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ABSTRACT

Malnutrition isa major issuein patients with chronic
kidney disease (CKD), adversely affecting mor bidity,
mortality, functional activity and patients quality of
life. Our knowledge of the pathogenic mechanisms of
malnutrition in patients with CKD, including end-
stage renal disease, has been improved. This has led
to the development of clinical practice guidelines for
nutritional care in CKD which provide a framework
for the nutritional issues facing patients and physic-
cians. Extensive research in the field of nutrition in
patients with CKD has resulted in the formation of
general guidelines, although some uncertainties still
exist on some of the best therapeutic or preventive
options in uremic malnutrition. It is important to
search actively for malnutrition since early diagnosis
and treatment can improve the prognosis for CKD
patients and reduce the monetary costs connected
with treatment.
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1. INTRODUCTION

Chronic kidney disease (CKD), characterized by pro-
gressive deterioration of rena function, is a growing
problem which has potential public health consequences.
The total number of CKD patients has markedly in-
creased during the last 30 years [1,2], and the prevalence
of CKD has reached epidemic proportions with 10% -
13% of the populations of Korea, Taiwan, Iran, Japan,
China, Canada, India and the USA being affected. This
number will undoubtedly rise in coming years if the
prevalence of diabetes and hypertension continue to
increase [3]. Furthermore, the increase in the elderly
population and the wider availability of therapy such as
dialysis and kidney transplantation, contribute to the
increasing prevalence of patients with CKD [4]. The
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socio-economic impact of CKD and its complications are
also considerable [2]. Although CKD patients account
for 9.8% of the total Medicare population in the USA,
these patients account for as much as 27.6% of tota
Medicare costs [2]. It has been estimated that the total
worldwide cost for treating patients with CKD exceeds
one trillion US dollars. CKD is clinicaly divided into 5
stages based upon the GFR and signs of kidney damage
[5]. Stage 5 CKD, kidney failure or end-stage renal
disease (ESRD), represents the total failure of the
kidneys to maintain metabolic homeostasis, and this state
isincompatible with life. A study in the United Kingdom
demonstrated that the prevalence of stage 3- 5 CKD was
8.5% [2]. Since 26 studies found a prevalence of CKD of
7.2% in patients older than 30 years, and a prevalence
from 23.4% to 35.8% in those older than 64 years, CKD
should be considered a public health priority [6].

Malnutrition is usualy defined as poor nutritiona
status resulting from poor nutrient intake. However,
complex factors other than inadequate intake are the
main cause of the nutritional and metabolic derange-
ments in uremic patients. In these patients, serum and
tissue proteins tend to be low despite dietary protein and
energy intake that is based on standard nutritiona
guidelines [7]. In addition, some CKD patients have low
levels of protein stores regardless of their weight, with
some actually being overweight. Although there is no
totally adeguate definition for such a status in CKD
patients, “uremic malnutrition” is the commonly used
term. [7]. Because of the many different diagnostic tools
used in unrelated studies, the prevalence of malnutrition
varies widely among different reports, ranging from 20%
- 50% at different stages of CKD [7,8].

The kidneys are essential for maintaining many as-
pects of the metabolic homeostasis [9]. The main
functions of the kidneys include elimination of waste
products, regulation of water, electrolyte and acid-base
balance, and the synthesis and regulation of hormones. In
addition, the kidney is one of the principal organs
involved in nutritional balance in the body. For the
regulation of glucose metabolism, the kidney exhibits
glucose synthetic rates several times higher than that
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observed in the liver [10]. Release of glucose by the
kidney is known to account on average for up to 20% of
al glucose released after primary absorption into the
circulation [11-14]. Because the kidney normally stores
little glycogen and rend cells that could store glycogen lack
glucose-6-phosphatase, glucose release from the kidney is
thought to be predominantly due to gluconeogenesis [14].
Renal glucose release is of the same order of magnitude
as splanchnic glucose release during the postabsorptive
period in the body. It appears to be more sensitive to
hormonal action than hepatic glucose release, and may
have a more important role during adaptation to various
physiologic and pathologic conditions. Although renal
gluconeogenesis has different substrate requirements and
demands various gluconeogenic precursors such as lac-
tate, glutamine, glycerol, o-ketoglutarate and citrate, lac-
tate is the most predominant and important precursor for
renal gluconeogensis as well as systemic gluconeogenesis
in humans. According to animal and human studies, only
the proximal tubule is capable of synthesizing glucose,
and is the only nephron segment that contains the key
gluconeogenic enzymes glucose 6-phosphatase, fructose
1,5-diphosphatase, and phosphoenol pyruvate carboxykinase.
Gluconeogenic ability in the proximd tubule has areciprocal
relaionship with solute transport in the kidney. Therefore,
the rend contribution to systemic gluconeogenesis might
change under different physiologic or pathophysiologic

