
Nitta and Tsuchiya Renal Replacement Therapy  (2016) 2:4 
DOI 10.1186/s41100-016-0015-5
REVIEW Open Access
Recent advances in the pathophysiology
and management of protein-energy
wasting in chronic kidney disease

Kosaku Nitta* and Ken Tsuchiya
Abstract

Protein-energy wasting (PEW) is a syndrome that consists of metabolic and nutritional abnormalities that often
occur in chronic kidney disease (CKD), and PEW has been found to be associated with increased morbidity and
mortality. A review was conducted to identify publications detailing the pathophysiology and management of PEW
in CKD. The International Society of Renal Nutrition and Metabolism (ISRNM) has recently published the consensus
statement of current knowledge regarding the etiology of PEW in CKD. Although insufficient food intake due to
poor appetite and dietary restrictions contributes to the development of PEW, many other factors must be present
for PEW to develop. The others include uremia-induced alterations such as increased energy expenditure, chronic
inflammation, metabolic acidosis, and endocrine disorders that lead to a state of hypermetabolism and result in
excess muscle and fat catabolism. In addition, comorbid conditions associated with CKD, low physical activity, frailty,
and dialysis itself also contribute to the development of PEW. Serial assessments of the nutritional status of CKD
patients by means of several scoring tools, including the Subjective Global Assessment (SGA), Malnutrition
Inflammation Score (MIS), Geriatric Nutritional Risk Index (GNRI), and PEW diagnostic criteria, are recommended to
diagnose and manage PEW. This review summarized recent advances in the etiology and evaluation of PEW of CKD
patients. However, there are few treatment options for PEW with proven efficacy in terms of improved quality of
life, morbidity, and mortality. Proposed therapeutic interventions need to be evaluated in randomized controlled
trials to determine whether they improve clinically relevant outcomes.
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Background
The concept of protein-energy wasting (PEW) was pro-
posed by the International Society of Renal Nutrition
and Metabolism (ISRNM) in 2007 [1]. PEW is a syn-
drome that consists of nutritional and metabolic abnor-
malities that are common in patients with chronic
kidney disease (CKD), especially in those with end-stage
renal disease (ESRD), and it is associated with high mor-
bidity and mortality. Although insufficient food intake
due to poor appetite and dietary restrictions contributes
to malnutrition, the pathophysiology of PEW cannot be
fully explained by undernutrition. As shown in Table 1,
PEW is thought to be attributable to many factors, in-
cluding aging, hypercatabolic status, increased resting
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energy expenditure (REE), uremic toxins, malnutrition,
chronic inflammation, and acidosis [2]. This review art-
icle summarizes recent advances in the pathophysiology
and management of PEW in CKD patients.
Pathophysiology of PEW
Undernutrition and appetite loss
Low energy and/or protein intake was found to be asso-
ciated with a significant decline in nutritional parame-
ters such as the serum albumin levels and a higher
increased risk of morbidity and mortality in patients
with advanced CKD [3, 4]. Although restriction of diet-
ary sodium, phosphate, potassium, and fluid intake pre-
vents complications, dietary therapy may not be
effective when dietary restrictions are unaccompanied
by a dietitian’s instruction in regard to alternative food
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Table 1 Phathogenesis of PEW in CKD patients

Causes

1. Decreased protein and energy intake

a. Anorexia

b. Dietary restrictions

c. Alterations in organs involved in nutrient intake

d. Depression

2. Hypermetabolism

a. Increased energy expenditure

(1) Inflammation

(2) Increased circulating proinflammatory cytokines

b. Hormonal disorders

(1) Insulin resistance of CKD

(2) Increased glucocorticoid activity

3. Metabolic acidosis

4. Decreased physical activity

5. Decreased anabolism

a. Resistance to GH/IGF-1

b. Low thyroid hormone levels

6. Comorbidities

a. Diabetes mellitus

b. Chronic heart failure

7. Dialysis procedure

a. Nutrient losses into dialysate

b. Dialysis-related inflammation

c. Dialysis-related hypermetabolism
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choices and/or strategies to ensure adequate nutrient
intake [5, 6].
Appetite loss often leads to inadequate protein and

energy intake and contributes to poor quality of life
[7, 8], and the prevalence of appetite loss among ESRD
patients has been reported to be 35 to 50 % [9, 10]. A
spontaneous decrease in food intake occurs during a
progressive decline in kidney function, and the decline
is correlated with accumulation of nitrogen-derived
uremic toxins [11, 12]. Factors that affect food intake in-
volve not only metabolic disturbances but abnormalities
of the digestive system [13].
Decreased energy intake results in reduced insulin

secretion, which stimulates the gluconeogenesis from
glycogen and increases fatty acid mobilization, and it
contributes to a reduction in basal metabolic rate
[14]. Muscle mass is preserved because of increased
insulin sensitivity, and diets containing as little as
0.55 g/kg/day of protein may be well tolerated [15].
However, serum prealbumin and albumin levels have
increased half-life, and their concentration as a result
of moderate calorie or protein restriction does not
change [16, 17].
Hypermetabolism
Increased REE
The REE of CKD patients is usually normal but it in-
creases from 12 to 20 % during a hemodialysis (HD) ses-
sion [18] or when there are comorbidities such as poorly
controlled diabetes [19], severe hyperparathyroidism [20],
and cardiovascular disease (CVD) [21]. Increased REE is
frequently mitigated by decreased physical activity, which
leads to a reduction in total energy expenditure [22, 23].
Chronic inflammation
Chronic inflammation induces muscle insulin resistance
via activation of intracellular NADPH oxidases [24], and
the inflammatory response is associated with an increase
in REE. Inflammation causes a decline in the serum albu-
min level and a reduction in the synthesis and half-life of
serum albumin [25]. The increased oxidative stress in-
duced by inflammation is associated with muscle insulin
resistance, muscle wasting, and atherosclerotic disease
[26]. Thus, chronic inflammation causes an increase in
REE and oxidative stress, leading to muscle loss.
Inflammatory markers have been reported to be in-

creased in conditions associated with muscle loss,
including in CKD [27–29]. Muscle loss due to inflamma-
tion has been found to be related to increased inflamma-
tory cytokine production [29]. A previous study showed
that high circulating interleukin (IL)-6 levels contribute
to inflammatory muscle protein losses that are triggered
by alteration of IL-6 signaling due to interaction with
acute-phase proteins such as serum amyloid A, to impair
insulin/insulin-like growth factor (IGF)-1 signaling via
the transcription 3 activator [30]. In uremic skeletal
muscle, IL-6 has also been linked to increased caspase-3
activity as the initial step in loss of muscle protein [31].
Tumor necrosis factor (TNF)-related weak inducer of

apoptosis (TWEAK), a member of the TNF superfamily
[32], binds to its receptor, Fn14, which is linked to sig-
naling pathways involved in the regulation of nuclear
factor kappa light-chain enhancer of activated B cells
(NF-κB) and to apoptotic cascades, and a significant
interaction between soluble TWEAK and IL-6 has been
found to be in the prediction of mortality and reduced
muscle strength in HD patients [33].
Humoral factors
Impairment of insulin/IGF-1 Resistance to insulin, IGF-
1, and growth hormone has been implicated as a mechan-
ism of muscle loss in adult CKD patients. Insulin or IGF-1
binds cell surface receptors that activate similar down-
stream signaling pathways, which act to prevent loss of
muscle protein [34]. Because myofiber shrinkage and satel-
lite cell fusion are regulated by insulin and IGF-1, the insu-
lin/IGF-activated signaling pathways determine the balance
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between protein synthesis and degradation, and changes in
the balance lead to overall changes in muscle mass.
The effect of low insulin concentrations on muscle

