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Protein-energy wasting (PEW) is common in patients with chronic kidney disease (CKD). PEW is one of the strongest predictors of
mortality in patients with CKD. The International Society of Renal Nutrition and Metabolism (ISRNM) expert panel has defined PEW
as a, “state of decreased body stores of protein and energy fuels (body protein and fat masses)”. The ISRNM panel has also proposed
diagnostic criteria of PEW with four categories. Cachexia is a severe form of PEW. The proposed causes of PEW are multi-factorial and
include nutritional and non-nutritional mechanisms. The literature indicates that PEW can be mitigated or corrected with an appropriate
diet and enteral nutritional support that targets dietary protein intake. Dietary requirements and enteral nutritional support must also
be considered in patients with CKD and diabetes mellitus and in children with CKD, in addition to dialysis patients. Features of ideal
dietary supplement have also been discussed. Dietary interventions such as enteral feeding with high-protein meals or supplements
might improve the nutritional status and outcomes in dialysis patients.
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INTRODUCTION

Management of the nutritional aspects of chronic kidney
disease (CKD) presents a number of challenges. In the
general population, overnutrition is a major problem.
Overnutrition is considered a serious risk factor for
developing metabolic syndrome, cardiovascular disease, and
CKD, with a subsequent increase in the risk of mortality.
However, in patients with CKD, and especially in those
undergoing maintenance dialysis, the so-called uremic
malnutrition (also referred to as protein-energy wasting
[PEW]) is by far the strongest risk factor for adverse
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outcomes and death.!" Patients undergoing dialysis die of
the short-term consequences of PEW and do notlive long
enough to die of risk factors associated with overnutrition.
This ‘time discrepancy hypothesis’ suggests that, in a
patient with CKD, whose risk of short-term mortality
is high, interventions that improve nutritional status and
prevent or correct wasting and sarcopenia have the potential
to save lives, as compared to the conventional interventions,
such as, treating hypercholesterolemia, hypertension or
obesity. Furthermore, studies related to the nutritional
status have shown that malnutrition / wasting is common
in CKD, as approximately 18 — 75% of patients with CKD,
undergoing maintenance dialysis therapy, show evidence
of wasting.*

One recently published 10-year cohort study evaluated serum
albumin, C-reactive protein, and carotid atherosclerosis as
predictors of a 10-year mortality in hemodialysis patients.
The results indicated that serum albumin concentration was
far superior as a predictor of mortality than inflammatory
markers (C-reactive protein) or the intima-media thickness
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of the common carotid artery.’! PEW, therefore, seemed
to be a strong predictor of mortality in patients with CKD,
and improving nutritional status by dietary and non-dietary
interventions could be an important step toward improving
the outcomes in CKD."!

NOMENCLATURE OF MALNUTRITION /
WasTING SYNDROMES IN Chronic
Kidney Disease

Various different terms and definitions have been used
by different authors for conditions associated with loss
of muscle and fat tissue, malnutrition, and inflammation
in patients with CKD. These include uremic malnutrition,
uremic (renal) cachexia, protein-energy malnutrition,
malnutrition-inflammation atherosclerosis syndrome or
malnutrition-inflammation complex (or cachexia) syndrome.
Use of non-uniform and ill-defined terminologies may
lead to both conceptual errors and misinterpretation of
data. Hence, to avoid confusion the International Society
of Renal Nutrition and Metabolism (ISRNM)’s expert
panel has recommended the term ‘protein-energy wasting’

(PEW)."

Protein-energy wasting

The ISRNM expert panel has defined PEW to describe
a “state of decreased body stores of protein and energy
fuels (body protein and fat masses)”. This abnormality is
often associated with diminished functional capacity related
to metabolic stresses.” The possible reasons for PEW in
kidney disease have been listed in Table 1 (Adapted from!™)

As protein wasting and energy wasting may occasionally
occur separately from each other, the term ‘protein wasting’
or ‘energy wasting’ may be used to indicate the isolated
occurrence of only one of these phenomena.

