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Abstract
Protein energy wasting (PEW) is highly prevalent in patients undergoing maintenance
hemodialysis (MHD) patients. Importantly, there is a robust association between the extent of
PEW and the risk of hospitalization and death in these patients, regardless of the nutritional
marker used. The multiple etiologies of PEW in advanced kidney disease are still being
elucidated. Apart from the multiple mechanisms that might lead to PEW, it appears that the
common pathway for all the derangements is related to exaggerated protein degradation along
with decreased protein synthesis. The hemodialysis procedure per se is an important contributor to
this process. Metabolic and hormonal derangements such as acidosis, inflammation and resistance
to anabolic properties of insulin resistance and growth hormone are all implicated for the
development of PEW in MHD patients. Appropriate management of MHD patients at risk for
PEW requires a comprehensive combination of strategies to diminish protein and energy
depletion, and to institute therapies that will avoid further losses. The mainstay of nutritional
treatment in MHD patients is provision of an adequate amount of protein and energy, using oral
supplementation as needed. Intradialytic parenteral nutrition should be attempted in patients who
cannot use the gastrointestinal tract efficiently. Other anabolic strategies such as exercise, anabolic
hormones, anti-inflammatory therapies and appetite stimulants can be considered as
complementary therapies in suitable patients.

Nutritional health is one of the most important considerations in patients with chronic
kidney disease especially in those undergoing maintenance hemodialysis (MHD). Advanced
kidney disease and renal replacement therapy lead to a number of metabolic and nutritional
derangements, which can be termed as protein-energy wasting (PEW) of chronic kidney
disease (CKD)1. PEW is associated with major adverse clinical outcomes and is considered
to be a significant co-morbid condition leading to increased rates of hospitalization and
death in patients undergoing MHD. This review article is intended to provide a summary of
assessment, epidemiology, and etiology of PEW in MHD patients as well as optimal
prevention and treatment strategies for this high risk group.

Assessment of Nutritional Status in MHD patients
Nutritional status refers to the composite quantitative and qualitative assessment of visceral
and somatic (muscle) protein stores and energy balance2,3. Evaluating nutritional status is a

Address correspondence to: T. Alp Ikizler, MD, Vanderbilt University Medical Center, Division of Nephrology, 1161 21st Avenue
South, S-3223 Medical Center North, Nashville, TN 37232-2372, Phone: (615) 343-6104, Fax: (615) 343-7156,
alp.ikizler@vanderbilt.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

COI: T. Alp Ikizler is a consultant for Abbott Nutrition, Abbott Renal, DSI Renal, Inc. and Baxter Renal.

NIH Public Access
Author Manuscript
Adv Chronic Kidney Dis. Author manuscript; available in PMC 2014 March 01.

Published in final edited form as:
Adv Chronic Kidney Dis. 2013 March ; 20(2): 181–189. doi:10.1053/j.ackd.2012.12.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



critical component of physiologic health and fundamental to identifying PEW1. Assessment
of protein and energy nutritional status is also a broad and complex topic. A clinically
meaningful assessment of nutritional status should be able to identify and risk stratify
patients with PEW, distinguishing the causes and consequences of both PEW and the
underlying disease states that lead to PEW, and finally determine whether there is a
possibility of benefit from nutritional interventions4. Therefore, no single parameter is likely
to adequately phenotype this co-morbid state and a comprehensive assessment of protein
and energy nutritional status requires several different measurements5.

A summary of nutritional parameters for detecting PEW in MHD patients and their
applicability for guiding nutritional therapies is provided in Table 1. Some of these
parameters are easy to perform, readily available and inexpensive, while others are
sophisticated, not available in many centers, and are either expensive or with an unfavorable
cost-benefit ratio. In the research setting, complex and precise methods to assess protein and
energy metabolism, i.e. nitrogen balance studies or stable isotope tracer techniques, although
not of widespread availability, are the methods of choice to measure acute changes or
responses to metabolic interventions, minimizing variability and errors6.

