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Abstract (200 words)  11 

Purpose of review: Disease related malnutrition has complex and multifactorial 12 
pathophysiology.  It is common in patients with chronic kidney disease (CKD) and 13 
has a devastating impact on morbidity and mortality. Given the rising numbers of 14 
patients diagnosed with CKD, disease related malnutrition is an escalating clinical 15 
challenge. This review summarises current knowledge in relation to the 16 
development, screening and treatments for disease related malnutrition in CKD 17 

Recent findings: New research has identified other potential causes for the 18 
development of malnutrition in CKD, including changes in taste and smell, and 19 
effects of polypharmacy. Screening and assessment studies have investigated 20 
different tools in relation to the new GLIM criteria. Different modalities of low protein 21 
diets and the potential use of pre and probiotics is being explored. Furthermore, the 22 
importance of nutritional support, and possibly exercise during dialysis is being 23 
examined in terms of reducing anabolic resistance and catabolism. 24 

 25 
Summary: Further research is required to better understand the nuances of the 26 
pathophysiology of disease related malnutrition in CKD. This work should inform not 27 
only consistent terminology and the application of assessment tools specific to 28 
disease related malnutrition in CKD but also the development of novel interventions 29 
which reflect its multifaceted pathophysiology and impact.   30 
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Introduction 1 

Chronic kidney disease (CKD) has a substantial impact on global health. In 2017 2 
there were over 697 million cases of CKD worldwide. It resulted in 7.3 million years 3 
lived with disability (YLDs); 28.5 million years of life lost (YLLs), 35.8 million 4 
disability-adjusted life years (DALYs) and global mortality from CKD diagnoses was 5 
1.2 million (1). The number of deaths from CKD are expected to rise to between 2.2 6 
million – 4 million by 2040 (2). 7 

Nutritional status is paramount in CKD as nutritional deficiencies result in adverse 8 
outcomes including reduced functionality and reduced survival (3). Malnutrition is 9 
commonly defined as “a state resulting from lack of intake or uptake of nutrition that 10 
leads to altered body composition (decreased fat free mass) and body cell mass 11 
leading to diminished physical and mental function and impaired clinical outcome 12 
from disease” (4). Malnutrition can occur due to a number of causes including 13 
starvation, disease, muscle wasting due to immobility and ageing or social isolation, 14 
either as a single cause or in combination (5). Disease related malnutrition “is a 15 
complex syndrome resulting from inadequate intake of nutrients that does not fulfil 16 
the patient's physiological requirement and from a disease-related systemic 17 
inflammatory response” (5). 18 

There can be confusion in relation to terminology associated with malnutrition. Terms 19 
such as cachexia, age-related sarcopenia, and protein energy wasting have been 20 
used interchangeable within the literature alongside malnutrition (3,6). Difficulties in 21 
distinguishing between syndromes can be compounded by an overlap in commonly 22 
associated criterion (7). For example, muscle wasting which is a criterion for 23 
malnutrition is also a criterion in protein-energy wasting (PEW), cachexia and 24 
sarcopenia (6). Distinguishing between each syndrome is necessary to ensure the 25 
correct treatment approach. Of note, most recently progress has been made in 26 
relation to PEW and cachexia, where it has been indicated that PEW and cachexia 27 
are closely related, and that PEW corresponds to initial stages of a continuum that 28 
may progress to cachexia. It has also been suggested that the term ‘kidney disease 29 
cachexia’ might be adopted (3). While disease specific progress has been made in 30 
some syndromes, others such as sarcopenia, the most common parameter for which 31 
is low muscle strength (8), to date does not have a disease specific definition for 32 
individuals with CKD. 33 

