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Abstract

Purpose of review—Protein-energy wasting (PEW) is a state of metabolic and nutritional 

derangements in chronic disease states including chronic kidney disease (CKD). Cumulative 

evidence suggests that PEW, muscle wasting and cachexia are common and strongly associated 

with mortality in CKD, which is reviewed here.

Recent findings—The malnutrition-inflammation score (KALANTAR Score) is among the 

comprehensive and outcome-predicting nutritional scoring tools. The association of obesity with 

poor outcomes is attenuated across more advanced CKD stages and eventually reverses in form of 

obesity paradox. Frailty is closely associated with PEW, muscle wasting and cachexia. Muscle 

loss shows stronger associations with unfavorable outcomes than fat loss. Adequate energy 

supplementation combined with low-protein diet (LPD) for the management of CKD may prevent 

the development of PEW and can improve adherence to LPD, but dietary protein requirement may 

increase with aging and is higher under dialysis therapy. Phosphorous burden may lead to poor 

outcomes. The target serum bicarbonate concentration is normal range and ≥23 mEq/L for non-

dialysis-dependent and dialysis-dependent CKD patients, respectively. A benefit of exercise is 

suggested but not yet conclusively proven.

Summary—Prevention and treatment of PEW should involve individualized and integrated 

approaches to modulate identified risk factors and contributing comorbidities.
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Introduction

The concept of protein energy wasting (PEW) was proposed in 2007 by the International 

Society of Renal Nutrition and Metabolism (ISRNM) as a state of nutritional and metabolic 

derangements in patients with chronic kidney disease (CKD) characterized by simultaneous 

loss of systematic body protein and energy stores, leading ultimately to loss of muscle and 

fat mass and cachexia [1]. Suggested diagnostic criteria are listed in Table 1. The PEW is 

caused by hypercatabolic status, uremic toxins, mulnutrition, and inflammation, and 

exceptionally common and closely associated with mortality and morbidity in patients with 

CKD, particularly in those with CKD stage G3b, G4 and G5 (eGFR<45 ml/min/1.73 m2 

BSA) and end-stage renal disease (ESRD) requiring maintenance dialysis treatment (Figure 

1). The concept of PEW should be discriminated from malnutrition because CKD-related 

factors may contribute to the development of PEW, which are in addition to or independent 

from inadequate nutrient intake due to anorexia and/or dietary restrictions. (Table 2 and 

Figure 2) [2*,3*]. Pathophysiological mechanisms involved in PEW have been reviewed 

elsewhere [3*,4*].

Multiple treatment strategies against those etiologies may be required to prevent or reverse 

PEW [5*]. Individualized, continuous nutritional counseling, optimizing the dialysis 

regimen, preventing or correcting muscle wasting, and management of comorbidities (e.g. 

metabolic acidosis, diabetes, infection, congestive heart failure, and depression) are the most 

essential preventive measures. Oral or parenteral nutrition supplements along with appetite 

stimulators and muscle enhancing agents should be prescribed if the patients are unable to 

sustain protein and energy stores despite those efforts.

In the current review, we present a summary of recent advances in understanding and 

management of PEW from related clinical aspects: its consequences, assessment tools, the 

obesity paradox, frailty, muscle wasting, and potential therapeutic interventions.

PEW and clinical outcomes in CKD

Among ESRD patients who undergo maintenance hemodialysis treatment, there is a 

significant longitudinal decline in anthropometric nutritional parameters such as weight, 

muscle mass, and fat mass;[6] while inflammatory markers including C-reactive protein and 

pro-inflammatory cytokines such as interleukin-6 (IL-6) increase over time [7]. The decline 

in serum albumin concentration, the strongest mortality predictor, is affected by both 

nutritional derangements and heightened inflammatory status [8], and progresses with time 

on dialysis, known as dialysis vintage [7]. These changes associated with PEW are 

