption may be promoted by an increase in the perme-
ability of the gastrointestinal mucosa.”' The potential of these
processes 1s great because of the huge mass of bacteria (there
are more bacterial cells in the colon than in the rest of the
human body). Specific uremia-associated problems include
bacteria-produced nitrogen-containing waste products and
aromatic compounds as well as aliphatic amines (e.g., phenols,
indoles, aliphatic amines). With normal kidney function,
these compounds do not accumulate because they are rapidly
cleared by the kidneys. But, with CKD, some compounds (in-
doxyl sulfate, hippuric acid, p-cresol, and 3-carboxy-4-methyl-
5-propyl-2-furanpropionic acid) mitiate toxic reactions in the
brain or even contribute to progressive loss of kidney function.

SECTION XI ® MANAGEMENT OF END-STAGE RENAL DISEASE

Aromatic Amines

Tryptophan is touted as a major precursor of uremic toxins.
It, along with aromatic amines, undergoes deamination and
decarboxylation by gut bacteria, yielding metabolites such as
indole, indoxyl, skatole, skatoxyl, indican, and indoleacetic
acid. Their potential toxicity has been tested by feeding large
amounts of the potential toxin and observing changes in or-
gan functions. In the case of indoxyl sulfate, uremic rats were
treated with a proprietary resin that absorbs it and other me-
tabolites. The resin not only reduced plasma and urinary lev-
els of indoxyl sulfate, but it also improved metabolism of the
kidney and reduced the progression of renal failure.>* In the
United States, a randomized clinical trial of its effectiveness
to retard the progression of CKD has shown promise with
minimal toxic reactions.” This has led to plans for a more
extensive trial. Aromatic amines could also exert toxicity by
interfering with the binding of drugs to serum proteins yield-
ing abnormal responses at doses used for normal adults. Aro-
matic amines could also serve as false neurotransmitters.™
The mfusion of phenol or p-cresol into dogs causes a variety
of neurologic symptoms, whereas conjugated phenols can
inhibit ATPases and ion transport systems to interfere with
cellular metabolism.>” p-Cresol can inactivate 3-hydroxylase
to interfere with the transformation of dopamine into nor-
epinephrine to develop impaired macrophage function.’®’

Aliphatic Amines

Aliphatic amines such as monomethylamine are derived
from the metabolism of creatinine. Alternatively, bacterial
metabolism of choline or lecithin produces tertiary me-
thylamines that can then be converted to form secondary
methylamines.”® Secondary methylamines accumulate in the
blood, the cerebrospinal fluid, and brain tissue, but toxicity
has not been demonstrated.

In summary, dietary protein is initially broken down
into peptides and amino acids. These compounds in turn
can be metabolized by bacteria in the gastrointestinal tract
generating compounds that are absorbed. There 1s evidence
that sufficiently high levels of these compounds could impair
the function of different organs. However, it has been difli-
cult to assign specific toxic reactions to these compounds
because of: (1) difficulties in measuring their concentrations
in specific tissues; and/or (2) toxic reactions that could be
caused by direct interference with cell functions or through
indirect actions that decrease organ function.

Nephrotoxic Compounds Derived
from Dietary Protein

In 1905, Folin® pointed out that the principal metabolic
response to a change in dietary protein intake is a parallel
change in urinary urea excretion. This has been confirmed
in normal adults and patients with CKD.®>®' Many of the
degradation products of dietary protein are excreted primar-
ily by the kidney. Consequently, products arising from the
metabolism of protein will accumulate in patients in direct
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proportion to the amount of protein eaten and n inverse
proportion to the degree of kidney failure. The accumula-
tion of these compounds is in large part responsible for the
symptoms and complications of CKD because decreasing
dietary protein improves these symptoms.’®%* Therefore,
dietary counseling should be directed at reducing the SUN,
but only following an assurance that adequate amounts of
protein and energy are provided.

[lustrative examples of the principle that excess dietary
protein participates in the generation of uremic toxicity are
indoxyl sulfate and uric acid. Indoxyl sulfate arises from
the metabolism of indoles such as dietary tryptophan.>?
Experimentally, indoxyl sulfate can accelerate kidney damage
in models of glomerular sclerosis.® As indicated previously,
a clinical trial was directed at assessing whether removing
indoxyl sulfate by ingested activated charcoal will slow the
progression of CKD.** Uric acid can contribute to the compli-
cations of CKD; a 12-year study of 47,150 previously normal
men indicated that diets with high levels of meat or seafood
were associated with an increased risk of gout.® This is rele-
vant because Johnson and colleagues®® have described an im-
portant association between an increase in uric acid and the
development of hypertension. Untreated hypertensive ado-
lescents were found to exhibit a correlation between systolic
blood pressure and serum uric acid (r = 0.8).°° In some of
these adolescents, their hypertension was largely corrected by
administering allopurinol. Notably, in CKD patients, serum
uric acid does not rise to the level expected from the degree
of lost kidney function because there is extensive metabolism
of uric acid, presumably by bacteria in the gastrointestinal
tract.” The degree to which dietary protein restriction modi-
fies the serum uric acid of CKD patients has not been estab-
lished, but there is the possibility that allopurinol treatment
can help preserve renal function in patients with CKD.

MECHANISMS THAT REGULATE
BODY PROTEIN STORES

Robust metabolic mechanisms act to maintain body protein
mass following a change in protein intake. These act rapidly
and precisely to adjust the rates of amino acid and protein
metabolism. Specifically, when dietary protein falls, the ma-
jor metabolic response 1s a suppression of the degradation
of essential amino acids (EAAs). This response will help to
maintain an adequate supply of EAAs for protein synthesis.
The ability to decrease EAA degradation, however, is limited,
reaching a minimum level when the amount of protein being
caten 1s at a level that is just adequate for achieving nitro-
gen balance (1.e., ~0.6 g protein per kilogram of ideal body
weight per day). If dietary protein falls further, there also
are adaptive responses that suppress protein degradation
(protein synthesis may also increase but is less consistently
found compared to a decrease in protein degradation). These
responses limit the loss of protein stores and are active in
normal adults or CKD patients as long as there are no com-
plications such as acidemia or other catabolic illnesses.®® "

Similar adaptive responses are also active in patients with the
nephrotic syndrome.”’

Protein Metabolism and Protein Stores

All intracellular and extracellular proteins are continually
turning over, being degraded to their constituent amino
acids and replaced by the synthesis of new proteins. The ra-
pidity of the turnover of individual proteins varies widely,
from minutes for some regulatory enzymes or transcription
factors, to days or weeks for proteins like actin and myosin
in skeletal muscle and months for hemoglobin in red blood
cells. The rate of the degradation of proteins must be specific
and highly regulated. Otherwise, countless cellular func-
tions as well as the maintenance of protein stores (e.g., in
muscle) would be jeopardized. Evidence that these processes
are highly regulated includes the following: (1) The daily
rates of protein turnover are enormous (3.7 to 4.7 g/kg/day)
and therefore, even a small but sustained decrease in the
synthesis of proteins or acceleration of protein degradation
would result in marked loss of protein stores.”> (2) Precise
changes in the levels of proteins are required for the minute-
to-minute regulation of transcriptional events or metabolic
pathways. It is surprising, therefore, that the majority of in-
tracellular proteins in all tissues 1s degraded by a single pro-
teolytic system, the ATP-dependent, ubiquitin-proteasome
system (UPS).”” This specialized system exhibits remarkable
specificity by individual proteins for degradation.

The Ubiquitin-Proteasome System

The itial processes of protein degradation by the UPS in-
volve a series of three enzymes that link ubiquitin (Ub) onto
proteins.”>”> The single El isoform (Ub-activating enzyme)
uses ATP to activate Ub and then transfers Ub to one of 20
to 40 1soforms of the E2 Ub-carrier proteins (Fig. 85.1).
These reactions provide some specificity for the degrada-
tion of substrate proteins; a specific E2 Ub-carrier conju-
gates with only some of the more than 1,000 different E3
enzymes. This third enzyme, an E3 Ub-protein ligase, is the
key determinant of the specificity of proteolysis; a specific
E3 Ub-ligase recognizes a specific protein substrate (or pos-
sibly specific classes of proteins) and transfers Ub to a lysine
in the protein. This process 1s repeated until the initial Ub is
increased to form a chain of four to five Ubs attached to the
substrate protein. This poly-Ub chain is recognized by the
268 proteasome. It also uses ATP to degrade the substrate
protein. The proteasome is a very large organelle consist-
ing of >60 proteins that create a 20S, barrel-shaped particle
with 19S regulatory particles at either or both of its ends.
The 19S regulatory particles not only recognize polyubiq-
uitin chains, but when ATP is present, the 26S proteasome
also cleaves the poly-Ub chain from the doomed protein and
unfolds the protein3 tertiary structure. In the next step, the
unfolded substrate protein is translocated through a tunnel-
like structure nto the 20S particle where it is degraded into
peptides. The peptides are released into the cytoplasm and
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are converted to amino acids by peptidases.”> The impor-
tance of these processes i1s underscored by the awarding of
the 2004 Nobel Prize to Avram Hershko, Aaron Ciecha-
nover, and Irwin Rose for discovering this system (http://
nobelprize.org/chemistry/laureates/2004/).

Recent results have uncovered insights into the pro-
teolytic processes that regulate muscle protein breakdown
by the UPS and by mechanisms separate from the UPS. For
example, in muscle wasting conditions, the expression of
two E3 Ub-conjugating enzymes, Atrogin-1 (also known
as MAFbx) and MuRF-1, are critical for the breakdown of
muscle proteins.”>’* In models of muscle wasting condi-
tions, the expression of Atrogin-1 and MuRF-1 are increased
8- to 20-fold, serving as a sign that muscle protein break-
down is accelerated.””’® The signals that activate these E3
Ub-conjugating enzymes have been extensively studied and
at least two transcription factors have been identified as
regulators of Atrogin-1/MAFbx and MuRF-1 expression: the
Forkhead transcription factors (FoxO) and the inflammatory
transcription factor, nuclear factor-kappaB (NF-kB).”>"*

At least five functions of the UPS have been identified
as crucial for maintaining normal cellular functions: (1) It
permits cells to adapt rapidly to physiologic changes because
the UPS rapidly removes proteins to terminate an enzy-
matic or regulatory process. (2) The UPS can change gene
expression by degrading transcription factors or cofactors/
inhibitors that regulate transcription (e.g., the UPS de-
grades I-«B to activate NF-kB and accelerate inflammatory
processes).” (3) The UPS eliminates misfolded or damaged
proteins (e.g., the mutant transmembrane conductance reg-
ulator protein [CFTR] is selectively degraded by the UPS so
it does not reach the epithelial cell surface in patients with
cystic fibrosis). (4) The UPS presents antigen to the major
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FIGURES85.1 An illustration ofthe major compo-
nents ofthe ubiquitin—proteasome system.(Lecker SH,
Goldberg AL, Mitch WE. Protein degradation by the
ubiquitin-proteasome pathway in normal and disease
states.JAm Soc Nephrol.2006;17:1807-1819.)

histocompatibility complex, class I molecules, thereby par-
ticipating in immunologic responses. (5) The UPS degrades
cellular proteins (including muscle proteins), which are used
in gluconeogenesis when energy intake i1s mnadequate or in
response to catabolic illnesses.

Chronic Kidney Disease Initiates Mechanisms
That Cause a Loss of Muscle Protein

Epidemiologic evidence indicates that CKD is associated
with a decrease in muscle and fat mass, which in turn is
associated with an increased risk of morbidity and mortal-
ity.”” The mechanisms causing protein wasting include CKD-
induced acceleration of the degradation of proteins due to
defective responses to insulin or insulin growth factor 1
(IGF-1) mtracellular signaling. Other stimuli causing protein
losses include the accumulation of acid (Table 85.1). In ad-
dition, an excess of angiotensin (Ang) II, impaired function
of muscle precursor cells (i.e., satellite cells), and/or activa-
tion of the muscle protein, myostatin, which is synthesized
in muscle and modulates muscle growth, stimulate the loss
of protein stores. Although there is evidence that each of
these factors controls muscle protein metabolism, it 1s likely
that they often act together to cause a loss of muscle mass.
When is a loss of muscle mass suspected? Besides a loss
of body weight, the principal evidence for subnormal protein
stores has been hypoalbuminemia. The finding of hypoalbu-
minemia in CKD patients is generally presumed to be attrib-
utable to protein malnutrition.”®”” However, malnutrition is
defined as abnormalities related to an insuflicient amount of
protein, energy, or other nutrients in the diet or to an imbal-
ance among dietary nutrients.®® There are at least two reasons
that the muscle wasting associated with CKD is not caused
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Evidence That Metabolic Acidosis Induces Protein and Amino Acid Catabolism in Normal

Infants and Children as Well as Chronic Kidney Disease Patients

CKD, chronic kidney disease; CAPD, continuous ambulatory peritoneal dailysis.

by malnutrition per se: first, if protein malnutrition were
the cause of defects in protein stores, then the abnormalities
should be corrected by simply altering the diet. This hypoth-
esis has been examined and found to be wanting: Ikizler et
al.®! measured rates of protein synthesis and degradation in
fasting hemodialysis patients using labeled amino acid turn-
over techniques. They studied three protocols and in each
instance measured protein metabolism before, during, and

Subjects Investigated Measurements of Effectiveness Outcome of Trial

Infants**° Low birth weight, acidotic infants were NaHCOj; supplement improved growth
given NaHCO; or NaCl

Children**’ with CKD Children with CKD had protein Protein loss was ~twofold higher when HCO;
degradation measured was <16 mM compared to >22.6 mM

Normal adults**® Induced acidosis and measured amino Acidosis increased amino acid and protein
acid and protein metabolism degradation

Normal adults'®® Induced acidosis and measured nitrogen Acidosis induced negative nitrogen balance
balance and albumin synthesis and suppressed albumin synthesis

CKD** Nitrogen balance before and after NaHCO; improved nitrogen balance
treatment of acidosis

CKD?* 2 years NaHCOj; therapy vs standard care Slowed loss of creatinine clearance and

improved nutritional status

CKD'"” Essential amino acid and protein degradation NaHCO; suppressed amino acid and protein
before and after treatment of acidosis degradation

CKD?*** Muscle protein degradation and degree of Proteolysis was proportional to acidosis and
acidosis blood cortisol

CKD*! Nitrogen balance before and after treatment ~ NaHCO; reduced urea production and
of acidosis nitrogen balance

CKD* Protein stores after NaHCOj; treatment to Serum proteins and weight improved
slow progression

Hemodialysis'" Protein degradation before and after NaHCO; decreased protein degradation
treatment of acidosis

Hemodialysis'"” Serum albumin before and after treatment NaHCOj; increased serum albumin
of acidosis

CAPD'** Protein degradation before and after NaHCO; decreased protein degradation
treatment of acidosis

CAPD'%® Weight and muscle gain before and after Raising dialysis buffer increased weight and
treatment of acidosis muscle mass

at 2 hours after completing dialysis.>®°. When dialysis was
performed in fasting patients, protein degradation exceeded
protein synthesis demonstrating that over days to weeks,
these responses would produce a significant loss of body pro-
tein stores. In the second protocol, they tested the influence of
intravenous parenteral nutrition (IDPN) given during hemo-
dialysis.** IDPN did improve both protein synthesis and deg-
radation measured during dialysis, but the increase in protein
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degradation persisted at 2 hours following the completion of
dialysis. In the third protocol, they tested the effects of an oral
nutritional supplement versus IDPN. As before, protein bal-
ance improved with both supplements but at 2 hours after
completing dialysis, protein balance was still negative.*” Thus,
abnormalities in protein metabolism were not eliminated by
simply icreasing the intake of protein and calories during
dialysis. Others report similar conclusions: in a randomized,
controlled trial of responses to IDPN, hemodialysis patients
were compared to other hemodialysis patients who were not
given a dietary supplement. After 2 years, the supplement had
not improved mortality, body mass index, laboratory mark-
ers of nutritional status, or the rate of hospitalization.?* Even
though the excessive morbidity and mortality occurring in pa-
tients with CKD may not be corrected simply by changing the
diet or correcting hypoalbuminemia, it is critical to plan the
diet of CKD patients in order to ensure that they receive an ad-
equate amount of protein and energy.’> It is also necessary
to avoid an excess of dietary protein because the accumulation
of waste products will contribute to complications of CKD,
especially in the nondialyzed patient with advanced CKD.*

What are the signals in CKD that enhance a loss of
protein stores? Recent studies in rodent models of CKD
have established that the accelerated muscle wasting in-
volves cellular mechanisms that are similar to those causing
muscle wasting in other catabolic conditions, such as
cancer cachexia, starvation, insulin deficiency/resistance,
or sepsis.”””> Common to each of these catabolic states is
an acceleration of proteolysis via the UPS, which i1s pre-
sumably augmented by higher levels of messenger RNAs
(mRNAs) encoding certain components of the UPS.*® There
are also increases or decreases in the expression of about
100 atrophy-related genes called atrogenes. The latter re-
sponses indicate that the mRNAs of atrophy-related genes
in muscle wasting states are due to changes in gene tran-
scription yielding a common transcriptional program that
involves various growth-related genes in atrophying mus-
cle.® The strongest evidence for the activation of the UPS in
muscles of animals undergoing CKD-induced atrophy from
catabolic diseases is that inhibitors of the proteasome block
the increase in protein degradation in muscles isolated from
rodent models of catabolic diseases.>®5¢*

In CKD, abnormalities identified as signals that stimu-
late protein degradation in muscle include the development
of metabolic acidosis, defects in insulin/IGF-1 intracellular
signaling, or an increase in Ang II levels.®*° All three condi-
tions cause muscle atrophy in rodents. Finally, CKD patients
frequently have high circulating levels of inflammatory cyto-
kines and this has been shown to cause accelerated muscle
protein degradation at least in part by impairing msulin or
IGF-1 signaling in muscles.”’*

Caspase-3 and Muscle Wasting n
Chronic Kidney Disease

Muscle atrophy in catabolic conditions specifically affects
contractile proteins, which comprise about two-thirds of the
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protein in muscle. Notably, the ubiquitin protease system
(UPS) readily degrades major components of the myofibril
(actin, myosin, troponin, or tropomyosin). But when these
same proteins are present in complexes or in intact myofi-
brils, they are degraded very slowly by the UPS.”* Therefore,
other proteases must initially cleave proteins to break down
the complex structure of muscle. The protease functioning in
this fashion is caspase-3.”* Notably, caspase-3 cleaves acto-
myosin 1n vitro, and it is stimulated in cultured muscle cells,
where myofibrillar proteins are cleaved and subsequently
degraded by the UPS. Caspase-3 activation produces a foot-
print of its activity, a 14kD C-terminal fragment of actin that
is found in the insoluble fraction of muscle.”* For example,
accumulation of the 14-kD actin fragment is found i mus-
cles of animals with accelerated protein degradation due to
acidosis, diabetes, and Ang II-induced hypertension.*>*%>
Likewise, the 14-kD actin fragment can be found in muscles
of patients with CKD or other causes of muscle wasting. The
level of the 14-kD actin fragment in muscle of CKD patients
was found to decrease in response to an exercise program
directed at increasing the patients endurance. The level of
the fragment was also highly correlated (r = 0.78) with the
measured rate of protein degradation in muscles of patients
undergoing hip replacement for osteoarthritis. Finally, the
14-kD actin fragment that was present in unburned muscle
of patients who had a major burn injury to another area of
the body was sharply increased.”® Thus, the level of the 14-
kD fragment seems to be closely related to the rate of protein
degradation and is present in specific disorders character-
ized by muscle wasting. Additional testing will be needed
to determine if this method could serve as a biomarker of
accelerated muscle protein degradation in other conditions
causing muscle wasting.