states such as hypoglycemia, postprandial status, acid-
base disorders, and diabetes.

The human kidney also plays a maor role in the
homeostasis of body amino acid pools, which is carried
out by the synthesis, degradation, filtration, reabsorption
and excretion of amino acids in the renal tubules. Appro-
ximately 50 - 70 g per day of amino acids are filtered by
normally functioning kidneys and they are amost com-
pletely reabsorbed by the proximal tubules [15]. In
addition, the kidneys can do fine tune the circulating and
tissue pools of amino acids in the body. They are
involved in the main disposa of glutamine and proline
from the blood and the net release of some amino acids
such as serine, tyrosine and arginine. The kidneys also
release smaller amounts of threonine, lysine and leucine
into the systemic circulation. Therefore, it is natural that
progressive alterations in renal function or metabolism
can cause progressive effects on nutrition, as well as on
cardiovascular status [15].

Once CKD develops, many kinds of metabolic changes
due to kidney disease, underlying co-morbidities and
dialysis procedure occur. Many factors lead to serious
nutritional complications for CKD patients during the
course of prediaysis and dialysis, which eventually
affect the prognosis and quality of life of patients with
CKD (Figure 1).
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Figure 1. Etiologic factors for malnutrition in chronic kidney disease.
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2. CHRONIC KIDNEY DISEASE AND
MALNUTRITION

2.1. Disordersof Protein M etabolism

Almost all CKD patients, including diet-induced obesity-
related CKD, are gradually affected by low protein and
energy intake due to restrictive dietary prescriptions,
poor appetite, and uremia-related anorexia. This “protein
energy malnutrition” or “protein energy wasting”, classi-
cally known as poor nutritional status due to inadequate
nutrient intake, is a major problem because proper
nutrients are the substrate necessary for cell and tissue
development and homeostasis. A strict low-protein diet
may have a negative effect on nitrogen balance in the
predialysis period [4]. A safe low-protein diet should
contain aminimum 0.6 g of protein/kg per day.

Protein energy malnutrition due to inadequate nutrient
intake alone is relatively uncommon even in CKD. Sev-
eral studies have reported that healthy subjects, as well
as CKD patients who have not reached ESRD, are usu-
aly able to maintain neutral nitrogen balance with lower
levels of protein intake if energy intake is adequate.

This compensatory response appears to be mediated
through a combination of metabolic adjustments, such as
a reduction in amino acid oxidation, and protein break-
down and an increase in protein synthesis, al in an
attempt to maintain neutral nitrogen balance [16]. There-
fore, derangements in protein metabolism leading to
malnutrition is observed more often in an advanced CKD
or ESRD patients [4,15]. Uremic malnutrition is present
in approximately 20% - 50% of dialysis patients and is
characterized by the insidious loss of somatic protein
stores, reflected in lean body mass. In this case, serum
concentration abnormalities of visceral proteins, such as
serum abumin, prealbumin, transferrin, and cholesterol
are developed [17]. Urinary protein loss and removal of
amino acids during a dialysis may aso play arole. In
addition, metabolic acidosis contributes to negative
nitrogen and total body protein balance in CKD patients
[18,19].