Development of Malnutrition in CKD 34 

Many factors interplay increasing the risk of malnutrition and PEW in CKD. These 35 
include a range of metabolic and endocrine abnormalities which develop due to 36 
impaired kidney function. For example, reduced erythropoietin , vitamin D, carnitine, 37 
testosterone, and thyroid hormone (9); (10). Insulin resistance is common which leads 38 
to impaired suppression of muscle protein breakdown (e.g. after a meal); as is 39 
growth hormone resistance which leads to a reduction in anabolic potential (e.g. 40 
reduced hepatic insulin-like growth factor (IGF)-1 production) (10). There are also 41 
disturbances in adipocytokines such as leptin and ghrelin which may impact upon 42 
hypothalamic regulation of appetite (11). Uremic toxins are known to play a key role 43 
in the induction of anorexia (12). This impairment of appetite in patients has also 44 
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been associated with higher mortality (12). In particular, inflammation plays a major 1 
role in the development of the PEW syndrome (13). Due to the strong relationship 2 
between malnutrition and inflammation, the term ‘malnutrition inflammation complex’ 3 
was developed (14) Inflammatory cytokines have a powerful impact on hypothalamic 4 
control of appetite, causing anorexia, activating muscle protein breakdown and 5 
inhibiting muscle protein synthesis , and potentially stimulating hypermetabolism. 6 
They also indirectly impact nutritional status and muscle by causing insulin 7 
resistance, and suppression of anabolic hormone production, such as growth 8 
hormone, IGF-1 and androgens (13).  9 

Other factors believed to impact upon risk of malnutrition development in CKD 10 
includes impairment of the olfactory system and taste (15;16). Furthermore, 11 
polypharmacy has also been found to be a significant risk factor (17). Dialysis is also 12 
known to have a catabolic impact by increasing amino acid losses and has been 13 
linked to a reduction in appetite in patients on dialysis days (12). 14 

 15 

 16 

Prevalence and Screening/Assessment 17 

The assessment of malnutrition is well documented in CKD, with varying prevalence 18 
depending on screening and assessment modalities. This paper highlights some 19 
recent evidence in this regard. Macedo et al, investigated the prevalence of 20 
malnutrition (7p-SGA), pre-sarcopenia (low muscle strength or low muscle mass) 21 
and sarcopenia (low muscle strength and low muscle mass) in 170 older (> 60 years) 22 
HD patients in Brazil ((18). They found that in this group 35.3 were pre-sarcopenic, 23 
14.1 were sarcopenic, and 58.8% were malnourished. Additionally, in the group of 24 
patients who had both sarcopenia and malnutrition they had reduced markers of 25 
body composition and cellular health (e.g. bioelectrical impedance assessment (BIA) 26 
phase angle) and reduced survival.  27 

Kanda et al, investigated the relationship between ‘malnutrition inflammation 28 
complex’  (measured by low serum albumin and high C reactive protein (CRP)) and 29 
functional status  (measured by the composite of two activities of daily living 30 
questionnaires, Katz and Brody) in 5630 HD patients across several countries (19). 31 
They found that although prevalence varied there was a strong relationship with 32 
those who had a positive malnutrition inflammation complex and low functional 33 
status with mortality.  34 

The effects of comorbidities in CKD are another issue to consider with malnutrition 35 
risk. A recent Israeli study investigated 375 patients on HD with and without diabetes 36 
(20). They found that despite patients with diabetes having a higher BMI, they had a 37 
higher malnutrition risk predominantly due to reduced albumin (<38 mmol/L). They 38 
also found that CRP was higher numerically in diabetic patients and haemoglobin 39 
was significantly lower; and both CRP and haemoglobin predicted malnutrition risk.  40 

Other factors to consider include the relationship between malnutrition and 41 
inflammation in CKD and mental function and health. For example, a recent study 42 
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showed that the malnutrition inflammation complex score (MIS) was related to higher 1 
scores of depression and reduced cognitive function in 132 older adults (> 65 years) 2 
with CKD (21). Another study noted reduced health related quality of life scores with 3 
malnutrition in dialysis patients (119 HD and 31 PD) (22).  4 