In ESRD patients undergoing MHD, nutritional screening should include monthly
assessments of serum albumin, dry weight, and subjective global assessment (SGA) every
3–6 months. In addition to interpreting absolute values for certain thresholds, trends over
time should be considered. Currently, serum albumin is the most commonly used screening
tool for detecting patients at risk for PEW. A consistent decrease greater than 0.3 g/dL in
serum albumin levels over 2–3 months or more should initiate a more comprehensive
assessment of nutritional status. This assessment could include dietary interviews,
anthropometry, dual-energy x-ray absorptiometry, and even more sophisticated methods, if
available. Direct measures of inflammatory status, such as serum C-reactive protein (CRP),
is of significant use in this setting and can be employed to monitor targeted therapies. For all
indirect methods, repeated measures and technical standardization are extremely important
to reduce variability of results. Regardless of the method, it is important to keep in mind that
none is perfect and definitive, and the results should always be analyzed in the clinical
context of each individual patient.

Epidemiology of PEW in MHD patients
Virtually every study evaluating the nutritional status of MHD patients report some degree
of abnormality. Unfortunately, many different diagnostic tools were used in the separate
studies so the actual prevalence of PEW in MHD patients varies widely, ranging from 20%
to 60%7,8. Although there is evidence that nutritional parameters improve within 3 to 6
months following initiation of hemodialysis, there also is evidence that PEW is present in up
to 40% or more of the MHD population; the prevalence seems to increase with time of
MHD treatment9.

Serum albumin is, by far, the most extensively studied serum protein for assessment of
nutritional status in MHD patients. It is a convenient, rather inexpensive and readily
available laboratory test. Multiple studies have shown a strong correlation between low
levels of serum albumin and increased risk of morbidity and mortality in ESRD
patients10–13. It is important to note that serum albumin could be a marker of overall health
status rather than simply a nutritional marker, an appropriate distinction when one takes into
account its complex physiology14. Therefore, additional markers, such as SGA have been
used to determine the prevalence of PEW in MHD patients. In DOPPS II, 20.5% of US
patients were reported to have serum albumin level less than 3.5 g/dL (35 g/L). Based on the
serum albumin and the SGA, it was concluded that the prevalence of moderate PEW ranged

Ikizler Page 2

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



from 7.6% (U.S.) to 18% (France) and for severe malnutrition, from 2.3% (Italy) to 11%
(U.S.)15.

An important issue regarding the epidemiology of PEW in MHD is that regardless of the
nutritional marker used, i.e. serum albumin, serum prealbumin or SGA, there is a robust
association between the extent of PEW and the risk of hospitalization and death8,16–19.
While there are no randomized clinical trials that tested the efficacy of nutritional
interventions on mortality, recent epidemiological data indicate a concomitant improvement
in survival when these markers are also improved20–22.

Etiology of Protein-Energy Wasting in MHD Patients
The mechanisms leading to PEW in advanced kidney disease are still being elucidated; they
cannot be attributed to any single factor in MHD patients (Figure 1). Still, it appears that the
common pathway for all the metabolic derangements is related to exaggerated protein
degradation and along with decreased protein synthesis.

Dietary Nutrient Intake, Hemodialysis and Development of PEW in MHD
Decreased dietary nutrient intake is a common aspect of advanced CKD. The prevalence of
anorexia has been reported at 35–50% of ESRD patients23,24. The factors influencing food
intake are complex and involve not only metabolic signals but also anomalies in the organ
systems involved in nutrient intake as well as psychological and acquired aspects, including
a desire for pleasure, social behavior and customs25. Anorexia in many settings is mediated
by circulating appetite regulators, such as gastric mediators (such as cholecystokinin,
peptide YY, ghrelin or obestatin), adipokines (such as leptin and visfatin) or cytokines (such
as TNF, IL-6, IL-1β)26. Current understanding of how these factors play a role in the setting
of MHD is still in early stages and future studies might provide further insights.

The observation that CKD patients spontaneously decrease their protein and energy intake
as they progressively lose kidney function has led some to conclude that uremia per se
causes protein catabolism stimulated by decreased nutrient intake. This conclusion has been
challenged because even in patients with advanced CKD, balance studies show that there is
a concomitant decrease in both protein synthesis and degradation in patients with advanced
CKD that is uncomplicated by acidosis or another catabolic illness27. The dual change in
protein synthesis and degradation results in a net nitrogen balance that is not different from
matched healthy controls. On the other hand, in the setting of acute illnesses or stress
conditions, accelerated protein degradation is not adequately suppressed and there is
inadequate increase in protein synthesis28. For example, hospitalized MHD patients can be
eating inadequate protein and energy and not be able to adjust rates of protein turnover
leading to loss of cellular protein stores29.