On the other hand, decreased energy availability in
CKD patients appears to be responsible for a reduced
protein synthesis rates. Muscle biopsies obtained in CKD
patients showed significantly lower synthetic rates of
myosin heavy chain, mitochondrial protein, muscle cyto-
chrome c-oxidase activity and citrate synthase [20]. Re-
duced bioavailability of insulin-like growth factor (IGF)-1
may aso play a role in decreasing muscle protein
synthesis, which is due to increased serum binding pro-
teins. Growth hormone (GH)-induced changes in muscle
protein synthesis are related to changes in insulin-like
growth factor binding protein (IGFBP)-1 and in the
IGF-1/IGFBP-3 ratio. As circulating IGFBP-1 and
IGFBP-2 increase in the blood of CKD patients, owing
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to the diminished renal clearance and the inflammatory
status, changes in muscle protein synthesis dependent on
the availability of free IGF-1 levels occur [20].

2.2. Disorders of Carbohydrate and Lipid
M etabolism

Disorders of carbohydrate metabolism are frequent in
CKD. As noted above, insulin resistance is primarily
detectable when the GFR is less than 50 ml/min. Non-
diabetic CKD patients also have glucose intolerance,
probably because of peripheral insulin resistance [21].
Besides insulin resistance, reduced insulin-mediated
non-oxidative glucose disposal is the most evident defect
of glucose metabolism, but impairments of glucose
oxidation, the defective suppression of endogenous glu-
cose production, and abnormal insulin secretion also
contribute to uremic glucose intolerance [22]. Reduced
insulin-mediated non-oxidative glucose disposa is the
most evident defect of glucose metabolism in CKD
patients. As noted above, insulin resistance is primarily
detectable when the GFR is less than 50 ml/min. Non-
diabetic as well as diabetic CKD patients have glucose
intolerance, probably because of peripheral insulin
resistance [21]. Accumulation of nitrogenous uremic
toxins seems to be the dominant cause of the specific
defect in insulin action, and identification of these toxins
is progressing, particularly in the field of carbamylated
amino acids. In addition, impairments of glucose oxi-
dation, the defective suppression of endogenous glucose
production, and abnormal insulin secretion also contri-
bute to uremic glucose intolerance [22]. Accumulation of
nitrogenous uremic toxins seems to be the dominant
cause of the specific defect in insulin action, and
identification of these toxins is progressing, particularly
in the field of carbamylated amino acids. The conse-
guences of ESRD, such as exercise intolerance, anemia,
metabolic acidosis, secondary hyperparathyroidism, or
vitamin D deficiency, also indirectly play a role in
glucose derangements of CKD patients as well [22,23].
Serum triglycerides are elevated in ESRD patients
because of enhanced production of triglyceride-rich lipo-
proteins such as very-low-density lipoproteins in the
liver [24] and because of dysfunction of triglyceride
degradation resulting from insufficient mitochondrial
beta-oxidation of fatty acids. It can be caused by a deficit
of L-carnitine, which absence is frequently found,
especialy in hemodialysis (HD) patients [4,25]. Hyper-
insulinemia is the main factor increasing the synthesis of
triglycerides and also directly decreasing the activity of
lipoprotein lipase. The most prominent changes in lipid
metabolism found in many patients with ESRD are
increased serum triglyceride levels and low levels of
high-density lipoprotein (HDL) cholesterol. Low-density
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lipoprotein (LDL) cholesterol levels are often normal,
but the cholesterol may originate from the atherogenic
small and dense LDL subclass. The apolipoprotein B-
containing part of the lipoprotein may undergo mo-
difications such as peptide modification of enzymatic
and advanced glycation end-products, oxidation or gly-
cation. Modifications contribute to impaired LDL recep-
tor-mediated clearance from the plasma and promote
prolonged circulation of LDL, and HDL particles be-
come structurally altered due to inflammation. Despite
conflicting reports, hypercholesterolemia, obesity, and
increased blood levels of creatinine and homocysteine
paradoxically appear to be associated with a more favor-
able outcomein ESRD patients [26,27].

