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Introduction

In patients with chronic kidney disease (CKD),
especially those on hemodialysis (HD), nutritional status
plays an important role. It is directly connected with longevity,
life quality, rate of hospitalization and mortality 5. Despite
the fact that dialysis procedure is constantly improving,
common complication in HD patients is still protein-energy
wasting (PEW). Although PEW is a very common problem,
it often remains undiagnosed and untreated. Also, PEW is
the strongest risk factor for poor clinical outcomes, including
death, especially in the elderly patients *©.

Considering that CKD has a high prevalence of 13.4%,
and the number of patients with diagnosed CKD is growing
worldwide, including the fact that annual mortality of
dialysis patients was 20% higher compared to the mortality
from cancer disease, the seriousness and the magnitude of
the problem in patients with PEW seems to be much higher >
7. Several studies related to the nutritional status in the HD
patients have shown that the prevalence of PEW varies from
less than 20% to almost 80% depending on markers used for
assessment of the nutrition status * & °, Many different terms,
such as protein-energy malnutrition, uremic malnutrition,
uremic cachexia, malnutrition-inflammation syndrome, are
used for a condition associated with loss of muscle and fat,

malnutrition, and inflammation in patients with CKD, and
may lead to confusion and misinterpretation of clinical data.

The existence of different criteria can produce the
problems in diagnostic procedures, comparison of results and
establishing recommendations for the prevention and
therapy. Therefore, in order to avoid confusion in the
nomenclature, the International Society of Renal Nutrition
and Metabolism (ISRNM) expert panel has recommended
the term “protein-energy wasting” to describe a “state of
decreased body stores of protein and energy fuels” that
usually results from a complex interplay of reduced nutrient
intake and/or increasing catabolism °. Since protein and
energy wasting sometimes occur as separate entities, terms
“protein wasting” or “energy wasting” can be used to refer to
the occurrence of only one of the mentioned °.

Etiology of PEW

Dialysis patients often develop malnutrition at a very
early stage of dialysis ® - 12, PEW in patients with CKD,
particularly those who are on HD, has its own specificity as
compared to patients who suffer from other chronic diseases
or those in which it is only the result of insufficient food
intake or restrictive diets. Many factors that contribute to
PEW are directly associated with chronic renal failure 2 3 14,
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The possible causes of PEW in CKD patients are listed in
Table 1, created and presented from the ISRNM as a
consensus review of current knowledge .

A long list of causes and variety of their combination
can lead to PEW in different ways in each HD patient.
Although the etiology of PEW is undoubtedly multifactorial,
inadequate dietary nutritional intake is likely to play an
important role. Predialysis patients are mostly on low-protein
diets. Sometimes these types of diets are hypocaloric and as
a consequence of predialysis restrictive diets, patients start
HD in poor nutritional conditions * % 12 15 Hemodialysis
procedure itself can directly affect energy balance, i.e.
energy intake and energy expenditure. Several studies
indicated that dietary energy and protein intakes were below
recommended levels or the actual needs in the HD patients % 6-18,
In addition, the progressive reduction in spontaneous food

sensing 2 13 15 20. 21 Malnutrition in the HD patients is also
often caused by too many restrictive or monotony diets,
sometimes due to unnecessary prohibition of various foods
without considering the preferences, needs and possibilities
of patients °. Furthermore, the imbalance between dietary
intake and actual needs can be increased by additional loss of
nutrients during dialysis, such as amino acids, certain
peptides, glucose, vitamins, trace elements, leading to further
increased risk of PEW 3 15, Although the reduced food
intake or poor absorption of nutrients play a key role in most
cases of PEW, other factors in addition to starvation
(especially  hypermetabolism, inflammation, metabolic
acidosis, comorbidities and dialysis) are required for the
occurrence of PEW 114,

It was postulated that inflammation can cause PEW.
Many factors, such as increased production and decreased