An additional stimulus for protein losses is the dialytic treatment per se. Detailed
measurements of protein synthesis and degradation unequivocally demonstrate the catabolic
effects of hemodialysis30. Both whole-body and skeletal muscle protein homeostasis are
disrupted and there is a consistent finding of decreased protein synthesis at the whole-body
level and an additional increase in whole-body protein breakdown. There also is evidence
for a significant increase in net skeletal muscle protein breakdown. Notably, these
undesirable effects persist for at least 2 hours following the completion of hemodialysis.

Chronic Inflammation as a Catabolic Stimulus in Advanced CKD
Recent epidemiologic studies have pointed out that there is a high prevalence of increased
levels of inflammatory markers in patients with advanced CKD. The metabolic and
nutritional responses to chronic inflammation are many and closely mimic the PEW that
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appears to be common in advanced CKD patients, including exaggerated protein catabolism.
This raises the potential that there is a “cause and effect” relationship between inflammation
and loss of protein stores.

The etiology of inflammation is multi-factorial in advanced CKD patients (Figure 2)31.
Although not proven, pro-inflammatory cytokines are thought to play an integral role in the
muscle catabolism of ESRD patients. For example, elevated levels of IL-6 are associated
with increased muscle proteolysis and the administration of IL-6 receptor antibody can
block this catabolism32. Anorexia or suppressed nutrient intake is a well-established
metabolic response to inflammation33; IL-1 and TNFα can cause anorexia through their
effects on the satiety center in the central nervous system34. One mechanism that could tie
together these observations is that impaired insulin/IGF-1 signaling can stimulate muscle
protein breakdown. In fact, there is evidence that involvement of pro-inflammatory
cytokines with muscle protein catabolism is due to suppression of insulin receptor -1
(IRS-1)-associated phosphatidylinositol 3-kinase (PI3K) activity. This suppression
stimulates the activity of the ubiquitin-proteasome proteolytic system (UPS) and activates
caspase-3, the two proteolytic pathways that cause degradation of muscle protein35.

Insulin Resistance and Deprivation as Catabolic Stimuli in Advanced CKD
Patients with CKD secondary to diabetes mellitus (DM), the leading cause of ESRD in the
United States, have a higher incidence of PEW when compared to non-diabetic patients9.
The degree of insulin resistance and/or insulin deprivation seems to play the most critical
role in this process. As with inflammation, decreased insulin or decreased sensitivity to
insulin can cause muscle protein losses. Multiple in vitro and in vivo studies have
demonstrated the metabolic effects of insulin extend beyond carbohydrate metabolism36,37;
specifically, insulin deprivation stimulates protein breakdown and administration of insulin
suppresses protein degradation38. With adequate amino acid availability, insulin also
regulates protein synthesis. These actions are mediated through IRS-1-associated PI3K
activity. A deficiency of insulin stimulates the UPS and caspase-3 activity to breakdown
muscle protein39. It is believed that regulatory abnormalities in these pathways are
responsible for the muscle catabolism observed in MHD patients with diabetes or insulin
resistance. Several reports demonstrate that among MHD patients, muscle protein
breakdown is enhanced in patients with Type II DM when compared to MHD patients
without DM40–42. This abnormality translates into a greater loss of lean body mass within
the first year of MHD in diabetic MHD patients compared to non-diabetic MHD patients. In
the absence of severe obesity, insulin resistance is still detectable in MHD patients and
strongly associated with increased muscle protein breakdown, even after controlling for
inflammation42.

In addition to the protein catabolism that occurs with insulin resistance, diabetic MHD
patients are likely to be more prone to protein depletion because of associated
gastrointestinal symptoms (e.g., gastroparesis, nausea and vomiting, bacterial overgrowth in
the gut and pancreatic insufficiency).