Signals Triggering Muscle Wasting mm Chronic
Kidney Disease or Other Catabolic States

CKD i1s associated with several complications that can trigger
the UPS to degrade muscle protein, and there 1s evidence that
these complications can function in concert to cause muscle
wasting. Metabolic acidosis stimulates muscle protein break-
down by the UPS, but only when there i1s a concomitant
increase in glucocorticoid production and development of
insulin resistance.”’”® Glucocorticoids are also required for
the accelerated protein degradation that occurs in models of
diabetes, high levels of Ang II, and sepsis.”*”?'*

Impaired 1insulin/IGF-1 intracellular signaling 1is
another stimulus for accelerated muscle protein breakdown.
The mechanism involves the decreased activation of
the phosphatidylinositol 3-kinase(PI3K)/Akt pathway.®’
Specifically, when insulin or IGF-1 signaling is low, PI3K
activity falls, reducing the production of phosphadidylino-
sitol-3,4,5 phosphate, the active product of PI3K. This re-
sults in decreased phosphorylation and activity of the serine/
threonine kinase, Akt, leading to decreased phosphorylation
of downstream kinases, gycogen synthase kinase 1 (GSK1)
and mTOR/S6kinase, and suppression of protein synthesis.
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Decreased PI3K/Akt signaling is a key step that stimulates
protein degradation mm muscle. Decreased PI3K/Akt sig-
naling induces the expression of caspase-3 and the E3 Ub
conjugating enzymes, Atrogin-1 and muscle ring finger pro-
tein 1 (MuRF-1), to enhance muscle protein degradation.®
Expression of these E3 enzymes occurs because there is
decreased phosphorylation of the Forkhead family of tran-
scription factors (FoxOl1, 3, 4). When these factors are not
phosphorylated, they migrate into the nucleus to stimulate
the transcription of Atrogin-1 and, potentially, other genes
involved in muscle metabolism.*"'°"!% Insulin or IGF-1
blocks this process by stimulating the PI3K/Akt pathway to
suppress the expression of Atrogin-1. Together, these results
provide evidence that muscle wasting in response to the
complications of CKD is due to a common signaling path-
way that alters key enzymes modulating protein synthesis
and degradation.

Are there methods for correcting the abnormalities in
muscle protein metabolism that occur in CKD? In a mouse
model of CKD, the mice were paired for SUN and weight and
treated with either a humanized antibody or peptibody against
myostatin or the diluent.”® Peptibody treatment increased
body and muscle weight while raising muscle protein synthe-
sis and suppressing protein degradation. Interestingly, these
beneficial responses were accompanied by an increase in the
phosphorylation of Akt and a decrease in the circulating lev-
els of tumor necrosis factor alpha (TNF-a) and interleukin 6
(IL-6). These results suggest that methods could be developed
to prevent muscle wasting in CKD patients.

This brief review of changes in muscle protein metabo-
lism caused by progressive CKD emphasizes that activities of
caspase-3 and the UPS participate in the turnover of the bulk
of proteins in the body. Because the daily turnover of pro-
tein 1s high, even a small but persistent increase in protein
breakdown would cause muscle wasting. Specific compli-
cations of kidney disease coordinate the activity of proteo-
lytic systems (1.e., caspase-3 and the UPS) to degrade muscle
proteins. These responses mvolve defects in msulin/IGF-1
intracellular signaling pathways and decreased PI3K/Akt sig-
naling, which are initiated by metabolic acidosis or inflam-
mation. In addition, glucocorticoids play a permissive role in
stimulating muscle wasting. Understanding these regulatory
mechanisms could blunt the muscle wasting that occurs in
different catabolic conditions.

Factors Stimulating Loss of Muscle Mass in
Chronic Kidney Disease

Abundant clinical evidence indicates that acidemia is an 1m-
portant cause of protein losses (Table 85.1). Reaich et al.'”’
found that the rate of protein degradation m acidemic CKD
patients 1s high, but when they were given sodium bicar-
bonate, protein degradation decreased by 28%. It increased
again when the patients developed acidemia in response to
eating an equimolar amount of sodium chloride. The stim-
ulatory effect of metabolic acidosis on protein breakdown
1s also present in hemodialysis or continuous ambulatory

peritoneal dialysis (CAPD) patients.'>~'% At least in CAPD
patients, increased muscle proteolysis was found to be relat-
ed to activation ofthe UPS.'%!1%7 In normal adults, induction
of metabolic acidemia not only increased insulin resistance
but also caused negative nitrogen balance and reduced the
rate of albumin synthesis.’®'? Changes in albumin metabo-
lism induced by metabolic acidemia also occur in hemodi-
alysis patients; correcting their serum bicarbonate levels was
found to increase serum albumin levels.'”” Despite these re-
ports documenting the catabolic effects of metabolic acide-
mia, a cross-sectional analysis of dialysis patients suggested
there is no relationship between acidemia and hypoalbumin-
emia, weight loss, etc.''” There are several problems with
this conclusion. First, a cause and effect relationship can-
not be evaluated from results of a cross-sectional study.'!!
Second, a single serum bicarbonate measurement is not suf-
ficient to define the presence of acidemia, and there are tech-
nical problems with measuring serum bicarbonate: a delay
in measuring the serum bicarbonate concentration allows
for the escape of carbon dioxide, which lowers the bicarbon-
ate artificially.''* Third, there are many impaired hormonal
responses in patients with metabolic acidemia, including
the impaired function of growth hormone, the thyroid hor-
mone, and the conversion of vitamin D to its most active
form, 1, 25 (OH)2 cholecalciferol.'’*~''> All of these could
interact and impair the ability of CKD patients to maintain
protein stores by indirect mechanisms.

SPECIFIC DIETARY CONSTITUENTS
FOR PATIENTS WITH CHRONIC
KIDNEY DISEASE

Fnergy Intake

In patients entering dialysis therapy, anthropometric ab-
normalities, including suboptimal body weight, could re-
sult from an inadequate energy intake.''*''® Unfortunately,
such caloric deficits are difficult to measure; estimates from
the resting energy expenditure (REE) may underestimate or
overestimate a patient’ average activity. Moreover, indirect
calorimetry measured during brief periods can yield errone-
ous conclusions when extrapolated to 24 hours. Estimates
of energy intake based on dietary histories or questionnaires
can lead to erroneous conclusions.''”'#°

The 1981 Food and Agricultural Organization (FAO)/
World Health Organization (WHO)/United Nations (UN)
recommended energy requirements based on 11,000 REE
determinations made in healthy subjects.*' But, the re-
gression equations used to derive energy requirements had
considerable variability. Extrapolating REE measurements
to all activities with this degree of variability suggests cau-
tion 1s required in making decisions based on those types
of measurements. Besides these issues, the individual can
adapt to different calorie intakes: healthy adults eating an
inadequate nutrient intake will decrease their REE value.'*
When normal adults ate diets with barely adequate amounts
of EAA, their nitrogen balance improved when energy intake
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increased.'*® Well-nourished adults achieve energy balance
but only by decreasing their activity. With this adaptation,
lean body mass can be lost.''® Nonetheless, virtually all stud-
ies of REE by indirect calorimetry as well as studies based on
nitrogen balances indicate that both CKD and maintenance
dialysis patients have at least normal energy expenditures
during resting or with a variety of activities. Patients with
advanced kidney failure and those undergoing MHD or CPD
usually have decreased daily physical activity. In normal
sedentary adults, total daily physical activity is estimated to
account for only about 15% to 25% of total daily energy ex-
penditure. Thus, the reduced physical activity of advanced
kidney failure or chronic dialysis patients generally does not
result in a major reduction in daily energy expenditure in
comparison to sedentary normal people without CKD.

Fnergy Requirements of Chronic Kidney
Disease Patients

Unfortunately, there have been few evaluations of the energy
requirements of CKD patients or their responses to a reduced-
calorie intake. In one landmark study, the energy expenditure
of normal subjects, CKD patients, and hemodialysis patients
during rest and exercise revealed no differences among the
three groups.'** Notably, when calorie intake was reduced, en-
ergy expenditure did not fall, indicating that CKD patients do
not develop a special ability to adapt to a low-calorie intake.
Thus, an mmadequate energy intake when coupled to dietary
protein restriction could cause negative nitrogen balance (i.e.,
a loss of protein stores).® Most studies of energy expenditure
in CKD and MHD patients support the thesis that energy ex-
penditure is normal, but one group of investigators reported
that energy expenditure on both dialysis and nondialysis days
was 7% higher in hemodialysis patients compared to normal
adults.'**!® If, indeed, uremia increases energy expenditure,
impaired energy use (€.g. insulin resistance) could cause a loss
of lean body mass. This is relevant because patients with se-
rum creatinine values >2.4 mg per deciliter or those who are
obese or those with metabolic acidosis can develop insulin re-
sistance and impaired energy use.>*>'?*12" Fortunately, a low
protein diet can actually improve insulin resistance.’>!2%1%
Regarding this conclusion, energy intake in patients with
moderate renal insufficiency in the MDRD study was below
30 to 35 kcal/kg/day yet the loss of body mass was infrequent
and only a few patients were withdrawn from the trial be-
cause of nutritional considerations.'*® On the other hand, the
MDRD study used dietary interviews and diaries to estimate
energy intake, methods that can give erroneous results, partic-
ularly in CKD or MHD patients.'!*!? Regardless, if a patient
is losing weight and there is a history of a low energy intake,
additional calories are needed. Intake from such a supplement
must be monitored closely because it may lead to an increase
in body fat rather than larger stores of protein.'*!

The contribution of a low energy intake to nutritional
deficiencies in CKD patients is unclear: CKD outpatients who
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were eating 16 to 20 g per day of protein plus a supplement
of EAA had no change in nitrogen balance when their energy
intake was varied between 22 and 50 kcal/kg/day.'** On the
other hand, Kopple et. al.'* fed six CKD patients a constant,
minimal protein intake of 0.55 to 0.60 g/kg/day and mea-
sured nitrogen balance while calorie intake was varied from
15 to 45 kcal/kg/day. They concluded that the dietary energy
requirement for nitrogen equilibrium for CKD patients who
are eating low protein diets should be 35 kcal/kg/day in or-
der to maximize dietary protein use. If CKD patients are at or
below their ideal body weight, we believe their energy intake
should be 35 kcal/kg/day.'** For overweight patients, energy
intake should be restricted to reduce obesity because obesity
causes msulin resistance and impairs the use of protein and
calories.>!'#- 121

Protein Require ments

Nitrogen balance (Bn) is a measurable index of changes in
body protein stores and serves as the gold standard for assess-
ing dietary protein requirements. A neutral or positive Bn indi-
cates that the body3 protein stores are maintained or increased.
For healthy adults engaging in moderate physical activity
and eating suflicient calories, the World Health Organization
(WHO) used Bn values to conclude that the average require-
ment for protein of mixed biologic value 1s approximately 0.6
g of protein per kilogram of body weight per day. This average
dietary protein requirement plus 2 standard deviations was as-
signed as the “safe level of intake,” or 0.75 g/kg/d; this value
should meet the protein requirements of 97.5% or more of
healthy adults.'*! There are two caveats: first, not all normal
adults will require this amount of dietary protein, but some
will need more than 0.75 g/kg/day. Second, for CKD patients,
an increase 1n dietary protein will increase the production of
urea and other waste products. If these compounds are not
excreted, uremia will develop.”>'*> Adaptive metabolic re-
sponses are activated when dietary protein 1s restricted (see
previous). The presumed origin of these metabolic responses
1s a decrease in plasma msulin leading to the conversion of
body protein stores (principally, skeletal muscle) nto amino
acids, which are converted to glucose in the liver. Insulin 1s
likely to be one of the most potent mediators of these changes
In protein turnover because it suppresses protein degradation
in normal or diabetic subjects.'**!*” This could explain why
diabetic patients (including those with sulin resistance) be-
ing treated by hemodialysis are at increased risk of developing
an accelerated loss of lean body mass.'*® Because insulin resis-
tance can be present in patients with serum creatinine levels as
low as 2.4 mg per deciliter and because metabolic acidosis can
cause insulin resistance, insulin-initiated mechanisms could be
a key factor regulating whole body protein metabolism.>*'*’
In summary, healthy adults successfully adapt to dietary pro-
temn restriction by: (1) suppressing the catabolism of EAA and,
possibly, NEAA; and (2) suppressing protein degradation while
stimulating protein synthesis. A principal mediator of these
changes 1s likely to be insulin.
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Protein Requirements for Chronic Kidney
Disease Patients

Patients with advanced CKD that is uncomplicated by met-
abolic acidemia or inflammation, etc. are remarkably efhi-
cient at adapting to dietary protein restriction.®® In response
to the limitation of dietary protein from 1.0 to 0.6 g/kg/
day, they reduce amino acid oxidation and protein degrada-
tion as well as normal adults. The same adaptive responses
occur if the diet is restricted to only 0.3 g/kg/day plus a
supplement of essential amino acids or their nitrogen-free
analogs (ketoacids). These diets are associated with the
maintenance of indices of adequate nutrition during more
than 1 year of observation.®”’? Clinically, it must be rec-
ognized that compensatory responses will not fully com-
pensate for an inadequate diet and the diet will cause loss
of lean mass. Moreover, diabetic patients may not activate
adaptive changes to dietary protein restriction as efficiently
as do normal adults or CKD patients. Finally, if CKD 1s com-
plicated by acidemia or inflammatory or chronic illnesses,
patients may not be able to activate an adaptive response to
dietary restriction.

Protein Requirements for Nephrotic Patients

Patients who are excreting more than 3 to 5 g of protein per
day could be at increased risk for protein wasting because
their protein intake may not meet minimal requirements.
This does not mean that prescribing an excess of protein will
improve protein stores. Unfortunately, a high protein diet ac-
tually raises the degree of proteinuria in CKD patients.'?**!4°
This problem is emphasized because patients eating a well-
designed low-protein diet can experience a decrease in pro-
teinuria and an increase in serum albumin concentrations
compared to patients fed excessive amounts of protein (see
the following). The other problem is that feeding a high pro-
tein diet increases the likelihood of developing complica-
tions of CKD. The other reason to emphasize this problem
is the consensus that the degree of proteinuria is closely re-
lated to the risk for progressive kidney and cardiovascular
diseases.'*! The other factor to consider regarding dietary
protein prescriptions for nephrotic patients is that it can ac-
tivate the same adaptive responses as CKD patients or nor-
mal subjects.”’ This ability leads to neutral Bn of nephrotic
patients fed 0.8 or 1.6 g/kg/day (plus 1 g of dietary protein
for each gram of proteinuria) and 35 kcal/kg/day of energy.
There 1s evidence that even less dietary protein (<0.6 g/
kg/day) may not increase the risk of protein wasting in pa-
tients with the nephrotic syndrome.'** In summary, patients
with uncomplicated CKD, including those with nephrotic
range proteinuria, activate normal compensatory responses
to dietary protein restriction by suppressing EAA oxidation
and reducing protein degradation. These responses lead to
the preservation of lean body mass during long-term dietary
therapy. When nephrotic patients excrete =10 g of protein
per day, there are no clear guidelines for manipulating their
dietary protein and calories.

Dietary Sodium and Chloride

Normal adults maintain an extracellular fluid volume that
changes by <1 L (1 kg of body weight) and only have mini-
mal changes in blood pressure despite wide variations in
daily salt intake. But, if blood pressure rises when sodium
chloride intake increases, a patient 1s labeled salt sensitive
and salt balance occurs only slowly. Notably, salt sensitivity
can precede established hypertension and it constitutes a
cardiovascular risk factor, complicates antihypertensive
therapy, contributes to a progressive loss of kidney function
in patients with CKD, exacerbates proteinuria, and dimin-
ishes the antiproteinuric responses of patients with kidney
disease.'**!** For these reasons, regulating sodium chloride
intake is essential for the treatment of patients who have or
who are at risk for high blood pressure, for those with kid-
ney disease, and/or for those with cardiovascular risk fac-
tors. Treatment with diuretics generally fails in patients who
have no dietary guidelines for salt intake because salt intake
can cancel the effectiveness of diuretics.'* Unfortunately,
regulating sodium chloride intake is difficult because salt
1s added to so many foods; it is estimated that, generally,
>80% of daily sodium intake is already an integral part of
foods, 146147

A sodium intake of 2 g per day or 84 mEq per day is
widely recommended for patients with hypertension or car-
diovascular and kidney diseases. It is important to specify
this amount because a no-added-salt diet contains about 4 g
of sodium or 168 mEq."'*® This level of salt intake exac-
erbates blood pressure and edema in many CKD patients.
Fortunately, a diet of 2 g of sodium per day can be achieved
with skilled diet planning.

Salt-sensitive patients with CKD and hypertension can
be detected by determining if their blood pressure rises
>10% when a low salt diet 1s switched to a high salt diet.
The frequency of salt-sensitive individuals (with the excep-
tion of some patients with primary interstitial kidney disease)
increases with age, especially when renal function is declin-
ing.!4714%150 Qalt restriction is especially important in the treat-
ment of hypertensive CKD patients because antihypertensive
agents, with the possible exception of calcium channel block-
ers, are less effective when sodium intake is unrestricted.'”!
Because it is an achievable goal, the ideal sodium intake for
hypertensive patients is 2 g per day. A decrease in dietary salt
can transiently reduce GFR but this usually reverses within
a week. Because most dietary salt is already in foods, espe-
cially in prepared or fast foods, it is difficult to predict salt
intake. Because ~95% of sodium ingested is excreted by the
kidneys, the sodium content of a 24-hour urine sample is the
best indicator of sodium intake. With fever, strenuous exer-
cise, or diarrhea, and especially in patients with an ileostomy;
there can be significant extrarenal sodium losses. To monitor
salt intake, CKD patients should weigh themselves daily and
record their weight; if weight 1s declining, it 1s most likely due
to a loss of extracellular salt and water, and contrariwise, if
weight is increasing, it 1s most likely due to an accumulation
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of salt and water. In such cases, the diet should be reviewed to
determine the source of the unwanted salt. Monitoring body
weight is emphasized because sodium excretion fluctuates
widely during the day, and a “spot” urine for measurement of
the sodium/creatinine ratio does not provide reliable insights
into the assessment of dietary salt. Fortunately, even patients
accustomed to a high sodium chloride intake experience salt
cravings, and they should be reassured that the craving will
disappear after a few weeks.'*%!>2

In summary, a cornerstone of designing diets for CKD
patients is to establish appropriate goals for blood pressure
and sodium intake. Home blood pressure recording or am-
bulatory 24-hour blood pressure recordings are the most re-
liable in assessing the effectiveness of therapy. Compliance
with dietary salt restriction must be monitored by 24-hour
urine collections for sodium content. Fortunately, this same
collection can be used to determine creatinine clearance
and to estimate protein intake from urea excretion (see the
following) and the presence of microalbuminuria and other
minerals. If sodium excretion is excessive and blood pres-
sure increases, education by the nutritionist and repeated
measurements of 24-hour urine sodium collections will
make dietary planning easier.