Screening tools 5 

Of note there is a dearth of consensus regarding the use of screening tools in the 6 
diagnosis of malnutrition in CKD. It has been long understood that different 7 
screening tools will lead to differing prevalence. A recent study compared the use of 8 
the GLIM criteria for the assessment of malnutrition compared to 7p-SGA and MIS in 9 
HD patients (23). This study had two cohorts of patients (Italy, n=121 and Brazil, 10 
n=169). They found that the GLIM criteria had lower ‘fair’ agreement, sensitivity and 11 
accuracy compared to the 7p-SGA and MIS. Furthermore, another research group 12 
compared the use of four screening tools (MIS, OSND (objective score of nutrition on 13 
dialysis), GNRI (geriatric nutritional risk index) and NRI (nutritional risk index)) 14 
against the GLIM criteria (considering it as a ‘gold standard’) in 318 HD patients (24). 15 
They also performed multifrequency BIA measurements and calculated the BIA 16 
phase angle, fat free mass (FFM) and skeletal muscle mass (SMM). According to the 17 
GLIM criteria, 22.0% had severe malnutrition and 23.9% had moderate malnutrition. 18 
Those patients with malnutrition had significantly reduced anthropometric 19 
measurements (e.g. BMI; mid upper arm circumference (MUAC) and mid upper arm 20 
muscle circumference (MUAMC)); and BIA measurements (e.g. phase angle , fat 21 
mass index (FMI), FFM index (FFMI) and SMM index (SMMI)). Plasma albumin was 22 
significantly reduced and CRP significantly raised. GNRI was found to be the most 23 
sensitive score in identifying malnutrition diagnosed by GLIM criteria, but MIS was 24 
more specific and better in predicting the individual components of the GLIM criteria. 25 

In addition, a study by Hassanin et al (2021) (n= 98 HD patients) utilised the PG-26 
SGA as a reference standard and compared with use of the dialysis malnutrition 27 
score (DMS) (similar to the PG-SGA but has additional elements on dialysis history 28 
and subjective assessment of the loss of muscle and fat mass), and different cut off 29 
points for BMI (<23 kg/m2 (ISRNM) and 18.5 kg/m2 (ESPEN)) (25). They found that 30 
72.4% were diagnosed as having malnutrition by DMS which was very similar to the 31 
PG-SGA (71.4%). Use of BMI alone was not a reliable screening method in this 32 
population. Finally, an important recommendation from a recent ESPEN guideline 33 
paper is that body composition assessment should be undertaken in the diagnosis of 34 
malnutrition (26). 35 

 36 

 37 

 38 

 39 

 40 

Treatments 41 
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Research has identified that restriction of dietary protein may have a positive effect 1 
on preserving kidney function and possibly benefiting nutritional status in CKD 2 
patients. Studies have highlighted significant effects of low protein diets , shown to 3 
reduce proteinuria, metabolic acidosis, improve survival and reduce chances of 4 
needing dialysis (or delaying time to dialysis) (27). A recent study highlighted the 5 
effects of long term (8 years) dietary protein restriction (n=299 patients with CKD 6 
stage 4)) (28). They compared patients on a controlled protein diet (CPD) (0.8 7 
g/kg/day), a low protein diet  (0.6 g/kg/day) and unrestricted protein diet (UPD). 8 
Those in the CPD and low protein diets groups had preserved BMI and albumin 9 
compared to the UPD group. They also showed that survival was significantly 10 
different between the groups: UPD - 42.4 %, CPD - 64.1 % and low protein diet - 11 
74.4% at 70 months. Conversely, some studies have shown negative results, such 12 
as Hsu et al., 2021, who recruited 73 CKD stages 3-5 patients and asked patients to 13 
adopt a low protein diet (target 0.8 g/kg/d) (29). Only 34% of patients managed to 14 
adhere to the diet. There were 25 patients on a low protein diet (mean: 0.6+/-0.2 15 
g/kg/d) and 48 on a non-low protein diet (mean: 1.0+/-0.2 g/kg/d). Those on the low 16 
protein diet had reduced albumin, haemoglobin, leucine and physical function (6M 17 
walking speed test). The mean daily calorie intake was 22 ± 5 kcal/kg/day for the low 18 
protein diet group, with only 11 (15%) patients met the recommended daily calorie 19 
intake of 30–35 kcal/kg/day. This is an issue for further consideration as it is 20 
understood that energy intake is critical for maintaining protein anabolism (e.g. ATP 21 
for protein turnover), especially during low protein diet protocols. Therefore, the most 22 
important factor is to support healthy dietary changes which are energy sufficient 23 
through enhanced nutritional counselling. One Taiwanese study aimed to potentially 24 
solve this energy deficiency issue by trialling a low protein diet along with the use of 25 
a renal-specific oral nutritional supplement (ONS) (Abbott Suplena®/Nepro LP®) in 26 
35 stage 3b-5 CKD patients (30). After 6 months there were significant 27 
improvements in daily calorie intake (p < 0.001), body weight (p < 0.001) and 28 
handgrip strength (p = 0.036). 29 