Metabolic and Hormonal Derangements Leading to PEW in MHD patients
Metabolic acidosis, a common abnormality in patients with progressive CKD promotes
PEW, by increasing protein catabolism, especially in muscle43. In addition, acidosis
stimulates the oxidation of essential amino acids to raise protein requirements in MHD
patients44. Even a small correction of a low serum bicarbonate concentration will improve
nutritional status by correcting essential amino acid catabolism and down-regulating muscle
proteolysis via the ubiquitin-proteasome system. As with the other abnormalities that
stimulate muscle protein catabolism, metabolic acidosis acts in large part by suppressing
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insulin/IGF-1 signaling in muscle. There are a number of studies indicating improvement in
nutritional status with oral bicarbonate supplementation45. Therefore, we recommend that
the predialysis serum bicarbonate level should be greater than 22 mmol/L in MHD patients
although very high levels might be associated with adverse outcomes46.

The growth hormone (GH) and IGF1 axis is disrupted in advanced CKD leading to
decreased anabolism. Pharmacological treatment with recombinant GH (rhGH) leads to
improvement in growth in children with CKD, indicating that GH resistance plays an
important role in the etiology of PEW in advanced CKD patients47. Increased concentrations
of parathyroid hormone have been implicated as a protein catabolic factor in uremia,
although evidence for this response in humans is sparse. In addition, there are abnormalities
in thyroid hormone-stimulated metabolism in MHD patients, specifically, low circulating
thyroxine and triiodothyronine concentrations. Since similar changes resemble those found
in patients with prolonged malnutrition, it has been suggested that the thyroid hormone
responses to malnutrition (and possibly to advanced CKD), is a maladaptive response to a
decrease in energy intake. There are no trials of correcting thyroid hormone levels with
documentation of improved nutritional status in MHD patients.

Nutritional Support in MHD patients
Given the significance of the problem, as well as the complexity of the pathophysiological
basis of PEW in advanced CKD, it is evident that the prevention and treatment options of
PEW in MHD patients are complex. In MHD with PEW or at risk for PEW, there is no
single treatment approach that will alleviate the multiple adverse consequences of PEW. An
overview of prevention and treatment options for MHD patients are provided in Table 2.

General Aspects of Nutritional Management
Management of nutritional aspects of MHD patients includes a comprehensive combination
of preventive maneuvers to diminish protein and energy depletion. The recommended
dietary protein and calorie intake for (sedentary) MHD patients are 1.2 – 1.4 g/kg and 30 –
35 kcal/kg, respectively48. Other standard therapies for MHD patients with PEW include
provision of adequate dialysis, treatment of metabolic acidosis, adjustments of dietary
factors and treatment of infections. Factors that are not so closely linked to the nutritional
status include correction of fluid overload and treatment of co-morbid conditions such as
diabetes, cardiovascular diseases and infectious diseases. Likewise, a search for signs of
chronic inflammation is required and all attempts must be made to eliminate inflammatory
responses, especially the use of central venous catheters.

An important consideration regarding strategies to improve dietary protein intake in MHD
patients is the potential increase in the intake of several potentially harmful elements,
especially phosphorus49. While limiting dietary phosphorus intake may indirectly lead to
increased risk for PEW, allowing an unrestricted protein intake will undoubtedly increase
phosphorus load. A recent observational study showed that a combination of decreased
serum phosphorus and increased protein intake had the best outcomes whereas MHD
patients whose serum phosphorus and protein intake both decreased over time did the
worst50. Dietary recommendations to improve protein intake should take into account the
phosphorus content of the specific nutrients.