Dietary Potassium

Guidelines from the Institute of Medicine recommend a po-
tassium intake of 4.7 g per day.'> Fortunately, the ability to
excrete this amount of potassium is usually retained until re-
nal insufficiency is very advanced.'>* The ability to eliminate
potassium 1s maintained by increased potassium excretion
by both the gut and kidney, making the design of diets to
restrict both dietary salt and potassium possible.'>* If hyper-
kalemia 1s present, a search is needed to determine if there
1s acidemia, defects in aldosterone actions, or if treatment
has been changed to include nonsteroidal anti-inflammatory
drugs (NSAIDs) or blockers of the renin-angiotensin-
aldosterone system (RAAS). If these changes are required,
dietary potassium must be restricted. The diet 1s limited to
~1.5 g per day; compliance 1s monitored from the 24-hour
urinary excretion of potassium.

It 1s fortunate that the ability to excrete potassium is
maintained because diets rich in potassium (e.g., fruits and
vegetables) reduce the likelthood of developing chronic dis-
eases, such as coronary heart disease and diabetes. Moreover,
clinically important reductions in blood pressure have been
documented to occur when adults with normal blood pres-
sure or mild hypertension consume a potassium-rich diet.
For example, in the DASH (Dietary Approaches to Stop Hy-
pertension) Study,'>> potassium was increased in the diet but
a potassium supplement was not supplied. Adults with sys-
tolic blood pressures <160 mm Hg and diastolic blood pres-
sure 80 to 95 mm Hg were fed a standard Western diet high
in saturated fat and low in fruits and vegetables and calcium.
They were then randomly assigned to the same diet, which
included a diet rich in fruits and vegetables versus a combined
diet rich in fruits, vegetables, and with low-fat dairy products.
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This last diet had a reduced content of saturated and total fat.
For all three groups, sodium intake and body weight were
maintained at constant and at similar levels. Systolic and dia-
stolic blood pressures decreased with the fruit and vegetable
diet, and a more pronounced reduction in systolic and dia-
stolic pressures occurred with the combination of high fruit
and vegetable, and low-fat dairy product diet (—11.4 and
—5.5 mm Hg, respectively). The changes in blood pressures
were substantially greater in African American participants as
compared to Caucasians.'”® This study did not address the
effects of these diets in CKD patients but may be applicable
because of the adaptations in potassium excretion.

Regarding CKD patients, the National Kidney Founda-
tions expert panel'>’ recommended the restriction of dietary
potassium in adults with CKD at stage 4 (estimated GFR
<30 mL/min/1.73 m?). The regulation of the serum potas-
sium concentration at the desired level is complicated be-
cause patients with advanced CKD generally have low values
of total body potassium, even when the serum potassium is
high.'>® More studies are needed to determine the usefulness
and dangers of increasing (or limiting) dietary potassium in
patients with CKD.

VITAMINS AND TRACE ELEMENTS
IN RENAL DISEASE

Micronutrients, vitamins, and trace elements are required for
energy production, organ function, and cell growth and pro-
tection (e.g., from oxygen free radicals). Consequently, they
should be included when planning diets for CKD patients.'”
Besides an insuflicient intake, losses of protein-bound ele-
ments with proteinuria, decreased intestinal absorption of
micronutrients, cellular metabolic changes or circulating in-
hibitors, and medicines that antagonize some vitamins can
cause micronutrient deficiency syndromes. Unfortunately,
there 1s very little information concerning the minimum re-
quirements or the recommended daily allowances (RDA) for
these nutrients in CKD patients. For CKD patients, supple-
ments of water-soluble vitamins are routinely prescribed
because meat and diary products are routinely restricted in
their diets and there can be benefits of a daily supplemen-
tal vitamin. The long-term administration of vitamin B6 and
folate can improve responses to EPO.'®® Vitamin Bl (thia-
mine) losses can occur with diuretic therapy or hemodialy-
sis, potentially causing problems when the diet 1s restricted.
However, there are no long-term evaluations detailing the
incidence of thiamine deficiency even though some of its
cardiovascular and neurologic symptoms can mimic com-
plications of advanced CKD. For MHD patients, the average
concentrations of folate, niacin, and vitamins Bl, B6, Bl12,
and C in whole blood and erythrocytes are often normal,
presumably because the diet protein requirement of 1 g/kg/
day is being eaten.'®' However, low or borderline low levels
of certain vitamins, particularly vitamins B6 and C, folic acid,
and 25-hydroxycholecalciferol and 1,25-dihydroxycholecal-
ciferol, are often reported.'®* The need for some vitamins is
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increased in kidney failure, so we recommend that a sup-
plement containing the RDA for water-soluble vitamins be
prescribed for CKD, hemodialysis, and CAPD patients.
Riboflavin is necessary for normal energy use because
it 1s used to maintain levels of the coenzymes flavin mono-
nucleotide and flavin adenine dinucleotide. Riboflavin is
present in meat and dairy products and its deficiency can
produce sore throats, stomatitis, or glossitis, which may
be mistaken for uremic symptoms. Folic acid is found in
fruits and vegetables, but cooking can destroy it, and hence,
it could become deficient in patients with restricted diets.
Because folic acid is required for adequate EPO treatment
and for the synthesis of nucleic acids and for methyl group
transfer reactions and because it may decrease homocys-
teine production, it should be provided as a supplement.
Vitamin B6 (pyridoxine) is necessary for many metabolic
reactions involving amino acids via transaminase-catalyzed
reactions. It 1s contained in meats, vegetables, and cereals. A
deficiency can produce symptoms of a peripheral neuropa-
thy or altered immune function, or host resistance may de-
velop. Because these problems could complicate advanced
uremia, a daily pyridoxine HCI supplement providing 5 mg
per day for stage 4 and 5 CKD patients and 10 mg per day
for MHD and CPD patients is recommended. Vitamin B12 is
required for the transfer of methyl groups among metabolic
compounds and for the synthesis of nucleic acids. Its major
sources are meat and diary products. A deficiency state is
unusual because this vitamin is stored in the liver. Also, little
vitamin Bl 2 1s removed during hemodialysis because its mo-
lecular weight is rather high (1,355 Da), and it is largely
protein bound in plasma. A daily supplement containing the
RDA 1s recommended even though the likelihood of CKD,
MHD, or CPD patients developing a deficiency state is low."”
Vitamin C or ascorbic acid protects against antioxidant
reactions and is involved in the hydroxylation of proline dur-
ing collagen formation. It also 1s contained in meat, dairy
products, and most vegetables so a deficiency state is un-
usual. Unfortunately, dialysis readily removes vitamin C, so a
deficiency state can develop in patients eating an inadequate
diet. Since high doses of vitamin C are metabolized to oxalate
which can precipitate in soft tissues (including the kidney),
vitamin C supplements should contain only the RDA amount.
The remaining water soluble vitamins, including biotin,
niacin, and pantothenic acid, have been less well studied.
Biotin functions as a coenzyme in bicarbonate-dependent
carboxylation reactions and is produced by intestinal mi-
croorganisms. Consequently, a deficiency state is unusual.
Niacin (nicotinic acid) 1s used as a nicotinamide adenine
dinucleotide phosphate coenzyme. It is synthesized from
the essential amino acid, tryptophan; a deficiency produces
diarrhea, dermatitis, or increased triglycerides. Pantothenic
acid 1s mvolved in the function of coenzyme A and, hence,
in the metabolism of fatty acids, steroid hormones, and cho-
lesterol. Although there is minimal mformation about the
eflicacy and consequences of these vitamins in renal disease,
a supplement of the RDA of these vitamins appears to be

quite safe, and we also recommend supplements, but only at
amounts equivalent to the RDA.

In summary, patients eating restricted diets are at risk for
developing vitamin-deficiency syndromes. Even MHD and
chronic peritoneal dialysis (CPD) patients who are urged to
eat generous amounts of protein and energy are at risk for in-
gesting less than the RDA of vitamins established for normal
subjects and the daily requirements at least for vitamin B6 and
folate appear to be increased in these patients.'®> We conclude
that CKD as well as chronic dialysis patients should have a
water-soluble vitamin supplement because it may prevent cer-
tain problems from developing and probably does little harm.
Because hyperoxaluria and possibly peripheral neuropathy can
occur with high doses of vitamin C and pyridoxine, respec-
tively, megavitamin therapy should be avoided.'®

The requirements for fat-soluble vitamins in patients
with CKD have not been established, and there are reasons
to suspect that some of these vitamins may even cause com-
plications of CKD. We recommend that fat-soluble vitamins
should be given only when there is a well-defined indication.
Because many multivitamin preparations contain fat-soluble
vitamins, these preparations should be avoided unless there
is evidence for a deficiency condition. Notably, plasma vita-
min A (retinol) levels are usually increased in CKD patients
because the level of retinol-binding protein 1s high, mak-
ing it likely that tissue levels are normal or increased.'>
Supplemental vitamin A can contribute to anemia, dry
skin, pruritus, bone resorption, and hepatic dysfunction in
uremic patients.'®

The requirements for vitamin E, another fat-soluble vita-
min, are not established. Vitamin E has been given in experi-
mental models of CKD, providing some reduction in the de-
gree of renal injury in rats with experimental immunoglobulin
A (IgA) nephropathy or glomerulosclerosis following a subto-
tal nephrectomy or diabetes.'®® Although plasma vitamin E
levels are generally reported to be normal in uremic patients,
the question of supplementing vitamin E to suppress lipid
peroxidation/oxidant stress has not been settled. Vitamin E
may reduce the rate of progression of carotid artery stenosis in
MHD patients with a history of vascular disease. Other studies
have not confirmed a beneficial effect of vitamin E on athero-
sclerosis in patients with CKD. Another factor to be consid-
ered 1s that vitamin E supplements may be hazardous. The
Heart Outcomes Prevention Evaluation (HOPE) Study was
carried out in older people who were at a high risk for adverse
cardiovascular events; there was no restriction to the presence
or absence of CKD. Patients treated with daily vitamin E (400
IU) developed a delayed and significantly increased risk for
heart failure and hospitalization for heart failure.'®” The RDA
for vitamin E is 15 mg per day, and lower doses of vitamin E
could be given to CKD or maintenance dialysis patients. In-
deed, some multivitamins contain quantities of vitamin E that
are less than the RDA and are provided largely to ensure that
the daily vitamin E intake meets the RDA. Although vitamin
E might reduce oxidant stress, it is controversial whether rou-
tine vitamin E supplements should be given to CKD patients.
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The vitamin D analogs, 25-hydroxycholecalciferol and
1,25-dihydroxycholecalciferol, are bound to an alphalike
globulin and may be lost in the urine in nephrotic patients.'®®
This can lead to decreased 1onized and total calcium, and
bone disease in some patients and patients with the nephrot-
ic syndrome should have regular surveillance of vitamin D
levels. Recommendations for supplemental vitamin D are
discussed in Chapter 73.

The need to supplement most trace element supple-
ments for CKD and maintenance dialysis patients is not clear.
The controversy arises because of difficulties in determining
if body stores are insuflicient, adequate, or excessive. A de-
ficiency may not be reversed solely if only more trace ele-
ments are supplied."”” Aluminum has been studied exten-
stvely because aluminum-containing antacids have been used
to control serum phosphorus and, in the past, dialysates were
contaminated with aluminum. Aluminum accumulation can
cause bone disease, especially osteomalacia, a progressive de-
mentia, proximal muscle weakness, impaired immune func-
tion, and anemia.'®>!’" Aluminum retention also can reduce
serum iron stores, contributing to resistance to erythropoetin
(EPO) therapy.' "' Plasma and leukocyte zinc levels are report-
edly decreased and may be associated with endocrine abnor-
malities such as high plasma prolactin levels.'’* In patients
with advanced CKD, the urinary excretion of zinc or fecal
zinc may be decreased.'”” Some reports indicate that dysgeu-
sia, poor food intake, and impaired sexual function, which
are common problems of uremic patients, may be improved
by giving patients zinc supplements.'”* Other studies, how-
ever, have not confirmed these results.'” A zinc supplement
has been reported to increase B-lymphocyte counts, granulo-
cyte motility, and taste and sexual dysfunction.'””

The finding that serum selenium is low in dialysis pa-
tients has raised the question of supplementing selenium
because selentum participates in the defense against oxida-
tive damage of tissues, which may be increased with kidney
failure.'’® The relationship among other trace elements and
the occurrence of beneficial or adverse reactions has not been
well studied in CKD patients. Hence, with the possible ex-
ception of the nephrotic syndrome, we do not recommend
routinely giving supplements of trace elements unless there
1s documentation that trace element intake 1s low or a de-
ficiency is present. This may be the case for iron, zinc, and
selentum. The exception would be patients who are receiv-
ing long-term parenteral or enteral nutrition without supple-
ments of trace elements; these individuals should routinely be
given trace elements. Finally, the appearance of skin rashes,
neurologic abnormalities, or other unexplained problems in
maintenance dialysis patients should prompt a search for ex-
cessive concentrations of trace elements in the dialysate.

Assessment of Dietary Compliance

The classic report of Folin® pointed out that urea excretion
1s the principal change in urinary nitrogen that occurs when
dietary protein changes. This has been repeatedly confirmed
and provides a firm foundation for assessing compliance
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with low-protein diets.®>*""!”” The rate of urea production
exceeds the steady-state rate of urea excretion in both normal
and uremic subjects because there i1s an extrarenal clearance
of urea. This extrarenal removal of urea is due to its deg-
radation by bacterial ureases present in the gastrointestinal
tract.'”®*'% In the past, it was believed that urea degradation
to ammonia contributes substantially to amino acid synthe-
sis in the liver and, hence, improves the nutritional status of
uremic patients.'®! This is incorrect; the ammonia nitrogen
1s simply used to synthesize urea by reincorporating it into
urea.' "% Fortunately, the rate of net urea production closely
parallels dietary nitrogen®”'"” and net production (i.e., urea
appearance [UNA]) 1s easily calculated because the concen-
tration of urea is equal throughout body water.'>*!'”” Because
water represents ~60% of body weight in nonedematous
patients, changes in the urea nitrogen pool can be calculated
by multiplying 60% of nonedematous body weight in kilo-
grams by the SUN concentration in grams per liter. The UNA
1s calculated as the change in the urea nitrogen pool (positive
or negative) plus urinary urea nitrogen excretion. If the SUN
and weight are stable, urea nitrogen accumulation 1s zero
and UNA equals the excretion rate (Table 85.2).

Nonurea Nitrogen

Unlike urea nitrogen, nonurea nitrogen excretion (1.e., the
nitrogen excreted in feces and in urinary uric acid, creatinine,
and unmeasured nitrogenous products) does not vary greatly
over a large range of dietary protein.®”®' The nonurea nitro-
gen excretion averages 0.031 g of nitrogen per kilogram of
ideal body weight per day (Fig. 85.2). This average value
was derived from patients with = 5 g per day of protein-
uria; if proteinuria exceeds 5 g per day, then protein in the
diet should be increased by the amount of protein lost in the
urine. There is no significant correlation between nonurea
nitrogen excretion and dietary protein in patients eating low-
protein diet.®"''” This finding is important because a value
of nonurea nitrogen excretion depending on weight provides
a method for assessing compliance with protein-restricted
diets. We examined results of over 70 nitrogen balance mea-
surements and found no significant correlation between di-
etary nitrogen and either fecal nitrogen or nonurea nitrogen
excretion, at least in CKD patients eating protein-restricted
diets.®! This distinction is important because independence
of nonurea nitrogen excretion from dietary protein yields a
method ofassessing compliance with protein-restricted diets.
Compliance is assessed by converting the prescribed protein
intake to its nitrogen equivalent by multiplying dietary pro-
tein by 0.16 (protein i1s 16% nitrogen). If nitrogen balance is
assumed to be zero, then nitrogen intake equals the sum of
UNA (Table 85.2) plus 0.031 g/kg/day of nitrogen.®® There-
fore, the patient 1s compliant if the intake equals the output.
However, when intake is greater or less than nitrogen out-
put, then the assistance of a skilled dietician is needed. The
caveat 1s that this method cannot be used reliably if a patient
1s receiving total parenteral nutrition or eating completely
digestible foods (e.g., astronauts). In summary, total nitrogen
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Estimating Compliance with Dietary
Protein Using Urea Turnover

1. A70-year-old man with a urea clearance of 10 mL/
minute weighs 70 kg. He is taught a diet containing
0.8 g protein/kg/day in order to meet the daily
allowance of protein recommended by the World
Health Organization. His serum urea nitrogen (SUN)
and weight are stable. A 24-hour urine collection
contains 6 g of urea nitrogen.

Because protein 1s 16% nitrogen, he 1s eating 9 g
of nitrogen daily. His non-urea nitrogen excretion
1s 70 kg X 0.031 g of nitrogen/kg/day or 2.17 g of
nitrogen per day and his total nitrogen excretion 1s
6 + 2.2 = 8.8 mdicating that he 1s compliant with
the prescribed diet.

2. A 60-year-old woman with stage V CKD i1s admitted
to the hospital for plastic surgery. She has been
taught a diet that contains 40 g of protein/kg/day
(~6.4 g of nitrogen per day because protein is 16%
nitrogen). She 1s excreting 4 g urea nitrogen per day,
but on the 2nd day of admission, her SUN rises from
50 to 60 mg/dL.

Her non-urea nitrogen excretion is estimated as
60 X 0.031 g of nitrogen/kg/day or 1.9 g of nitrogen/
day. Thus, her total excretion is 9.5 g of nitrogen/day.
(Total nitrogen excretion = 4 g urinary urea nitrogen
+ 1.9 g non-urea nitrogen + the accumulation of
3.6 gurea nitrogen [36 L as estimated body water
X 0.1 gurea nitrogen per liter of body water.])