Table 1
Causes of PEW in CKD patients *3
1. Decreased 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
¢) 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 resistance secondary to obesity
iv. altered adiponectin and resistin metabolism
b) Hormonal disorders
i. insulin resistance of CKD
ii. increased glucocorticoid activity
3. Metabolic acidosis
4. Decreased physical activity
5. Decreased anabolism
a) decreased nutrient intake
b) resistance to GH/IGF-1
c) testosterone deficiency
d) low thyroid hormone levels
6. Comorbidities and lifestyle
a) comorbidities (diabetes mellitus, 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
PEW - protein-energy wasting; CKD - chronic kidney disease; GH - growth hormone;
IGF-1 - insulin-like growth factor 1; CHF — chronic heart failure.
intake occurs with a decrease in kidney function 8. Factors  elimination of proinflammatory cytokines, acidosis,

that affect food intake including not only dietary restrictions,
but also anorexia, taste changes, depression, social behavior,
customs, low social status, solitude, and inability to obtain or
prepare food 2 1619,

Anorexia in the HD patients may develop as a result of
nitrogen-based uremic toxin retention as well as
dysregulation in some of appetite mediators — from gastric,
cytokines and adipokines to hypothalamic amino acid

oxidative stress, altered metabolism of adipose tissue, and
other intracorporeal factors, contribute to persistent
inflammation in CKD, especially in the HD patients. In
addition to these, many extracorporeal factors mainly related
to dialysis itself, such as chemical and microbiological
contaminants in dialysis water, or bioincompatible in dialysis
circuit, cannot be neglected ™ 2° 22, Kidney has a role of a
modulator of endocrine function, whilst Kkidney disease
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causes abnormalities in the synthesis, excretion, and action
of many hormones. Insulin resistance, growth hormone
(GH), insulin-like growth factor (IGF)-1, and elevated
glukucocorticoides levels are causative of an increase in
protein and amino acid catabolism and suppression of protein
synthesis. Thus, these are implicated in the loss of muscle

mass in the CKD patients 2 1> 2, Inflammation is associated
with increased resting energy expenditure (REE), oxidative
stress, protein catabolism, loss of muscle mass, high C-reactive
protein and proinflammatory cytokine levels, hypoalbuminemia
and the presence of comorbid conditions as well as with
suppression of hormones such as anabolic hormones, IGF-1, and

Table 2
Readily utilizable criteria proposed by International Society of Renal Nutrition and Metabolism (ISRNM) expert panel
for the clinical diagnosis of PEW in CKD 0

Criteria
Serum chemistry
serum albumin < 3.8 g/dL (method: Bromcresol Green)?
serum prealbumin (transthyretin) < 30mg/dL(for maintenance dialysis patients only; levels may vary according to GFR level for pa-
tients with CKD stages 2-5)*
serum cholesterol < 100 mg/ dL?
Body mass
BMI < 23 kg/m?®
unintentional weight loss over time: 5% over 3 months or 10% over 6 months
total body fat percentage < 10%
Muscle mass
muscle wasting: reduced muscle mass 5% over 3 months or 10% over 6 months
reduced mid-arm muscle circumference area® (reduction > 10% in relation to 50th percentile of reference population)
creatinine appearance®
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
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 2—4 weeks apart.
aNot valid if low concentrations are due to abnormally great urinary or gastrointestinal protein losses, liver disease, or choles-
terol-lowering medicines.
A lower BMI might be desirable for certain Asian populations; weight must be edema-free mass, for example, post-dialysis
dry weight.
‘Measurement must be performed by a trained anthropometrist.
dCreatinine appearance is influenced by both muscle mass and meat intake.
¢Can be assessed by dietary diaries and interviews, or for protein intake by calculation of normalized protein equivalent
of total nitrogen appearance (NPNA or nPCR) as determined by urea Kinetic measurements.
BMI-body mass index; CKD-chronic kidney disease; DEI-dietary energy intake; DPI-dietary protein intake; GFR-
glomerular filtration rate; nPCR-normalized protein catabolic rate; nPNA- normalized protein nitrogen appearance;
PEW-protein—energy wasting.