mass has been clearly described. The net protein ana-
bolic effect of insulin involves a reduction in proteolysis
more than increased protein synthesis. The alterations in
glucose metabolism that occur in association with hyper-
insulinemia and decreased tissue sensitivity to insulin
are partially correctable by HD [35, 36]. HD patients
with type 2 diabetes have a higher rate of muscle protein
loss than in the absence of diabetes [37]. Moreover, the
greater insulin resistance correlates with muscle protein
breakdown in nondiabetic HD patients [38]. Insulin re-
sistance is a major target of intervention in PEW. For
example, treatment with an insulin sensitizer (PPARγ
agonist, rosiglitazone) suppressed muscle proteolysis in
insulin-resistant mice [39]. It is not surprising that rosi-
glitazone treatment has been found to be associated with
significantly lower all-cause mortality and higher serum
albumin levels among insulin-free, but not insulin-
requiring, diabetic HD patients [40].
Uremia, inflammatory cytokines, metabolic acidosis,

glucocorticoids, and angiotensin (ANG)-II share a com-
mon mechanism as causes of muscle wasting: impairment
of insulin/IGF-1 actions by altering the signaling through
the phosphatidylinositol 3-kinase (PI3-kinase)/Akt path-
way [41, 42]. Dysfunctional PI3-kinase/Akt activity also re-
sults in activation of caspase-3, an apoptotic protease that
degrades actin from actomyosin complexes [43], and a
byproduct of this proteolytic reaction is a characteristic
actin fragment that has been shown to serve as a bio-
marker of muscle wasting in HD patients [31].

Low thyroid hormone levels There are no available data
which can distinguish whether low thyroid hormone levels
in CKD patients with PEW are an adaptation that reduces
REE and minimizes protein catabolism or an insufficient
adaptation participating in the wasting syndrome [44].
Low triiodothyronine levels in CKD stage 5 patients are
associated with systemic inflammation and endothelial
dysfunction and with high all-cause and cardiovascular
mortality [45–48]. The correlation between triiodothyron-
ine levels and mortality rates was weaker after adjustment
for serum C-reactive protein and albumin levels as surro-
gate PEW markers [49]. Thus, even if low thyroid hor-
mone participates in the PEW process, the changes in
thyroid hormone levels may act as intermediate links
among inflammation, metabolic acidosis, PEW, and mor-
tality and not as a primary cause.

Metabolic acidosis
Metabolic acidosis is a key mechanism in the starvation
response, and it induces the release of branched chain
amino acids from muscle during ketosis. It also causes
insulin resistance, which leads to loss of muscle mass.
Acidosis does not alter insulin/IGF-1 receptor binding,
but it inhibits intracellular signaling. Metabolic acidosis
induces increased adrenal glucocorticoid production, and
adrenalectomized rats exhibit much less muscle wasting
that is reserved by glucocorticoid replacement. Glucocor-
ticoids induce insulin/IGF-1 resistance in skeletal muscle
by altering the same signaling pathways that are affected
by acidosis, but they act on slightly different signaling
molecules within the pathways [50]. It is noteworthy that
prevailing evidence from other CKD comorbidities, in-
cluding ANG II and inflammation, indicates that insulin/
IGF-1 resistance and elevated serum glucocorticoid levels
are the physiological responses that cause both the in-
crease in protein catabolism and suppression of protein
synthesis [51, 52]. Investigating this coordinated response
may provide additional evidence in regard to how insulin/
IGF-1 signaling controls muscle wasting.

Comorbidities
Typical comorbidities associated with CKD or ESRD
contribute to a catabolic process and to the development
of PEW. In view of the high prevalence of diabetes melli-
tus in CKD patients, it may be the most important co-
morbidity. Pupim et al. [53] showed that diabetes is an
important predictor of the lean body mass loss of dialy-
sis patients and that reduced insulin signaling as a result
of insulin absence or resistance results in increased
muscle protein breakdown [37]. Diabetes also causes
CVD and neuropathy, both of which contribute to infec-
tion, muscle atrophy, and diabetic gastroparesis. Accord-
ing to these complications, long-term diabetic dialysis
patients no longer require hypoglycemic therapy, and
the poor outcomes in this subgroup with “burnt-out dia-
betes” may be the result of PEW [54].
CVD, especially congestive heart failure (CHF), is an-

other common comorbidity [55]. Inadequate cardiac
output drives neurohumoral responses associated with
PEW, including increased serum glucocorticoid and
ANG II levels and enhanced sympathetic nerve activity.
Right ventricular heart failure with passive congestion of
the liver and gut wall edema is associated with alter-
ations in nutrient absorption, appetite loss, and gut mu-
cosal barrier function [55, 56].
CKD mineral bone disorder (CKD-MBD) is a comor-

bid condition associated with PEW. PEW contributes to
CKD-MBD, because body weight loss, inflammation, and
physical inactivity lead to bone loss. Certain conditions as-
sociated with CKD such as protein loss and appetite loss
can predispose these patients to reduced vitamin D levels.
Low circulating vitamin D levels, a decrease in klotho, and
an increase in fibroblast growth factor-23 levels stimulate
parathyroid hormone synthesis, thereby contributing to
the development of secondary hyperparathyroidism [57].
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Vitamin D and/or parathyroid hormone have long been
considered contributors to PEW, and vitamin D appears
to play a role in some key molecular pathways involved in
PEW and muscle regulation [58]. There is a positive asso-
ciation between hypogonadism and 25-hydroxyvitamin D
levels, suggesting an additional mechanism by which vita-
min D may regulate muscle mass in males [59].
Low physical activity and frailty
Decreased physical activity is likely to play a major role
in the pathophysiology of PEW in association with in-
creased CVD mortality, because some CKD patients
with low physical activity are at increased risk of pro-
gression to CKD secondary to obesity, diabetes, and
hypertension, which lead to CVD. In addition, some
common comorbidities in CKD patients are associated
with decreased ability to exercise. Furthermore, certain
complications of CKD, including anemia, volume over-
load, and muscle wasting, limit exercise ability. Patients
with G3–G5 CKD have a lower median peak oxygen
consumption level, and it limits exercise by some pa-
tients enough to impair activities of daily living [60].
Muscle weakness as measured by grip strength and max-
imum gait speed is common in G5 CKD [61]. Lack of
exercise can increase inflammatory markers in associ-
ation with decreased muscle mass, may be associated
with mortality [62].
Dialysis procedure
Recent studies have reported how dialysis treatment af-
fects protein and energy homeostasis. Amino acid and
protein loss during dialysis sessions combined with low
nutrient intake result in low nutrient availability for
muscle synthesis [63, 64]. Catabolic effects of HD ther-
apy on protein homeostasis are profound. The net pro-
tein breakdown has been related to (1) an absolute
decline in amino acid levels due to dialysis losses, (2)
imbalances in amino acid levels, and (3) activation of
the inflammatory cascade [65]. Fortunately, concurrent
amino acid supplementation can prevent or reverse
these adverse effects in HD patients [66–68], providing
an opportunity for the treatment of PEW.
Evaluation of PEW
Serial assessments of the nutritional status of CKD
patients by means of several scoring tools, including the
Subjective Global Assessment (SGA), Malnutrition
Inflammation Score (MIS), Geriatric Nutritional Risk
Index (GNRI), and PEW diagnostic criteria, are recom-
mended to diagnose and manage of PEW. These tools
are reliable, and they are useful to determine predictors
of outcomes in CKD patients.
Subjective Global Assessment (SGA)
Baker et al. reported the finding that a general clinical
assessment was a reproducible and valid tool of evaluat-
ing nutritional status, a process later referred to as the
Subjective Global Assessment (SGA) tool [69]. A more
detailed description of the semiquantitative scoring sys-
tem of SGA, which is based on the medical history and
physical examination, was later published by Detsky
et al. [70]. As shown in Table 2, the medical history con-
sisted of 5 components: weight loss during the preceding
6 months, gastrointestinal symptoms, food intake, func-
tional capacity, and comorbidities. The physical examin-
ation consisted of 2 components: loss of subcutaneous
fat and muscle wasting. Each component was scored on
a scale from 0 to 3, representing normal to severely ab-
normal. Each of these features were graded separately as
A, B, or C, reflecting well-nourished to severely mal-
nourished categories.
A proposed modified SGA tool emerged from the

CANUSA (Canada-USA) study in 1996 in which the fol-
lowing 4 items were scored on a 7-point Likert-type
scale, with lower scores assigned to poor nutritional sta-
tus: 1 = weight loss during the past 6 months, 2 = an-
orexia, 3 = subcutaneous fat, and 4 = muscle mass; and
scoring was as follows: 1 to 2 = severe malnutrition, 3 to
5 = moderate to mild malnutrition, and 6 to 7 = normal
nutrition [71]. A modified quantitative SGA called the
Dialysis Malnutrition Score (DMS) was proposed in
1999 by Kalantar-Zadeh et al. [72] and consists of 7
components: weight change, dietary intake, gastrointes-
tinal symptoms, functional capacity, comorbidities, sub-
cutaneous fat, and muscle wasting.