significant risk factors for weakness [9], poor responsiveness to erythropoiesis-stimulating 

agents, low quality of life, hospitalization, and mortality [6,7,10]. Therefore, serial 

assessment of nutritional status for detection and management of PEW is encouraged using 

scoring tools, including the subjective global assessment (SGA), the malnutrition 

inflammation score (MIS), and PEW definition criteria [11]. Among them, the MIS, also 

known as the Kalantar Score [12,13], may have better association with hospitalization and 

mortality as well as nutritional and inflammatory parameters in ESRD patients.
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Recently, the geriatric nutritional risk index (GNRI), originally developed as a modified 

nutritional risk index for the elderly, has attracted attention for assessment of PEW. While 

SGA and MIS require multiple components including subjective assessments, GNRI is a 

simple objective nutritional tool which requires only 2 components (serum albumin 

concentration and actual-to-ideal weight ratio), and it has been validated as an effective tool 

in Asian prevalent ESRD patients [11,14–16]. Beberashvili et al. compared MIS and GNRI 

in prevalent hemodialysis patients and found that MIS had lower inter-observer agreement 

than GNRI [17*]. Longitudinal changes in both scores correlated well with several body 

composition parameters and serum concentrations of transferrin, creatinine, cholesterol, and 

IL-6. Nevertheless, changes in daily energy and protein intakes were associated with MIS 

but not with GNRI. Furthermore, only MIS was a significant risk factor of death in this 

study. Thus, MIS may be a more comprehensive tool than GNRI.

Obesity paradox in chronic kidney disease

Contrary to those in the general population, many studies in ESRD patients have 

consistently reported an “obesity paradox” or “reverse epidemiology” where higher body 

mass index (BMI) is paradoxically associated with better survival. In addition to obesity 

itself, gaining solid (edema free) weight is also associated with better survival in 

hemodialysis patients irrespective of age, gender, diabetes, and the severity of obesity [18]. 

This phenomenon known as obesity paradox or “reverse epidemiology” – to encompass 

other cardiovascular paradoxes in CKD such as lipid paradox [19] – is at least partly 

explained by PEW; hence, the obesity paradox has important clinical implications in the 

weight-management approach tailored to patients with CKD [20] and in particular in 

transplant wait-listed dialysis patients [21]. The results of recent observational studies have 

several implications for this concept.

In a cohort of prevalent hemodialysis patients treated in the Unites States, the benefit of high 

BMI on survival was more pronounced in incident hemodialysis patients and in relatively 

younger hemodialysis patients (aged <65 years) [22]. This result is apparently inconsistent 

with the previous report from Netherland (NECOSAD-2) where there was a U-shaped 

association between BMI and mortality in incident hemodialysis patients aged <65 years but 

no association in those aged ≥65 years [23]. The differences between these 2 studies may be 

due to a longer follow-up period in the latter study (7 years versus 3 years). Given a high 

short-term mortality in incident hemodialysis patients, obesity – or high BMI to be more 

accurate – may be associated with better survival due to better nutritional status or larger 

muscle mass particularly in a short period while it may exert deleterious effects over longer 

follow-up. The NECOSAD-2 cohort also included a significant number of peritoneal 

dialysis patients (50% and 22% in those aged <65 and ≥65 years, respectively). Published 

results have shown that the obesity paradox is less consistent in this population than in 

hemodialysis populations [20].

Additionally, using a nationwide cohort of US veterans with stage G3-5 CKD, Lu et al. have 

shown how the association of BMI with mortality and renal outcomes changes according to 

kidney function [24*]. Similar to the general population, BMI showed a U-shaped 

association with both of these outcomes in earlier stage of CKD, with the best outcomes 
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observed in overweight and mildly obese patients. However, while lower BMI was 

consistently associated with worse outcomes, the associations of high BMI with both 

outcomes were substantially attenuated and lost significance in advanced CKD (estimated 

GFR <30 ml/min per 1.73 m2 BSA). A previous study also showed that the mortality risk of 

high BMI was diminished even in patients with preserved kidney function if they had 

positive proteinuria [25].