Nutritional Supplementation
The susceptibility towards PEW from decreased protein and energy intake could be
ameliorated by increasing nutrient intake through dietary supplements, especially during
hemodialysis. Nutritional supplementation of MHD patients should be delivered by the oral
route if at all possible but if not, parenteral nutritional supplements can be provided.
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Oral nutritional supplementation—Both the short- and long-term benefits of oral
nutritional supplements for MHD patients can be accomplished especially when the
supplements are provided around the time of hemodialysis, including intradialytic
administration. For example, oral feeding can be associated with a robust improvement in
whole-body and skeletal muscle protein balance51. In terms of beneficial responses to
prolonged oral nutritional supplementation in MHD patients, a meta-analysis examined
several outcomes including clinical (quality of life, complications, and mortality),
biochemical (serum albumin and electrolyte levels), and nutritional (dietary intake and
anthropometry) measures52. The analysis included 18 studies (5 randomized controlled trials
[RCTs], 13 non-RCTs) and the conclusion was that enteral nutritional support can increase
total (energy and protein) intake and raise serum albumin concentrations by an average of
0.23 g/dL, with no adverse effects on electrolyte status (serum phosphate and potassium).
The practical implication is that oral nutritional supplementation is effective, especially
when administered during hemodialysis and is practical, convenient and well-tolerated. It is
also important to note that tolerability of oral nutritional supplementation is a challenge53. In
addition, adverse hemodynamic effects of intradialytic food ingestion should be considered,
especially in patients who are predisposed to intradialytic hypotension54.

In support of oral nutritional supplementation, especially during hemodialysis, a recent study
reported significant survival benefit in favor of hypoalbuminemic MHD patients receiving
nutritional supplementation versus similarly matched historical controls21. Specifically, in a
retrospective cohort study of 4,289 matched pairs, Lacson et al reported death rates of 30.9%
versus 37.3% in treated versus untreated groups, respectively. While the study had
limitations of retrospective design, convenience sampling and residual confounding from
unmeasured variables, it highlights the potentially large effect of this strategy in clinical
practice.

Intradialytic Parenteral Nutrition—While the gastrointestinal route is always preferred
for nutritional supplementation, parenteral provision of nutrients, especially during the
dialysis procedure (IDPN), is safe, effective and convenient for individuals who cannot
tolerate oral or enteral administration of nutrients. While metabolic studies conclusively
show a robust anabolic response during IDPN55, a few reports provide evidence that
nutritional status can improve with IDPN in the long-term. Unfortunately, the sample sizes
in most reports have been small and did not allow appropriate stratification of MHD patients
and were carried out over a short period of time. These shortcomings contribute to the
observed inconsistency of results. Notably, there is a high cost of IDPN and these
considerations plus regulatory concerns have limited the utilization of this potentially
beneficial treatment.

Results from a recent study (FINEs) have provided insights into effects from long-term use
of nutritional supplementations in MHD patients with PEW20. In this study, 186 MHD
patients with PEW were randomly assigned to receive intradialytic parenteral nutrition (for 1
year) plus standard oral supplements compared to those receiving oral supplements only.
Two-year mortality was similar in both groups, suggesting that oral nutritional
supplementation is equally effective as IDPN when oral intake is possible since both
therapies provided adequate amounts of protein and calories.

Pharmacological Interventions for Treatment of PEW in MHD Patients
Growth Hormone—Growth hormone and its major mediator, IGF-1, could have several
anabolic properties. Besides the well documented benefits of growth hormone in children
with CKD, short-term administration of the hormone to MHD patients can have anabolic
responses. Most if not all long-term studies indicate there is a significant increase in lean
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body mass in the growth hormone-treated adult maintenance dialysis patients56–58. For
example, growth hormone was associated with statistically significant gains in lean body
mass in a trial consisting of 139 patients59. Specifically, MHD receiving GH increased their
LBM by 2.5 kg over six months whereas placebo group lost an average of 0.4 kg LBM. In a
subsequent multi-center RCT, significant decreases were observed in hsCRP and
homocysteine levels along with increases in serum high-density lipoprotein-cholesterol and
transferrin levels in hypoalbuminemic MHD patients60. Unfortunately, this large RCT was
prematurely terminated without an ability to assess the effects of GH on hospitalization or
death.

Appetite stimulants—Examples of pharmacologic agents that may stimulate appetite
include megestrol acetate, dronabinol, cyproheptadine, melatonin, thalidomide and ghrelin.
Most of these drugs have not been studied systematically in MHD patients with PEW but
have been used in other catabolic illnesses. For example, megestrol acetate, a steroid-like
progestagen led to increased appetite and weight gain in breast cancer patients61. In elderly
men, the orexigenic and weight gaining effects of megestrol acetate have been attributed to
its anticytokine effects via reduced levels of IL-6 and TNF-α61. The increase in appetite was
associated with an increase in weight, mainly due to increased fat and not lean body mass.
Moreover, megestrol acetate has been associated with side effects including hypogonadism,
impotence, and increased risk of thromboembolism (per package insert). In MHD patients,
megestrol acetate can stimulate appetite and induce small increases in serum albumin but
large-scale prospective studies are needed to assess whether these drugs provide adjunctive
nutritional therapy for MHD or CKD patients. There are no systematic evaluation of other
appetite-stimulating and weight gain responses to dronabinol, cyproheptadine, melatonin,
and thalidomide in MHD patients.