Malnutrition inflammation score (MIS)
Because of the recognition of the role of inflammation
in causing PEW and in an attempt to make their scoring
system more comprehensive and quantitative, the same
group revised the criteria for the 7 DMS components
and added 3 new items: body mass index, serum albu-
min level, and total iron-binding capacity (Table 3). This
new score was called the Malnutrition Inflammation
Score (MIS) [73].

Geriatric Nutritional Risk Index (GNRI)
It has been pointed out that there are simpler and more
objective nutritional assessments that have been
developed for special situations such as hospitalized,
postoperative, and elderly patients. These methods in-
clude the Mini Nutritional Assessment Short Form,
Nutrition Risk Score, Malnutrition Universal Screening
Tool, Malnutrition Screening Tool (MST), and Geriatric
Nutritional Risk Index (GNRI) [74, 75].
The GNRI was proposed because current methods of

nutritional evaluation used several subjective assessments
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Table 3 Components of the malnutrition inflammation score (MIS)

Malnutrition Inflammation Score

(A) Patient’s related medical history

1- Change in end dialysis dry weight history:

0 1 2 3

No decrease in dry weight or
weight loss <0.5 kg

Minor weight loss (≥0.5 kg but
<1 kg)

Weight loss more than 1 kg but <5 % Weight loss >5 %

2- Dietary intake:

0 1 2 3

Good appetite and no deterioration
of the dietary intake pattern

Somewhat sub-optimal solid diet
intake

Moderate overall decrease to full
liquid diet

Hypo-caloric liquid to starvation

3- Gastrointestinal (GI) symptoms:

0 1 2 3

No symptoms with good appetite Mild symptoms, poor appetite or
nauseated occasionally

Occasional vomiting or moderate GI
symptoms

Frequent diarrhea or vomiting or
severe anorexia

4- Functional capacity (nutritionally related functional impairment):

0 1 2 3

Normal to improved functional
capacity, feeling fine

Occasional difficulty with baseline
ambulation, or feeling tired frequently

Difficulty with otherwise independent
activities (e.g., going to the bathroom)

Bed/chair-ridden, or little to
no physical activity

5- Comorbidity including number of years on dialysis:

0 1 2 3

On dialysis less than 1 year and
healthy otherwise

Dialyzed for 1–4 years, or mild
comorbidity (excluding MCCa)

Dialyzed >4 years, or moderate
comorbidity (including one MCCa)

Any severe, multiple comorbidity
(2 or more MCCa)

(B) Physical exam (according to SGA criteria):

6- Decrease fat stores or loss of subcutaneous fat (below eyes, triceps, biceps, chest):

0 1 2 3

Normal (no change) Mild Moderate Severe

7- Signs of muscle wasting (temple, clavicle, scapula, ribs, quadriceps, knee, interosseous):

0 1 2 3

Normal (no change) Mild Moderate Severe

(C) Body mass index:

8- Body mass index: BMI = Wt (kg)/Ht2 (m)

0 1 2 3

BMI ≥20 kg/m2 BMI 18–19.99 kg/m2 BMI 16–17.99 kg/m2 BMI <16 kg/m2

(D) Laboratory parameters:

9- Serum albumin:

0 1 2 3

Albumin ≥4.0 g/dL Albumin 3.5–3.9 g/dL Albumin 3.0–3.4 g/dL Albumin <3.0 g/dL

10- Serum TIBC (total iron-binding capacity): ♣

0 1 2 3

TIBC ≥250 mg/dL TIBC 200–249 mg/dL TIBC 150–199 mg/dL TIBC <150 mg/dL

Total score = sum of above 10 components (0–30)
aMCCs (major comorbid conditions) include CHF class III or class IV, full-blown AIDS, severe CAD, moderate to severe COPD, major neurological sequelae, and
metastatic malignancies or s/p recent chemotherapy
♣Suggested equivalent increments for serum transferrin are: > 200 (0), 170-199 (1), 140-169 (2) and < 140 (3) mg/dL
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and judgments, and assessment by a well-trained staff is
necessary to obtain consistent results across examiners
and institutions. Furthermore, the other methods were
somewhat time-consuming and cumbersome. As shown
in Table 4, the GNRI was intended to be a more simple
method of assessing nutritional status that was based on
only 3 objective parameters, body weight, height, and
serum albumin levels, whose values are used to calculate



Table 4 Assessment of geriatric nutritional risk index (GNRI)

Formula

GNRI = [14.89 × albumin (g/dL)] + 41.7 × (body weight/ideal body weight)]

Ideal weight in this study was calculated from the Lorentz equations for men
and women differently, as in the original GNRI equation

Table 6 A proposed criteria for the clinical diagnosis of PEW in
CKD patients

Criteria

Serum chemistry

Serum albumin <3.8 g/dLa

Serum prealbumin (transthyretin) <30 mg/dL (for maintenance dialysis)

Serum cholesterol <100 mg/dLa

Body mass

Body mass index (BMI) <23b
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the index by the following formula: GNRI = (14.89 × albu-
min g/dL) + [41.7 + (body weight/ideal body weight)] [75].
Yamada et al. reported the finding that the GNRI was a
useful tool for assessing the nutritional status not only of
elderly patients but also of HD patients [76].
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 the 50th percentile of reference population)

Creatinine appearanced

Dietary intake

Unintentional low dietary protein intake <0.80 g/kg/day for at least
2 monthse for dialysis patients or <0.6 g/kg/day for patients with CKD
G2-5

Unintentional low dietary energy intake <25 kcal/kg/day for at least
2 months

At least three of the four listed categories along with at least one test in each
of the selected categories must be satisfied for the diagnosis of CKD-related
PEW. Each criterion should be documented on at least three occasions, preferably
2–4 weeks apart
aNot valid in abnormally great urinary or gastrointestinal protein losses, liver
A simple PEW score
Moreau-Gaudry et al. recently reported a new PEW
scoring system based on simple, readily available param-
eters and showed that it can predict survival in mainten-
ance HD patients with acceptable accuracy [77]. As
shown in Table 5, the PEW score includes 1 parameter
from each major group generally identified as interfering
with CKD patients’ nutritional status: (1) biological pa-
rameters (serum albumin), (2) body composition (body
mass index), (3) muscle mass (serum creatinine/body
surface area), and (4) nutrient intake (normalized protein
catabolic rate). Muscle mass, which accounts for the
major part of body mass, is strongly associated with sur-
vival. They chose to use the predialysis serum creatinine
level normalized to body surface area. However, the reli-
ability of this score has not been validated.
disease, or cholesterol-lowering medications
bA lower BMI might be favorable in certain Asian populations
cMeasurement must be performed by a trained anthropometrist
dCreatinine appearance is influenced by both muscle mass and meat intake
eCan be assesed by dietary diaries and interview, or for protein intake by
calculation of normalized protein equivalent of total nitrogen appearance
(nPNA or nPCR) as determined by urea kinetic measurements
Diagnosis of PEW
The clinical diagnostic criteria proposed for PEW in
CKD are listed in Table 6. The expert panel of the
ISRNM recommended that 4 main established categories
be recognized for the diagnosis of PEW: biochemical cri-
teria; low body weight, reduced total body fat, or weight
loss; a decrease in muscle mass; and low protein or en-
ergy intake. At least 3 of the 4 listed categories (and at
least 1 test result in each of the selected categories) must
be satisfied for the diagnosis of CKD-related PEW.
Ideally, each criterion should be documented on at least
3 occasions, preferably 2 to 4 weeks apart [78].
Among the biochemical criteria, it is recommended

that at least 1 indicator be included when making the
clinical diagnosis of PEW: serum albumin level
<3.8 g/dL, serum transthyretin level <30 mg/dL, or
Table 5 Definition of a simple protein-energy wasting score