The most prominent changes in lipid metabolism
found in ESRD patients are increased serum triglyceride
levels and low levels of HDL cholesterol. Serum trigly-
cerides elevation is due to enhanced production of trig-
lyceride-rich lipoproteins such as very-low-density lipo-
proteins in the liver [24]. Furthermore, dysfunction of
triglyceride degradation resulting from insufficient mito-
chondrial beta-oxidation of fatty acids occurred, which
can be caused by a deficit of L-carnitine, especialy in
HD patients [4,25]. Hyperinsulinemia is one of the main
factors increasing the synthesis of triglycerides, and it
also directly decreases the activity of lipoprotein lipase.
The apolipoprotein B-containing part of the lipoprotein
may undergo modifications including peptide modifi-
cation of enzymatic and advanced glycation end-pro-
ducts, oxidation or glycation. These modifications contri-
bute to impaired LDL receptor-mediated clearance from
the plasma and promote prolonged circulation of LDL,
and HDL particles become structurally atered due to
inflammation [27].

2.3. Chronic Inflammation

In patients with CKD, the most important factor as-
sociated with uremic malnutrition is “inflammation”,
which is a complex combination of physiologic, immu-
nologic, and metabolic effects occurring in response to a
diversity of interna or external stimulants. Many cyto-
kines including interleukin (IL)-1, IL-6, and tumor
necrosis factor (TNF)-a seem to be primarily involved in
the inflammatory process in CKD and ESRD patients.
Considering that several pro-inflammatory cytokines are
removed by the normal kidney, the decrease of renal IL-6
clearance could, at least in part, account for the increase
in IL-6 levels in patients with CKD and ESRD patients
[28]. IL-6 levels increase in blood when the glomerular
filtration rate progressively declines, which suggests that
the reduced renal metabolic activity might be responsible
for the increase in cytokines. Clearly, pro-inflammatory
cytokines are associated with the development of ano-

Copyright © 2012 SciRes.

rexia and/or suppression of nutrient intake. According to
experimental studies, cytokines appear to exert direct
actions on the satiety center, and further, TNF-a ad-
ministration causes increased skeletal muscle protein
breakdown [29]. IL-6 is also associated with increased
muscle proteolysis, and the administration of IL-6
receptor antibody can block this effect [29]. Leptin, a
member of the IL-6 superfamily of cytokines, is pro-
duced in adipocytes and its primary site of action is on
the brain to inhibit the satiety center [30]. The fractional
extraction of leptin by the kidney appears to vary little
between 9% to 13% and leptin may be removed by the
splanchnic organs in lean subjects [31]. Increased levels
of leptin in dialysis patients are associated with markers
of poor nutritiona status, suggesting that hyperlepti-
nemia may be another causative factor of cachexia
Considering that the main metabolic effects of these
cytokines are catabolic [32], it is critical to suppress the
activities of cytokines, at least in theory. Unfortunately,
the existence of the ongoing inflammatory response and
irreversible comorbid diseases make control of the
cytokines hardly feasible. Besides, the relative contri-
butions of protein energy wasting and inflammation to
mortality remain obscured because many indicators of
inflammation and wasting coexist [33].

Chronic inflammation also induces cytokine-mediated
hypermetabolism. Increased resting energy expenditure
(REE), which is one of three major components of total
daily energy expenditure (TEE), is observed in most
chronic inflammatory conditions such as congestive
heart failure, rheumatoid arthritis, and various cancers
[34,35]. Although the exact mechanism of the increased
REE in patients with chronic inflammatory disease is not
clear, a high REE has been observed in association with
increased concentrations of pro-inflammatory cytokines,
and ESRD patients also have increased REE [36]. Other
indirect effects of chronic inflammation predisposing
CKD patients to hypercatabolism include a decrease in
voluntary activity and the presence of an underlying dis-
ease requiring bed rest [37]. A prolonged decrease in
muscle activity is associated with muscle weakness,
muscle atrophy, and negative nitrogen balance, finally
leading to loss of lean body mass.