Her nitrogen excretion substantially exceeds her
prescribed intake so a nutrition/dietician consult and
a stool sample for blood are obtained.

excretion 1s calculated from weight, SUN, and urea nitrogen
excretion. It 1s compared to the prescribed protein intake
and 1f the values are different by more than 20%, then rea-
sons for noncompliance or the reasons for a negative nitro-
gen balance should be investigated.'®* Another equation that
takes 1into account unmeasured losses of nitrogen through
respiration, sweat, exfoliated skin, flatus, and sputa is

Dietary nitrogen intake in grams per day =
1.20 UNA (g/day) + 1.74.

Multiplying the amount of dietary nitrogen intake by
6.25 estimates the protein intake.

Another potential use of the calculated dietary protein
1s to evaluate a patient’ calorie intake. First, the ratio of di-
etary protein to calories can be estimated from the patients
dietary history. Second, the protein intake calculated from
urea nitrogen excretion as just outlined i1s divided by the
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FIGURES85.2 Calculated values oftotal nonurea nitrogen (NUN)
excretion in normal subjects (solid symbols) and patients with
chronic renal failure. The average value for patients not being
treated by dialysis is 0.031 g of nitrogen per kilogram per day.
(From Maroni BJ, Steinman T,Mitch WE. Amethod for estimating
nitrogen intake of patients with chronic renal failure. Kidney Int.
1985;27:58.)

calculated protein intake yielding the calorie intake. This
type of analysis should be used regularly in patients treated
with restricted diets because calorie intake must be sufficient
to use protein in the diet efficiently to maintain body protein
stores. The importance of using these calculations regularly
is highlighted by the report that CKD patients frequently un-
derreport their calorie intake, especially if they are obese.'®?

Other methods of assessing protein intake, including
dietary histories, were exhaustively reviewed by Bingham'5*:
interview methods are less accurate and, over time, patients
learn the appropriate responses to questions about dietary
habits. Examples of this problem have been reported by
Kloppenburg et al.'?® and Molitch et al.'"®® They evaluated
food records and anthropometric and oxygen consumption
data of dialysis patients and CKD patients. They found that
energy intake was grossly underestimated when assessed by
diet records. In summary, dietary compliance can and should
be calculated from the measured urea nitrogen excretion and

the nonurea nitrogen excretion.

DIETARY PROTEIN RESTRICTION
AND THE PROGRESSION OF RENAL
INSUFFICIENCY

Several conditions related to a loss of kidney function have
been identified from studies of experimental kidney damage
(Table 85.3). Regarding responses in the patient, beneficial
effects of dietary restriction on the progression of CKD were
reported in the late 1970s, but the reports were criticized be-
cause they relied on changes in the serum creatinine or creati-
nine clearance to assess progression. There also were difficulties
in the study design (including the lack of randomization and
retrospective analyses). The Modification of Diet in Renal
Disease (MDRD) Study,'®> an intention-to-treat analysis of the
largest trial of dietary protein restriction and progression, led



Experimental Renal Diseases Improved
by Dietary Protein Restriction

Remnant kidney

Nephrotoxic serum nephritis

Doxorubicin nephrosis

DOCA salt hypertension

Spontaneous hypertension with reduced renal mass
Salt-sensitive hypertension with glomerulonephritis
Diabetes mellitus

Spontaneous glomerular sclerosis of aging
Antitubular basement membrane nephritis

DOCA, deoxy-cortisone acetate.

to the conclusion that there was no benefit of protein-restricted
diets on progression. There were notable problems with this
interpretation but there are other reasons to manipulate the
diet of CKD patients, namely to prevent complications of CKD.

Randomized Controlled Trials in Nondiabetic
Chronic Kidney Diseases
186 :

Clinical trials that satisfy “high quality” requirements ™ mn-
clude the report of the Northern Italian Cooperative Study
Group, which analyzed results from 456 patients categorized
according to the National Kidney Foundation (NKF) defi-
nition as stage III to IV CKD patients.'®” The patients were
examined over at least 2 years following their random as-
signment to diets containing either 0.6 g of protein per kilo-
gram per day (low-protein diet [LPD]) or 1g/kg/day (control
group) plus at least 30 kcal/kg/day. The actual protein intake
was determined from the urea nitrogen excretion,’™°' and
unfortunately, varied minimally. The average protein intake
was 0.9 g/kg/day for the control group and 0.78 g/kg/day
for the LPD group with substantial overlap in the amounts
of protein eaten. Thus, the study did not test the hypothesis
that eating a low protemn diet will slow the loss of kidney
function. Because dietary protein differed by 0.12 g/kg/day, it
1s not surprising that there was only a borderline difference in
the primary outcome of renal survival, defined as the start of
dialysis or the doubling of serum creatinine between control
and LPD groups; slightly fewer patients assigned to the LPD
group reached the end point (P = .059).

The MDRD study evaluated different levels of protein
intake and two levels of blood pressure control in a 2 X 2
design.'®> GFR was measured as the urinary clearance of '*°I-
lothalamate to determine how rapidly renal function was lost.
In Study A (stages III to IV CKD), 585 patients were randomly
assigned to a standard diet of >1 g of protein per kilogram per
day or a diet containing 0.6 g of protein per kilogram per day
and there were targeted mean arterial blood pressures of 105
or 92 mm Hg. In Study B, 255 stage IV CKD were randomly
assigned to diets of 0.6 g of protein per kilogram per day or
0.3 g of protemn per kilogram per day supplemented with a

ketoacid/essential amino acid mixture, very low protein-keto
acid (VLP-KA); the same blood pressure goals were sought.
Actual protein intakes based on urea nitrogen excretion®"*!
were 1.11 and 0.73 g of protein per kilogram per day, respec-
tively, in Study A and 0.69 and 0.46 g of protein per kilo-
gram per day (plus the supplement in the VLP-KA group),
respectively, in Study B. The analysis revealed no statistical
difference in the rate of loss of GFR between the two groups in
Study A. Results of Study B showed a trend toward a slowing
of the loss of GFR for the VLP-KA diet patients (P <.07), but
the difference was not statistically significant.

There are a number of caveats in the interpretation of this
study: (1) In Study A, there was an mitial, rapid decrease in
GFR in CKD patients assigned to the restricted, 0.6 g/kg/day of
protein intake. This response has been ascribed to a physiologic
reduction in glomerular hemodynamics.'® Subsequently; the
loss of GFR was slower in CKD patients prescribed the LPD ver-
sus those assigned to the control diet (1.11 gofprotein per kilo-
gram per day). Thus, if the physiologic response 1s disregarded
because it does not represent kidney damage, the rate of loss of
GFR from the end ofthe initial 4 months until the last measure-
ments yields a significantly lower value in patients assigned to
the protein-restricted group. There also was a significant im-
provement in kidney survival (P = .009). (2) ACE inhibitors
were prescribed to some patients in both Study A and B, which
can influence the rate of loss of kidney function.'*' (3) The trial
may have been discontinued prematurely.'®* For example, in
the U.S. National Institutes of Health (NIH)-sponsored Diabe-
tes Control and Complications (DCCT) Tiial of the risks and
benefits of strict blood glucose control, there was no protective
effect of the intervention on the progression of kidney disease
nitially. But, after 4 years of strict glucose control, the devel-
opment of microalbuminuria or macroalbuminuria was sig-
nificantly depressed with strict glucose control. (4) Secondary
analyses of the MDRD trial, although less robust for assessing
efficacy, did identify the slowing of progression in those patients
who had a measured decrease in dietary protein.'®"'" A low
protein diet reduced the rate of loss of GFR in Study B patients
(P =.011). There also was areduction in the frequency of renal
death (death or initiation of dialysis; P = .001). Specifically, for
every 0.2 g/lkg/day reduction of dietary protein, there wasa 1.15
mL/minute/year reduction in the rate of loss of GFR and a 49%
reduction in the frequency of renal deaths. (5) The nclusion of
results from these patients with polycystic kidney disease had
no benefit of restricting dietary protein or controlling blood
pressure. Because polycystic kidney disease patients constituted
~25% of patients enrolled in the MDRD study, including them
could have biased the interpretation of the results.'® Based on
an mtention-to-treat analysis, restricting dietary protein in the
MDRD study did not produce a statistically significant slowing
of the rate of loss of GFR.

In an 18-month study, Williams et al.””" compared three
dietary interventions in 95 patients with stage IVto VCKD: (1)
0.6 g of protein per kilogram per day and 800 mg of phosphate
intake; (2) 1,000 mg of phosphate per day plus phosphate
binders; and (3) unrestricted dietary protein and phosphate.
Dietary compliance was estimated from diet records and urea

191
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excretion, yielding levels 0f 0.7, 1.02, and 1.14 g of protein per
kilogram per day plus 815, 1,000, and 1,400 mg of phospho-
rus per day, respectively. Rates of progression were measured by
creatinine clearances. There were no differences in the decrease
In creatinine clearance over time among the three groups nor
were there differences in the numbers of patients who died or
began dialysis therapy. Criticisms, however, are that changes
in creatinine clearance may not accurately represent changes
in GFR. In addition, differences in actual protein intakes were
minimal and the number of CKD patients studied was small.

Cianciaruso et al.'”” studied patients with stage IV to
V CKD during 18 months of observation following assign-
ment to 0.55 or 0.8 g of protein per kilogram per day. They
randomly assigned 212 patients to receive the lower protein
intake and 211 CKD patients to receive the higher level of
dietary protein. Based on estimates from urea excretion,®
the protem-restricted group ate 0.72 g compared to 0.92 g of
protein per kilogram per day of the high protein diet patients
(P <.05). The authors found no alteration in body compo-
sition or nutritional indices (principally, serum albumin) in
either group. Based on an intention-to-treat analysis, 13 pa-
tients in the 0.92 g of protein per kilogram per day group
versus 9 assigned to the 0.55 g of protein per kilogram per day
died or were started on maintenance dialysis during the study.

Munford'”? evaluated if a very low protein intake supple-
mented with ketoacids might affect the efficiency of EPO ther-
apy 1n 20 patients who were examined over 2 years. Patients
were randomly assigned to 0.49 g/kg/day plus a supplement
of ketoacids/amino acids or 0.79 g/kg/day. For the VLPD-KA
group, only two had to begin dialysis compared to seven sub-
jects assigned to the higher dietary protein group (P <.05).
There also was an improvement in EPO responsiveness.

Thle and colleagues,'** studied 72 Australian patients with
stage IV to V CKD. The patients were randomly assigned to a
diet of unlimited protein or 0.4 g of protein per kilogram per
day and were observed for 18 months (Fig. 85.3). Based on
urea excretion,”’ the dietary protein-restricted group ate 0.69
g of protein per kilogram per day versus 0.8 g of protein per
kilogram per day for the control group. The GFR (°'Cr-EDTA
clearance) progressively declined, but only in patients eating
the unlimited diet. The number of patients who had to begin
dialysis was also lower in the protein-restricted group (P <.05).
The authors did note that patients in the protein-restricted
group lost weight, but otherwise there were no abnormalities
in other anthropometric measures or in serum albumin.'”*

Jungers et al."”” reported the outcomes of dietary pro-
tein manipulation in only 19 stage V CKD patients. Ten
patients were randomly assigned to a VLPD-KA regimen,
whereas nine were assigned to a conventional low protein
diet of 0.6 g of protein per kilogram per day. Unfortunately,
the actual amount of dietary protein eaten in the two groups
differed by only 0.2 g/kg/day. This factor and the small num-
ber of patients limits the interpretation of the results.

Malvy et al.'”® studied 50 stage IV to V CKD patients by
randomly assigning them to a VLPD-KA diet or adiet of 0.65 g
of protein per kilogram per day. The time until a patients cre-
atinine clearance decreased below 5 mL/min/1.73 m* or until
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FIGURES85.3 Changes in glomerular filtration rate (GFR)
measured as the plasma clearance of 51 chromium ethylene
diaminetetraacetic acid (51Cr-EDTA) in patients prescribed a
protein-restricted diet (open circles) or an unrestricted diet (open
triangles). The calculated level of dietary protein based on urea
excretion'?’ is also shown.The low-protein regimen significantly
reduced the decline in GFR LPD, low protein diet.(Figure was
drawn from the results of Thle BUet al.'”* and is reproduced
with permission from Mitch WE Klahr S. Nutrition and the Kidney.

[2nd ed.]. Boston:Little, Brown, 1993,254.)

dialysis was required was measured. There was no significant
difference mn renal survival between the two diets, but the
study was underpowered to test the hypothesis adequately.
Patients in the VLPD-KA group lost 2.7 kg, including loss of
both fat and lean body mass; this was not found n patients
prescribed the 0.65 g of protein per kilogram diet. Interpret-
ing these results is difficult because no patients were studied
while eating an unrestricted diet. Still, the time for patients to
reach a GFR of 15 mL/min/1.73 m? or less averaged 9 months
for those assigned to the LPD regimen but 21 months for
VLPD-KA patients. It was concluded that delaying the need
for dialysis can be accomplished by dietary manipulation.
Mircescu et al.'”” assessed the clinical course of 53 stage
IV to V CKD patients for 60 weeks. Twenty-six patients were
randomly assigned to a diet of 0.6 g of protein per kilogram
per day and 27 were assigned to a VLPD-KA diet yielding av-
erage protein intakes of 0.59 = 0.08 g and 0.32 = 0.07 g of
protein per kilogram per day respectively. There were no deaths
in either group, but 7 of the 26 patients assigned to the 0.6 g
of protein per kilogram per day diet reached end-stage renal
disease versus only 1 ofthe 27 assigned to the VLPD-KA diet (P
= .06). Other responses to the VLPD-KA diet included a 24%
decrease in serum phosphorus (P <.05). There were no chang-
es in nutritional status of either group and no significant dif-
ferences m the loss of GFR from serum creatinine (eGFR), but
no conclusion about progression was reached as the number of
patients studied was too few to examine this question rigorous-
ly (the authors estimated that approximately 100 patients per
group would be required to identify significant differences in
the number of renal deaths associated with the VLPD-KA diet).
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Rosman et al.'”®!? studied the influence of dietary pro-
tein restriction in 228 stage Il and stage IVto V CKD patients
during 2 or 4 years. The control group ate an unrestricted
diet, whereas patients assigned to the dietary protein-restrict-
ed diets ate different levels of protein: stage III CKD patients
were instructed in a diet consisting of 0.6 g of protein per
kilogram per day and stage IV to V CKD patients ate a diet of
0.4 g of protein per kilogram per day. After 2 years, the au-
thors found decreased proteinuria and a significant slowing
of the progression of kidney failure but only in male patients;
patients with polycystic kidney disease had no beneficial re-
sponses. After 4 years, there was a survival benefit (i.e., the
percentage of patients requiring dialysis) for patients treated
by restricting dietary protein (60% versus 30%, P <.025).'"
It was concluded that compliance with the diets was fairly
good and did not cause signs of malnutrition.

Brunori et al.??’ examined elderly Italian patients with
stage V CKD by randomly assigning patients to treatment
with a protein-restricted diet or chronic dialysis therapy.
Results in the 56 patients treated with the VLPD-KA diet were
compared to 56 patients assigned to dialysis. The survival
rate was 83.7% and 87.3% in the dialysis and low protein
diet, respectively (P = .6). Patients assigned to dialysis had a
50% higher degree of hospitalization. Based on an intention-
to-treat analysis, the authors found a continuous benefit of
the protein-restricted diet over time. The authors concluded
that those randomly assigned to the VLPD-KA diet had no
difference in life span compared to those treated by hemodi-
alysis. The VLPD group had fewer hospitalizations.

Acidosis and Progression of CKD

Recent results have rekindled interest in a mechanism pro-
posed to explain the loss of kidney function in CKD, namely
that acidosis contributes to the loss of function. As noted
earlier, the development of metabolic acidosis depends on
the amount of protein ingested plus the limited ability to
excrete acid and, therefore, dietary factors will influence
the degree of acidosis. Nath et al.?”! proposed that acidosis
could activate complement, leading to kidney damage. In
2009, CKD outpatients were evaluated and it was concluded
that those with serum bicarbonate values = 22 mM had a
significantly greater likelihood of progressive loss of eGFR
compared to patients with values = 27 mM.?** Another
group reported that the administration of sodium citrate
to patients with albuminuria and stage II CKD reduced the
production of endothelin and the likelihood of decreasing
eGFR.?"” They expanded these studies and performed a ran-
domized clinical trial of administration of sodium bicarbon-
ate to patients with stage II CKD and hypertension.?** Over
a 5-year period, patients treated with sodium bicarbonate
had slowing of the loss of eGFR compared to patients treated
with equivalent amounts of NaCl. In another randomized
clinical trial, deBrito-Ashurst and colleagues** demonstrated
that the administration of sodium bicarbonate slowed the
loss of kidney function and improved nutritional indices
(e.g., serum albumin).
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Randomized, Controlled Trials in Diabetic
Kidney Disease

Clinical trials of the influence of dietary restriction in dia-
betic, CKD patients generally have been too brief to identify
differences in renal deaths compared to patients assigned to
unrestricted diets. Consequently, surrogate analyses includ-
ing a reduction in the degree of microalbuminuria or pro-
teinuria, and/or changes in creatinine clearance or serum
creatinine (converted to eGFR using the standard MDRD
equation) have been examined to determine the efficacy
of protein-restricted diets on the progression of CKD or
changes in nutritional factors. In many of the early trials, a
confounding factor was the unregulated prescription of ACE
inhibitors, which can change the progression. For these rea-
sons, the influence of dietary protein restriction in slowing
the progression of diabetic nephropathy 1s unsettled.

Zeller et al.” compared diets containing 1 g of protein
per kilogram per day with 0.6 g of protein per kilogram per
day in 36 type 1 diabetic CKD patients during an average of 35
months. Changes in creatinine clearance and GFR (iothalamate
clearance) were assessed, as were actual protein intakes based
on urea excretion. The groups averaged 1.08 g versus 0.72 g
of protein per kilogram per day, respectively. The low protein
regimen significantly (P <.02) reduced the rate of decrease in
GFR in patients who mitially had eGFR values >45 mL per
minute compared to results with the control diet. The nutri-
tional status was not compromised by the low protein diet.

Hansen et al.*° analyzed results from the longest random-
1zed trial of patients with type 1 diabetes and CKD. The groups
were prescribed their usual protein intake or a diet containing
0.6 g of protein per kilogram per day over 4 years. Average
protein intakes were 1.02 g/kg/day versus 0.89 g/kg/day, a
minimal difference. Not surprisingly, the degree of proteinuria
in the two groups was not different. However, the frequency
of renal deaths (i.e., progression to end-stage renal disease)
was 36% lower in patients consuming the protein-restricted
diet. When renal deaths were analyzed, adjusting for cardio-
vascular disease by the Cox analysis, the benefits of the low
protein diet were even more significant (P = .01).