Serum albumin (g/dL) ≤3.8

Body mass index (kg/m2) ≤23

SCr/BSA (μmol/L/m2) ≤380

nPNA (g/kg/day) ≤0.8

nPNA normalized protein nitrogen appearance, Scr/BSA predialysis serum
creatinine/body surface area (using postdialysis body weight)
serum cholesterol level <100 mg/dL. There appears to
be a consensus among other organizations to recom-
mend serial nutritional assessment by SGA in HD pa-
tients. As’habi et al. have recently reported the
comparison of various scoring methods for the diag-
nosis of PEW in HD patients [79]. They investigated
the cutoff points for the diagnosis of mild-to-
moderate and severe PEW based on DMS and MIS
and the sensitivity, specificity, accuracy, and area
under receiver operating characteristic curve analysis
of these scores in comparison with SGA. The results
of their study indicated that the DMS and MIS were
almost similar to SGA for identifying PEW in HD
patients.

Management of PEW
Multiple treatment strategies against the etiologies may
be required to prevent or reverse PEW [78].
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Individualized, continuous nutritional counseling,
optimization of the dialysis regimen, prevention or cor-
rection of muscle wasting, and management of comor-
bidities (e.g., metabolic acidosis, diabetes, infection, CHF,
and depression) are the most essential preventive mea-
sures. Oral or parenteral nutrition supplements together
with appetite stimulants and muscle-enhancing agents
should be prescribed for patients whose protein and en-
ergy stores are not sustained despite those efforts.

Dietary interventions
As shown in Table 7, dietary protein intake of 0.6–0.8 g/
kg/day and energy intakes of 30–35 kcal/kg/day have
been recommended for patients with stage G3b-5 CKD
(estimated glomerular filtration rate (GFR) <45 ml/min/
1.73 m2 body surface area (BSA)), because there is evi-
dence that a low-protein diet (LPD) slows the progres-
sion of advanced CKD to ESRD and may mitigate
uremia [80]. However, it is difficult to implement proper
protein restriction for CKD patients, and inadequate en-
ergy intake is considered a common reason for protein
restriction failure and may lead to PEW [80]. Partly be-
cause of this concern, an LPD has not been widely used
in clinical settings in the USA, Europe, and some indus-
trialized nations. To address this issue, Wu et al. con-
ducted an open-label randomized controlled study of
energy supplementation in patients with stage G3-4
CKD on an LPD. They found that a supplement packet
containing 40 g of maltodextrin and 5 g of oil creamer
at breakfast significantly decreased protein intake esti-
mated by 24-h urinary urea excretion by a mean of
0.13 g/kg/day and resulted in lower urinary protein ex-
cretion and a higher estimated GFR [81]. Their findings
indicated that energy supplementation may improve ad-
herence to LPD in addition to preventing the develop-
ment of PEW.
Another study that combined epidemiologic and ex-

perimental investigations revealed that the effect of pro-
tein intake on health may vary according to age [82]. In
this analysis of the National Health and Nutrition Exam-
ination Survey III, participants aged 50–65 years who
Table 7 Recommended minimum protein, energy, and mineral inta
patients

Nondialysis CKD Hemodialysis

Protein 0.6–0.8 g/kg/day >1.2 g/kg/day

Illness 1.0 g/kg

Energy 30–35a kcal/kg/day 30–35a kcal/kg/da

Sodium 80–100 mmol/day 80–100 mmol/da

Potassium <1 mmol/kg if elevated <1 mmol/kg if ele

Phosphorus 800–1000 mg and binders if elevated 800–1000 mg and

Greater than 50 % of high biological value protein (that is, complete protein source
aBased on physical activity level. In sedentary elderly adults, recommended energy
Regular follow-up supports compliance
had reported high protein intake were found to be at
higher risk of all-cause death and cancer death, and high
protein intake was found to be associated with lower all-
cause and cancer mortality in the group of 65 years of
age and over. The results of mouse model studies also
convincingly supported these findings. Since the elderly
patients account for a significant proportion of CKD pa-
tients, these findings suggest that nephrologists and die-
titians should take the patients’ age into consideration
when deciding the extent to which dietary protein
should be restricted, because elderly CKD patients are
generally frail and at higher risk of death than of pro-
gression to ESRD.
In contrast to nondialysis CKD patients, much

higher protein intake (>1.2 g/kg/day, i.e., twice as
high as for nondialysis CKD patients) is recom-
mended for ESRD patients on dialysis for the follow-
ing three reasons: first, there is no need to mitigate
uremia by protein restriction after starting the patient
on dialysis, second, dialysis ameliorates the metabolic
acidosis induced by protein intake, and third, the dia-
lysis procedure further stimulates protein catabolism
[78]. Indeed, low protein intake, as reflected by a
low normalized protein catabolic rate or low protein
nitrogen appearance, is associated with high mortal-
ity in this population, and protein intake does not
reach the recommended level in many patients [83,
84]. Oral or parenteral nutritional supplementation
should be prescribed when dialysis patients exhibit
evidence of malnutrition despite standard preventive
measures. Several studies have demonstrated that
standard preventive measures improve nutritional
parameters such as lean body mass and the serum
albumin concentration [85], and the results of recent
observational studies have suggested that oral nutri-
tional supplement use results in a decrease in
hospitalization rates [86] and mortality [87].

Phosphate control
Phosphate is considered a uremic toxin. Indeed, hyper-
phosphatemia is an established risk factor for CVD and
kes for chronic kidney disease (CKD) and maintenance dialysis

Peritoneal dialysis

>1.2 g/kg/day

Peritonitis >1.5 g/kg

y 30–35a kcal/kg/day including kcal from dialysate

y 80–100 mmol/day

vated Not usually an issue

binders if elevated 800–1000 mg and binders if elevated

s, containing the full spectrum of essential amino acids) is recommended
intake is 30 kcal/kg/day. All recommendations are based on ideal body weight.
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death in CKD patients [88], and phosphate binders, es-
pecially binders that do not contain calcium, mitigate
vascular calcification and thus decrease the rate of
CVD and death [89]. Interestingly, although the dietary
protein levels of ESRD patients are generally correlated
with their dietary phosphate content and associated
with serum phosphate concentration [90], high serum
phosphorus concentrations are consistently associated
with high mortality among HD patients [91], in con-
trast to the abovementioned association of protein in-
take with death.
This discrepancy may be explained by the link between

phosphate and PEW. In a study on rats with adenine-
induced CKD, Yamada et al. [92] showed that dietary
phosphate induces systemic inflammation and oxidative
stress dose-dependently without affecting kidney func-
tion and resulted in the development of phenotypes of
PEW that included weight loss, hypoalbuminemia, and
decreased urinary creatinine excretion. Moreover, a high
phosphate diet caused vascular calcification and prema-
ture death. Administration of lanthanum carbonate, a
non-calcium-containing phosphorus binder, ameliorated
almost all of these pathological changes. Thus, the results
of the study reinforced the importance of phosphate man-
agement in CKD highlighting the novel association be-
tween hyperphosphatemia and PEW. However, neither
phosphate binders nor dietary restriction can be advocated
as a means of preventing or treating PEW until similar
data become available for humans. Indeed, phosphate re-
striction is potentially harmful for ESRD patients on dialy-
sis, because it is often accompanied by a reduction in
protein intake, which results in adverse outcomes caused
by the development of PEW [78].