Further to utilisation of a low protein diet, other methods for manipulating the 30 
generation of uremic toxins have been suggested, such as supplementation with pre- 31 
and pro-biotics. Thereby, manipulating GI tract microbiota and potentially reducing 32 
uremic toxin production. A recent study has begun trialling a combined use of a 33 
probiotics + low protein diet diet in CKD patients (31). A further small study (n=12) 34 
has investigated the use of Inulin in HD patients (32). Unfortunately, in this study 35 
there was no effect of Inulin on uremic toxins. More studies with larger participant 36 
groups will be needed to confirm or refute this hypothesis. 37 

Treatments specifically targeting the improvement of energy and protein intake have 38 
been researched in CKD (e.g. by oral supplementation and dietary/nutritional 39 
counselling). Some recent highlights include a study by Sahathevan et al,. which 40 
sought to investigate the effects of 6 month treatment with ONS, in addition to 41 
standard nutritional counselling  (33). They recruited 56 patients on HD with PEW 42 
diagnosis. The patients who took ONS received NovasourceTM Renal, Nestle which 43 
has 475 kcal and 21.7g protein per serving. Patients in the ONS group had improved 44 
muscle measurements (by ultrasound) in quadriceps muscle group (p <0.001), 45 
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increased dry weight (p = 0.039), mid-thigh girth (p = 0.004), serum prealbumin (p = 1 
0.005), normalized protein catabolic rate (p = 0.025), and dietary intakes (p < 0.001), 2 
along with lower malnutrition–inflammation score (MIS) (p = 0.041). Furthermore, the 3 
ONS group had a lower PEW prevalence (24% less from baseline). 4 

A recent Swiss multi-centre study highlighted that the response to nutritional support 5 
(e.g. ONS and/or enteral nutrition) is better in regards to reducing mortality in those 6 
hospitalised patients with reduced eGFR on admission (34). If oral intake and 7 
supplementation is not sufficient to meet protein-energy demands, then enteral and 8 
parenteral nutrition should be considered for hospitalised patients and this has been 9 
recently outlined in an ESPEN guideline paper (26).  10 

Another important consideration includes the incorporation of protein intake around 11 
the dialysis time period. Dialysis is a catabolic process which increases losses of 12 
amino acids in the dialysate (~15g), stimulates muscle protein breakdown and 13 
impairs muscle protein synthesis (causes anabolic resistance) (35)(36). This is 14 
complicated further by the issue that many patients are typically older and physically 15 
inactive, which further impairs muscle protein synthesis (35). Therefore, it has been 16 
suggested that enhancing protein intake around dialysis may have a positive effect. 17 
This also may work synergistically with exercise interventions, although more 18 
research is needed. A recent study showed that protein ingestion (40 g dose of milk 19 
protein concentrate) during HD sessions compensated for the reductions in amino 20 
acids (AA) during dialysis (AA removal) (37). They also additionally performed 21 
exercise sessions (dialysis cycle ergometer) and showed that exercise did not have 22 
a negative effect on reducing plasma AA. A further review article by Hendriks et al, 23 
discusses detailed strategies to improve nutritional status in HD patients using 24 
protein intake, such as during dialysis (38). A further interesting concept discussed 25 
includes the use of pre-sleep protein intake to further encourage muscle protein 26 
anabolism during sleep. Mouillot et al, 2021 showed that HD sessions increase the 27 
wanting and spontaneous intake of protein foods, which correlated with decreases in 28 
plasma amino acids (39). 29 