Frailty and muscle wasting in chronic kidney disease

Frailty is common, closely related with PEW and muscle wasting, and associated with 

morbidities and mortality in patients with CKD, especially those requiring maintenance 

dialysis therapy (see Table 3 for the suggested criteria for frailty) [9,26–30]. Among incident 

hemodialysis patients in the U.S., the prevalence of frailty was reported to be as high as 30% 

[31*]. Furthermore, muscle loss and frailty, as with PEW, may develop and progress during 

the course of CKD. The Chronic Renal Insufficiency Cohort (CRIC) study revealed that the 

prevalence of frailty and pre-frailty in stage G2–4 CKD was 7% and 43%, respectively, and 

that lower kidney function was associated with frailty [32]. Another study showed that 

muscle mass, evaluated by multi-slice CT, longitudinally declined with time especially in 

nondialysis-dependent patients and incident hemodialysis patients [33].

Given the high prevalence and progressive course of frailty in CKD, investigating the 

relationship between body composition and clinical outcomes is needed for further 

understanding of the obesity paradox in CKD. Dual-energy X-ray absorptiometry (DEXA) 

and MRI are the current gold standard methods for assessing lean body mass and muscle 

mass, respectively. However, those tools are not commonly used in routine clinical practice 

because of low accessibility and high cost.

Traditionally, 24-hour urine creatinine excretion is considered a reliable index of muscle 

mass in non-dialysis dependent patients. A Canadian cohort study including 525 patients 

with stage G3–5 CKD also showed that 24-hour urinary creatinine excretion declined at a 

rate of 16 mg/year, and that faster decline in urine creatinine, suggesting more rapidly 

progressive muscle wasting, was associated with death and initiating dialysis independent of 

BMI and estimated GFR [34*]. In hemodialysis population, serum creatinine concentration 

is suggested as a reliable biomarker of muscle mass if appropriate adjustments are done for 

residual kidney function and dietary meat intake as well as delivered dialysis dose [35,36]. 

Using 2 nationally representative cohorts of Korean hemodialysis patients and matched US 

Caucasian and African American hemodialysis patients, Park et al. found a significant 

association of higher serum creatinine concentrations and BMI with better survival in all 

three races [37]. Kalantar-Zadeh et al. also examined changes in dry weight and changes in 

serum creatinine concentration in prevalent hemodialysis patients in the U.S., and reported 

that a decline in serum creatinine appeared to be a stronger predictor of mortality than 

weight loss [38,39]. Furthermore, patients whose weight declined but whose serum 

creatinine concentrations increased had lower mortality than those whose weight increased 

but whose serum creatinine concentrations declined (Figure 3), suggesting the obesity 

paradox in hemodialysis patients might be at least partly explained by the impact of muscle 

mass.
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Recently, bioelectrical impedance spectroscopy (BIS) has attracted attention as a novel tool 

for evaluating body composition such as muscle, fat, and extracellular fluid. Indeed, BIS-

guided fluid management in hemodialysis patients improves fluid overload and survival 

[40]. The above-mentioned study of prevalent hemodialysis patients in the U.S. also 

evaluated the association between frailty and body composition using BIS, and reported that 

higher BIS-derived estimates of intracellular water (an index for muscle mass) were 

associated with lower odds of frailty while higher fat mass and higher estimates of 

extracellular water were associated with higher odds of frailty [31*]. Additionally, adding 

BIS data improved the predictability of frailty while adding BMI data did not.

The role of body fat on the clinical outcomes in CKD has been discussed elsewhere [20].