2.4. Oxidative Stress

In association with uremia and chronic inflammation,
oxidative stress may threaten CKD and ESRD patients
with serious metabolic complications. Oxidative stress is
the state in which the production of reactive oxygen
species (ROS) exceeds the capacity of the antioxidant
defense system in cells and tissues [4]. ROS act as free
radicals, highly reactive substances with an unpaired
electron in the outer orbit, and other related reactive
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compounds such as hydrogen peroxide and hypochlorous
acid [38]. Free radicals can be produced from leukocytes
activated by contacting with the dialysis membrane, and
from erythrocyte iron released due to hemolysis [4].
Intravenous administration of iron can aso contribute to
oxidative stress [39], and co-administrated ascorbic acid,
given with the goal of mobilizing iron stores, can further
stimulate free radical formation, possibly by reduction of
Fe (I11) ions to more oxidative Fe (I1) compounds [4].
ROS and its related compounds can attack lipids,
proteins and nucleic acids and alter the structure and
function of these macromolecules [4,38]. LDL particles
are especially damaged by excessive oxidation and
consequently are not recognized by cell LDL receptors.
These damaged LDL particles subsequently accumulate
in the blood, leading to nutritional derangements.

2.5. Hormonal Derangements

The chronic inflammation in CKD patients decreases
anabolism such as protein synthesis, fat mobilization and
gluconeogenesis. In addition, metabolic acidosis impairs
the action of several anabolic hormones, including GH,
thyroid hormone and insulin [40-42]. GH exerts severa
anabolic actions, and IGF-1 is one of the maor me-
diators of these actions in adults. Hormonal activities by
compounds of GH or IGF-1 are disrupted in CKD pa-
tients. Uremia is known to be associated with reduced
expression of hepatic GH receptor mRNA and hepatic
IGF-1 mRNA, as well as a defect in GH signa trans-
duction [40,41]. The abnormalities of this hormonal axis
congtitute an important factor in the pathogenesis of
uremic malnutrition. Uremia is also characterized by
insulin resistance. Insulin binding to its receptor seemsto
be normal in CKD patients, however, a post-receptor
defect in tissue insulin responsiveness is observed, re-
sulting in insulin resistance. Decreased food intake can
also contribute to insulin resistance.

2.6. Metabolic Acidosis

Metabolic acidosis is noted in a maority of patients
when the GFR decreases to less than 20% - 25% of
normal [4], and the degree of acidosis correlates with the
severity of CKD. Severa adverse conseguences are
associated with uremic acidosis, including muscle wast-
ing, mineral-bone disease, impaired insulin sensitivity
and exacerbation of beta2-microglobulin accumulation
[43]. Metabolic acidosis causes an alteration of protein
balance, which is shown by an increase in leucine
oxidation and/or protein degradation. Inverse correla
tions between net protein balance and blood bicarbonate
are also observed, suggesting that acidosis is responsible
for the more negative protein balance [44-46]. Other
complications associated with metabolic acidosis in
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CKD include anorexia, fatigue, impaired function of the
cardiovascular system, hyperkalemia, and altered gluco-
neogenesis and triglyceride metabolism [18].

2.7. Dialysis-Related Problems

There is a dlight difference between CKD not requiring
immediate dialysis and ESRD patients maintained on
dialysis. Once CKD progress to ESRD and patients
initiate maintenance dialysis, their dietary protein intake
increases, at least during the first year of therapy [26,47].
Despite increase in dietary protein and energy intake
after initiation of dialysis, the high prevalence of a poor
nutritional status is developed, which suggests that
protein energy malnutrition alone does not explain the
poor nutritional status in dialysis patients. The aggra
vated nutritional status in dialysis patients seems to be
associated with the dialysis procedure, as well as with
more advanced uremia. During standard HD treatment
using high-flux dialyzers, approximately 8 g of free
amino acids are removed [48]. In addition, HD is known
as a catabolic procedure, which is evidenced by the fact
that patients on dialysis days are in negative nitrogen
balance, even with high levels of protein intake [37]. A
study using stable isotope tracer technique reported that
the catabolic effects of HD were limited to amino acid
losses. Furthermore, it was reported that increased net
whole-body and muscle protein loss persisted for at least
2 hours after completion of an HD treatment [49].