Drug treatments 30 

Specific drug treatments suggested for CKD malnutrition-wasting include growth 31 
hormone administration (40). Growth hormone has a potent protein-anabolic effect 32 
via directly affecting growth hormone receptors in muscle and indirectly via hepatic 33 
IGF-1. Some studies indicate that growth hormone is useful in CKD promoting fat 34 
free mass accretion. The research is still underway and needs further exploration. 35 
Thyroid hormone supplementation in patients with hypothyroidism may also be 36 
beneficial. For example, Deng et al, showed that by correcting hypothyroidism in 37 
CKD patients there were noticeable significant improvements in albumin, 38 
haemoglobin and handgrip strength (41). Appetite stimulants such as Megestrol 39 
Acetate could be a possible treatment as studies have shown use in CKD patients 40 
improves appetite, food intake, body weight and serum albumin (12). Other potential 41 
agents which may have anabolic and/or anti-catabolic actions in CKD include vitamin 42 
D and androgenic anabolic steroids, such as testosterone or nandrolone (42). 43 
Myostatin inhibitors (e.g. antibodies), selective androgen receptor modulators 44 
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(SARMS) and other drugs such as ghrelin mimetics should be considered for future 1 
human clinical trials in CKD (42;12). Figure 1 highlights some of these potential 2 
treatment modalities for disease related malnutrition in CKD, discussed in this paper. 3 

 INSERT FIGURE HERE 4 

 5 

 6 

Figure 1. Schematic diagram highlighting potential treatment modalities for 7 
DRM in CKD. (+) indicates positive effects, (-) indicates negative effects, (?) 8 
indicates unknown at present. First, a low protein diet may be useful in patients not 9 
on dialysis in reducing uremic toxin production and improving nutritional status-10 
however, they need to be well planned and sufficient in energy intake. Energy and 11 
protein supplementation has positive effects and may also be useful during dialysis 12 
in an effort to reduce catabolism and overcome anabolic resistance. Further, 13 
exercise may also have beneficial effects e.g. on muscle protein synthesis and be a 14 
consideration during dialysis (potential synergy with nutrition-to be confirmed). 15 
Manipulation of the gut microbiome with pre-/pre- biotics may also be helpful in 16 
reducing uremic toxin production-however, research is still in its infancy in this field. 17 
Finally, a range of anabolic and anti-catabolic drugs and medications may have 18 
beneficial effects on nutritional status, such as growth hormone (GH) and thyroid 19 
hormone (T3/T4).  20 

 21 

 22 

 23 

Key points: 24 
1) Disease related malnutrition “is a complex syndrome resulting from inadequate 25 
intake of nutrients that does not fulfil the patient's physiological requirement and from 26 
a disease-related systemic inflammatory response”(5) 27 

2) There is a dearth of consensus regarding the use of screening tools in the 28 
diagnosis of malnutrition in CKD. 29 

3) Low protein diets which are carefully developed and monitored ensuring sufficient 30 
energy intake maybe useful in reducing CKD associated malnutrition, alongside the 31 
use of specific supplements such as probiotics. 32 

4) Specific considerations around nutritional supplementation (e.g. protein) and 33 
exercise during dialysis in an effort to reduce anabolic resistance and catabolism is 34 
an interesting area that requires further research.   35 

5) Further research is required to develop and test the effectiveness of interventions 36 
which reflect the multifaceted pathophysiology and impact of disease related 37 
malnutrition on chronic kidney disease.   38 
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 3 

Conclusion 4 

CKD is a rising global health burden. Disease related malnutrition in CKD is common 5 
with devastating outcomes. It is therefore vital to prioritise the development of a 6 
comprehensive pathway of care including assessment and management strategies 7 
that are aimed at improving morbidity and mortality in these patients. To inform such 8 
evidence-based healthcare additional research is urgently required in relation to the 9 
utility of screening tools such as the GLIM criteria. For example: to determine if 10 
disease specific cut offs for important factors such as inflammation are required; and 11 
to reach consensus on the most appropriate screening tool(s) for clinical 12 
application.  In relation to treatment modalities, sufficiently powered studies testing 13 
interventions which reflect the complexity of the pathophysiology of disease related 14 
malnutrition in CKD, such as multi-modal interventions (43) to aid the development of 15 
standardised treatments for these patients is required. The significant morbidity and 16 
mortality associated with disease related malnutrition in CKD underscores the 17 
importance of progressing this work.  18 

