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Precision in the use of words is neces-
sary in any discipline, and this holds
true for physicians and investigators
dealing with patients who have
chronic kidney disease. Specifically,
malnutrition is often used to
describe a group of abnormalities —
fatigue, loss of body weight with
muscle mass being replaced by fatty
tissue, declining serum proteins —
present in many such patients. How-
ever, malnutrition is defined as the
consequence of insufficient food or
an improper diet and is generally a
misdiagnosis for patients with chron-
ic kidney disease. The mechanisms
for these abnormalities are complex
and have not been fully identified,
but diagnosing them as malnutrition
is deeply misleading since it suggests
that the abnormalities can be over-
come simply by supplying more food
or altering the composition of the
diet. To date, this approach has not
proven to be successful. The investi-
gation of dialysis patients by Pupim
et al. in this issue of the JCI shows
why such consequences of kidney
failure result from mechanisms more
complex than malnutrition (1). Their
results show that a sharp increase in
protein and calorie intake during
dialysis produces only a transient
benefit, even for end-stage renal dis-
ease (ESRD) patients with few signs
of abnormal protein metabolism.
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The development of progressive kid-
ney disease raises complex problems
requiring constant attention to avoid
and treat complications from lost kid-
ney function including anemia, bone
disease, abnormalities in electrolytes,
and, of course, the almost universal
appearance of hypertension. Worse
yet, when ESRD develops, the patient
is at risk of the sharp increase in mor-
tality associated with dialysis. Cross-
sectional analyses of patients in dialy-
sis units indicate that the signs and
symptoms commonly attributed to
malnutrition occur in 50% or more of
these patients (2, 3).

In children with kwashiorkor or
adules with severe malnutrition,
many of these same abnormalities
can be ameliorated when dietary pro-
tein or nitrogen is provided (4). When
they occur in ESRD patients, do they
also result from too little food or an
improper diet? The first step in
addressing this question is to deter-
mine whether some other, more fun-
damental abnormality arising in
patients with kidney disease prevents
them from utilizing dietary nutrients
effectively. Normal adults character-
istically respond to the restriction of
dietary protein by progressively
decreasing the irreversible destruc-
tion of amino acids and, consequent-
ly, the production of urea from the
nitrogen of amino acids. At the limits
of this adaptive response, another
mechanism is activated, leading to a
decrease in the degradation of pro-
tein and at least some stimulation of
protein synthesis (5). These adaptive
responses act to maintain protein
balance, and, unless there is severe
dietary restriction, they usually suf-
fice to prevent the loss of body pro-
teins. Fortunately, patients with
uncomplicated  kidney disease,

including nephrotic subjects, can
activate the same adaptations to
dietary protein restriction and main-
tain protein balance and lean body
mass for long periods while they are
eating protein-restricted diets (6-10).
However, when dialysis becomes nec-
essary, the amounts of protein and
energy required to achieve protein
balance increase sharply, and it is not
known if these adaptive responses
occur in ESRD patients or how effec-
tive they are in preventing excessive
catabolism (11).

Why does ESRD mimic
malnutrition?

Studies of experimental uremia and
investigations of patients with kidney
failure have suggested several mecha-
nisms that may account for the abnor-
malities misdiagnosed as malnutrition
(Figure 1). First, metabolic acidosis is
common in kidney failure and acts to
stimulate the irreversible destruction
of the essential, branched-chain amino
acids. In addition, it accelerates the
degradation of protein, especially mus-
cle protein (12-14). The increased
breakdown of muscle protein is due to
activation of the ubiquitin-protea-
some proteolytic system, the major
system that degrades the bulk of pro-
tein in all cells, including muscle cells
(15, 16). Recently, we obtained evi-
dence that correcting acidosis in
patients treated by chronic ambulato-
ry peritoneal dialysis suppresses the
ubiquitin-proteasome system and
leads to gain of body weight (17).
There also is evidence that acidosis
contributes to the low level of serum
albumin in dialysis patients (18, 19).
Acidosis in kidney failure, therefore,
could contribute substantially to the
abnormalities presumed to be caused
by malnutrition.
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An inadequate diet or “true malnutrition” rarely leads to the fatigue, loss of lean body mass, and
low serum proteins associated with loss of kidney function. More commonly, these problems are
the result of catabolic mechanisms stimulated by renal insufficiency.

Inflammation has been touted as
another cause of the problems attrib-
uted to malnutrition. In ESRD
patients, circulating levels of cyto-
kines are high (2, 20, 21), although the
sources of inflammation in these
patients are not fully understood.
Kaysen et al. have systematically exam-
ined the contribution of signs of
inflammation (circulating acute-
phase reactant proteins) and dietary
protein to changes in serum albumin
in well-characterized hemodialysis
patients (22, 23). They reported that
high circulating levels of the longer-
lived acute phase proteins, such as
ceruloplasmin, presage a decrease in
albumin in the following month; they
also concluded that inadequate
amounts of dietary protein can aggra-
vate hypoalbuminemia.