Meta-Analyses of Reports of Progression
of Chronic Kidney Disease with Low
Protein Diets

A meta-analysis provides an alternative approach that is
based on analyzing the combined results from all method-
ologically acceptable clinical trials with the goal of increas-
ing the number of participants available for analyses. The
analyses can identify responses in each original study even
though that study was sufficiently underpowered to exam-
ine the significance of the outcome.*"” Outcomes from large
randomized trials are considered to be level one evidence
versus evidence from meta-analyses, which are considered
to be equal to outcomes derived from small randomized
trials. After searching the literature to collect trials, includ-
ing searches of international databases and often including
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results from non—English-based journals, a set of rigorous
criteria have been established to select or reject reports
that are not randomized, controlled trials so that biased
results could be minimized.””® The most frequent out-
come in meta-analyses of the influence of dietary protein
manipulation is renal death, signified by a patients death,
the need to start dialysis,”””*'! the rate of decline in kidney
function,?”® or changes in the degree of proteinuria.*'”
Kasiske et al.*”® studied results from >1,900 patients
and found that the protein-restriction reduced the loss of
GFR by only 0.53 mL/minute/year (P <.05). Although this
result can be considered positive in terms of a renal protective

effect of the diets, it was concluded that the results were not
very important clinically.

Fouque et al.'® performed a meta-analysis of 10 ran-
domized controlled trials directed at evaluating whether low
protein diets slow the loss of kidney function in nondiabetic
CKD patients. Renal death was the outcome and the base-
line characteristics of the patients in terms of gender and the
causes of kidney diseases were equally distributed between
the control and the diet-restricted groups. The outcomes of
1,002 patients assigned to dietary protein restriction were
compared to the outcomes of 998 patients who had been
assigned to higher protein mtakes (Fig. 85.4). In the low

Analysis 1.1. Comparison I Low protein versus higher protein diets, Outcome I Renal death.

Review: Low protein diets for chronic kidney disease in nondiabetic adults

Comparison: [ Low protein versus higher protein diets

Outcome: [Renal death

Study or subgroup Low protein Higher protein Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% Cl1 M-H, Random, 95% ClI
1 0.6 g/kg/d versus higher protein diet
Locatelli 1991 21/230 32/236 -0 15.7% 0.67 [0.40, 1.13]
MDRD 1994 18/291 27/294 = 12.9% 0.67 [0.38, 1.20]
Williams 1991 12/33 11/32 -o- 9.8% 1.06 [0.55, 2.04]
Subtotal (95% CI) 554 562 * 38.3% 0.76 [0.54, 1.05]
Totalevents: 51 (Low protein), 70 (Higher protein)
Heterogeneity: Tau? = 0.0; Chi? = 1.37, df=2 (P = 0.50); > = 0.0%
Test for overalleffect: Z=1.65 (P =0.099)
2 0.3-0.6 g/kg/d versus higher/free protein diets
Cianciaruso 2008 9/212 13/211 —— 6.2% 0.69 [0.30, 1.58]
dilorio 2003 2/10 7/10 — 2.5% 0.29 [0.08, 1.05]
Ihle 1989 4/34 13/38 —— 4.1 % 0.34[0.12, 0.95]
Jungers 1987 5/10 7/9 —— 8.4 % 0.64 [0.32, 1.31]
Malvy 1999 11/25 17/25 = 15.8% 0.65 [0.39, 1.09]
Mirescu 2007 1/27 7/26 —— 1.0% 0.14 [0.02, 1.04]
Rosman 1989 30/130 34/117 23.7 % 0.79 [0.52, 1.21]
Subtotal (95% CI) 448 436 4 61.7% 0.63 [0.48, 0.83]
Total events: 62 (Low protein), 98 (Higher protein)
Heterogeneity: Tau? = 0.01; Chi* = 6.27, df=6 (P = 0.39); P = 4%
Test for overall effect: Z=3.31 (P =0.00092)
Total (95% CJ) 1002 998 * 100.0% 0.68 [0.55, 0.84]

Total events: 113 (Low protein), 168 (Higher protein)
Heterogeneity: Tau? = 0.0, Chi? = 8.20, df=9 (P = 0.51); = 0.0%
Test for overall effect: Z=3.68 (P =0.00024)
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0.1 1 10 100

Less deaths on low | Less deaths on high

FIGURE85.4 Arepresentation ofthe results ofa meta-analysis oflow protein diets in patients with chronic kidney disease. M-H,
meta-analysis for harm; MDRD, modification of diet in renal disease; CI confidence interval. (From Fouque D,Laville M. Low protein
diets for chronic renal failure in non-diabetic adults. Cochrane Database of System atic Reviews.Issue 3, Art.No.:CD001892. Copyright

Cochrane Collaboration;reproduced with permission.)
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protein groups, 113 renal deaths occurred versus 168 pa-
tients in the control group, leading to a 0.68 odds ratio for
renal death in the low protein group compared to the con-
trol group (the 95% confidence interval was 0.55 to 0.84;
P = .0002). The authors concluded that eating low protein
diets can result in a 32% reduction in death or the need to
start dialysis therapy when results were compared to eating
unlimited amounts of protein.'*®

The number needed to treat (NNT) 1s a tool for compar-
ing the outcomes of a treatment in different studies, especial-
ly when risks of events are quite different between studies.*'”
NNT indicates the number of patients that would have to
be treated for 1 year to spare one major event (e.g., renal
death). The NNT for a low protein diet varied from 2 to 56
for each study'®® The variation was high because patients
had different degrees of renal insufficiency at the start of the
trials and the outcomes are confounded because the absolute
risk of renal death would be greater in those CKD patients
with more impaired kidney function.'”>'*® Importantly, this
level of NNT i1s acceptable for analyses of primary and sec-
ondary prevention outcomes in part because a low protein
diet 1s far less expensive than dialysis or transplant therapy.
In addition, these NNTs compare favorably with examples
such as the well-accepted reduction in mortality with statin
therapy, in the 4S trial (NNT = 30) or in the WOSCOPS
study (NNT = 111).2"

The discrepancy between the meta-analysis of Kasiske
et al.”*® and other investigators may be related to the types
of outcomes. Renal death, including the commencement
of chronic dialysis therapy, was reported to be significantly
and importantly reduced with low protein diets. The find-
ing that renal death was delayed with low protein diets may
be due to the slowing of the rate of loss of GFR or to the
fact that low protein diets, by generating fewer uremic tox-
ins, may maintain a healthier state for patients with stage 5
CKD. Consequently, physicians may delay the initiation of
chronic dialysis therapy until a lower GFR 1s reached when
compared to patients eating less well-controlled diets. It
should be emphasized that none of these meta-analyses lim-
ited an examination of patients who were highly adherent to
their prescribed low protein diets. It is possible that the ben-
efits of low protein diets for these patients would be greater.

Conclusions about a benefit of low protein diets in
patients with diabetic nephropathy yield opposing views.
Pedrini et al.'’ reported that outcomes based on the com-
bined criteria of microalbuminuria and a decline in renal
function improved by 44% (P <.001) in patients assigned
to low protein diets. More recently, Pan et al.?'? analyzed
eight randomized trials with results from 519 patients: 253
in the low protein diet group and 266 in the control group.
Changes in GFR or creatinine clearance, HbAl ¢ levels, pro-
teinuria, and serum albumin levels were recorded. No de-
finitive differences in death or dialysis were uncovered with
the two diets. Notably, however, the difference in dietary
protein was minimal, at 0.36 g/kg/day (1.27 versus 0.91 g
of protein per kilogram per day; P = .04). Proteinuria did
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decrease (P = .003), and glycosylated hemoglobin improved
in seven of eight studies (a mean reduction of 0.31%; P =
.005). Limitations of this review were the inclusion of results
from patients with type I and II diabetes and from patients
with early renal disease (e.g., isolated microalbuminuria
but no renal insufficiency or only those with macroalbu-
minuria [>1 g per day]). In addition, four trials lasted only
12 months. Finally, the total number of patients (about 500)
might not have been suflicient to detect statistical differences
for all measures.

Regardless, this analysis confirms that reducing protein
intake in patients with diabetes and CKD improves insulin
sensitivity, decreases HbAlc, and reduces proteinuria, two
independent factors associated with renal protection.

In summary, the meta-analysis technique indicates
that there can be clear benefits for CKD patients eating low
protein diets, including a reduced risk of renal death or a
substantial delay until dialysis is required. This conclusion
stands in sharp contrast to the suggestion by some that di-
alysis should be started early. Notably, tests of the efficacy of
carly dialysis have revealed that it does not improve mor-
tality and certainly is more costly>”>'%*'> It is controversial
whether dietary restriction will slow the loss of kidney func-
tion. But, there are other reasons to assess the diets of CKD
patients: a well-planned diet can avoid some of the compli-
cations of CKD and delay the time until dialysis or trans-
plantation becomes necessary.

Nutritional Impact and Safety of Modified Diets
in Chronic Kidney Disease

A critical issue in the evaluation of outcomes with long-
term dietary modification is whether a low protein diet is
nutritionally sound and safe for patients with CKD. The
MDRD Study enrolled 840 patients with different stages of
CKD, providing the largest number of patients to address
this question.'® Patients were examined for an average of
2.2 years and a large number of measurements of nutritional
status (e.g., body weight and anthropometrics, serum pro-
teins, dietary adherence) were gathered. Based on urea ex-
cretion,® the average protein intakes of the different groups
were significantly different. Kopple et al.'*" concluded there
was some decrease in the estimated protein intake of sub-
jects as their renal msufficiency advanced. There also was
a decrease i energy intake, but this conclusion is not solid
because the reliability of estimating calorie intake from di-
etary diaries can be problematic.''”'* Notably, only 2 of the
840 participants had to stop the trial because of concerns
about the nutritional status. Assignment to the low protein
diet was associated with a small loss of body weight and arm
muscle area (an index of muscle mass), but there was a small
increase in serum albumin.

In contrast to these rather positive outcomes from the
MDRD study, Menon et al.*'® reported that their analysis of
results from the U.S. Renal Data System (USRDS) revealed a
problem. They gathered data from the USRDS about patients
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entering dialysis or receiving a transplant and all-cause mor-
tality during the almost 10 years of the study, including the
2.2 years of the actual MDRD study. This led them to con-
clude that patients assigned to the VLPD-ketoacid diet had
an assoclated increased risk of death. No information was
provided about the compliance of the patients during the
MDRD study nor were dietary factors examined following
the end of the MDRD study. There was no information about
other illnesses, dialysis-related factors, or treatments occur-
ring after the end of the MDRD study. It was speculated that
there could have been persistent restriction of dietary pro-
tein after beginning dialysis, or possibly, an accumulation
of an unidentified toxin that somehow influenced the sur-
vival. Regarding the former, one group reported that patients
trained in low protein diets had a delay of 3 months before
their dietary protein was raised after the initiation of dialysis
therapy.?'” In contrast, other investigators found no delay
in increasing protein intake after dialysis therapy begins.*'®
Regarding the possibility that the increased risk of death was
related to an accumulation of an unidentified toxin, no such
substance was looked for or identified. Importantly, the keto-
acid supplements were discontinued at the end of the MDRD
study, making it unlikely that nutritional or toxic responses
occurring years later were due to mgestion of the ketoacid
supplements. Other problems with the Menon et al.*'® anal-
ysis have been detailed.*"”

Results compiled by Chauveau and colleagues® provide a
markedly different outcome. They detailed the long-term sur-
vival of 220 stage IV to V CKD patients who had been treated
with 0.3 g of protein per kilogram per/day plus a mixture of
ketoacids for an average of 33 months (4 to 230 months) be-
fore starting dialysis or being transplanted.” The authors ana-
lyzed the survival of these patients and compared it to a larger
cohort of patients who were not treated with a low protein diet
but who were treated concurrently by the same investigators.
At 1 year after beginning dialysis, the authors concluded that
the survival of dialysis patients was 97%, and after 5 years, it
was 60%. For the kidney transplant patients, the survival at 5
and 10 years was 97% and 95%, respectively. When compared
to the survival of U.S. patients, these results are excellent.**
On the other hand, results achieved by Chauveau et al.> were
compared to retrospective control patients who may not have
received the same intensity of care as did patients assigned
to a more complicated dietary regimen. Because the number
of patients treated by Chauveau et al.” and those analyzed by
Menon et al.*'® are similar, these widely disparate results are
unexplained. A notable difference in the reports 1s that de-
tails of treatment and outcomes are provided in the report of
Chauveau et al.> but not by the Menon et al.?'® publication.
The Menon et al.*'® manuscript, however, does compare pa-
tients who were randomly assigned to different treatment regi-
mens and who were followed very closely for the first 2 years
of a 10-year period. We conclude that low protein diets, in-
cluding the VLPD-KA regimen, are probably not harmful and
do not increase mortality in patients, including in those who
progress to a stage requiring dialysis or transplantation.

Conclusions

Patients with CKD can respond to dietary manipulation to
reduce the signs and symptoms of uremia. The regimen is
nutritionally safe as long as there i1s no complicating factor
such as acidosis, infection, etc. Consequently, dietary ma-
nipulation should be included in a treatment program that
includes monitoring protein and energy intake in collabora-
tion with a dietician.®®**! We suggest that such a regimen be
implemented for patients with stages III to V CKD, if not ear-
lier. The observation that protein intake may voluntarily de-
crease as renal insufficiency progresses should not be a signal
to raise dietary protein because this will simply increase the
degree of uremia (including hyperphosphatemia, metabolic
acidosis, aggravate hypertension, etc.) and will not raise se-
rum protein above what a well-designed low protein diet will
achieve.”***?* A well-designed protein-restricted diet may
increase serum albumin.® Regarding benefits on the progres-
sion of CKD, a low protein diet could delay the need for di-
alysis by ameliorating uremic symptoms while maintaining
nutritional status. In addition, adherence to a well-designed
diet could prove valuable in correcting complications of
CKD. For example, the effectiveness of ACE inhibitors in
slowing progressive CKD 1is blunted by increased serum
phosphorus, a problem that should be avoided by dietary
manipulation.'* There is strong evidence for the long-term
safety of this approach.?****° Clearly, successful implemen-
tation of dietary therapy requires the motivation of both
the patient and the physician. The principal, if not the only
disadvantage of such therapy (assuming that it is successful
in eliminating uremic symptoms), is the dietary restriction
it entails, but it is reasonable to expect that dialysis therapy
will be significantly delayed.

Dietary Protein Requirements for Dialysis
and Transplant Patients

Maintenance hemodialysis (MHD) patients have increased
dietary protein requirements due to losses of amino acids,
peptides, and proteins by the dialysis procedure.”****? He-
modialysis also stimulates protein catabolism by engender-
ing an inflammatory, catabolic response (Table 85.4).%*
Nitrogen balance results suggest that most maintenance he-
modialysis patients require about 1 g of protein per kilogram
per day to maintain both protein balance (Bn) and normal
total body protein mass.*> The National Kidney Founda-
tion K/DOQI Clinical Practice Guidelines on Nutrition in
Chronic Renal Failure recommend 1.2 g of protein per ki-
logram of body weight per day*° To ensure an adequate
intake of essential amino acids, at least half of the dietary
protein should be of high biologic value. There are currently
no data concerning dietary protein requirements for patients
undergoing MHD five or more times per week.

Chronic Peritoneal Dialysis (CPD)

Blumenkrantz and coworkers®’ studied protein and mineral

balances in eight clinically stable men who underwent
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13 metabolic balance studies of 14 to 33 days’ duration in a
clinical research center. Patients were fed diets with an aver-
age of 0.98 or 1.44 g of protein per kilogram per day (SD)
and total energy intake (diet plus dialysate) was 41.3 = 1.9
or 42.1 £ 1.2 kcal/’kg/day with the low and high protein
diets, respectively (Fig. 85.5). Bn results adjusted for chang-
es in body urea nitrogen but not for unmeasured losses was
+0.35 = 0.83 g per day with the 1.0 g per kilogram protein
diet and +2.94 = 0.54 g per day with the higher protein
intake (P = NS). When nitrogen balances are adjusted by
subtracting about 1 g per day for unmeasured losses through
skin, respiration, flatus, and blood sampling, Bn was nega-
tive with the low protein diet but still positive with the high-
er protein diet. There was a curvilinear relationship between
dietary protein intake and nitrogen balance in the 13 stud-
ies.””’ Based on the these reports, we recommend prescrib-
ing 1.2 to 1.3 g of protemn per kilogram per day to CAPD
and automated peritoneal dialysis (APD) patients as recom-
mended by the NKF K/DOQI Clinical Practice Guidelines
on Nutrition in CRF for clinically stable CPD patients.**®
As with MHD patients, at least 50% of the dietary protein
should be of high biologic value. Protein depleted patients
may become anabolic with intakes as high as 1.5 g of protein
per kilogram per day. In most CAPD and APD patients, there
may be a need to increase the number or volume of dialysate
exchanges or at least the volume of dialysate outflow.

Other nitrogen balance studies*” in MHD or CPD
patients have not included either the total nitrogen in-
take and/or outputs or the duration of these studies was
too short to interpret the results rigorously. Patients clas-
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FIGURES8S5.5 The relationship between dietary protein intake
and nitrogen balance measured in 13 studies in 8§ men un-
dergoing CAPD. Each circle represents the mean balance data
observed in an individual patient fed a constant diet for 14 to
33 days in a clinical research unit. The curved line represents

the calculated relationship between nitrogen balance and pro-
tein intake. (From: Blumenkrantz MJ, Kopple JD,Moran JK et al.
Metabolic balance studies and dietary protein requirements in
patients undergoing continuous ambulatory peritoneal dialysis.
Kidney nt.1982;21:849, with permission,)

sified as high peritoneal transporters. by the peritoneal
equilibration test tend to lose more protein and amino acids
into peritoneal dialysate versus low transporter patients.
The high transporters also have, on average, lower serum
albumin levels.”*” Dietary protein intakes of 1.2 to 1.3 g
per kilogram per day should provide sufficient amounts of
protein and amino acids to compensate for the increased
peritoneal losses if the synthetic function for serum pro-
teins 1s normal.

Some nephrologists describe MHD or CPD patients who
have dietary protein intakes of about 0.9 to 1.0 g per kilo-
gram per day and do not appear protein depleted and lead
physically active, rehabilitated lives. These observations have
raised questions as to whether the foregoing recommended
dietary protein intake may be excessive for maintenance dialy-
sis (MD) patients. First, the number of MHD or CPD patients
who have undergone careful nitrogen balance or other studies
of their dietary protein requirements is small, and conclusions
concerning their dietary protein needs therefore are impre-
cise; this is particularly true for MHD. Moreover, some MD
patients who appear to be doing well will have evidence for
protein depletion. Epidemiologic studies have associated pro-
tein depletion, even in mild forms, with increased mortality.**!