Cachexia

In recent times, the word ‘cachexia’ has been suggested
as a term to denote PEW included in the setting of
kidney disease.”) The ISRNM expert panel has suggested

Table 1: Potential causes of protein-energy wasting
syndrome in kidney disease

Anorexia, acidosis, anemia

Endocrine disorders, vitamin D deficiency, TPTH, diabetes, decreased
insulin / IGF signalling

T Production of inflammatory cytokines

Oxidative and carbonyl stress

Volume overload

J Nutrient intake, prescribed dietary restrictions

Nutrient loss during dialysis

Dialysis treatment-related factors, AV graft, dialysis membrane
Comorbid conditions: DM, cardiovascular disease, infection, aging

the use of cachexia for a severe form of protein-energy
wasting.l"! Cachexia refers to a very severe form of PEW;
often associated with profound physiological, metabolic,
psychological, and immunological disorders.” The
difference in PEW compared to cachexia is that the latter
encompasses only severe forms of metabolic depletion,
whereas, PEW can refer to mild degrees of depleted protein
and energy mass.

Kidney disease wasting

According to the ISRNM expert panel, kidney disease
wasting (IKDW) refers to the occurrence of protein-energy
wasting in CKD or acute kidney injury (AKI), regardless of
the cause. The clear majority of the ISRNM panel members
prefer PEW to KDW for most circumstances. The panel
believes that the term KDW is not a suitable substitute
for PEW. The KDW simply implies that PEW is likely to
occur in people with CKD."

PrOTEIN-ENERGY WASTING IN CHRONIC
KipNEy Disease: CLINIcAL IMPLICATIONS

Several small and large scale cohort studies have revealed
that protein-energy malnutrition is associated with increased
morbidity, mortality, and impaired quality of life. The
potential consequences of PEW are provided in Table 2
[Adapted from!].

The data from the United States Renal Data System
(USRDS) database of 5058 patients concluded that patients
who were considered malnourished by their physicians,
had a 27% greater risk of cardiovascular death. In addition
it was shown that for every one-unit decrease in body
mass index (BMI) the risk for cardiovascular death rose
by 6%."" Results from the large Dialysis Outcomes and
Practice Patterns Study (DOPPS) cohort also confirmed
that malnourished dialysis patients had an increased risk
of mortality."!

Protein-energy wasting, mortality, and albumin levels

Evidence indicates that surrogates of PEW, such as, low
serum levels of albumin or inadequate protein intake,
correlate with mortality. Measuring the serum levels of
albumin remains the simplest test that is readily available.
Indeed, a low serum albumin concentration is by far the

Table 2: Potential manifestations of the protein-energy
wasting syndrome in kidney disease

T Mortality, T hospitalization, | quality of life

Survival paradoxes

Atherosclerotic cardiovascular disease, vascular calcification

4 Weight,  BMI, | body fat, sarcopenia

4 Albumin, transthyretin and lipids, T CRP
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strongest predictor of poor outcomes and mortality, at least
in patients on dialysis, when compared with any other risk
factor, including the traditional risk factors (hypertension,
hypercholesterolemia, diabetes mellitus, and obesity) and
the nonconventional risk factors (measures of anemia,
mineral and bone surrogates, and dialysis modality).! In
the United States Renal Data System (USRDS) database
results, every 1 ¢ / dl fall in the serum albumin level is
associated with a 39% increase in the risk of cardiovascular
death."”! The association between serum albumin levels
and mortality is highly incremental and linear. There
is an ongoing debate of whether low serum levels of
albumin in patients with CKD are a surrogate of inadequate
protein intake or other conditions related to PEW, such as
inflammation and comorbidity.'”! However, there is less
disagreement with regard to the consistent association of
hypoalbuminemia with poor outcomes in dialysis patients
and those with nondialysis-dependent CKD."”! Reports
indicate that patients attending dialysis clinics that provide
superior care and have a good performance, exhibit higher
serum albumin levels and better survival rates, than patients
who attend clinics with an inferior performance.!"*"
Longevity has consistently been observed in those patients
with CKD who have a better nutritional status, including
larger muscle mass, fat mass, better appetite, and higher
protein intake.)

DiacNosIS OF PROTEIN=-ENERGY WASTING

The diagnostic criteria for PEW (proposed by ISRNM)
fall into four distinct categories: (1) biochemical indicators,
(2) low body weight, reduced body fat or weight loss, (3)
decreased muscle mass, and (4) low protein or energy
intake [Table 3].

NuTtrITIONAL REQUIREMENTS IN CHRONIC
KiDNEY DISEASE

Regarding dietary protein recommendations in CKD, the
current Kidney Dialysis Outcome Quality Initiative (K /
DOQI) guidelines suggest a protein intake of 0.6 — 0.75
grams of protein per kilogram of body weight per day (g
/ kg / d) for patients in stages 1 — 4 of CKD. In stage 5,
when the patients are receiving dialysis, increased protein
intake is suggested (approx. 1.2 ¢ / kg / d)."" Table 4 has
mentioned selected nutritional parameter requirements for
varying levels of kidney disease based on the American
Dietetic Association guidelines.!']