HD membrane can activate the complement system
and contribute to the inflammatory process in HD pa-
tients. The use of biocompatible membrane during HD
procedure has been recommended because of the benefi-
cial nutritiona effects, such as higher concentrations of
serum albumin and serum IGF-1, and higher weight gain
compared to the use of bioincompatible membranes [50].
However, these derangements have also been observed
with the use of biocompatible HD membranes and rela-
tively pure dialysate, suggesting that the HD procedure
itself initiates certain metabolic pathways leading to both
decreased protein synthesis and increased protein break-
down [37,51]. In addition, REE in ESRD patients is fur-
ther increased by HD, even using biocompatible mem-
branes [52]. Following HD, diminished carbohydrate and
accelerated lipid and amino acid oxidation is also ob-
served.

3. ASSESSMENT OF MALNUTRITION IN
PATIENTSWITH CHRONIC KIDNEY
DISEASE

Prior to embarking on nutritional intervention, it is
important to grasp the nutritional status in CKD and
ESRD patients. A variety of tools and techniques
available to assess nutritional status in CKD patients are
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shown in Table 1. An ideal and reliable nutritional
marker should either predict clinically important out-
comes or identify patients who should receive nutritional
management. For many years, nephrologists have been
concerned about the validity of the biologic markers used
to evaluate nutritional statusin CKD and ESRD patients.
The most commonly used clinical marker is serum
albumin. A large number of studies have shown that
serum albumin is areliable indicator of nutritional status,
and that it also displays a notable response to nutritional
intervention [53,54]. Differing from norma subjects,
CKD and ESRD patients have substantially atered total
body water distribution and experience frequent changes
in plasma volume, both of which are known to affect
albumin turnover and consequently serum albumin
concentrations [55,56]. Furthermore, a chronic inflam-
matory condition in CKD and ESRD patients is known to
influence albumin turnover [51,55,56]. Despite inherent
limitations, serum abumin is routinely assessed to
identify potentially low protein stores and nutritional
statusin CKD and ESRD patients.

Serum pre-albumin and transferrin can be alternatives
to serum albumin as nutritional markers in CKD and
ESRD patients. These markers appear to have certain
advantages in that they provide an earlier response to
nutritional changes and they can be more precisely

measured. However, both serum pre-albumin and serum
transferrin are also affected by inflammatory conditions.
Pre-albumin is excreted through the kidney and trans-
ferrin is closely related to iron metabolism. Neither of
these has been studied as thoroughly as albumin in CKD
and ESRD patients [57-59] and further, it is expensive in
some countries to check them regularly.

Plasma homocysteine concentration may reflect nutri-
tional status in ESRD [60,61]. Although hyperhomocys-
teinemia is present in the majority of CKD and ESRD
patients, plasma levels of homocysteine are higher in
CKD patients with appropriate nutritional status than in
malnourished patients. In addition, the plasma homocys-
teine level is inversely correlated with SGA and posi-
tively correlated with serum albumin and protein intake.

Measurement of somatic protein stores can be used for
assessment of nutritional status in ESRD patients. An-
thropometrics, lean body mass measurements by dual-
energy X-ray absorptiometry (DEXA) or total body ni-
trogen (TBN) have been studied in this population [51].
DEXA appears to be the most reliable body composition
method for evaluating the ESRD population. It relies on
fewer assumptions regarding the influence of fluid status
on fat mass measurements compared to bioelectrical im-
pedance analysis (BIA) [62].

BIA has been reported known as an accurate method

Table 1. A variety of tools and techniques available to assess nutritional status in patients with

chronic kidney disease.

Anthropometrics
Body weight/height
Body mass index (BMI)
Skinfold thickness
Midarm muscle circumference
Muscle strength

Biochemical
Serum albumin
Serum transferrin
Serum insulin-like growth factor (IGF)-1
Serum prealbumin

Total cholesterol: in chronic dialysis patients
Plasma and muscle amino acid concentration
Serum creatinine: in maintenance dialysis patients

C-reactive protein (CRP): correlated negatively with concentrations of serum albumin
Blood urea nitrogen (BUN): in chronic hemodialysis patients

Body composition
Bioelectrical impedance analysis (BIA)

Dual-energy radiograph absorptiometry (DXA)

Composite assessments
Subjective global assessment (SGA)

Composite nutritional index (CNI): SGA + anthropometric indices and serum albumin
Malnutrition-inflammation score (M1S): SGA + BMI, serum albumin and total iron-binding capacity