Dietary interventions

Dietary protein and energy intakes of 0.6–0.8 g/kg/day and 30–35 kcal/kg/day has been 

recommended for patients with stage G3b-5 CKD (estimated GFR <45 ml/min/1,73m2 

BSA) because low protein diet (LPD) has been suggested to slow the progression of 

advanced CKD to ESRD and because it may mitigate uremia [2*,5*]. However, it is difficult 

to implement proper protein restriction for patients with CKD, and inadequate energy intake 

is considered a common reason for why protein restriction fails and potentially leads to 

PEW [2*]. Partly because of this concern, LPD has not been widely used in clinical settings 

in the United States, Europe and some other industrialized nations. To address this issue, Wu 

et al. conducted an open-label randomized controlled study of energy supplement in patients 

with stage G3-4 CKD on LPD [41*]. A supplement packet contained 40 g of maltodextrin 

and 5 g of oil creamer at breakfast significantly decreased protein intake estimated by 24-

hour urinary urea excretion was significantly lower in the intervention group (0.87±0.27 

g/kg/day versus 1.00±0.29 g/kg/day), resulting in lower urinary protein and higher estimated 

GFR. These results indicate that besides preventing the development of PEW, energy 

supplementation may also improve adherence to LPD.

Another study that combined epidemiologic and experimental studies revealed that the effect 

of protein intake on health may vary according to age [42**]. In this analysis of the National 

Health and Nutrition Examination Survey (NHANES) III, participants aged 50–65 years 

who had reported high protein intake exhibited a higher risk of all-cause death and cancer 

death, while high protein intake was associated with lower all-cause and cancer mortality in 

those aged ≥65 years. Mouse model studies also convincingly supported these results. Given 

that the elderly comprise a significant proportion of CKD, these findings suggest that 

nephrologists and dietitians might need to take patients’ age into consideration when 

deciding the extent to which dietary protein should be restricted because the elderly CKD 

patients are generally frail and at high risk of death rather than reaching ESRD.

Contrary to nondialysis-dependent patients with CKD, much higher protein intake (>1.2 

g/kg/day, i.e, 2-times higher than in non-dialysis CKD patients) is recommended for ESRD 

patients on dialysis for the following reasons: (1) there is no need to protect kidney function 

after initiation of dialysis, (2) dialysis ameliorates metabolic acidosis caused by protein 

intake, and (3) the dialysis procedure further stimulates protein catabolism [5*]. Indeed, low 
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protein intake, expressed as low normalized protein catabolic rate or low protein nitrogen 

appearance, is associated with high mortality in this population, and protein intake does not 

reach the recommended level in many patients [43,44]. Oral or parenteral nutritional 

supplementation should be prescribed when dialysis patients exhibit sign of malnutrition 

despite standard preventive measures. Several studies have demonstrated that these 

interventions improve nutritional parameters such as lean body mass or serum albumin 

concentration [5,45], and recent observational studies suggested that oral nutritional 

supplement use could decrease hospitalization rates [46] and mortality [47].

Phosphorus management

Phosphorus is considered a uremic toxin. Indeed, hyperphosphatemia is an established risk 

factor for cardiovascular disease and death in patients with CKD [48], and phosphorus 

binders, especially those do not contain calcium, mitigate vascular calcification and thus 

decrease the rate of cardiovascular disease and death [49]. Interestingly, although the 

amount of dietary protein is generally correlated with dietary phosphorus content and 

associated with serum phosphorus concentration in ESRD patients [50], high serum 

phosphorus concentrations are consistently associated with high mortality among 

hemodialysis patients [51], in contrast to the above-mentioned association of protein intake 

with death.