IMPROVING NUTRITIONAL STATUS IN
CHroNIC KIDNEY DISEASE

Oral nutritional consideration: Intervention may begin

Table 3: Readily utilizable criteria for the clinical diagnosis of protein energy wasting in chronic kidney disease

criteria

1. Serum chemistry
Serum albumin < 3.8 g 100 mlI~' (Bromcresol Green)?

Serum prealbumin (transthyretin) <30 mg 100 mI~' (for maintenance dialysis patients only; levels may vary according to GFR level for patients

with CKD stages 2-5)°

Serum cholesterol < 100 mg 100 m|™"2
2. Body mass

BMI<23°

Unintentional weight loss over time: 5% over three months or 10% over six months

Total body fat percentage < 10%
3. Muscle mass

Muscle wasting: Reduced muscle mass 5% over three months or 10% over six months
Reduced mid-arm muscle circumference area® (reduction > 10% in relation to the fiftieth percentile of reference population)

Creatinine appearance?
4. Dietary intake

Unintentional low DPI1 < 0.80 gkg™' day™' for at least two monthse for dialysis patients or <0.6 g kg™' day™! for patients with CKD stages 2 - 5
Unintentional low dietary energy intake (DEI) < 25 kcal kg™ day~' for at least two months®

At least three out of the four listed categories (and at least one test in each of the selected category) must be satisfied for the
diagnosis of kidney disease-related PEW. Optimally, each criterion should be documented on at least three occasions, preferably two-to-

four weeks apart.

Dietary energy intake (DEI), dietary protein intake (DPI), nPCR normalized protein catabolic rate, and nPNA normalized protein nitrogen

appearance,

a. Not valid if low concentrations are due to abnormally great urinary or gastrointestinal protein losses, liver disease, or cholesterol-lowering

medicines

Measurement must be performed by a trained anthropometrist

P00

A lower BMI might be desirable for certain Asian populations; weight must be edema-free mass, for example, post-dialysis dry weight

Creatinine appearance is influenced by both muscle mass and meat intake
Can be assessed by dietary diaries and interviews, or by protein intake by calculation of normalized protein equivalent of total nitrogen

appearance (nPNA or nPCR), as determined by urea kinetic measurements
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Table 4: Selected nutritional parameters for varying levels of kidney disease*

Nutritional Parameter Stages 1 -4 CKD

Stage 5 Hemodialysis

Stage 5 Peritoneal Dialysis

Calories (kcal / kg / d) 35<60 years

30 - 35> 60 years

Protein (g / kg / d)
Fat (% total kcal)

0.6 -0.75 1.2

35 <60 years 35<60 years

30 - 35> 60 years 30 - 35 > 60 years, include kcals from
dialysate
1.2-13

For patients at risk for CVD, < 10% saturated fat, 250 - 300 mg cholesterol / d

Sodium (mg / d) 2000 2000 2000

Potassium (mg / d) Match to laboratory values 2000 - 3000 3000 - 4000

Calcium (mg / d) 1200 <2000 from diet and medicines <2000 from diet and medicines
Phosphorus (mg / d) Match to laboratory values 800 - 1000 800 - 1000

Fluid (mL / d) Unrestricted with normal urine output 1000 + urine Monitor; 1500 - 2000

*Represents initial guidelines; individualization to patient’s own metabolic status, and coexisting metabolic conditions are essential for optimal care

with suggestions to enhance oral intake in malnourished
CKD patients [Refer Table 5 — Adapted from!"]

Dietary sodium intake is frequently restricted to 2000 —
4000 mg per day for patients with CKD, in an effort to
aid in the control of hypertension, and to avoid excessive
thirst and fluid consumption in those patients with oliguria
or anuria. Salt substitutes frequently contain potassium
chloride, and patients should be instructed to avoid salt
substitutes that are not approved by their dietitian or
physician.

Patients with CKD also frequently experience
hyperphosphatemia. Hyperphosphatemia is associated
with a number of deleterious consequences, such as
secondary hyperparathyroidism, arterial calcification, and
renal osteodystrophy. A dietary phosphorus restriction of
800 — 1000 mg per day should be implemented when serum
phosphorus rises > 4.6 mg / dL.