Dietary assessment
Dietary protein intake (DPI)

Protein equivalent of total nitrogen appearance (PNA)
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to measure lean body mass against TBN, which is con-
sidered to be a gold standard technique. These techniques
are also influenced by ESRD-related limitations [63].
Subjective globa assessment (SGA) has been also in-
troduced for an overal clinical evauation, including
assessment of weight and weight change, dietary intake,
gastrointestinal symptoms, and functiona status. SGA
has been relatively well correlated with objective mea-
sures of nutritional status in CKD and ESRD patients
[64,65]. However, SGA is not yet a reliable predictor of
degrees of uremic malnutrition. Furthermore, to over-
come the lack of objectivity, standardization of guide-
lines and experience are very important for SGA [64].

4. TREATMENT AND PREVENTION OF
CHRONIC KIDNEY
DISEASE-RELATED MALNUTRITION

Since uremic malnutrition constitutes the most important
factor for poor clinical outcomesin ESRD patients, novel
strategies for treatment or prevention must be worked out
(Table 2). Considering the complex and multifactorial
pathogenesis of uremic malnutrition, the establishment of
opinions about the treatment and prevention is not easy.
Inadequate nutritional intake and superimposed medi-
cal conditions are thought to play major roles in mal-
nutrition and protein energy wasting, although uremia
per se and its treatment modalities can also impair pro-
tein metabolism. The amount and/or route of protein and

Table 2. Practical recommendations for preventing or correct-
ing malnutrition in chronic kidney disease.

Routine nutritional screening and assessment at diagnosis of
chronic kidney disease

Subjective global nutritional assessment (SGA)
Anthropometry

Appetite rate

Dietary energy intake

Equilibrated normalized protein catabolic rate (NPCR)
Serum albumin level

Body mass index

Prevention and treatment
Dietary counseling
Personalized nutrition plan
Dialytic adequacy (in dialysis patients)
Appetite stimulants
Megesterol acetate
Oral nutritional supplements
Branched chain amino acids (BCAAS)
Intradialytic parenteral nutrition (IDPN)
Anabolic hormones
Androgenic anabolic steroids
Correction of acidosis
L ow-dose sodium bicarbonate
Anti-inflammatory drugs
Exercise
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energy intake should be considered based on renal func-
tional status;, unlike prediaysis CKD patients, ESRD
patients on dialysis are encouraged to maintain an ade-
quate protein and energy intake. Therefore, frequent
comprehensive dietary counseling by nephrologists and
dietitians is important.

Correction of metabolic acidosis in CKD patients can
improve nutritional-related complications, such as nitro-
gen balance [66,67]. Therapy of uremic acidosis should
aim for maintaining a serum bicarbonate level as close to
normal as possible, for example 22 - 26 mmol/L. The
best way to initiate therapy is with oral sodium bicarbon-
ate (1 tablet 3 times a day) and to increase the dosage as
necessary [4]. The usual tablet of 650 mg of sodium bi-
carbonate contains 7.5 mmol of alkali. For patients who
experience gastric discomfort with sodium bicarbonate,
Shohl’s solution, a mixture of sodium citrate and citric
acid, is useful. In ESRD patients maintained on diaysis,
the addition of alkali from the dialysate either as bicar-
bonate in HD or as lactate in PD may be used [44]. Since
endogenous acid production, which depends on diet, is
an important factor associated with uremic acidosis, in-
gestion of vegetables and fruits results in a net produc-
tion of alkali which tends to delay the progression of
uremic acidosis. However, development of hyperkalemia
resulting from ingestion of foods containing high potas-
sium content is a concern. Diuretic therapy and subse-
quent hypokalemia may also delay the development of
acidosis, as these tend to stimulate ammonia production.