Exercise
Dialysis patients often exhibit extremely low physical ac-
tivity, and the resultant muscle disuse is an underrepre-
sented risk factor for muscle wasting [93, 94]. This
finding is important, because exercise interventions can
prevent or even reverse muscle wasting. Indeed, a recent
systematic review of the literature confirmed that pro-
gressive resistance training induces skeletal muscle
hypertrophy, increases muscular strength, and improves
their health-related quality of life of CKD patients [95].
A single randomized trial found that the anabolic and
strength responses are similar between healthy partici-
pants and hemodialysis patients [96]. Although the long-
term effect of resistance exercise training on clinically
relevant outcomes is yet to be determined, it is well toler-
ated, effective, and cost-free and should be encouraged as
a potential preventive measure against PEW. In advanced
CKD, bicarbonate supplementation might enhance the
anabolic effects of progressive resistance training by miti-
gating exercise-induced lactic acidosis [97].
Dialysis procedure
Dialysis adequacy has been considered a target measure to
prevent and treat PEW in maintenance dialysis patients,
and the minimum dialysis dose has been recommended to
maintain optimal dietary nutrient intake. On the other
hand, few studies have directly evaluated the effect of in-
creased dialysis dose on nutritional parameters. The re-
sults of the National Cooperative Dialysis Study showed
an association between lower protein intake and higher
time-averaged urea concentrations, suggesting a relation-
ship between underdialysis and appetite loss [98]. Several
subsequent studies have suggested that protein nitrogen
appearance is dependent on the type and the dose of dia-
lysis [99, 100]. However, none of these retrospective and/
or cross-sectional studies demonstrated a cause-effect re-
lationship between dialysis dose and nutritional status. In
the HEMO study, the higher delivered dialysis dose (eKt/
V 1.53 ± 0.09) neither prevented nor reversed the declines
in several indices of nutritional status in maintenance HD
patients as compared with the conventional dialysis dose
(eKt/V 1.16 ± 0.08). Thus, it can be concluded that what is
currently considered adequate dialysis in various guide-
lines is sufficient to maintain the nutritional status of HD
patients [101]. Increasing the dialysis dose beyond these
targets has not been shown to improve nutritional status.
Dialysis membrane characteristics may have important

implications for the nutritional management of mainten-
ance HD patients. Middle molecules, such as β2-
microglobulin, are more efficiently removed by high-flux
dialyzers than low-flux dialyzers, although no significant
differences in most of the nutritional parameters studied
were found between the two groups in the HEMO trial
[102]. The European MPO trial investigated the effects
of high-flux versus low-flux dialysis in maintenance HD
patients. Although there was no difference in the patient
group as a whole, there was a nominally significant sur-
vival benefit in the group with baseline serum albumin
levels <40 g/L and in the group with diabetes mellitus
that were randomized to high-flux dialysis [103].
The effects of an increase in dialysis frequency on vari-

ous outcome measures have been reported by nonrando-
mized studies and suggest that daily dialysis increases
appetite, protein and energy intake, body weight after
hemodialysis, interdialytic weight gain, the serum albu-
min level, normalized protein nitrogen appearance, and
the serum cholesterol [104]. However, the results of the
FHN trial showed no appreciable differences in nutri-
tional markers between subjects randomized to 6×/week
in-center hemodialysis versus standard 3×/week in-
center HD [105]. Hemodiafiltration has also been pro-
moted as an efficient method of removing uremic toxins,
but no randomized prospective studies have been pub-
lished of the effects of hemodiafiltration on nutritional
parameters [106].



Nitta and Tsuchiya Renal Replacement Therapy  (2016) 2:4 Page 10 of 12
Conclusions
Recent studies have shown that advances in knowledge
of how inflammation, insulin resistance, oxidative stress,
glucocorticoids, and metabolic acidosis modify the re-
sponse to reduced protein and energy intake to under-
stand the pathophysiology of PEW. Although HD therapy
improves uremia, residual metabolic derangements, in-
flammation, and comorbid conditions, the dialysis itself is
insufficient to treat PEW. Evaluating reduced protein and
energy intake and comorbidities separately enable to clar-
ify the pathogenesis of PEW. Evaluation, prevention, and
treatment of PEW should involve individualized ap-
proaches specific to the CKD population. Nevertheless,
there are few treatment options with proven efficacy in
terms of quality of life, morbidity, and mortality. Proposed
therapeutic interventions need to be evaluated in random-
ized controlled trials to determine whether they improve
clinically relevant outcomes.

Competing interests
The authors have no conflicts of interest to declare.

Authors’ contributions
Nitta planned the study, searched the literature, and prepared the article.
Tsuchiya searched the literature and assisted in the article preparation. All
authors read and approved the final manuscript.

Received: 19 August 2015 Accepted: 19 September 2015

References
1. Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, et al.

A proposed nomenclature and diagnostic criteria for protein-energy
wasting in acute and chronic kidney disease. Kidney Int. 2008;73:391–8.

2. Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh K, Kaysen G,
et al. Etiology of the protein-energy wasting in chronic kidney disease: a
consensus statement from the International Society of Renal Nutrition and
Metabolism (ISRNM). J Ren Nutr. 2013;23:77–90.

3. Kalantar-Zadeh K, Supasyndh O, Lehn RS, McAllister CJ, Kopple JD.
Normalized protein nitrogen appearance is correlated with hospitalization
and mortality in hemodialysis patients with kt/v greater than 1.20. J Ren
Nutr. 2003;13:15–25.

4. Araujo IC, Kamimura MA, Draibe SA, Canziani ME, Manfredi SR, Avesani CM,
et al. Nutritional parameters and mortality in incident hemodialysis patients.
J Ren Nutr. 2006;16:27–35.

5. Hollingdale R, Sutton D, Hart K. Facilitating dietary change in renal disease:
investigating patients’ perspectives. J Ren Care. 2008;34:136–42.

6. Paes-Barreto JG, Silva MI, Qureshi AR, Bregman R, Cervante VF, Carrero JJ,
et al. Can renal nutrition education improve adherence to a low-protein
diet in patients with stages 3 to 5 chronic kidney disease? J Ren Nutr. 2013;
23:164–71.

7. Lopes AA, Elder SJ, GinsbergN AVE, Cruz JM, Fukuhara S, et al. Lack of
appetite in haemodialysis patients—associations with patient characteristics,
indicators of nutritional status and outcomes in the international DOPPS.
Nephrol Dial Transpl. 2007;22:3538–46.

8. Carrero JJ, Qureshi AR, Axelsson J, Avesani CM, Suliman ME, Kato S, et al.
Comparison of nutritional and inflammatory markers in dialysis patients
with reduced appetite. Am J Clin Nutr. 2007;85:695–701.

9. Bossola M, Tazza L, Giungi S, Luciani G. Anorexia in hemodialysis patients:
an update. Kidney Int. 2006;70:417–22.

10. Carrero JJ. Identification of patients with eating disorders: clinical and
biochemical signs of appetite loss in dialysis patients. J Ren Nutr. 2009;19:
10–5.

11. Kopple JD, Berg R, Houser H, Steinman TI, Teschan P. Nutritional status of
patients with different levels of chronic renal insufficiency. Modification of
diet in renal disease (MDRD) study group. Kidney Int Suppl. 1989;27:S184–94.
12. Ikizler TA, Greene JH, Wingard RL, Parker RA, Hakim RM. Spontaneous
dietary protein intake during progression of chronic renal failure. J Am Soc
Nephrol. 1995;6:1386–91.