Anabolic Steroids—There are reports of significant improvements in body composition
and physical function of MHD patients who are given nandrolone decanoate62. In addition,
there was an increase in quadriceps muscle cross-sectional area (MRI measurements) and an
increase in lean body mass by DEXA. Curiously, the combination of resistance exercise
with nandrolone decanoate did not improve the beneficial effects of the drug.

Exercise as an Anabolic Intervention in MHD Patients
Exercise training can maintain and/or improve exercise capacity and endurance in the
general population. In addition, resistance exercise can increase muscle mass, strength and
appetite as well as lessen muscle weakness and frailty in elderly patients. Resistance
exercise can increase oxygen consumption but whether this response only occurs when there
is a positive muscle protein balance is unknown. The rates of both muscle synthesis and
breakdown increase during a resistance exercise session in normal adults and if resistance
exercise is combined with nutrient supplementation, anabolism is maximized while muscle
breakdown declines somewhat. Short-term (i.e., a single HD session) metabolic studies
indicate that exercise when combined with intradialytic oral or parenteral nutrition will
improve net protein balance in MHD patients63 but longer term evaluations of resistance
exercise performed during hemodialysis in MHD patients have not shown substantial
nutritional benefits62,64,65. Nonetheless, the beneficial effects of exercise on quality of life
and physical functioning must be taken into account when considering an exercise regimen
for a MHD patient. We recommend an adequate nutritional supplement during exercise
unless the patient is considered for supervised weight loss.

Another important nutritional issue in terms of MHD patients is obesity. The recent USRDS
data showed that the average BMI of HMD patients is greater than 29 kg/m2. 66 This issue is
important because there is a plethora of epidemiological studies indicating that higher body
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mass index, regardless of its etiology (i.e. increased adiposity and/or lean body mass) is
associated with an improved survival of ESRD patients67. While the exact mechanism(s)
underlying this association has not been elucidated, there is a potentially beneficial effect of
increasing protein and energy intakes because weight gain might be a potentially beneficial
outcome.

Anti-inflammatory Interventions
Anti-inflammatory interventions aimed at ameliorating the changes in nutritional status in
ESRD patients are summarized in Table 2. Pentoxifylline, a drug that blocks TNF-α release,
was administered intravenously to patients with Stage 4–5 CKD68. The intervention alone
led to an improvement in protein breakdown along with an additional improvement in the
anabolic effects of a balanced amino acid mixture given concurrently. Besides pentoxifylline
and resistance exercise, thalidomide, IL-1 receptor antagonists, TNFα receptor blockers,
fish oil, statins, ACE inhibitors, PPAR-gamma agonists plus certain antioxidants have been
proposed as anti-inflammatory strategies in MHD patients. Combined administration of γ-
tocopherol and docosahexaenoic acid over 3 months was associated with a significant
decrease in IL-6 and the white blood cell count in MHD patients69. More recently, Hung et
al reported significant improvements in hsCRP and IL-6 levels in MHD patients receiving 4
weeks of IL-1ra70. The same patients displayed numerical improvements in serum albumin,
serum prealbumin and lean body mass. These results indicate the need for further, larger
scale studies examining the role of anti-cytokine therapies as nutritional interventions in
MHD patients.