The concept of dietary allowances presupposes that in or-
der to ensure a sufficient nutrient intake for virtually all indi-
viduals (i.e., about 97%) i a population, the recommended
allowance must be greater than the actual requirement for a
large proportion of that population.®** This reasoning is similar
to that used by the WHO and the U.S. National Academy of
Sciences when they recommended dietary protein intakes for
normal adults. Thus, if the recommended protein allowance
1s 1.2 to 1.3 g/lkg/day, many patients will tolerate lower pro-
tein intakes without developing protein depletion. At present,
no known method identifies which patients can safely ingest
lower levels of protein. To be safe, unless the patient can be
shown to maintain a healthy nutritional status, he/she should
be prescribed the recommended dietary allowance. Subtle
forms of protein losses are particularly difficult to detect and a
normal serum albumin concentration for patients may indeed
be > 4.0 g/dL to be reassured of desirable clinical outcomes.**

Energy

Most studies indicate that energy expenditure measured by
indirect calorimetry appears to be normal during resting and
sitting or with defined exercise or after ingestion of a stan-
dard meal for nondialyzed CKD patients or those treated by
MHD or CAPD.**>-***"2%¢ I two studies of nondialyzed CRF
or MHD and CPD patients, resting energy expenditure was
increased.”*” What is most impressive about the foregoing
studies 1s that there 1s no report of decreased energy expen-
diture in CKD, MHD, or CPD patients. Nitrogen Bn mea-
surements indicate that in nondialyzed stage V CKD patients
ingesting 0.55 to 0.60 g of protein per kilogram per day the
amount of energy intake necessary to ensure neutral or posi-
tive nitrogen Bn is approximately 35 kcal/kg/day.**> In clini-
cally stable MHD patients ingesting 1.13 = 0.02 (SEM) g
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of protein per kilogram per day, Bn and anthropometric
measurements indicate that close to 38 kcal’kg/day may be
necessary to maintain body mass.**® Virtually every study
of stage IV and V CKD patients or MHD and CPD patients
indicates that their mean energy intakes are below this level,
averaging 24 to 27 kcal/kg/day**® Children with chronic
renal failure (CRF) also have low energy intakes.”** Many
patients undergoing CPD tend to gain body fat and weight,
probably due to the glucose uptake from the dialysate and
the subsequent rise in insulin.

The NKF K/DOQI Clinical Practice Guidelines for Nu-
trition in CRF recommend that the energy intake for stage
I CKD patients and for MHD and CPD patients should
be 35 kcal/kg/day for individuals <60 years of age and 30
to 35 kcal/kg/day for those >60 years old (Table 85.4).%"
This intake includes energy derived from the diet plus glu-
cose taken up from dialysate in MHD or CPD patients. The
recommended energy intake is somewhat lower for indi-
viduals >60 years of age because they tend to be more sed-
entary and have less muscle mass. These recommendations
are rather similar to those for normal individuals engaged
in light-to-moderate activity as put forth in the RDAs by the
Food and Nutrition Board, National Academy of Sciences.***
Patients with an edema-free body weight greater than 120%
of desirable body weight may be treated with lower calorie
intakes. Some patients, particularly those with more mild
renal insufliciency or younger or middle-aged women, may
become obese on this energy intake or may refuse to ingest
the recommended calories to avoid obesity and may require
a lower energy prescription. It i1s important to monitor di-
etary intake and to treat inadequate intakes, even in clini-
cally stable healthy appearing adults with advanced CKD or
MHD or CPD patients. To remedy this problem, the dietician
can recommend high-calorie foods that are low in protein
and sodium and that can be prepared easily.

Lipids

There are several mechanisms that produce abnormal se-
rum lipids and lipoproteins in CKD patients.”>’ Stage IV
and V CKD patients and patients undergoing MHD and
CPD frequently have a high incidence of increased serum
triglyceride levels, low-density lipoprotein (LDL), very low
LDL (VLDL), and serum lipoprotein (a) (Lp[a]); their se-
rum level of high density lipoprotein (HDL) cholesterol is
often low. CPD patients often have higher serum total cho-
lesterol, triglycerides, LDL cholesterol, and apolipoprotein
B levels than do MHD patients.”? Qualitative changes in
the apolipoprotein concentrations also occur; among these
is an increase in small density LDL (sd LDL).*%*! Elevated
serum triglyceride levels in uremia appear to be caused pri-
marily by the impaired catabolism of triglyceride-rich lipo-
proteins.”>® Reduced catabolism leads to increased quanti-
ties of apoB-containing triglyceride-rich lipoproteins in IDL
and VLDL and reduced concentrations of HDL. The key
alteration in the apolipoprotein levels appears to be a de-
creased ratio of apoA-1 to apoC-IIL*? Activities of plasma

and hepatic lipoprotein lipase and lecithin cholesterol acyl-
transferase (LCAT) are reduced,”” and it is often difficult to
provide sufficient energy without resorting to a large intake
of purified sugars because of other dietary restrictions. CPD,
with its attendant glucose load from the dialysate, appears
to promote a further increase in serum triglycerides and
cholesterol. Patients with the nephrotic syndrome usually
have hypertriglyceridemia with an increase in serum total
cholesterol and LDL cholesterol. LDLs, intermediate density
lipoproteins (IDLs), VLDLs, and LP(a) are increased,** and
serum HDL tends to be low. Serum phospholipids and apo-
proteins B, C-II, C-III, and E are increased, whereas apopro-
teins A-I and A-II are normal. Elevated serum cholesterol is
caused by increased hepatic synthesis of lipoproteins and
cholesterol and reduction in LDL receptor activity, playing
an important role in the clearance of IDLs. These changes
are aggravated by urinary albumin losses. Decreased activ-
ity of lipoprotein lipase contributes to the elevated serum
triglyceride levels. There also 1s an elevation in plasma cho-
lesterol ester transfer protein (CETP) and decreased catab-
olism of LDL apolipoprotein, at least by the more typical
receptor pathway.

Renal transplant recipients may have high serum to-
tal and LDL cholesterol values plus increased LDL and
IDL lipoproteins. Increased serum total cholesterol, LDL
cholesterol, and triglycerides are more likely to be present
in transplant recipients with chronic rejection and to cor-
relate with a decrease in kidney function.?>* Therapy with
glucocorticoids, cyclosporine A, sirolimus, tacrolimus, di-
uretics, or certain antihypertensives plus kidney failure,
fasting hyperinsulinemia, and obesity are commonly pres-
ent in renal transplant recipients and can add to the serum
lipid disorders.

Because alterations in lipid metabolism and serum lipids
may contribute to the high incidence of atherosclerosis and
cardiovascular cerebrovascular and peripheral vascular dis-
ease in CKD patients, attention has been directed at reducing
serum triglycerides and LDL cholesterol and increasing HDL
cholesterol. Treatment strategies to correct abnormal lipid
levels and the risk of cardiac and vascular disease should in-
volve three components: nutrient intake, medicines, and ex-
ercise. The statins (3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors) are beneficial in the general population
in terms of reducing coronary artery disease at least in certain
groups of high risk coronary heart disease patients.>* Besides
the lowering of LDL cholesterol, statins may slightly increase
serum HDL cholesterol and may have anti-inflammatory, an-
tithrombotic, and fibrinolytic effects to increase nitric oxide
biosynthesis and bioavailability, to decrease synthesis of cer-
tain proinflammatory cytokines, to improve impaired endo-
thelial function, and to protect against progressive renal inju-
ry in animals.*>* Statins will decrease LDL cholesterol in CKD
patients, including patients with the nephrotic syndrome or
treated by MHD or following kidney transplantation.’'*>'> In
the general population, higher doses of statins may be more
protective against adverse cardiovascular events.
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Unfortunately, in diabetic or nondiabetic MHD patients,
statins do not exert benefits from cholesterol lowering*>>*>;
adverse cardiovascular events and all-cause mortality were
not reduced. On the other hand, statins may reduce adverse
cardiovascular events and slow the rate of progression of
CKD in patients with mild-to-advanced CKD.**’ We recom-
mend a dietary plan similar to that of the National Cholester-
ol Education Program (NCEP) Therapeutic Lifestyle Changes
(TLC) for all patients with CKD, including MHD and CPD
patients, patients with the nephrotic syndrome, and renal
transplant recipients, especially if their serum LDL levels are
>100 mg per deciliter.”>® Because these patients are at a high
risk for cardiovascular, cerebrovascular, and peripheral vas-
cular diseases, we prefer to set a target LDL cholesterol of 70
mg per deciliter. The diet should provide = 25% to 35% of
total calories from fat with polyunsaturated fatty acids pro-
viding up to 10% of total calories, monounsaturated fatty
acids providing up to 20% of total calories, saturated fatty
acids providing less than 7% of total calories, and a cho-
lesterol content of 200 mg per day or lower. Carbohydrate
intake should be 50% to 60% of total calories and should be
derived predominantly from foods rich in complex carbo-
hydrates. Fiber intake should be 20 to 30 g per day.*® Be-
cause this diet may be less palatable, energy intake should be
monitored to ensure that it remains adequate (see the sub-
sequent text). Patients should not become obese (i.e., body
mass index [BMI] should be <28 kg per square meter). It 1s
recognized that most individuals will not be able to adhere
exactly to this diet. But, even an incomplete modification of
the diet to lower the serum cholesterol could reduce the risk
of adverse vascular events.*>’

Omega-3 fatty acids (e.g., eicosapentaenoic acid and
docosahexaenoic acid are found in fish oil) and can low-
er serum triglycerides and exert variable effects on serum
LDL and HDL cholesterol.?®" Fish oil also decreases platelet
aggregation and appears to exert anti-inflammatory effects,
whereas omega-3 fatty acids may enhance immune function.
Low fat diets and lipid-lowering medicines retard the rate
of progression of renal failure in animal models,*®' and in
humans, some suggest that omega-3 fatty acids may lower
the progression of renal failure in renal transplant patients as
well as the progression of IgA nephropathy.?¢*2%3

The fibric acid derivative, fenofibrate, reportedly reduces
the progression to albuminuria in type 2 diabetic patients.***
Fenofibrate may be tried cautiously in patients with high
levels of triglycerides because statins or fibric acid derivatives
can induce a number of side effects, including myopathy. The
combined use of a statin and a fibrate is likely to cause a se-
vere myopathy and both should not be used unless careful
and repeated monitoring is available. The reports of patients
with CKD being treated with carnitine for hypertriglyceri-
demia are divided between those that show a lowering of
serum triglycerides versus others showing minimal benefit
or even arise in serum triglycerides.”® Sevelamer HCI acts to
bind phosphate in the gastrointestinal tract but also lowers
serum LDL cholesterol and increases serum HDL cholesterol.
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For CPD patients with severe, resistant hypertriglyceridemia,
L-carnitine may be given at 500 to 1,000 mg per day. For such
patients being treated by MHD, 10- to 20-mg L-carnitine per
kilogram thrice weekly could be administered at the end of
cach dialysis treatment to examine efficacy.

Intensive dietary and lifestyle counseling of diabetic pa-
tients may significantly reduce or prevent the magnitude of
albuminuria, the rate of progression of CKD, adverse car-
diovascular events, and stroke.?®>*°® We recommend a TLC
NCEP diet for CKD patients or for MHD or kidney transplant
recipients. To correct hypertriglyceridemia, we increase di-
etary lipid intake to <40% of total calories but only when
fasting serum triglycerides are very high (i.e., = 500 mg
per deciliter). In addition, the dietary carbohydrates should
mainly be composed of complex carbohydrates. Occasion-
ally, it may be necessary to add a medicine such as ezetimibe
to reduce imtestinal cholesterol absorption, a statin or other
cholesterol-lowering medicines, plus dietary manipulation
to reach acceptable serum LDL cholesterol levels.*®’

Oxidant and Carbonyl Stress, Homocysteine

Antioxidants or antioxidant precursors, such as vitamins
E and C or selenium, have been proposed as a method of
reducing oxidant stress. Supplemental selenium should be
taken with caution as it accumulates because of decreased
excretion by the damaged kidney*°® The body selenium bur-
den is difficult to assess because selenium is protein bound
and binding properties are altered i uremia. One glass per
day of alcohol (e.g., red wine), statins, and regular exercise
reportedly reduce oxidant stress.

Plasma homocysteine is increased in nondialyzed CKD
patients and in about 90% of MHD and CPD patients.**” The
mechanism forthisincreaseisunclearbutmayinvolveimpaired
remethylation of homocysteine back to methionine.?’” In the
general population, elevated plasma homocysteine is associ-
ated with cardiovascular disease through three suggested bio-
chemical mechanisms®’': homocysteine oxidation generates
hydrogen peroxide, it decreases methylation reactions from
the accumulation of S-adenosylhomocysteine, and it acylates
proteins by homocysteine thiolactone. In MHD, there can be
a positive association between an increase in plasma homo-
cysteine and adverse cardiovascular events, but other studies
conclude that there is a negative association between these
factors. In one large, controlled trial of CKD and MHD pa-
tients, large doses of a folic acid, pyridoxine HCI, and vitamin
Bl2 did reduce plasma homocysteine levels but did not im-
prove cardiovascular events or all-cause mortality.**” To date,
the treatment of MHD patients to reduce high plasma homo-
cysteine does not improve their outcome.

Carnitine
Carnitine 1s a naturally occurring compound that is essen-
tial for life because it facilitates the transfer of long chain

(>10 carbon) fatty acids into muscle mitochondria.*’* This
activity 1s considered necessary for normal skeletal and cardiac
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muscle function. Patients undergoing maintenance dialysis,
and particularly maintenance hemodialysis, but not patients
with advanced CRE display low serum free carnitine and, in
some but not all studies, low skeletal muscle free and total
carnitine levels.>*?'? In patients with stage IV or V CKD plus
MHD patients, muscle acyl-carnitines (fatty acid-carnitine
compounds) are increased, and serum total carnitine (1.e.,
acylcarnitines plus free carnitine) is normal or elevated.?’
Randomized clinical trials in patients with CKD and MHD
or CAPD patients suggest that L-carnitine may provide such
clinical benefits as increased physical exercise capacity, in-
creased hematocrit, reduced interdialytic symptoms of skel-
etal muscle cramps or hypertension, or improvement in over-
all global sense of well-being or the improvement of various
symptoms often found in CKD patients.”*® L-carnitine is also
reported to improve nitrogen balance in CAPD patients.”’”’
The most promising of proposed applications 1s the treat-
ment of EPO-resistant anemia. Until more definitive studies
are available, it seems reasonable to use L-carnitine for MHD
or CPD patients who satisfy any of the following conditions:
(1) disabling skeletal muscle weakness or cardiomyopathy;
(2) muscle cramps or hypotension during hemodialysis treat-
ment; (3) severe malaise; or (4) anemia refractory to EPO
therapy. The patient could be given a 3- to 6-month trial of
L-carnitine (or 9 months for refractory anemia). The optimal
carnitine dose is not defined and a dose of 20 mg per kilo-
gram at the end of each hemodialysis is reasonable.*°

Magnesium

In CKD or MHD patients, about 40% to 50% of ingested
magnesium is absorbed from the intestinal tract.”>"*”> Be-
cause the absorbed magnesium is excreted primarily by the
kidney, hypermagnesemia may occur in kidney failure pa-
tients. Magnesium commonly accrues in bone and may play
a causal role in renal osteodystrophy?’® If the patient takes
high magnesium substances (e.g., magnesium antacids or
laxatives), serum magnesium will increase and the substance
should be stopped. A magnesium content of about 1 mEq
per liter in the hemodialysate, 0.50 to 0.75 mEq per liter
in peritoneal dialysate, plus a dietary magnesium intake of
200 to 300 mg per day will maintain serum magnesium at
normal or only slightly elevated levels.>’

Fiber

Studies in normal adults suggest that a high dietary fiber in-
take may lower the incidence of constipation, irritable bowel
syndrome, diverticulitis, and neoplasia of the colon and,
possibly, improve glucose tolerance. In patients with CKD, a
high dietary fiber intake may reduce the SUN by enhancing
its fecal excretion.”’”’ Consequently, CKD or MHD patients
should have a dietary fiber intake of 20 to 30 g per day:

PRIORITIZING DIETARY GOALS

The number and magnitude of the changes m the dietary
intake for stage Il to V CKD including MD patients are so

great that if they were all presented to the patient at one
time, the patient could become demoralized and lose his or
her motivation to comply with the diet. We recommend pri-
oritizing goals by emphasizing the importance of controlling
the protein, phosphorus, sodium, energy, potassium, and
magnesium intake and the need to take calcium and vitamin
supplements for stage IV to V CKD patients. Unless the pa-
tient has a lipid disorder or other risk factors for adverse car-
diovascular events, the adherence to these dietary guidelines
are not as strongly emphasized, at least initially. Statins or fi-
bric acid derivatives are usually better tolerated than dietary
modifications and their use may enable patients to focus on
other pressing aspects of dietary modification. If the patient
has complied well with the other elements of dietary therapy
but has a lipid disorder that can benefit from dietary therapy
or wishes to modify fat, carbohydrate, or fiber intake, then
other modifications can be adjusted by encouraging the pa-
tient to participate actively in designing the diet.

Adjusted Edema-Free Body Weight

Because the recommended nutrient intakes are often based
on body weight, a reference weight should be used in pre-
scribing the diet for individuals with kidney disease. The
National Kidney Foundation Clinical Practice Guidelines on
Nutrition in CKD published the following statement**°: “The
body weight to be used for assessing or prescribing protein
or energy intake 1s the adjusted edema-free body weight or
aBWef. For MHD patients, the weight should be obtained
postdialysis, but for PD patients, 1t should be obtained fol-
lowing drainage of the dialysate.” The aBWef i1s used for
CKD and MHD plus CPD patients, who have BWef <95%
or >115% of the median standard weight of the National
Health and Nutrition Examination Survey II (NHANES II)
data.?”®2" For patients between these levels, the actual BWef
1s used. The guideline also notes: “for DEXA measurements
oftotal body fat and fat-free mass, the actual edema-free body
weight obtained at the time of the DXA measurement should
be used. For anthropometric calculations, the postdialysis
(for MHD) or postdrain (for CPD) actual edema-free body
weight should be used.” The aBWefis calculated as follows™°:

aBWef = BW + [(SBW — BWef) X 0.25]

where BWef 1s the actual edema-free body weight and SBW
1s the standard body weight from the NHANES II data.