13. Carrero JJ. Mechanisms of altered regulation of food intake in chronic
kidney disease. J Ren Nutr. 2011;21:7–11.

14. Shetty PS. Adaptation to low energy intakes: the responses and limits to
low intakes in infants, children and adults. Eur J Clin Nutr. 1999;53 Suppl 1:
S14–33.

15. Franch HA, Mitch WE. Navigating between the scylla and Charybdis of
prescribing dietary protein for chronic kidney diseases. Annu Rev Nutr. 2009;
29:341–64.

16. Don BR, Kaysen G. Serum albumin: relationship to inflammation and
nutrition. Semin Dial. 2004;17:432–7.

17. Myron Johnson A, Merlini G, Sheldon J, Ichihara K. Clinical indications for
plasma protein assays: transthyretin (prealbumin) in inflammation and
malnutrition. Clin Chem Lab Med. 2007;45:419–26.

18. Neyra R, Chen KY, Sun M, Shyr Y, Hakim RM, Ikizler TA. Increased resting
energy expenditure in patients with end-stage renal disease. JPEN J
Parenter Enteral Nutr. 2003;27:36–42.

19. Avesani CM, Cuppari L, Silva AC, Sigulem DM, Cendoroglo M, Sesso R, et al.
Resting energy expenditure in pre-dialysis diabetic patients. Nephrol Dial
Transpl. 2001;16:556–65.

20. Cuppari L, de Carvalho AB, Avesani CM, Kamimura MA, Dos Santos Lobao
RR, Draibe SA. Increased resting energy expenditure in hemodialysis
patients with severe hyperparathyroidism. J Am Soc Nephrol. 2004;15:
2933–9.

21. Wang AY, Sea MM, TangN SJE, Lui SF, Li PK, et al. Resting energy
expenditure and subsequent mortality risk in peritoneal dialysis patients.
J Am Soc Nephrol. 2004;15:3134–43.

22. Mafra D, Deleaval P, Teta D, Cleaud C, Arkouche W, Jolivot A, et al. Influence
of inflammation on total energy expenditure in hemodialysis patients. J Ren
Nutr. 2011;21:387–93.

23. Avesani CM, Trolonge S, Deleaval P, Baria F, Mafra D, Faxen-Irving G, et al.
Physical activity and energy expenditure in haemodialysis patients: an
international survey. Nephrol Dial Transpl. 2012;27:2430–4.

24. Spindler SR. Caloric restriction: from soup to nuts. Ageing Res Rev.
2010;9:324–53.

25. Kaysen GA, Greene T, Daugirdas JT, Kimmel PL, Schulman GW, Toto RD,
et al. Longitudinal and cross-sectional effects of C-reactive protein, equilibrated
normalized protein catabolic rate, and serum bicarbonate on creatinine and
albumin levels in dialysis patients. Am J Kidney Dis. 2003;42:1200–11.

26. Keusch GT. The history of nutrition: malnutrition, infection and immunity.
J Nutr. 2003;133:336S–40S.

27. Stenvinkel P, Ketteler M, Johnson RJ, Lindholm B, Pecoits-Filho R, Riella M,
et al. IL-10, IL-6, and TNFF-alpha: central factors in the altered cytokine
network of uremia—the good, the bad, and the ugly. Kidney Int. 2005;67:
1216–33.

28. Carrero JJ, Chmielewski M, Axelsson J, Snaedal S, Heimburger O, Barany P,
et al. Muscle atrophy, inflammation and clinical outcome in incident and
prevalent dialysis patients. Clin Nutr (Edinburgh, Scotland). 2008;27:557–64.

29. Carrero JJ, Stenvinkel P. Inflammation in end-stage renal disease—what
have we learned in 10 years? Semin Dial. 2010;23:498–509.

30. Zhang L, Du J, Hu Z, Han G, Delafontaine P, Garcia G, et al. IL-6 and serum
amyloid a synergy mediates angiotensin II-induced muscle wasting. J Am
Soc Nephrol. 2009;20:604–12.

31. Boivin MA, Battah SI, Dominic EA, Kalantar-Zadeh K, Ferrando A,
Tzamaloukas AH, et al. Activation of caspase-3 in the skeletal muscle during
haemodialysis. Eur J Clin Invest. 2010;40:903–10.

32. Carrero JJ, Ortiz A, Qureshi AR, Martin-Ventura JL, Barany P, Heimburger O,
et al. Additive effects of soluble tweak and inflammation on mortality in
hemodialysis patients. Clin J Am Soc Nephrol. 2009;4:110–8.

33. Dogra C, Changotra H, Wedhas N, Qin X, Wergedal JE, Kumar A. TNF-related
weak inducer of apoptosis (TWEAK) is a potent skeletal muscle-wasting
cytokine. FASEB J. 2007;21:1857–69.

34. Price SR, Gooch JL, Donaldson SK, Roberts-Wilson TK. Muscle atrophy in
chronic kidney disease results from abnormalities in insulin signaling. J Ren
Nutr. 2010;20:S24–8.

35. DeFronzo RA, Alvestrand A, Smith D, Hendler R, Hendler E, Wahren J. Insulin
resistance in uremia. J Clin Invest. 1981;67:563–8.

36. DeFronzo RA, Smith D, Alvestrand A. Insulin action in uremia. Kidney Int
Suppl. 1983;16:S102–14.



Nitta and Tsuchiya Renal Replacement Therapy  (2016) 2:4 Page 11 of 12
37. Pupim LB, Flakoll PJ, Majchrzak KM, Aftab Guy DL, Stenvinkel P, Ikizler TA.
Increased muscle protein breakdown in chronic hemodialysis patients with
type 2 diabetes mellitus. Kidney Int. 2005;68:1857–65.

38. Siew ED, Pupim LB, Majchrzak KM, Shintani A, Flakoll PJ, Ikizler TA.
Insulin resistance is associated with skeletal muscle protein
breakdown in non-diabetic chronic hemodialysis patients. Kidney Int.
2007;71:146–52.

39. Wang X, Hu Z, Hu J, Du J, Mitch WE. Insulin resistance accelerates muscle
protein degradation: activation of the ubiquitin-proteasome pathway by
defects in muscle cell signaling. Endocrinology. 2006;147:4160–8.

40. Brunelli SM, Thadhani R, Ikizler TA, Feldman HI. Thiazolidinedione use is
associated with better survival in hemodialysis patients with non-insulin
dependent diabetes. Kidney Int. 2009;75:961–8.

41. Mitch WE, Du J, Bailey JL, Price SR. Mechanisms causing muscle proteolysis
in uremia: the influence of insulin and cytokines. Miner Electrolyte Metab.
1999;25:216–9.

42. Ding H, Gao XL, Hirschberg R, Vadgama JV, Kopple JD. Impaired actions of
insulin-like growth factor 1 on protein synthesis and degradation in skeletal
muscle of rats with chronic renal failure. Evidence for a postreceptor defect.
J Clin Invest. 1996;97:1064–75.

43. Du J, Wang X, Miereles C, Bailey JL, Debigare R, Zheng B, et al. Activation of
caspase-3 is an initial step triggering accelerated muscle proteolysis in
catabolic conditions. J Clin Invest. 2004;113:115–23.

44. Vanhorebeek I, Langouche L, Van den Berghe G. Endocrine aspects of acute
and prolonged critical illness. Nat Clin Pract. 2006;2:20–31.

45. Zoccali C, Mallamaci F, Tripepi G, Cutrupi S, Pizzini P. Low triiodothyronine
and survival in end-stage renal disease. Kidney Int. 2006;70:523–8.