Table 3
Other potential tools (including those still in development) for assessment of PEW in individuals with CKD stages 3-5 1©

Appetite, food intake, and energy expenditure
appetite assessment questionnaires
population-based dietary assessments: food frequency questionnaires
measuring energy expenditure by indirect or direct calorimetry
Body mass and composition
weight-based measures: weight-for-height
total body nitrogen
total body potassium
energy-beam-based methods: DEXA, NIR, BIA, and vector bioimpedance analysis
underwater weighing and air displacement weighing
14 kDa fragment of actomyosin
microarrays
muscle fiber size
relative proportions of muscle fiber types
muscle alkaline soluble protein
CT and/or MRI of muscle mass
Laboratory markers
serum biochemistry: transferrin, urea, triglyceride, bicarbonate
hormones: leptin, ghrelin, growth hormones
inflammatory markers: CRP, IL-6, TNF-a, IL-1, SAA
peripheral blood cell count: lymphocyte count or percentage
Nutritional scoring systems
SGA and its modifications.

PEW - protein-energy wasting; CKD - chronic kidney disease.

BIA - bioelectrical impedance analysis; CRP — C-reactive protein; CT — computed tomography; DEXA - dualenergy X-ray
absorptiometry; IL - interleukin (e.g., IL-1 and IL-6); MRI — magnetic resonance imaging; NIR — near infrared interact-
ance; SAA —serum amyloid A; SGA - subjective global assessment of nutritional status; TNF-a — tumor necrosis factor-a.
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testosterone. Pro-inflammatory cytokines may directly decrease
appetite and increase REE via influence on the central nervous
system. They can also indirectly reduce the appetite in the CKD
patients, through depression and consequently reduced dietary
nutrients intake 1322,

Metabolic acidosis, often in the HD patients, is also a
potential cause of PEW. Studies have shown that acidosis
increases degradation of the whole-body protein, breakdown
of the skeletal muscle protein and oxidation of branched
chain amino acids decreases albumin synthesis and
determines nutritional abnormalities. It also causes insulin
resistance that leads to loss of muscle mass ** 2°. Some of
comorbidities associated with CKD such as diabetes and
metabolic syndrome, cardiovascular disease,
hyperparathyroidism, anemia, gastrointestinal disorders,
autoimmune and rheumatologic disorders, chronic lung
diseases, liver disease, psychiatric and neurologic disorders
and, malignant diseases, contribute to PEW 2,

Although inadequate dialysis can lead to PEW itself,
some factors associated with dialysis may contribute to PEW
through  nutrient  losses into dialysate, infectious,
inflammation, hypermetabolism and loss of residual renal
function. Amino acid and protein losses during the dialysis
session, together with low nutrients intake, promote low
availability of nutrients for muscle synthesis. Dialysate loss of
proteins, including amino acids, peptides and whole proteins, are
estimated to be approximately 10-12 g per session. Dialyses
procedure is a catabolic event, that accelerates the rate of whole-
body and muscle proteolysis and stimulates active muscles on
the release of amino acids, raising net whole-body and muscle
protein loss. These undesirable effects of net skeletal muscle
protein breakdown persisted for at least 2 hours after the
completion of the HD procedure. Simultaneous amino acid
supplementation can prevent or reverse these adverse effects in
the HD patients which can be an opportunity for the treatment of
PEW 2,13,20, 24, 25'

Diagnostic criteria for PEW

Clinical guidelines recommend routine assessment of
nutritional status in the CKD and HD patients. There is not a
single specific measurement that provides complete
assessment of the nutritional status of the HD patients,
although many different parameters for assessing the PEW
are used in clinical practice and research % 15 2.2 Therefore,
the ISRNM established a set of criteria for identifying PEW
in the CKD patients. According to the ISRNM expert panel
diagnostic criteria, PEW has 4 categories in assessment:
biochemical indicators, body mass, muscle mass and dietary
intake. The ISRNM recommended that the diagnosis of PEW
at least 3 out of 4 criteria categories, and that at least one test
from each of the selected categories must be abnormal, on at
least 3 examinations 2—-4 weeks apart. Then, as a potential
indicator of the PEW additional measures of nutrition and
inflammation are recommended (Table 2) °,