This discrepancy could be explained by the link between phosphorus and PEW. Using 

adenine-induced CKD rats, Yamada et al. showed that dietary phosphorus induces systemic 

inflammation and oxidative stress dose-dependently without affecting kidney function, 

resulting in the development of the phenotypes of PEW including weight loss, 

hypoalbuminemia, and decreased urinary creatinine excretion [52**]. Moreover, high 

phosphorus diet caused vascular calcification and premature death. Administration of 

lanthanum carbonate, a non-calcium containing phosphorus binder, ameliorated almost all 

these pathological changes. Thus, this study reinforced the importance of phosphorus 

management in CKD highlighting the novel association between hyperphosphatemia and 

PEW. However, until similar data become available in humans, neither phosphorous binders 

nor dietary restriction should be advocated as a means to prevent or treat PEW. Indeed, 

phosphorous restriction is potentially harmful in ESRD patients on dialysis because it often 

accompanies a reduction in protein intake, resulting in adverse outcomes caused by the 

development of PEW [5*].

Alkali therapy for metabolic acidosis

Metabolic acidosis is a common complication in advanced CKD, and it induces muscle 

wasting by stimulating adrenal glucocorticoid secretion [3*]. There is strong evidence that 

correcting metabolic acidosis has beneficial effects on nutritional parameters in patients with 

CKD [5*,53], and it also prevents the progression of CKD itself [54,55]. It should be noted 

that excessive alkalization may also be harmful in nondialysis-dependent patients in terms of 

the progression of CKD and the risk of death [56,57], and oral bicarbonate supplementation 

is suggested to maintain serum bicarbonate within the normal range [58]. Meanwhile, low 

serum bicarbonate concentrations were associated with all-cause mortality in the range of 
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<22 mEq/L, but not ≥23 mEq/L in ESRD patients requiring dialysis [59]. The Dialysis 

Outcomes and Practice Patterns Study (DOPPS) also revealed that high dialysate 

concentration appeared associated with all-cause mortality, especially in patients with low 

serum bicarbonate concentrations [60*], although these data may reflect confounding by 

indication as acidemic patients with higher death risk may be prescribed higher dialysate 

bicarbonate levels [53].

Exercise

Dialysis patients have often extremely low physical activity, and resultant muscle disuse is 

an underrepresented risk factor for muscle wasting [61,62]. This is important in that exercise 

interventions could prevent or even reverse muscle wasting. Indeed, a recent systematic 

review confirmed that progressive resistance training induces skeletal muscle hypertrophy, 

increases muscular strength, and improves health-related quality of life both in patients with 

CKD [63]. Another randomized trial found that the anabolic and strength response are 

similar between healthy participants and hemodialysis patients [64]. Although its long-term 

effect on clinically relevant outcomes is yet to be determined, resistance exercise training is 

safe, effective, and costless, and should be encouraged as a potential countermeasure for 

PEW. In advanced CKD, additional bicarbonate supplementation might contribute to 

enhance the anabolic effects of progressive resistance training by mitigating exercise-

induced lactic acidosis [65].

CONCLUSIONS

There are essential and important differences between the general population and patients 

with CKD in terms of nutrition and diet. Therefore, prevention and treatment of PEW should 

involve individualized and integrated approaches specific to this population. Nevertheless, 

there are only a few treatment options with proven efficacy in terms of quality of life, 

morbidity, and mortality. Proposed therapeutic interventions need to be evaluated in 

randomized controlled trials to test whether clinically relevant outcomes could be improved. 

The results from observational studies should be used when it is unethical to conduct a 

clinical trial (e.g. standard oral nutritional supplement for patients with established PEW).
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KEY POINTS

• PEW is common and closely associated with high mortality and morbidity in 

patients with CKD.

• PEW is caused by multiple CKD-related factors as well as inadequate nutrient 

intake.

• There are large differences in epidemiological data between the general 

population and patients with CKD.