NUTRITIONAL THERAPY FOR ACUTE

KIDNEY INJURY

Patients with acute kidney injury (AKI) have varying degrees
of alterations in their metabolic and nutritional status. Pa-
tients without catabolism from underlying illnesses are usu-
ally not oliguric and the cause of their AKI is typically an
i1solated event, such as the administration of radiocontrast
drugs or aminoglycoside nephrotoxicity. Patients with AKI
requiring more complex attention have evidence of increased
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net protein breakdown (synthesis minus degradation) and
disordered fluid, electrolyte, and/or acid—base status. There
1s often an excess total body water, azotemia, hyperkalemia,
hyperphosphatemia, hypocalcemia, hyperuricemia, and a
large anion gap metabolic acidosis. Rarely, AKI patients will
have net protein degradation that 1s massive, with net losses
as high as 200 to 250 g per day.**" Patients are more likely to
be catabolic when the AKI is associated with shock, sepsis,
or thabdomyolysis. The patients with net protein catabo-
lism may accelerate the increase in plasma concentrations
of potassium, phosphorus, nitrogenous metabolites, and
non—nitrogen-containing acids. For these reasons, PEW is
prevalent in AKI patients and 1s associated with increased
morbidity and mortality.*®!

Results of animal studies indicate that acute uremia
causes disorders in amino acid and protein metabolism. The
UNA rises rapidly in rats with AKI versus events in control
animals. There is increased uptake of several amino acids by
livers of acutely uremic rats leading to increased urea syn-
thesis. These animals have enhanced protein degradation
and reduced protein synthesis in skeletal muscle.****® In-
sulin treatment suppresses muscle protein degradation and
increases protein synthesis. The insulin responses of the
animal with AKI are impaired because of msulin resistance
in muscle; this also occurs in patients with AKI.**" In addi-
tion, acidemia contributes to protein catabolism (see previ-
ous). These responses can be attributed to AKI alone and
when they are complicated with sepsis, hypoxia or trauma
catabolism increases substantially The mechanisms for the
catabolic effect responses to AKI include: (1) products of me-
tabolism may be toxic when their concentration rises due to
impaired removal by the damaged kidney. (2) Alterations in
catabolic hormones in plasma can promote wasting because
the infusion of cortisone, epinephrine, and glucagon causes
a sustained increase in glucose production, increased pro-
tein catabolism, increased energy expenditure, and negative
Bn.?** In addition, hypercatabolic illnesses are often associ-
ated with the release of catabolic cytokines or microbial tox-
ins, elevated acute phase reactants, plus increased oxidants
and elevated counterregulatory hormone levels (e.g., para-
thyroid hormone). (3) Acidemia increases the catabolism of
amino acids and proteins. (4) There may be increased pro-
tease activities in plasma, which degrade proteins, or other
changes (e.g., increased myostatin). Other potential causes
for PEW in AKI arise because patients are unable to eat ade-
quately due to anorexia or vomiting or impaired gastrointes-
tinal function. Secondly, an underlying medical disorder can
stimulate catabolism. Third, there can be losses of nutrients
in draining fistulas or with dialysis, and the hemodialysis
procedure may stimulate catabolism.

Nutritional Therapy for Acute Kidney Injury

If parenteral nutrition 1s required for the nutritional sup-
port of AKI patients, the nine EAA (including histidine) are
used more efficiently for nitrogen or protein conservation
compared to mixtures of EAA and nonessential amino acids
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(NEAA).*® In addition, the small amount of EAA can de-
crease the rate of rise of potassium, phosphorus, and mag-
nesium and can decrease the SUN and other potentially
toxic products of protein and amino acid metabolism.*®
However, to maintain neutral or near-neutral nitrogen bal-
ance or to minimize net protein catabolism, particularly in
hypercatabolic AKI patients, parenteral nutrition with larger
amounts of EAA and NEAA may be necessary.

Effect of Continuous Venovenous
Hemofiltration/Continuous Venovenous
Hemodiafiltration on the Nutritional
Management of Patients with Acute
Kidney Injury
Continuous venovenous hemofiltration (CVVH), CVVHD
(CVVH with concurrent hemodialysis), or CVVHDF (con-
tinuous venovenous hemodiafiltration) are used for very ill
patients with AKI, CKD, or other causes of fluid or nitrogen
intolerance (e.g., liver or heart failure). These dialysislike
procedures, CVVH/CVVHD/CVVHDE are performed while
requiring only low blood and (for CVVHD) dialysate flow
rates; they are usually administered throughout the 24 hours.
These procedures offer potential advantages, including;
(1) large quantities of water, electrolytes, and metabolites
may be removed each day compared to standard 4-hour he-
modialysis; (2) the removal of water and electrolytes 1s slow
and, hence, causes less hypotension; (3) it is safe to admin-
ister greater amounts of amino acids and other nutrients be-
cause of the increased removal of fluid from the patient; (4)
the daily clearances of molecules may avoid hemodialysis.
These advantages have increased the use of CVVH/CVVHD/
CVVHDF but it should be pointed out that these procedures
have not improved the mortality or complications for AKI
patients when compared to standard hemodialysis therapy.
Finally, there is sustained low-efliciency dialysis (SLED) or
hemodialysis carried out with low blood and dialysate flow
rates similar to the advantages of CVVH/CVVHD/CVVHDE
Amino acid losses during CWH/CWHD/SLED are influ-
enced by the permeability characteristics of the filter mem-
brane, the ultrafiltration and dialysate flow rates, and the
amount of amino acids infused.*®® Approximately 4 to 7 g
per day of amino acids are removed with CVVH**® and this
loss represents about 8.9 = 1.2 (SEM)% and 12.1 *= 2.2%
of the daily quantity of amino acids infused into the AKI pa-
tient. Amino acid losses with CVVH generally average about
6% to 12% of the daily amino acids mfused; this level can
be higher when the rate of amino acid infusion rises because
the amount removed depends on the plasma concentration.
Calcium and magnesium losses during CVVH or CVVHD
average 2,800 and 600 mg per day, respectively, and losses
of zinc average about 1.20 mg per day”®’ Although the in-
fusion of large quantities of amino acids during CVVH/CV-
VHD/CVVHDEF/SLED will improve the nitrogen Bn, it is not
clear that there is a net accrual of protein stores. The infused
amino acids might simply increase intracellular and extracel-
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lular amino acid levels to produce positive intake but do not
improve protein synthesis or suppress protein degradation in
AKI patients. Still, results of nonrandomized and randomized
prospective clinical trials of AKI patients treated with enter-
al or parenteral nutrition indicate that Bn 1s directly related
to the intake of protein or amino acids.”®® Regarding actual
amounts, about 1.5 g of protein or amino acids per kilogram
per day seemed to maintain nitrogen Bn in severely catabolic
patients. There also was a greater probability of survival for
AKI patients who had an improvement in Bn after adjusting
for age, sex, and APACHE II score.*® This association did not
extend to protein or amino acid intake and survival. Possible
reasons why intake alone did not improve survival are (1)
the degree of protein catabolism was not reduced by increas-
ing amino acid/protein intake; (2) the ability to achieve posi-
tive Bn may only identify survivors; and (3) perhaps greater
amounts of amino acids would improve survival. Regardless,
these results must be mterpreted cautiously with regard to
the differences in characteristics of the patients, the small
number of patients, and the need to include unmeasured ni-
trogen losses (e.g., respiration/skin losses) in assessing Bn.*®

Enteral Versus Parenteral Nutrition

Patients with AKI and superimposed illnesses should always
be given oral nutrition if feasible. The substitution of liquid
formula diets, elemental diets, or tube or enterostomy feeding
should be attempted if dietary intake 1s minimal. For patients
requiring feeding by enteric tube or gastrostomy, liquid pro-
tein-based or elemental diets can be tried to increase protein
and energy intake. It 1s always prudent to assess what other
constituents make up the diet because increasing phosphate
intake, etc. can be countereffective. There are reviews of tech-
niques used to achieve enteral feeding and the complications
arising when using chemically defined diets and tube feed-
ing.””® Most of the principles will be applicable to patients
with kidney failure. Notably, enteral feeding is extensively
used for pediatric patients, particularly infants with CKD.
Patients with AKI requiring enteral nutrition frequently
have high residual volumes in the stomach, signifying im-
paired gastric emptying or nasogastric tube obstruction.*”!
Despite these problems, enteral feeding is a safe and effective
way to provide nutrition for adults with AKI if attention is
given to the rate of delivery and the need to increase intake
when there are disruptions due to medical and surgical care.
Peripheral vein parenteral nutrition can be an alternative
to total parenteral nutrition (TPN). This 1s suggested because
TPN requires central venous catheters, thus increasing the
risks of complications.””! Like TPN, peripheral parenteral
nutrition requires careful monitoring because there are com-
plications. For example, the osmolality of the infusate must
be restricted to = 600 mOsmol to prevent thrombophlebitis,
and the needles should be changed every 24 to 72 hours to
prevent infections. The large quantity of fluid infused in or-
der to provide adequate calories and amino acids represents
another problem for patients with limited kidney function.
The costs of peripheral parenteral nutrition are similar to

those of TPN due to the expenses of administering fluids in
order to achieve nutritional requirements. Because the risks
of peripheral venous parenteral nutrition are lower, some
patients with AKI may be treated with peripheral nutrition
as an adjunct to their oral or enteric feeding. For example,
a solution containing an 8.5% to 10% amino acid solution
plus a 20% lipid emulsion could be used to meet part of the
total nutritional requirements in conjunction with the higher
osmolality fluids (e.g., carbohydrates) being given by the en-
teral route.

Why Benefits of Nutritional Therapy Have
Not Been Unequivocally Demonstrated

Notwithstanding earlier reports,**>**® it has not been demon-

strated that treatment with amino acids and other nutrients
improves either the rate or incidence of recovery of kidney
function or the nutritional status. Intuitively, nutritional ther-
apy could benefit patients with AKI and, at least in patients
with AKI who have survived for >2 weeks but still have dif-
ficulty in meeting nutritional requirements, oral or parenteral
nutritional support should improve nutritional status. Why
has it been difficult to demonstrate the benefits of nutritional
therapy? First, the clinical course of patients with AKI is vari-
able and complex, so large numbers of patients are required
for randomized prospective evaluations of nutritional thera-
py. Second, some of the published comparisons were retro-
spective or inadequately controlled, leading to unintentional
biases. Third, the optimal composition of nutrients in the
enteral or parenteral solutions is not defined and the lack of
outcome benefits for AKI patients could simply reflect the in-
adequacy of the nutritional formulations. Fourth, the paucity
of randomized, controlled trials with AKI patients have relied
on morbidity, mortality, or subsequent quality of life as the
key outcome measures. These outcomes may actually reflect
the presence of other illnesses, not just the presence of AKI.
Fifth, no prospective controlled comparisons have assessed
the clinical course of AKI patients with nutritional therapy
versus those without nutritional therapy:

Recommended Nutritional Support for Patients
with Acute Kidney Injury

The therapeutic approach in Tables 85.4 and 85.5 represents
our analysis of published reports and personal experience.
Based on the diversity of the clinical status of patients with
AKI, the prescription for intakes of nutrients will depend on
the patient$ nutritional status, estimates of protein catabolic
rates, residual GFR, and the indications for initiating intermit-
tent dialysis therapy, SLED, or CVVH/CVVHD/CVVHDE The
malnourished or hypercatabolic patient might receive an ex-
cess of nutrients provided during intermittent hemodialysis,
SLED, or CVWVH/CVVHD/CVVHDE On the other hand, pa-
tients with residual kidney function might also receive excess
nutrients because he or she has less of a risk for developing
fluid and electrolyte disorders or the accumulation of meta-
bolic waste products. For those with minimal urine flow but
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who are not very catabolic, water/mineral intake can be lim-
ited and calories with small amounts of amino acids—and es-
pecially EAA—may be given to decrease the need for dialysis.
In general, the fluid intake (including water present in wet
foods) should equal the fluid output from urine and other
sources (e.g., nasogastric aspirate, fistula drainage) plus about
400 mL per day. This will take into account endogenous wa-
ter production from metabolism and insensible water losses
(e.g., from respiration and skin). If the patient 1s catabolic and
in negative calorie and Bn, fluid intake should be restricted to
allow for a loss 0f 0.2 to 0.5 kg per day. The intake of sodium
and other minerals should be restricted to prevent their ac-
cumulation as judged by body weight, blood pressure, and
the changes in the concentrations of sodium, potassium,
phosphorus, etc. Insulin should be used to maintain normal
plasma glucose concentrations and because it may improve
mortality as was demonstrated in nonuremic patients with
catabolic illnesses.””* Because of the large glucose loads as-
sociated with enteral or parenteral feeding, hyperglycemia is
common and insulin should be used to keep plasma glucose
concentrations at 80 to 100 mg per deciliter.””> The use of
other hormones i1s less certain. For example, recombinant
human growth hormone (rhGH) can improve Bn in patients
with acute catabolic stress or with chronic illnesses, but trials
of thGH 1n critically 1ll patients indicate that the hormone can
increase mortality in severely ill patients.”””

The following discussion of specific nutrient intakes for
patients with AKI can be used with oral, enteral, or intrave-
nous nutrition. Information from TPN is emphasized because
it 1s frequently used for more catabolic patients with AKI and
it requires special attention to avoid complications. As noted
earlier, the preferred route of feeding is total enteral nutri-
tion (TEN) because it is associated with reduced morbidity.**>
This may reflect better preservation of the mass and physiol-
ogy of the intestines and elements of host resistance.

Nitrogen Intake

The intake of nitrogen as protein or amino acids should be
tailored to the clinical condition and dialysis needs of the pa-
tient. The intake is restricted for patients who have low val-
ues of urea production (i.e., 4 to 5 g of nitrogen per day but
not severe protein malnutrition). These patients are expected
to recover kidney function within weeks (Tables 85.4 and
85.5). Because the dialysis procedure causes catabolism (see
previous), protein and amino acid intakes are restricted to
avoid dialysis or reduce its frequency. For example, EAA with
or without arginine may be given at 0.30 to 0.50 g per kilo-
gram aBWef per day. More than 40 g per day ofthe nine EAAs
should not be given in order to avoid serious amino acid im-
balances. For patients who can eat, low protein feedings of
0.10 to 0.30 g/kg/day plus 10 to 20 g per day of EAA can
be used to avoid rapid accumulation of nitrogenous waste
products. Fortunately, these regimens will usually maintain
neutral or mildly negative Bn and will reduce the need for
dialysis. For patients with residual function (e.g., GFR of 5 to
10 mL per minute) but minimal catabolism, he or she can be
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treated as a patient with stage III to V CKD. The prescription
would be a diet of 0.60 g per kilogram aBWef per day, pri-
marily high biologic value protein or about 0.28 g of protein
per kilogram per day supplemented with 6 to 10 g per day of
EAA or a mixture of ketoacids and EAA. Ifthe patient requires
parenteral nutrition, the prescription i1s 0.60 g per kilogram
aBWefper day of EAA and NEAA intravenously. If there is ca-
tabolism and/or a UNA >5 g of nitrogen per day, and the AKI
is predicted to last for more than 2 weeks, the prescribed in-
take should be 1.0 to 1.2 g per kilogram per day for patients
undergoing regular hemodialysis 3 times weekly and 1.2 to
1.5 g per kilogram per day for patients requiring standard
hemodialysis more than 3 times weekly and approximately
1.5 to 2.5 gper kilogram per day in patients treated by SLED
or CVVH/CVVHD/CVVHDF (Table 85.5). It should be noted
that the UNA (and hence, the SUN) will invariably rise and
this change plus the fluids given to meet these requirements
generally increase dialysis needs.

Energy

The energy requirements for patients with AKI are deter-
mined by the same factors that affect patients without kid-
ney failure and include weight, age, sex, associated diseases,
and physical activity,. When energy expenditure rises, it 1s
largely but not entirely due to sepsis or other catabolic 1ll-
nesses.”*’ It is not known whether AKI per se changes en-
ergy expenditure. However, AKI treated by CVVH/CVVHD
reduces energy expenditure in patients but whether this is
hazardous is unknown.*”® Based on the principle that energy
intake should rise when nitrogen intake is low, coupled with
the need to provide large amounts of protein/amino acids in
catabolic patients, the prescription for energy requirements
are high and this complicates the provision of TPN and even
enteral nutrition. Because patients with AKI provided with
higher energy intakes had an improvement in survival, it 1s
important to ensure that their energy requirements are satis-
fied.”® A standard method for assessing energy needs is the
Harris-Benedict equations that estimate basal energy expen-
diture (BEE) from age, sex, body weight, and height.

The Harris-Benedict equations are as follows™’:

For men: BEE-66.5 + (13.8 X weight [kg])
+ (5.0 X height [cm]) — (6.8 X age [years])

For women: BEE— 655.1 + (9.6 X weight [kg])
+ (1.8 height [cm]) — (4.7 X age [years])

The calculated BEE is then multiplied by an adjustment factor
for the increase in energy expenditure associated with different
clinical conditions (Table 85.6). Finally, the BEE is increased by
25% to adjust for individual variability, physical activity;, and the
potential needs associated with a low nitrogen intake and AKI.
For these reasons, the BEE calculated for patients with AKI 1s

Energy requirements = Estimated BEE
X Adjustment for illness X 1.25
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Composition of Solutions for Total Parenteral Nutrition in Patients with Acute Kidney Injury®
Vitamins
Vitamin Al 2,000 IU/day
Essential and nonessential 42.5-50 g/L Vitamin D see text
Free crystalline amino acids” Vitamin K 7.5 mg/week
(4.25-5.0%) Vitamin E® 10 IU/day
Niacin 20 mg/day
Essential amino acids (5%)° 12.5-25 g/L Thiamine HC1 (B)) 2 mg/day
Riboflavin (B;) 2 mg/day
Dextrose (D-glucose)* 350 g/L Pantothenic acid (B;) 10 mg/day
Lipid emulsion 10% or 20% in 500 mL Pyridoxine HC1 10 mg/day
Energy (approximately) 1,140 kcal/L Ascorbic acid (C) 60 mg/day
Biotin 200 mg/day
Electrolytes® Folic acid® 1 mg/day
Sodium°® 40-50 mmol/L Vitamin By, 3 wg/day
Chloride® 25-35 mmol/L
Potassium <35 mmol/day
Acetate 3540 mmol/day
Calcium 5 mmol/day
Phosphorus 8 mmol/day
Magnesium = mmol/day
Iron 2 mmol/day
Other trace elements See text

“The nutrients listed are present in each bottle containing 50 mL of 8.5% to 10% crystalline amino acids or 250 to 500 mL of 5% essential amino acids
and 500 mL of 70% D-glucose. The vitamins and trace elements are an exception because they are added to only one bottle per day. For those doses of
nutrients that are expressed as concentrations rather than as quantities per day, the dose refers to the quantity present in each liter of dextrose and amino
acids, with or without lipids. The patient’ fluid status and serum electrolytes and glucose values must be monitored closely. The composition and volume
of the infusate may be modified according to the nutritional status of the patient (see text).