Biochemical indicators

Among biochemical indices, serum albumin concentration
has been used in detection of malnutrition in the HD patients for
a long time. Low serum albumin level is a relatively late
manifestation of malnutrition, since albumin has a long half-life
and hepatic synthetic reserve is very large 1 % 2% The
association between serum albumin levels and mortality is
highly gradual and linear. A decrease of 0.3 g/dL in serum
albumin levels is associated with an increased risk of
mortality by 20% in the HD patients 2. However, serum
albumin is also influenced by several non-nutritional factors
which are often present in the HD patients, including
infection, inflammation, comorbidity and hydration status.
Serum albumin should always be taken into account when
assessing malnutrition in the HD patients. Thus, low albumin
level in the HD patients may not always result from PEW,
and albumin alone is not a clinically useful marker for PEW.
The serum albumin concentration should be measured
monthly > 10 2628 prealbumin, or transthyretin has a shorter
half-life than albumin, a close relationship with nutritional
status, and acts as a good predictor of clinical outcome in the
HD patients > 1 2 2 The serum total cholesterol
concentration is reduced in PEW. It is a less sensitive
nutritional marker, cheap, and more accessible 5 10 25,

Although, the expert panel did not recommend
numerous laboratory markers as part of criteria for the
diagnosis of PEW, such as serum transferrin, bicarbonate,
urea, triglyceride, hormones (leptin, ghrelin, growth
hormones) concertation, inflammatory markers (CRP, IL-6,
TNF-a, IL-1, SAA) levels and lymphocyte count or
percentage, they could be useful indicators of protein-energy
nutritional status in maintenance dialysis patients and
potential tools for assessing PEW (Table 3) 0.

Body mass index (BMI)

Even though BMI is one of the most used indicators of
body mass, it has some limitations . In general population
normal range of BMI is between 18.5 and 24.9 kg/m?, while
according to the ISRNM criteria, BMI less than 23 kg/m? is a
marker of PEW in the HD patients > 230 A higher BMI is
associated with increased cardiovascular mortality in the
general population. It is quite the opposite situation in the
HD patients where higher BMI is associated with lower
death risk (“obesity paradox™) 3. While obesity is a long-
term risk for cardiovascular diseases in general population,
in the HD patients, the risk mentioned above is not crucial.
In the CKD patients risk of short-term consequences related
to PEW is much greater than the risk of obesity, thus
mortality depends on short-term risk meaning malnutrition.
Therefore, in the CKD patients, especially in the HD
patients, it is crucial to improve their nutritional status and
prevent malnutrition and PEW 1 All anthropometric
measurements should be performed after a routine HD
session and must be performed by trained personnel 5 10 2,
Since BMI is influenced by hydration status, it is
recommended to use an edema-free mass to calculate BMI.
Unintentional edema-free weight loss of 5% over 3 months
or 10% during 6 months indicate risk of PEW %,
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Muscle mass

Reduced muscle mass is one of the most important
criteria for the presence of PEW 1% Mid-arm muscle
circumference (MAMC) is useful in assessment of muscle
mass. MAMC depends upon lean body mass and body water.
It is thus expected that MAMC could increase when body
water increases, although the lean body mass and somatic
protein can be kept stable. It is necessary to bear this in mind
when using MAMC in the HD patients as an index of
somatic proteins status > 2.