Need for oral nutritional supplements

The recommended DEI for patients undergoing
hemodialysis and peritoneal dialysis is 30 — 35 kcal / kg
per day. The suggested mean dietary protein intake (DPI)
is 1.2 g / kg per day in patients on hemodialysis, and 1.3
g / kg per day in patients on peritoneal dialysis."*'"! Most
patients on dialysis, however, have a lower DEI and DPI
than the recommended intake. In 1901 adult patients on
the HEMO Study, the mean DEI and DPI were 23.2
1 9.5 keal / kg per day and 0.96 + 0.43 ¢ / kg per day,
respectively, on nondialysis days, and 22.2 + 9.6 kecal / kg
pet day and 0.90 + 0.41 g / kg per day, respectively, on
dialysis days.I"”! Nutritional support for patients on dialysis
should make it possible to ensure that the nutritional
intake is in accordance with the current guidelines. Oral
supplementation can provide an additional 7 — 10 kcal / kg
per day of energy and 0.3 — 0.4 g / kg per day of protein,
which makes it possible to meet the recommended targets
of both DEI and DPI. To reach such energy and protein
levels, oral supplements should be given two-to-three times

Table 5: Strategies to enhance oral intake

Avoid diet restrictions in patients with poor intake

Offer oral liquid supplements and snacks

Treat gastroparesis and other gastrointestinal conditions
Achieve glycemic control

Correct electrolyte abnormalities

Evaluate for and address depression

a day, preferably one hour after the main meals.

In a recent review by Kalantar-Zadeh ¢# 4/, the authors
have identified clinical trials with at least 10 participants,
wherein the effects of enteral nutritional interventions
were examined in malnourished patients on dialysis. They
observed, “In most of these studies, enteral therapy was
associated with improved nutritional status or other clinical
outcomes.” Eight out of nine randomized trials that used
serum albumin concentration as a surrogate outcome
measute, reported statistically significant improvements in
hypoalbuminemia after the nutritional support.[®

Enteral feedings

Enteral feeding allows the provision of complete nutrition
in a minimal fluid volume, which is associated with
fewer complications of infection and is significantly less
expensive than parenteral nutrition. The hospitalized
patients may benefit from a period of nasogastric feeding
until the acute illness resolves. A patient’s willingness to
accept the nasogastric tube (NGT) placement is frequently
dependent on the method of presentation. If the feeding
tube placement is discussed as an important and beneficial
part of their overall care, a patient is much more likely
to agree to NGT placement. Experience shows that
‘threatening’ a patient with NGT placement if they do
not eat adequately, seldom changes the factors that limit
intake, and is frequently perceived as a ‘punishment’
and only serves as a barrier to providing the needed
nutritional support. Some patients may require small bowel
positioning of the feeding tube tip if they have a history
of gastroparesis or if they do not tolerate gastric feedings.
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Patients with active pancreatitis should have the tip of the
feeding tube placed beyond the ligament of Treitz.!""!

Parenteral nutrition

Total parenteral nutrition is associated with increased
infectious complications and is significantly more expensive
than enteral feedings. Parenteral nutrition also requires a
greater fluid volume to meet the calorie and protein needs
than equivalent enteral nutrition. Parenteral nutrition
should be reserved only for those patients who are unable

to receive enteral nutrients.!'®

SpPeciAL IssuEs IN MANAGEMENT

Nutrition in chronic kidney disease patients with diabetes
There are concerns regarding the glycemic burden of
nutritional interventions in patients with diabetes mellitus.
However, such considerations might have less relevance in
malnourished patients on dialysis. Indeed, in approximately
one-third of the patients on dialysis with diabetes mellitus, a
state of ‘burnt-out diabetes’ is observed, in which frequent
episodes of hypoglycemia necessitate a decrease or even
total discontinuation of most or all diabetic medications,
including insulin injections and oral hypoglycemic
agents.’?!! Many of these patients exhibit normal-to-low
levels of hemoglobin Alc, even without medication for
diabetes mellitus and when they originally suffered from
diabetic nephropathy as the etiology of their CKD. In the
opinion of the authors, in a recent review, a history of
diabetes mellitus is not a contraindication for oral nutritional
therapy or meals during hemodialysis, and should not be
a reason to withhold nutritional interventions, especially
among dialysis patients with hypoalbuminemia and normal-
to-low levels of hemoglobin Alc.[