Summary
In summary, the available evidence suggests that PEW is highly prevalent in MHD patients
and is associated with poor outcomes. The etiology of PEW in MHD patients is
multifactorial and include decreased dietary nutrient intake, the hormonal and metabolic
derangements associated with advanced kidney disease and the adverse effects of RRT and
other concurrent morbid conditions. Nevertheless, the imbalance between protein synthesis
and degradation seems to be the major driver for this disturbance, which can be
compensated by various anabolic strategies. Nutritional supplementation administered orally
or parenterally, is effective in the treatment of PEW. Resistance or endurance exercise,
while although effective in the short term, seems to lack consistent evidence in improving
LBM over long-term. Various anabolic agents are shown to increase visceral protein
concentrations and muscle mass and strength simultaneously. Further larger scale
randomized controlled trials of anabolic interventions, individually or combined should be
performed in MHD patients to assess their efficacy regarding quality of life, morbidity and
mortality.
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Figure 1. Causes of protein-energy wasting in advanced kidney disease
The factors that are adequately managed are marked with a check sign and factors that need
further attention are marked with an X sign. While a significant number of chronic dialysis
patients report adequate intake, the optimal protein and calorie intake is still debated and
marked with both a check and an X sign.

Ikizler Page 13

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. A number of modifiable and non-modifiable factors lead to the chronic inflammatory
state of advanced kidney disease
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Table 1
Suggested strategies to monitor nutritional status and guide therapy in advanced CKD

Simple (monthly)
Assessment

Findings Possible Interventions

BW Continuous decline or < 85% IBW Suspect of PEW and perform more detailed nutritional assessment;

Serum albumin < 4.0 g/dl Consider preventive measures

Serum creatinine Relatively low pre-dialysis values

Detailed Assessment Findings Possible Interventions (simple)

Serum prealbumin < 30 mg/dl, and/or Dietary counseling: DPI ≥ 1.2 g/kg/d, energy intake 30–35 kcal/d

Serum transferrin < 200 mg/dl, and/or

LBM and/or Fat mass Unexpected decrease Increase dialysis dose to Kt/V > 1.4

SGA Worsening Use biocompatible membranes

Upper GI motility enhancer

Repeat Detailed Assessment (2
to 3 months from previous)

Findings Possible Interventions (moderate to complex)

Serum prealbumin < 30 mg/dl, Nutritional supplements:

Serum transferrin < 200 mg/dl Oral, enteric tube feeding, IDPN (if indicated)

LBM and/or Fat mass Unexpected decrease Anabolic Factors:

C-reactive protein > 10 mg/l Anabolic steroids

rhGH (experimental)

Appetite Stimulants

Megase; Ghrelin(experimental)

Anti-inflammatory(experimental)

IL-1receptor antagonist, pentoxifylline

Adapted from Pupim LB, Cuppari L, Ikizler TA. Nutrition and metabolism in kidney disease. Semin Nephrol 2006; 26: 134–157 with permission.
IBW: Ideal body weight; DPI: Dietary Protein Intake; LBM: Lean body Mass; SGA: Subjective Global Assessment; GI: Gastrointestinal; IDPN:
Intradialytic parenteral nutrition; rhGH: recombinant human Growth Hormone
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Table.2
Proposed nutritional and anti-inflammatory interventions in chronic disease states

Nutritional interventions:

Chronic Dialysis Patients

- Continuous dietary counseling

- Appropriate amount of dietary protein and calorie intake (dietary protein and energy intake > 1.2 g/kg/d and > 30 kcal/kg/d,
respectively)

- Optimal dose of dialysis

- Use of biocompatible hemodialysis membranes

- Nutritional support in chronic dialysis patients who are unable to meet their dietary needs

◦ Oral supplements

◦ Tube feeds (if medically appropriate)

◦ Intradialytic parenteral nutritional supplements for hemodialysis patients

◦ Amino acid dialysate for peritoneal dialysis patients

◦ Resistance exercise combined with nutritional supplementation

- Anabolic steroids

- Appetite stimulants (Not proven or Experimental)

◦ Megestrol acetate, dronabinol,, melatonin, thalidomide and ghrelin)

- Growth Factors (Experimental):

◦ Recombinant human growth hormone

◦ Recombinant Human Insulin-like Growth Factor – 1

- Anti-inflammatory Interventions:

◦ Pentoxifylline

◦ Targeted anticytokine therapy (IL-1 receptor antagonist, TNFα blocker)

◦ Statins

◦ Thiazolidinediones

◦ ACE-inhibitors

◦ Resistance exercise

◦ Thalidomide

◦ Fish oil and Vitamin E
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