°For patients who are more catabolic (e.g., UNA >5 g/day), who are undergoing regular dialysis treatments (particularly for 2 or more weeks), or who

are very wasted, essential and nonessential amino acids should be infused; about 1.0 to 1.2 g/kg/day for hemodialysis patients and 1.0 to 1.3 g/kg/day for
intermittent peritoneal dialysis, CAPD, or APD patients (see text). 1.5 to 2.5 g/kg/day of essential and nonessential amino acids may be given to patients
undergoing CVVH/CVVHD/CVVHDF or SLED. For patients who are not very wasted, who are less catabolic, who are not undergoing regular dialysis
therapy, and who will not be receiving TPN for more than 2 or 3 weeks, 21 to 40 g per day of the nine essential amino acids may be infused. See text for a
discussion of the formulations of amino acids.

“70% D-glucose is added as necessary to obtain an energy intake of 30 to 35 kcal/kg/day (see text); lower energy intakes may be used in very obese pa-
tients. For the higher levels of energy intake (i.e., 45 kcal/kg/day), additional 70% D-glucose may be added to the solutions. Generally, lipids are infused
each day to provide 20%—-30% of total calories in order to balance the sources of calories and to prevent essential fatty acid deficiency. For patients who are
septic or at high risk for sepsis, about 10%—-20% of calories may be given as lipids. The lipids probably should be infused over 12 to 24 hours to reduce
the hyperlipidemia that occurs with the intravenous infusion of lipid emulsions and to avoid impairment of the reticuloendothelial system. The lipids may
be infused through a separate line or mixed with the amino acid and dextrose solutions and infused soon after mixing (see text). Usually a 20% lipid emul-
sion (250-500 mL) is used to reduce the water load. The approximate calorie values are dextrose monohydrate, 3.4 kcal/g and amino acids, 3.5 kcal/g.
‘When adding electrolytes, the amounts intrinsically present in the amino acid solution should be taken into account.

‘Refers to the final concentrations of electrolytes after any additional 70% dextrose or other solutions have been added.

About 600/xg/day of retinol activity equivalents (RAE) (see text) should be given orally or parenterally and not in the TPN solution because of chemical
antagonisms.

#May need to be increased with use of lipid emulsions.

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; CVVH, continuous venovenous hemofiltration; CVVHD, continu-
ous venovenous hemofiltration with concurrent dialysis; CVVHDE continuous venovenous hemodiafiltration; SLED, slow, low-efficiency dialysis; TPN,
total parenteral nutrition; UNA, urea nitrogen appearance.
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Adjustment Factors for Estimating
Energy Expenditure During Illness

Fraction of Normal

Basal Energy
Type of Stress Expenditure
Malnutrition (chronic, severe) 0.70-1.00

Nondialyzed chronic renal failure ~ 1.00

Maintenance hemodialysis 1.05

Elective surgery

Early (1-4 days) 1.00

Late (18-21 days) 0.95
Peritonitis 1.15
Soft tissue trauma 1.15
Fractures 1.20-1.25
Infections

Mild 1.00

Moderate 1.20-1.40

Severe 1.40-1.60

Burns (percent of body surface)

0%—-20% 1.00-1.50
20%—-40% 1.50-1.85
40%—-100% 1.85-2.05

The basal energy expenditure values during the normal healthy state may
be multiplied by these approximate factors to estimate resting energy
expenditure during acute or chronic illness.

Adapted from Wilmore DW. The metabolic management of the critically 1ll. New
York. Plenum, 1977; and Monteon FJ, Laidlaw SA, Shaib JK, et al. Energy
expenditure in patients with chronic renal failure. 1986; Kidney Int. 30:741.

The Harris-Benedict equations reportedly overestimate
the resting metabolic rate by 10% to 15%,*® especially in
patients with low values of BEE. The WHO equations, com-
piled from about 11,000 measurements in adults of both
genders, all ages, and a wide variety of ethnic groups and
body mass indices, are*””

RMR = 15.4 X weight (kg) — 27.0 X height (m) +717
Men: 30 to 60: RMR = 4.6 X weight (kg) +
16.0 X height (m) +901
Women: 18 to 30: RMR = 13.3 X weight (kg) +
334.0 X height (m) + 35

30 to 60: RMR = 8.7 X weight (kg) —
25.0 X height (m) + 865
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Where RMR is resting metabolic rate (in kilocalories per
day). Indirect calorimetry can be used to estimate energy ex-
penditure and, if multiplied by 1.25 as in the previous equa-
tion, the BEE for patients with AKI requiring nutritional sup-
port 1s between 30 and 35 kcal per kilogram aBWef per day.
The higher energy intake (1.e., 35 kcal/kg/day) 1s generally
used for patients with higher UNAs who are severely ill and
not obese. Using these methods, a rising UNA despite an ap-
propriate amino acid intake could theoretically be corrected
by raising energy intake to 35 kcal/kg/day. Larger energy in-
takes have not been shown to improve patient outcomes and
they generate more carbon dioxide from the metabolism of
infused carbohydrates and fat, compromising blood gasses if
pulmonary function is impaired. A very high-energy intake
also can cause obesity and fatty liver. Because AKI patients
may not tolerate a large water intake, glucose is usually ad-
ministered in a 70% solution yielding energy from glucose
monohydrate at 3.4 kcal per gram or, for 70% dextrose,
about 2.38 kcal per milliliter. Amino acids provide about 3.5
kcal per gram and they can be given simultaneously with
carbohydrates (see Table 85.5).

Lipids are commonly given from the onset of TPN, but
the optimal amount of fat required is controversial because
of the impaired lipid clearance of AKL>? Although 25 g per
day will prevent essential fatty acid deficiencies, 30% to 40%
of calories as lipid emulsions are used to meet energy needs.
It has been suggested that lipid emulsions can transiently
lower host resistance by inhibiting the function of the re-
ticuloendothelial system.’*’ A prudent approach is to infuse
lipid emulsions over 12 to 24 hours to minimize high levels
of plasma lipids and to interfere with the reticuloendothelial
system.*” Nonseptic patients may be given up to 20% to
30% of calories as lipid emulsions, but those who are sep-
tic should not receive mtravenous lipids to avoid impaired
function of the reticuloendothelial system. Alternatively, the
provision of omega-3 fatty acids may enhance immune func-
tion and host resistance.’""!

Minerals

Recommendations for mineral intakes are tentative and
should be modified according to a patient’ clinical status
(Table 85.5). If a serum electrolyte concentration rises, the
rate of its infusion should be adjusted. But, parenteral nu-
trition can rapidly lower potassium and phosphorus (and
potentially others), related in part to the action of insulin.
Alternatively, the low concentration may signal the need
for administering a supplement. Note that calcium and
magnesium deficiencies may occur during CVVH/CVVHD/
CVVHDF treatment.’*> With the exception of iron and pos-
sibly zinc, copper, and selenium, supplements of trace ele-
ments are probably not needed for AKI patients unless the
nutritional support will be extended for 2 to 3 weeks. Low
values of plasma selenium can occur with the multiple organ
dysfunction syndrome and, in a prospective trial, patients
given 535 pg per day of sodium selenite had less morbidity
and a reduced need for CVVHD.’® Nutritional requirements
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for other trace elements for AKI patients receiving TEN or
TPN have not been established.

Vitamins

Requirements for vitamins are not defined for patients with
AKI and tentative recommendations for patients receiving
parenteral nutrition are listed in Table 85.5. We recommend
that AKI patients receive water-soluble vitamins to make up
for poor intake and dialysate losses (see previous). During
CWH/CVVHD, water-soluble vitamins are lost and require
supplements. AKI can also affect the fat-soluble vitamins, A,
E, 25-OH vitamin D3, and 1,25-(OH)2 vitamin D,3 and vi-
tamin K. Vitamin D should be used for specified conditions
and vitamin A should be given only for demonstrated defi-
ciency because serum vitamin A levels are increased in CKD
patients and supplements may cause toxicity. Vitamin E may
be beneficial for CKD patients but requirements are poorly
established (see Table 85.5). Vitamin K deficiency can oc-
cur because of poor appetite and antibiotic treatment of AKI
patients (antibiotics suppress vitamin K—producing intes-
tinal bacteria).’** Vitamin K is given routinely to patients
receiving parenteral nutrition (Table 85.5). Regarding water-
soluble vitamins, 10 mg per day of pyridoxine hydrochloride
and only 60 to 100 mg of ascorbic acid are recommended to
avoid toxicity>"

Intravenous Nutrition Limited to
Hemodialysis

For AKI patients with marginally adequate intakes, supple-
mental amino acids, glucose, or lipids may be infused during
the hemodialysis treatment (i.e., intradialytic parenteral nu-
trition [IDPN]).’°® This avoids the need to catheterize a cen-
tral or peripheral vein and reduces the problems of excessive
fluid administration. Evidence does not demonstrate a clear
benefit of IDPN.?*® IDPN reportedly improves protein syn-
thesis and energy balance during hemodialysis, leading to an
increase in serum albumin and BWef, but the studies were
not well controlled.’”® Stationary bicycle exercise during he-
modialysis in patients receiving IDPN reportedly improves
protein balance, but it is not clear if mortality is improved
with IDPN.?°"3% Based on these reports, we conclude that
IDPN is indicated only for malnourished MHD patients who
are unable to eat or tolerate tube feeding. Because most pa-
tients requiring IDPN have decreased intakes of energy and
nitrogen, we give 40 to 42 g of EAAs and NEAAs and about
200 g of D-glucose (about 150 g of D-glucose if the dialysate
contains glucose) and usually 250 mL ofa 10% or 20% lipid
solution (i.e., 25 to 50 g of fat) throughout the dialysis pro-
cedure. The nutrients may be used more efficiently if given
continuously rather than as a bolus. Only small amounts
of amino acids are lost into hemodialysate during IDPN.>"?
Patients with low serum phosphorus levels may need sup-
plements during the IDPN. If the dialysate does not contain
glucose, the infusion should be maintained for 20 to 30 min-
utes after the dialysis to prevent hypoglycemia.

Nutritional Hemodialysis and Nutritional
Peritoneal Dialysis

Amino acids and glucose may be added to the dialysate in or-
der to increase their uptake. Lowering the dialysate flow rate
may increase the uptake of amino acids and glucose when
the nutrients are added to the hemodialysate. Thus, some
investigators have reduced the dialysate flow rate to increase
the fractional extraction of amino acids and glucose.*'° This
reduces the costs of the nutrients but also decreases the effi-
ciency of dialysis. When 46 g of a mixture of 20 amino acids
are added to the hemodialysate, the amino acid concentra-
tions are similar to those in the plasma of fasting patients
and amino acid losses are reduced.”® When 139 g of the
same amino acid mixture 1s present, there is a net transfer of
about 39 g of amino acids from the dialysate into the patient.
Adding amino acids to the peritoneal dialysate appears
to increase Bn, protein synthesis, and the concentrations of
several serum proteins.’'! It also allows a reduction in the
dialysate glucose concentration. Generally, a mixture of both
EAAs and NEAAs are added to a 1.1% dialysate solution. This
amount 1s used for one to two peritoneal dialysate exchanges,
and dwell times of 4 to 6 hours are used to ensure an uptake
of about 80% of the amino acid content. The calorie load
from these solutions is small and it is suggested that the dialy-
sis be undertaken during major meals in order to provide cal-
ories and other nutrients with the amino acid load from the
dialysate. Still, the patient should be counseled to eat regular
food or undertake tube feeding before turning to these more
expensive and incomplete nutritional supplements.

DIETARY THERAPY FOR RENAL
TRANSPLANTATION

Following a successful kidney transplantation, patients of-
ten have an improvement in their appetite, in part due to
glucocorticoid therapy. Generally, there is a gain in body
weight and fat.>'**!*> Other nutritional problems include the
development of obesity, insulin resistance and diabetes mel-
litus,”"? impaired growth in children, protein wasting,’'* al-
tered serum lipid and homocysteine concentrations,”"> and
abnormalities in bone, mineral, and vitamin metabolism.>!®
These complications are concerning because these patients
are at risk for cardiovascular disease. An important cause of
these disorders 1s prednisone because glucocorticoids cause
metabolic changes, including enhanced gluconeogenesis,
protein degradation, lipolysis, reduced protein synthesis,
and increased glucose uptake. They also can increase serum
cholesterol, mhibit intestinal calcium absorption, and re-
duce serum levels of 25-hydroxycholecalciferol and 1,25-di-
hydroxycholecalciferol.’’” The latter changes participate
in negative calcium balance and osteoporosis. In addition,
cyclosporine or tacrolimus can cause glucose intolerance.
Kidney transplant patients treated with high doses of pred-
nisone have sustained negative Bn’'**'® and this can be ag-
gravated further by proteinuria. Areport from a nonrandom-
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1zed study of kidney transplant patients receiving prednisone
at 120 mg per day with tapering to 70 to 90 mg per day
over approximately 10 to 14 days had intakes of protein and
energy of 1.30 = 0.06 (SEM) g/kg/day and 33 = 3 kcal/kg/
day*'* However, their estimated Bn was still negative. This
study points out the problems with using glucocorticoids. In
another study’'® of 12 nondiabetic kidney transplant recipi-
ents with diets of 2 = 0.03(SD) g protein/kg/day and only
28 = 2 kcal/kg/day, Bn was more positive and potassium was
lower with a more positive sodium balance. Lower doses of
prednisone (1.e., 10 mg per day) do not appear to impair
body composition or resting energy expenditure.

Kidney transplant patients often have increased serum
triglycerides, VLDL triglycerides, and LDL, and total LDL
cholesterol concentrations. HDL cholesterol is often low
with an increased LDL/HDL cholesterol ratio.’'” Serum tri-
glyceride levels are correlated with the prednisone dose plus
obesity and the stage of CKD. These changes are relevant
because there 1s a correlation between increased serum lip-
1ds and the risk of cardiovascular disease, graft failure, and
fatality in kidney transplant recipients.’*’ In most but not
all studies, dietary counseling can reduce the energy in-
take, weight gain, and levels of serum total cholesterol,
LDL cholesterol, and triglycerides, without changing the se-
rum HDL cholesterol.>*! A low cholesterol, high fiber diet
with a polyunsaturated saturated fatty acid ratio >1.0 was
found to lower serum total cholesterol and LDL cholesterol
after kidney transplantation.’?! A combination of a simi-
lar diet plus regular exercise can improve the plasma lipid
pattern.’** With 3 g per day of omega-3 fatty acids (as in
fish oil), given over 3 months, serum triglycerides and VLDL
cholesterol were decreased without a change in serum total
cholesterol or LDL cholesterol. The effects of diet on the im-
provement in the serum lipid pattern tend to be modest and
we recommend combining dietary therapy with statins as
the more effective strategy for reducing serum total and LDL
cholesterol.’*

High plasma homocysteine concentrations could be a
risk factor for cardiovascular complications and mortality in
kidney transplant patients.”** The causes of hyperhomocys-
teinemia include reduced kidney function and, less impor-
tantly, a low serum folate level and, possibly, cyclosporine A.
There are conflicting reports about cyclosporine A versus ta-
crolimus and hyperhomocysteinemia.’*® Supplements of fo-
lic acid can decrease homocysteine, and it has been suggested
that this benefit can be augmented by adding pyridoxine HCI
(50 mg per day) and vitamin B12 (0.4 mg per day).**’

Serum folate levels can be low for prolonged periods
after kidney transplantation.’'> This could be linked to the
finding that 52% of the patients develop macrocytosis, but
even in this case, the patients were treated with azathioprine,
which could have increased folate use. After a successful
kidney transplant, serum vitamin A may not fall to normal
for years.’*® Low plasma and hair zinc and urinary zinc losses
have been observed after 1 year i kidney transplant pa-
tients.”*” This may be a reflection of more advanced kidney
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failure. Immunosuppressive medicines may affect the nutri-
tional status of kidney transplant patients because cyclospo-
rine A may increase serum LDL cholesterol and triglycerides,
promote potassium retention with hyperkalemia,’*’ cause
urinary magnesium wasting with hypomagnesemia,®* and
promote early satiety during eating. Tacrolimus and siroli-

mus also increase serum LDL cholesterol levels.

Recommended Nutrient Intake for Renal
Transplant Recipients

The nutritional requirements for kidney transplant patients
are not established and our recommendations should be con-
sidered tentative. Immediately after kidney transplant surgery,
especially if there 1s catabolism and/or prednisone at =30 mg
per day, we recommend a diet of 1.3 to 1.5 g of protein per
kilogram per day. If treatment with CVVH/CVVHD/CVVHDF
or SLED i1s required, protein intake may be increased to
2.0 g/lkg/day. If the daily prednisone dose is <30 mg per day;
protein mtake should be decreased. Although some reports
suggest that low protein diets can retard the progression of
kidney failure, it was not determined if the kidney transplant
recipients who are receiving angiotensin converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARBs) had
an additional benefit from low protein diets. In general, di-
etary protein is not restricted when the eGFR 1s >60 mL per
minute unless there is a progressive loss of eGFR. If the patient
1s receiving >15 mg of prednisone per day, a protein intake
of 0.60 to 0.80 g/kg/day 1s prescribed, but with higher doses
of prednisone, the protein intake should be raised to 0.80 to
1.2 g/lkg/day. If, however, the patient has an eGFR of 20 to
25 mL per minute or lower progressive less of GFR, then the
patient is prescribed 0.6 g of protein per kilogram per day with
at least 0.35 g of high biologic protein per kilogram per day.
With a GFR of 20 to 25 mI/min or lower, some authorities
would prescribe a very low-protein diet supplemented with
a ketoacid plus essential amino acid mixture (see previous).
Protein intake may be adjusted upward for acute increases in
prednisone dosage or for large urinary protein losses as with
nephrotic patients.”"

A diet low in carbohydrates and modestly restricted in
calories may reduce glucocorticoid toxicity>'® However, diets
that are moderately restricted in energy intake should be lim-
ited to short periods when the prednisone dosage 1s >40 mg
per day in order to minimize the development of protein
catabolism. Although a higher protein intake accompanying
such diets (e.g., 2 g of protein per kilogram per day) may re-
duce protein malnutrition, there 1s the complicated problem
of lipid abnormalities developing if lipids are substituted for
carbohydrates in an attempt to avoid the Cushingoid compli-
cations (glucocorticoid toxicity). Kidney transplant patients
should be encouraged to ingest a National Cholesterol
Education Program Therapeutic Lifestyle Changes (TLC)
diet as described earlier for CKD and MHD patients.”® Pa-
tients also should be encouraged to exercise regularly and to
maintain a normal body weight.?’®*” When superimposed



CHAPTER 85 ® DIETARY FACTORS IN THE TREATMENT OF CHRONIC KIDNEY DISEASE 2539

catabolic illnesses are present, 30 to 40 kcal per kilogram per
day can be prescribed. If dietary therapy does not reduce se-
rum LDL cholesterol to 70 mg per deciliter, statins should be
used for patients with cardiovascular disease risk factors.’*
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