46. Carrero JJ, Qureshi AR, Axelsson J, Yilmaz MI, Rehnmark S, Witt MR, et al.
Clinical and biochemical implications of low thyroid hormone levels (total
and free forms) in euthyroid patients with chronic kidney disease. J Intern
Med. 2007;262:690–701.

47. Yilmaz MI, Sonmez A, Karaman M, Ay SA, Saglam M, Yaman H, et al. Low
triiodothyronine alters flow-mediated vasodilatation in advanced
nondiabetic kidney disease. Am J Nephrol. 2011;33:25–32.

48. Meuwese CL, Dekker FW, Lindholm B, Qureshi AR, Heimburger O, Barany P,
et al. Baseline levels and trimestral variation of triiodothyronine and
thyroxine and their association with mortality in maintenance hemodialysis
patients. Clin J Am Soc Nephrol. 2012;7:131–8.

49. Ozen KP, Asci G, Gungor O, Carrero JJ, Kircelli F, Tatar E, et al. Nutritional
state alters the association between free triiodothyronine levels and
mortality in hemodialysis patients. Am J Nephrol. 2011;33:305–12.

50. Zheng B, Ohkawa S, Li H, Roberts-Wilson TK, Price SR. Foxo3a mediates
signaling crosstalk that coordinates ubiquitin and atrogin-1/mafbx
expression during glucocorticoid-induced skeletal muscle atrophy. FASEB J.
2010;24:2660–9.

51. Song YH, Li Y, Du J, Mitch WE, Rosenthal N, Delafontaine P. Muscle-specific
expression of IGF-1 blocks angiotensin II-induced skeletal muscle wasting. J
Clin Invest. 2005;115:451–8.

52. Lecker SH, Jagoe RT, Gilbert A, Gomes M, Baracos V, Bailey J, et al. Multiple
types of skeletal muscle atrophy involve a common program of changes in
gene expression. FASEB J. 2004;18:39–51.

53. Pupim LB, Heimburger O, Qureshi AR, Ikizler TA, Stenvinkel P. Accelerated
lean body mass loss in incident chronic dialysis patients with diabetes
mellitus. Kidney Int. 2005;68:2368–74.

54. Kalantar-Zadeh K, Derose SF, Nicholas S, Benner D, Sharma K, Kovesdy CP.
Burnt-out diabetes: impact of chronic kidney disease progression on the
natural course of diabetes mellitus. J Ren Nutr. 2009;19:33–7.

55. von Haehling S, Lainscak M, Springer J, Anker SD. Cardiac cachexia: a
systematic overview. Pharmacol Ther. 2009;121:227–52.

56. Wang AY, Sea MM, Tang N, LamCW CIH, Lui SF, et al. Energy intake and
expenditure profile in chronic peritoneal dialysis patients complicated with
circulatory congestion. Am J Clin Nutr. 2009;90:1179–84.

57. Cuppari L, Garcia-Lopes MG. Hypovitaminosis D in chronic kidney disease
patients: prevalence and treatment. J Ren Nutr. 2009;19:38–43.

58. Garcia LA, King KK, Ferrini MG, Norris KC, Artaza JN. 1,25(OH) 2 vitamin D3
stimulates myogenic differentiation by inhibiting cell proliferation and
modulating the expression of promyogenic growth factors and myostatin
in C2C12 skeletal muscle cells. Endocrinology. 2011;152:2976–86.

59. Lee DM, Tajar A, Pye SR, Boonen S, Vanderschueren D, Bouillon R, et al.
Association of hypogonadism with vitamin D status: the European male
ageing study. Eur J Endocrinol. 2012;166:77–85.
60. Ikizler TA, Pupim LB, Brouillette JR, Levenhagen DK, Farmer K, Hakim
RM, et al. Hemodialysis stimulates muscle and whole body protein loss
and alters substrate oxidation. Am J Physiol Endocrinol Metab. 2002;282:
E107–16.

61. Johansen KL, Painter P. Exercise in individuals with CKD. Am J Kidney Dis.
2012;59:126–34.

62. Johansen KL, Chertow GM, Jin C, Kutner NG. Significance of frailty among
dialysis patients. J Am Soc Nephrol. 2007;18:2960–7.

63. Mokrzycki MH, Kaplan AA. Protein losses in continuous renal replacement
therapies. J Am Soc Nephrol. 1996;7:2259–63.

64. Lofberg E, Essen P, McNurlan M, Wernerman J, Garlick P, Anderstam B, et al.
Effect of hemodialysis on protein synthesis. Clin Nephrol. 2000;54:284–94.

65. Ikizler TA, Flakoll PJ, Parker RA, Hakim RM. Amino acid and albumin losses
during hemodialysis. Kidney Int. 1994;46:830–7.

66. Veeneman JM, Kingma HA, Boer TS, Stellaard F, De Jong PE, Reijngoud DJ,
et al. Protein intake during hemodialysis maintains a positive whole body
protein balance in chronic hemodialysis patients. Am J Physiol. 2003;284:
E954–65.

67. Tjiong HL, van den Berg JW, Wattimena JL, Rietveld T, van Dijk LJ, van der
Wiel AM, et al. Dialysate as food: combined amino acid and glucose
dialysate improves protein anabolism in renal failure patients on automated
peritoneal dialysis. J Am Soc Nephrol. 2005;16:1486–93.

68. Pupim LB, Majchrzak KM, Flakoll PJ, Ikizler TA. Intradialytic oral nutrition
improves protein homeostasis in chronic hemodialysis patients with
deranged nutritional status. J Am Soc Nephrol. 2006;17:3149–57.

69. Baker JP, Detsky AS, Wesson DE, et al. Nutritional assessment: a comparison
of clinical judgement and objective measurements. N Engl J Med. 1982;306:
969–72.

70. Detsky AS, McLaughlin JR, Baker JP, et al. What is subjective global
assessment of nutritional status? JPEN J Parenter Enteral Nutr. 1987;11:8–13.

71. Chuechill DN, Taylor W, Keshaviah PR. Adequacy of dialysis and nutrition in
continuous peritoneal dialysis: association with clinical outcomes. Canada-
USA (CANUSA) Peritoneal Dialysis Study Group. J Am Soc Nephrol. 1996;7:
198–207.

72. Blumenkrantz MJ, Kopple JD, Gutman RA, et al. Methods for assessing
nutritional status of patients with renal failure. Am J Clin Nutr. 1980;33:
1567–85.

73. Kalantar-Zadeh K, Kopple JD, Block G, Humphreys MH. A malnutrition-
inflammation score is correlated with morbidity and mortality in
maintenance hemodialysis patients. Am J Kidney Dis. 2001;38:1251–63.

74. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis J,
et al. Geriatric Nutritional Risk Index: a new index for evaluating at-risk
elderly medical patients. Am J Clin Nutr. 2005;82:777–83.

75. Kobayashi I, Ishimura E, Kato Y, Okuno S, Yamamoto T, Yamakawa T, et al.
Geriatric Nutritional Risk Index, a simplified nutritional screening index, is a
significant predictor of mortality in chronic dialysis patients. Nephrol Dial
Transplant. 2010;25:3361–5.

76. Yamada K, Furuya R, Takita T, Maruyama Y, Yamaguchi Y, Ohkawa S, et al.
Simplified nutritional screening tools for patients on maintenance
hemodialysis. Am J Clin Nutr. 2008;87:106–13.

77. Moreau-Gaudry X, Jean G, Genet L, Lataillade D, Legrand E, Kuentz F, et al.
A simple protein-energy wasting score predicts survival in maintenance
hemodialysis patients. J Ren Nutr. 2014;24:395–400.

78. Ikizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb J, Kalantar-Zadeh K,
et al. Prevention and treatment of protein energy wasting in chronic kidney
disease patients: a consensus statement by the International Society of
Renal Nutrition and Metabolism. Kidney Int. 2013;84:1096–107.