Enteral nutrition in children with chronic kidney disease
Protein-energy wasting often presents as growth retardation
in children with CKD. One of the major goals in the
treatment of infants and children with CKD is to achieve
normal growth and development. Infants and children
with CKD, who experience anuria and polyuria, have very
different food and fluid requirements from those who do
not have these conditions. Both these subsets of children
require adequate nutrition to maximize growth. Children
with polyuria may be maintained on a diluted formula
and may undergo pre-emptive kidney transplantation,
thus never requiring dialysis. However, it is important to
monitor the amount of nutrients being delivered to infants
with polyuria. Those who are oliguric or anuric often
require frequent (sometimes daily) dialysis, to offset the
large-volume feeds that occur with standard formulas. In
the absence of pediatric renal feeding supplements, adult
renal products that are available with normal and reduced

protein content, and designed to be calorie dense and low
in minerals and electrolytes, can be recommended for
children who are aged > 4 years. Adult supplements have
also been successfully used at diluted strength in children
aged < 1 year.”” A study shows that children with CKD
and hyperkalemia have demonstrated improved growth
rates while receiving adult renal formulas, which have
been well-tolerated and effective in lowering potassium
exposure. As normal growth and development in children
is important, monitored in-center enteral nutrition therapy
for all infants and children who require maintenance dialysis
treatment has been encouraged.!

Ideal nutritional supplement in chronic kidney disease
At present, various products (dietary food supplements)
are available in our country, which are calorie dense and
low in electrolyes. They can be broadly classified in two
categories: (1) High protein content (per 100 gm) — for
dialysis patients (2) Low protein content (per 100 gm) —
for predialysis patients / renal supplement for nondialysis
patients. Regarding the protein quality, guidelines suggest
at least 50% of the protein should be of high biological
value. Biological value refers to how well and how quickly
the body can actually use the protein. Considering this fact,
whey protein seems most suitable, as the whey protein
concentrate has a high biological value (104). This will
ensure better utilization of protein in the body.

As discussed in oral nutrition section, hyperphosphatemia
is an important risk in dialysis patients. Large observational
studies have shown a graded association between the levels
of serum phosphate and all-cause mortality in patients
undergoing dialysis.” Hence, a supplement that is free
from free phosphorous would be ideal. Whey protein does
not contain phosphorous. Hence, a supplement with 100%
whey protein may be preferred, due to its advantage of
high biological value and absence of free phosphorous.

Many of the available protein supplements for dialysis
patients contain vitamin A and / or vitamin K. According
to the EBPG (European best practice guidelines) —
guidelines on nutrition; Vitamin A supplements are
not recommended for the maintenance hemodialysis
patients.” The serum plasma levels of vitamin A are
elevated in patients with CKD. Furthermore, vitamin A
is not removed during MHD (maintenance hemodialysis)
and deficiencies are rare. As vitamin A toxicity includes
hypercalcemia, anemia, and hypertriglyceridemia,
supplementation is not recommended for hemodialysis
patients. Moreover, the EBPG guidelines also state, “There
is no need for vitamin K supplementation, except in
patients receiving long-term antibiotic treatment or those
with altered coagulant activity”.” High plasma vitamin K
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levels have been associated with soft tissue calcifications in
MHD patients. Hence, a supplement that does not contain
vitamin K may be suitable for dialysis patients.

The ideal supplement should have good protein (100% whey
protein) and should preferably be free from phosphorous
(P), vitamin A, and vitamin K (PAK - free).

CONCLUSIONS

Fifty years after the first dialysis treatment, nutrition is
still a recurrent issue and many disorders are currently
not well understood. However, there has been progress
in understanding the nutritional targets in CKD patients.
Before dialysis, there is good evidence that a longstanding
nutritional care plan, with control of protein intake, is
efficient for correcting many metabolic disorders, including
proteinuria, and it is cost-effective. PEW is a distinct
condition in CKD patients. PEW is common in CKD and
is associated with adverse outcomes. Dietary interventions
and nutritional support seem to be effective in mitigating
or correcting PEW and improving the outcomes in patients
with CKD. All patients with CKD should be assessed
periodically (monthly or quarterly) for the presence of
PEW and should be offered oral nutritional support
whenever required. Providing meals or oral nutritional
supplements and other nutritional interventions to patients
with CKD is the most promising way to increase serum
albumin concentration and improve longevity and quality
of life in this patient population.
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