The common thread in models of
inflammatory conditions that cause
loss of muscle mass is activation of
the ubiquitin-proteasome proteolytic
system, as has been demonstrated
repeatedly in models of sepsis and
inflammatory conditions (16). The
administration of TNF-a (and other
cytokines) to rodents can stimulate
protein degradation in muscle, but it
is difficult to assign this response to
the action of a single cytokine (24, 25).
To date, cytokine-activated mecha-
nisms that lead to accelerated muscle
proteolysis by the ubiquitin-protea-
some system have not been worked
out fully, but, as with acidosis, the
catabolic responses appear to depend
on the action of glucocorticoids (14,

26-29). Results from animal models
are relevant to patients with sepsis or
traumatic injury because they also
exhibit evidence of heightened muscle
degradation through the ubiquitin-
proteasome system (30, 31).

Another cause of the constellation of
problems lumped under the diagnosis
of malnutrition is resistance to the ana-
bolic action of insulin, a characteristic
of inflammation, acidosis, and other
conditions associated with loss of mus-
cle mass. Experimentally, acute dia-
betes mellitus causes rapid loss of body
weight and muscle mass due to activa-
tion of the ubiquitin-proteasome pro-
teolytic system in muscle (32). These
catabolic responses are rapidly reversed
by insulin but are independent of the
acidosis of acute diabetes (33). Howev-
er, as in acidosis, sepsis, and even star-
vation, activation of accelerated muscle
proteolysis by this system requires glu-
cocorticoids (27, 33, 34). Since diabetes
is a common cause of ESRD and kid-
ney failure-induced resistance to the
hypoglycemic action of insulin, it is
likely that diabetes or insulin resistance
play a role in the abnormalities attrib-
uted to malnutrition (35). Although
the contribution of insulin resistance
has not been quantified, it is tempting
to speculate that the protein catabo-
lism occurring when patients are dia-
lyzed against a glucose-free bath is
related to a reduced stimulation of
insulin release (36).

A fourth cause of abnormalities mis-
diagnosed as malnutrition in ESRD
patients is the dialysis procedure itself.

In the 1990s, Bergstrom and collabo-
rators reported that contact of the
blood of normal adults with dialysis
membranes could stimulate muscle
protein catabolism (37). Recently, Iki-
zler and colleagues reinvestigated
these claims systematically by measur-
ing whole-body and muscle protein
turnover in stable patients dialyzed
with modern dialysis membranes (38).
Remarkably, they found that dialysis
stimulated whole-body degradation of
protein including muscle protein.
Because the catabolic response persist-
ed after completion of the dialysis pro-
cedure, the authors concluded that the
dialysis procedure per se somehow
causes the breakdown of protein in
dialysis patients.

A final explanation for ESRD-associ-
ated abnormalities in weight, muscle
mass, and serum proteins could be
that the hodgepodge of accumulated
wasted products and metabolic abnor-
malities caused by the loss of kidney
function is the culprit. Again, this
mechanism is not directly connected
to an inadequate diet, and in fact, an
excess of protein-rich foods should
only increase the accumulation of
waste products like phosphates, acid,
and nitrogen-containing products
(39). To date, there has been no cause
and effect association found between
the accumulation of nitrogen-con-
taining waste products and a specific
syndrome, despite intriguing investi-
gations about links between unidenti-
fied “middle molecules” and depressed
appetite (40). Overall, evidence sup-
porting this mechanism as a cause of
the problems attributed to malnutri-
tion is substantially weaker than for
other mechanisms.

Ameliorating the signs

and symptoms attributed

to malnutrition

In extending their careful studies of
the catabolic effects of hemodialysis,
Pupim et al. now provide the first
comprehensive evaluation of intradi-
alytic parenteral nutrition (1). They
confirm that hemodialysis stimulates
whole-body and muscle proteolysis
and then evaluate how components of
protein turnover can be changed by
the infusion of a mixture of amino
acids, dextrose, and lipids during the
catabolic dialysis procedure. The
infused mixture of nutrients increased
plasma insulin about sixfold and
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raised muscle protein synthesis about
fourfold without suppressing whole-
body or muscle protein breakdown.
During the infusion, the net effect was
a positive protein balance in the whole
body and muscle, and there were also
positive balances for carbohydrates
and lipids. Unfortunately, none of
these beneficial responses persisted in
the immediate post-dialysis period.

The authors addressed the possibil-
ity that inflammation or some of the
other mechanisms shown in Figure 1
might contribute to the effects of
hemodialysis or the positive changes
occurring with nutrient infusion.
Notably, they found that the seven
nondiabetic patients participating in
the study were apparently free of
inflammation, had serum bicarbonate
values of greater than 22 mM and nor-
mal values of serum proteins, and
were eating 0.97-1.00 g protein/kg per
day. Their carefully obtained results
are consistent with the concept that
stimulating insulin signaling might
offset the symptoms attributed to
malnutrition in dialysis patients, but
this hypothesis will need to be
addressed directly, probably using the
rigorous techniques employed here by
Pupim et al.

In summary, there are many adverse
consequences of chronic kidney dis-
ease including the constellation of
signs and symptoms glossed over as
malnutrition. Several mechanisms
causing these problems have been
identified, and the mechanisms
should be explored further. To deter-
mine if intradialytic parenteral nutri-
tion will produce greater and more
long-lasting benefits, there should be
a long-term study including a large
number of ESRD patients with
inflammation, acidosis, and other dis-
orders associated with renal disease, as
well as relatively healthy subjects like
those studied here.
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