Dietary intake

To evaluate the nutrition status, it is important to
provide an adequate assessment of the food intake by some
of the available methods like dietary diaries or interviews >
1026 |n metabolic stable patients, it may be useful to
indirectly assess dietary intake of protein by counting
normalized protein equivalent of total nitrogen appearance
(nPNA) 5 1026 As food data collection, the following tools
can be used: 24-hour recall, food diaries, and food frequency
questionnaire (FFQ), but each of these tools has some
limitations. 24-hour dietary recall covers a short period of
time and it does not represent a typical food intake. Food
diary covers a longer time period (3-7 days) and it is
recommended to patients to include dialysis and non-dialysis
days. It is a more useful tool, if the patient weighs the
portions of food *2. FFQ can estimate the long term dietary
intake. A diet that contains a daily energy intake of 35
kcal/kg body weight (bw) (30-35 kcal/kg bw for those aged
60 years and older) and 1.2 g protein/kg bw (at least 50% is
of high biological value), is usually prescribed for the HD
patients » 5 According to the ISRNM expert panel,
unintentional low dietary protein intake less than 0.80 g/kg
bw/day and unintentional low dietary energy intake less than
25 kcal/kg bwi/day for at least 2 months can be associated
with PEW 0,

According to the ISRNM, nutritional scoring systems
were not included in diagnostic criteria of PEW (only in
potential tools), but others advised subjective global
assessment (SGA) and its modifications for dialysis
malnutrition score (DMS), and malnutrition inflammation
score (MIS) for the diagnosis of malnutrition in the HD
patients % & 10.26. 33 SGA s based on history and physical
examination, and gives a global score of protein-energy

nutritional status. SGA is a practical, inexpensive, easily
doable clinical tool, with one potential problem - its
subjective nature which may reduce its reproducibility. SGA
should be used in combination with other measures in
diagnosis of PEW 1% 3% Body composition, except by
anthropometry, can be assessed by more sophisticated
methods such as bioelectrical impedance analysis (BIA) or
dual energy X-ray absorptiometry (DEXA). There is a good
correlation between anthropometry and BIA and DEXA but
they are expensive and not widely available > %,

Monitoring

Nutritional status is considered an important prognostic
factor for the risk of mortality, so early diagnosis and
nutritional interventions could improve clinical outcome in
the HD patients. Therefore, regular screening of the HD
patients on PEW is extremely important. Nutritional status of
the HD patients should be assessed at the start of HD and
reassessed every 3-6 months. Malnourished and unstable
patients may require monitoring at shorter intervals.
Individual parameters such as serum albumin, BMI, nPNA,
midweek predialysis creatinine should be evaluated monthly,
but body weight should be measured on each dialysis 25 %,

Conclusion

The available evidence suggests that nutritional status
in the HD patients is an extremely important predictive and
causative factor for the good clinical outcome. Nutritional
deficits and PEW are frequent problems in the dialysis
population and implies an increased risk of negative health
outcomes such as mortality risk and quality of life
deterioration. There is no single specific measurement that
provides complete assessment of the nutritional status in the
HD patients, and the results should be analysed in the
clinical context of each individual patients. As malnutrition
is potentially reversible with appropriate nutritional support,
early identification of patients at high nutritional risk may
facilitate effective treatment and improve prognosis in the
HD patients.

Acknowledgements

This work was supported by the Ministry of Defence of
the Republic of Serbia, Project No MFVMA/8/15-17.

Radjen §, et al. Vojnosanit Pregl 2018; 75(4): 404-409.



Vol. 75, No 4

VOJNOSANITETSKI PREGLED

Page 409

10.

11.

12.

13.

14.

15.

REFEREN

Lkizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb ], Kalantar-
Zadeh K, et al. Prevention and treatment of protein energy
wasting in chronic kidney disease patients: A consensus state-
ment by the International Society of Renal Nutrition and Me-
tabolism. Kidney Int 2013; 84(6): 1096-107.

Heng AE, Cano N. Nutritional problems in adult patients with
stage 5 chronic kidney disease on dialysis (both haemodialysis
and peritoneal dialysis). Clin Kidney J 2010; 3(2): 109-17.
Lopes AA, Bragg-Gresham L, Elder S|, Ginsberg N, Goodkin DA,
Pifer T, et al. Independent and joint associations of nutritional
status indicators with mortality risk among chronic hemodialy-
sis patients in the Dialysis Outcomes and Practice Patterns
Study (DOPPS). ] Ren Nutr 2010; 20(4): 224-34.