79. As’habi A, Tabibi H, Nozary-Heshmati B, Mahdavi-Mazdeh M, Hedayati
M. Comparison of various scoring methods for the diagnosis of
protein-energy wasting in hemodialysis patients. Int Urol Nephrol.
2014;46:999–1004.

80. Kovesdy CP, Kopple JD, Kalantar-Zadeh K. Management of protein-
energy wasting in nondialysis-dependent chronic kidney disease:
reconciling low protein intake with nutritional therapy. Am J Clin Nutr.
2013;97:1163–77.

81. Wu HL, Sung JM, Kao MD, Wang MC, Tseng CC, Chen ST. Nonprotein
calorie supplement improves adherence to low-protein diet and exerts
beneficial responses on renal function in chronic kidney disease. J Ren Nutr.
2013;23:271–6.

82. Levine ME, Suarez JA, Brandhorst S, Balasubramanian P, Cheng CW, Madia F,
et al. Low protein intake is associated with a major reduction in IGF-1,



Nitta and Tsuchiya Renal Replacement Therapy  (2016) 2:4 Page 12 of 12
cancer, and overall mortality in the 65 and younger but not older
population. Cell Metab. 2014;19:407–17.

83. Lukowsky LR, Kheifets L, Arah OA, Nissenson AR, Kalantar-Zadeh K.
Nutritional predictors of early mortality in incident hemodialysis patients.
Int Urol Nephrol. 2014;46:129–40.

84. Ravel VA, Molnar MZ, Streja E, Kim JC, Victoroff A, Jing J, et al. Low protein
nitrogen appearance as a surrogate of low dietary protein intake is
associated with higher all-cause mortality in maintenance hemodialysis
patients. J Nutr. 2013;143:1084–92.

85. Rattanasompattikul M, Molnar MZ, Lee ML, Dukkipati R, Bross R, Jing J, et al.
Anti-inflammatory and antioxidative nutrition in hypoalbuminemic dialysis
patients (AIONID) study: results of the pilot-feasibility, double-blind,
randomized, placebo-controlled trial. J Cachexia Sarcopenia Muscle. 2013;4:
247–57.

86. Cheu C, Pearson J, Dahlerus C, Lantz B, Chowdhury T, Sauer PF, et al.
Association between oral nutritional supplementation and clinical outcomes
among patients with ESRD. Clin J Am Soc Nephrol. 2013;8:100–7.

87. Lacson Jr E, Wang W, Zebrowski B, Wingard R, Hakim RM. Outcomes
associated with intradialytic oral nutritional supplements in patients
undergoing maintenance hemodialysis: a quality improvement report. Am J
Kidney Dis. 2012;60:591–600.

88. Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC, Elder GJ, et al. Serum
levels of phosphorus, parathyroid hormone, and calcium and risks of death
and cardiovascular disease in individuals with chronic kidney disease: a
systematic review and meta-analysis. JAMA. 2011;305:1119–27.

89. Jamal SA, Vandermeer B, Raggi P, Mendelssohn DC, Chatterley T, Dorgan M,
et al. Effect of calcium-based versus noncalcium-based phosphate binders
on mortality in patients with chronic kidney disease: an updated systematic
review and meta-analysis. Lancet. 2013;382:1268–77.

90. Streja E, Lau WL, Goldstein L, Sim JJ, Molnar MZ, Nissenson AR, et al.
Hyperphosphatemia is a combined function of high serum PTH and high
dietary protein intake in dialysis patients. Kidney Int Suppl. 2013;3:462–8.

91. Lertdumrongluk P, Rhee CM, Park J, Lau WL, Moradi H, Jing J, et al.
Association of serum phosphorus concentration with mortality in elderly
and nonelderly hemodialysis patients. J Ren Nutr. 2013;23:411–21.

92. Yamada S, Tokumoto M, Tatsumoto N, Taniguchi M, Noguchi H, Nakano T,
et al. Phosphate overload directly induces systemic inflammation and
malnutrition as well as vascular calcification in uremia. Am J Physiol Renal
Physiol. 2014;306:F1418–28.

93. Kim JC, Shapiro BB, Zhang M, Li Y, Porszasz J, Bross R, et al. Daily physical
activity and physical function in adult maintenance hemodialysis patients.
J Cachexia Sarcopenia Muscle. 2014;5:209–20.

94. Rhee CM, Kalantar-Zadeh K. Resistance exercise: an effective strategy to
reverse muscle wasting in hemodialysis patients? J Cachexia Sarcopenia
Muscle. 2014;5:177–80.

95. Cheema BS, Chan D, Fahey P, Atlantis E. Effect of progressive resistance
training on measures of skeletal muscle hypertrophy, muscular strength and
health-related quality of life in patients with chronic kidney disease: a
systematic review and meta-analysis. Sports Med. 2014;44:1125–38.

96. Kirkman DL, Mullins P, Junglee NA, Kumwenda M, Jibani MM, Macdonald
JH. Anabolic exercise in haemodialysis patients: a randomised controlled
pilot study. J Cachexia Sarcopenia Muscle. 2014;5:199–207.

97. Watson EL, Kosmadakis GC, Smith AC, Viana JL, Brown JR, Molyneux K, et al.
Combined walking exercise and alkali therapy in patients with CKD4-5
regulates intramuscular free amino acid pools and ubiquitin e3 ligase
expression. Eur J Appl Physiol. 2013;113:2111–24.

98. Schoenfeld PY, Henry RR, Laird NM, et al. Assessment of nutritional status of
the national cooperative dialysis study population. Kidney Int. 1983;23:80–8.

99. Lindsay R, Spanner E, Heidenheim P, LeFebvre JM, Hodsman A, Baird J, et al.
Which comes first, Kt/V or PCR-Chicken or egg? Kidney Int. 1992;42 Suppl
38:S32–7.

100. Bergstrom J, Lindholm B. Nutrition and adequacy of dialysis. How do
hemodialysis and CAPD compare? Kidney Int. 1993;43:S39–50.

101. NKF. Clinical practice guidelines for hemodialysis adequacy, update, 2006.
Am J Kidney Dis. 2006;48:S2–S90.

102. Eknoyan G, Beck GJ, Cheung AK, Daugirdas JT, Greene T, Kusek JW, et al.
Effect of dialysis dose and membrane flux in maintenance hemodialysis.
N Engl J Med. 2002;347:2010–9.

103. Locatelli F, Martin-Malo A, Hannedouche T, Loureiro A, Papadimitriou M,
Wizemann V, et al. Effect of membrane permeability on survival of
hemodialysis patients. J Am Soc Nephrol. 2009;20:645–54.
104. Pierratos A, McFarlane P, Chan CT, Kwok S, Nesrallah G. Daily hemodialysis
2006. State of the art. Minerva Urol Nefrol. 2006;58:99–115.

105. Chertow GM, Levin NW, Beck GJ, Depner TA, Eggers PW, Gassman JJ, et al.
In-center hemodialysis six times per week versus three times per week.
N Engl J Med. 2010;363:2287–300.

106. Locatelli F, Manzoni C, Del Vecchio L, Di Filippo S, Pontoriero G, Cavalli A.
Recent trials on hemodiafiltration. Contrib Nephrol. 2011;171:92–100.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Pathophysiology of PEW
	Undernutrition and appetite loss
	Hypermetabolism
	Increased REE
	Chronic inflammation
	Humoral factors
	Metabolic acidosis

	Comorbidities
	Low physical activity and frailty
	Dialysis procedure

	Evaluation of PEW
	Subjective Global Assessment (SGA)
	Malnutrition inflammation score (MIS)
	Geriatric Nutritional Risk Index (GNRI)
	A simple PEW score

	Diagnosis of PEW
	Management of PEW
	Dietary interventions
	Phosphate control
	Exercise
	Dialysis procedure

	Conclusions
	Competing interests
	Authors’ contributions
	References