Once the early signs of uremic malnutrition are de-
tected, active supplementation by an enteral or parenteral
route should be considered. Despite conflicting results of
oral nutritional supplementation in dialysis patients, ora
protein, amino acid tablets or energy supplementation
can be tried. According to severa reports, oral amino
acid supplementation significantly improved serum al-
bumin concentration in HD patients and oral nutritional
supplementation improved severa nutritional parameters,
including serum abumin and serum pre-albumin con-
centrations, in malnourished HD patients [68,69]. As an
adjunctive nutritional therapy in CKD and ESRD pa
tients, appetite stimulants such as megesterol acetate may
be also considered, although the appropriate dose and
side effect profiles remain to be evaluated in this drug
[70]. Novel strategies such as anabolic hormones and
anti-inflammatory drugs, along with conventional oral
nutritional supplementation, may provide support for
multiple patient populations. Recombinant human growth
hormone (rhGH) administration has been suggested and
has led to significant improvement in nitrogen balance,
serum albumin, serum transferrin and IGF-1 concentra-
tions [71]. Recombinant human IGF-1 (rhiIGF-1) has aso
proposed as an anabolic agent, but the side effects of this
agent are of concern in CKD patients [72]. As was men-
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tioned above, chronic inflammation is an important
catabolic factor and new interventions for blocking the
adverse effects of inflammation have been proposed.
Since anti-inflammatory drugs such as thalidomide and
COX-2 inhibitors would be theoretically helpful through
inhibitory actions on TNF-a production and COX-2 ex-
pression, such strategies need to be evaluated in the fu-
ture[51].

In dialysis patients, an adequate nutritional program
can lead to improvement in nutritional status only when
an optimal dialytic dose has been established, the cata-
bolic stimulus possibly present has been counteracted,
and drugs and procedures that reduce appetite have been
avoided [73]. However, increasing the dose or using
high-flux dialysis or hemodidfiltration with online re-
generation of the ultrafiltrate does not seem to improve
nutritional status.

If enteral nutritional supplementation is neither avail-
able nor effective, intradialytic parenteral nutrition
(IDPN) is recommended for malnourished dialysis pa-
tients. Unlike early studies showing conflicting results
about the beneficial effects of IDPN, IDPN has recently
been reported to promote a robust increase in whole body
proteolysis and a significant increase in forearm muscle
protein synthesis in chronic HD patients [74]. In mal-
nourished PD patients, conflicting results using amino
acid dialysate as a nutritional intervention have been
reported. Increases in serum transferrin and total protein
concentrations as benefits from amino acid diaysate
have been reported [75]. Because an increase in blood
urea nitrogen concentration associated with exacerbation
of uremic symptoms and metabolic acidosis represents a
complication of amino acid dialysate use, these interven-
tions should be considered only in PD patients with se-
vere malnutrition. The use of both IDPN and AAD in
ESRD patients need more study to evaluate any long-
term beneficial effects. Furthermore, there are no data to
show that active nutritional supplementation through the
gastrointestinal tract is inferior to parenteral supplemen-
tation in dialysis populations [51]. The evidence from
large-scale, well-designed nutritional intervention studies
in CKD and ESRD patients with uremic malnutrition are
very much needed.

Physical activity, as well as total daily protein intake,
is the strongest predictor of the amount of lean body
mass. Despite conflicting results, exercise appears to
bring significant improvements in muscle attenuation,
muscle strength, mid-thigh and mid-arm circumference,
body weight, and CRP in patients on rena replacement
therapy relative to non-exercising patients [76]. Longer
training duration or more sensitive analytic techniques
are required before such exercise regimens can be rec-
ommended as therapy for uremic malnutrition.

Copyright © 2012 SciRes.

5. CONCLUSIONS

Since uremic malnutrition in patients with CKD, nu-
tritional status progressively deteriorates as rena func-
tion worsens. The malnutrition in this population is as-
sociated with increased morbidity and mortality rates, as
well as with numerous pre-existing factors. Therefore, it
is vital to identify, treat and prevent conditions asso-
ciated with poor clinical outcomes.

Despite the better understanding of the pathophysio-
logic mechanisms of uremic malnutrition and the im-
provements made in nutritional support, the nutritional
condition of CKD and ESRD patients remains a signifi-
cant cause for concern. Multimodal therapeutic strategies
should be considered when the first signs of malnutrition
are observed. More importantly, it is necessary to search
actively for rena disease because early diagnosis and
treatment can improve the prognosis for CKD patients
and reduce economic costs connected with treatment.
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