Mazairac AH, de Wit AG, Grooteman MP, Penne EL, van der We-
erd NC, van den Dorpel MA, et al. A composite score of pro-
tein-energy nutritional status predicts mortality in haemodialy-
sis patients no better than its individual components. Nephrol
Dial Transplant 2011; 26(6): 1962-7.

Clinical practice guidelines for nutrition in chronic renal fail-
ure. K/DOQI, National Kidney Foundation. Am ] Kidney
Dis 2000; 35(6 Suppl 2): S1-140.

Johansson L, Fougue D, Bellizzi 1/, Chanvean P, Kolko A, Molina P,
et al. As we grow old: nutritional considerations for older pa-
tients on dialysis. Nephrol Dial Transplant 2017; 32(7): 1127-36.
Hill NR, Fatoba ST, Oke JL, Hirst A, O’Callaghan CA, Lasserson
DS, et al. Global Prevalence of Chronic Kidney Disease: A
Systematic Review and Meta-Analysis. PLoS ONE 2016; 11(7):
¢0158765.

As’habi A, Tabibi H, Nozary-Heshmati B, Mabdavi-Mazdelh M,
Hedayati M. Comparison of various scoring methods for the
diagnosis of protein-energy wasting in hemodialysis patients.
Int Urol Nephrol 2014; 46(5): 999-1004.

Tapiawala S, V'ora H, Patel Z, Badpe S, Shalh B. Subjective global
assessment of nutritional status of patients with chronic renal
insufficiency and end stage renal disease on dialysis. ] Assoc
Physicians India 2006; 54: 923—6.

Fougue D, Kalantar-Zadeh K, Kopple |, Cano N, Chanvean P, Cup-
pari L, et al. A proposed nomenclature and diagnostic criteria
for protein-energy wasting in acute and chronic kidney disease.
Kidney Int 2008; 73(4): 391-8.

Tan R, Long |, Fang S, Mai H, Lu W, Lin Y, et al. Nutritional
Risk Screening in patients with chronic kidney disease. Asia
Pac J Clin Nutr 2016; 25(2): 249-56.

Kovesdy CP, Kopple ]D, Kalantar-Zadeh K. Management of pro-
tein-energy wasting in non-dialysis-dependent chronic kidney
disease: Reconciling low protein intake with nutrition therapy.
Am J Clin Nutr 2013; 97(6): 1163-77.

Carrero [, Stenvinkel P, Cuppari 1, 1kizler TA, Kalantar-Zadeh K,
Kaysen G, et al. Etiology of the Protein-Energy Wasting Syn-
drome in Chronic Kidney Disease: A Consensus Statement
From the International Society of Renal Nutrition andMetabo-
lism ISRNM). J Ren Nutr 2013; 23(2): 77-90.

Bonnani A, Mannucci I, Verzola D, Sofia A, Saffioti S, Gianetta E,
et al. Protein-energy wasting and mortality in chronic kidney
disease. Int ] Environ Res Public Health 2011; 8(11): 1631-54.
Locatelli F, Fougue D, Heimburger O, Drueke TB, Cannata-Andia
JB, Horl WH, et al. Nutritional status in dialysis patients: A
European consensus. Nephrol Dial Transplant 2002; 17(4):
563-72.

16.

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

CES

Therrien M, Bybam-Gray 1, Beto ]. A review of dietary intake
studies in maintenance dialysis patients. ] Ren Nutr 2015;
25(4): 329-38.

Mekki K, Remaoun M, Belleville |, Bouchenak M. Hemodialysis du-
ration impairs food intake and nutritional parameters in chron-
ic kidney disease patients. Int Urol Nephrol 2012; 44: 237—-44.
Kovesdy CP, Shinaberger CS, Kalantar-Zadeh K. Epidemiology of
dietary nutrient intake in ESRD. Semin Dial 2010; 23(4): 353-8.