• Therefore, prevention and treatment of PEW should involve individualized and 

integrated approaches specific to this population against identified risk factors.
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Figure 1. The conceptual model for CKD progression, PEW, and its consequences
Complications include hypertension, anemia, malnutrition, bone and mineral disorder, 

infection, and decreased quality of life as well as cardiovascular disease.
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Figure 2. The conceptual model for etiology of PEW in CKD and direct clinical implications
PEW is the result of multiple mechanisms inherent to CKD, including undernutrition, 

systemic inflammation, comorbidities, hormonal derangements, the dialysis procedure, and 

other consequences of uremic toxicity. PEW may induce infection, CVD, frailty, and 

depression, and these complications may also increase the extent of PEW in CKD.
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Figure 3. A combination of changes in dry weight and serum creatinine concentrations during 
the first 6 months of the cohort as a predictor of mortality in 50,831 patients receiving 
hemodialysis [38]
Cr = serum creatinine; Wt = weight.
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Table 1

Readily utilizable criteria for the clinical diagnosis of PEW in CKD (modified from [1])

Serum Chemistry

• Serum albumin <3.8 g/dLa

• Serum prealbumin (transthyretin) <30 mg/dL (for maintenance dialysis patients only)a

• Serum cholesterol <100 mg/dLa

Body mass

• Body mass index (edema free) <23b

• Unintentional weight loss over time: 5% over 3 months or 10% over 6 months

• Total body fat percentage <10%

Muscle Mass

• Reduced muscle mass 5% over 3 months or 10 over 6 months

• Reduced mid-arm muscle circumference areac (reduction >10% in relation to 50th percentile of reference population)

• Creatinine appearanced

Dietary intake

• Unintentional low DPI <0.80 g/kg/day for at least 2 months for dialysis patients or <0.6 g/kg/day for patients with CKD stages 2–5

• Unintentional low DEI <25 kcal/kg/day for at least 2 months

≥3 out of the 4 listed categories along with at least one test in each of the selected category must be satisfied for the diagnosis of kidney disease-
related PEW. Each criterion should be documented on at least three occasions, preferably 2–4 weeks apart.

a
Not valid in abnormally great urinary or gastrointestinal protein losses, liver disease, or cholesterol-lowering medicines;

b
A lower body mass index might be favorable in certain Asian populations;

c
Measured by a trained anthropometrist;

d
Creatinine appearance is influenced by both muscle mass and meat intake.

Abbreviations: CKD, chronic kidney disease, DEI, Diatery energy intake; DPI, dietary protein intake; GFR, glomerular filtration rate; PEW, 
protein energy wasting.
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Table 2

Causes of PEW in CKD Patients (adopted from [3])

1 Decrease protein and energy intake

a. Anorexia

i. Dysregulation in circulating appetite mediators

ii. Hypothalamic amino acid sensing

iii. Nitrogen-based uremic toxins

b. Dietary restrictions

c. Alterations in organs involved in nutrient intake

d. Depression

e. Inability to obtain or prepare food

2 Hypermetabolism

a. Increased energy expenditure

i. Inflammation

ii. Increased circulating proinflammatory cytokines

iii. Insulin resistant secondary to obesity

iv. Altered adiponectin and resistin metabolism

b. Hormonal disorders

i. Insulin resistance

ii. Increased glucocorticoid activity

3 Metabolic acidosis

4 Decreased physical activity

5 Decreased anabolism

a. Decreased nutrient intake

b. Resistant to GH/IGF-1

c. Testosterone deficiency

d. Low thyroid hormone levels

6 Comorbidities and lifestyle

a. Comorbidities(diabetes, CHF, depression, coronary artery disease, peripheral vascular disease)

7 Dialysis

a. Nutrient losses into dialysate

b. Dialysis-related inflammation

c. Dialysis-related hypermetabolism

d. Loss of residual renal function

Curr Opin Clin Nutr Metab Care. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Obi et al. Page 19

Table 3

Traditional criteria for frailty and muscle wasting

1 Weakness

2 Slow gait speed

3 Exhaustion

4 Low physical activity

5 Unintentional weight loss

6 Reduced muscle mass <90th percentile for the age and gender matched population

Patients with 3 or more criteria are considered as frail. It should be noted that assessment using patient self-report overestimates frailty.
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