. Johansson 1, Hickson M, Brown EA. Influence of psychosocial

factors on the energy and protein intake of older people on di-
alysis. ] Ren Nutr 2013; 23(5): 348-55.

Bossola M, Muscaritoli M, Tazza L, Ginngi S, Tortorelli A, Rossi
Fanelli F, et al. Malnutrition in hemodialysis patients: What
Therapy? Am ] Kidney Dis 2005; 46(3): 371-86.

Lopes AA, Elder S], Ginsberg N, Andrencei VE, Crug JM, Fukn-
hara S, et al. Lack of appetite in haemodialysis patients-
associations with patient characteristics, indicators of nutri-
tional status and outcomes in the international DOPPS. Neph-
rol Dial Transplant 2007; 22(12): 3538—46.

Akchurin OM, Kaskel F. Update on inflammation in chronic
kidney disease. Blood Purif 2015; 39(1-3): 84-92.

Stenvinkel P. Can treating persistent inflammation limit protein
energy wasting? Semin Dial 2013; 26(1): 16-9.

Pupim 1.B, Majchrzak KM, Flakoll PJ, Ikizler TA. Intradialytic
oral nutrition improves protein homeostasis in chronic hemo-
dialysis patients with deranged nutritional status. ] Am Soc
Nephrol 2006; 17(11): 3149-57.

Ikizler 1A, Pupim 1B, Brouillette |R, Levenhagen DK, Farmer K,
Hakim RM, et al. Hemodialysis stimulates muscle and whole
body protein loss and alters substrate oxidation. Am ] Physiol
Endocrinol Metab 2002; 282(1): E107-16.

Fougue D, Vennegoor M, ter Wee P, Wanner C, Basci A, Canand B,
et al. EBPG Guideline on nutrition. Nephrol Dial Transplant
2007; 22(Suppl 2): ii45-87.

Carrero ], Chen ], Kovesdy CP, Kalantar-Zadeh K. Critical appraisal
of biomarkers of dietary intake and nutritional status in pa-
tients undergoing dialysis. Semin Dial 2014; 27(6): 586-9.
lkizler T A. Using and interpreting serum albumin and
prealbumin as nutritional markers in patients on chronic dialy-
sis. Semin Dial 2014; 27(6): 590-2.

Carrero [], Avesani CM. Pros and cons of body mass index as a
nutritional and risk assessment tool in dialysis patients. Semin
Dial 2015; 28(1): 48-58.

World Health Organization. Joint WHO/FAO Expert Consulta-
tion on Diet Nutrition and the Prevention of Chronic Diseas-
es. Diet, Nutrition and the Prevention of Chronic Diseases:
Report of a Joint WHO/FAO Expert Consultation. Geneva,
Switzerland: World Health Organization; 2003.

Park ], Abmadi ST, Streja E, Molnar MZ, Flegal KM, Gillen D, et
al. Obesity Paradox in End-Stage Kidney Disease Patients.
Prog Cardiovasc Dis 2014; 56(4): 415-25.

Bross R, Noori N, Kovesdy CP, Murali $B, Benner D, Block G, et al.
Dietary assessment of individuals with chronic kidney disease.
Semin Dial 2010; 23(4): 359-64.

Steiber AL, Kalantar-Zadeh K, Secker D, McCarthy M, Sehgal A,
McCann 1. Subjective Global Assessment in chronic kidney
disease: A review. | Ren Nutr 2004; 14(4): 191-200.

Received on September 2, 2016.
Accepted on October 3, 2016.
Online November, 2016.

Radjen §, et al. Vojnosanit Pregl 2018; 75(4): 404-409.


https://www.ncbi.nlm.nih.gov/pubmed/25662331
https://www.ncbi.nlm.nih.gov/pubmed/25662331