 19 

 20 

 21 

References 22 

Papers of particular interest have been highlighted as: 23 

*Special–24, 26 38 24 

**Outstanding– 37 25 

 26 

1.  Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, et al. Global, regional, and 27 
national burden of chronic kidney disease, 1990–2017: a systematic analysis for the Global 28 
Burden of Disease Study 2017. The Lancet [Internet]. 2020 Feb 29 [cited 2022 Jan 29 
19];395(10225):709–33. Available from: 30 
http://www.thelancet.com/article/S0140673620300453/fulltext 31 

2.  Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et al. Forecasting 32 
life expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of 33 
death: reference and alternative scenarios for 2016–40 for 195 countries and territories. The 34 
Lancet [Internet]. 2018 Nov 10 [cited 2022 Jan 19];392(10159):2052–90. Available from: 35 
http://www.thelancet.com/article/S0140673618316945/fulltext 36 

3.  Koppe L, Fouque D, Kalantar-Zadeh K. Kidney cachexia or protein-energy wasting in chronic 37 
kidney disease: facts and numbers. Journal of cachexia, sarcopenia and muscle [Internet]. 38 
2019 Jun 1 [cited 2022 Jan 19];10(3):479–84. Available from: 39 
https://pubmed.ncbi.nlm.nih.gov/30977979/ 40 



9 
 

4.  Cederholm T, Bosaeus I, Barazzoni R, Bauer J, van Gossum A, Klek S, et al. Diagnostic criteria 1 
for malnutrition – An ESPEN Consensus Statement. Clinical Nutrition. 2015 Jun 1;34(3):335–2 
40.  3 

5.  Schuetz P, Seres D, Lobo DN, Gomes F, Kaegi-Braun N, Stanga Z. Management of disease-4 
related malnutrition for patients being treated in hospital. The Lancet [Internet]. 2021 Nov 20 5 
[cited 2022 Jan 19];398(10314):1927–38. Available from: 6 
http://www.thelancet.com/article/S0140673621014513/fulltext 7 

6.  Reid J, Noble HR, Slee A, Davenport A, Farrington K, Fouque D, et al. Distinguishing Between 8 
Cachexia, Sarcopenia and Protein Energy Wasting in End-Stage Renal Disease Patients on 9 
Dialysis. Palliative Medicine and Hospice Care - Open Journal. 2016 Nov 29;2(2):e11–3.  10 

7.  Slee AD, Reid J. Wasting in Chronic Kidney Disease – a Complex Issue. JCSM Clinical Reports. 11 
2018;3(2). doi.org/10.17987/jcsm-cr.v3i2.63 12 

8.  Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: revised 13 
European consensus on definition and diagnosis. Age and ageing [Internet]. 2019 Jan 1 [cited 14 
2022 Jan 19];48(1):16–31. Available from: https://pubmed.ncbi.nlm.nih.gov/30312372/ 15 

9.  Mahmoud T, Borgi L. The Interplay Between Nutrition, Metabolic, and Endocrine Disorders in 16 
Chronic Kidney Disease. Seminars in Nephrology. 2021. 41(2):180-188.10.  Sumida K, 17 
Kovesdy CP. Causes and treatment of protein-energy wasting in kidney disease. Nutritional 18 
Management of Renal Disease. 2022 Jan 1;191–206.  19 

11.  Slee AD. Exploring metabolic dysfunction in chronic kidney disease. Nutrition & metabolism 20 
[Internet]. 2012 [cited 2022 Jan 19];9(1). Available from: 21 
https://pubmed.ncbi.nlm.nih.gov/22537670/ 22 

12.  Carrero JJ, González-Ortiz A. Anorexia and appetite stimulants in chronic kidney disease. 23 
Nutritional Management of Renal Disease. 2022 Jan 1;893–906.  24 

13.  Carrero JJ, Kistler B, Stenvinkel P. Inflammation in chronic kidney disease. Nutritional 25 
Management of Renal Disease. 2022 Jan 1;91–105.  26 

14.  Kalantar-Zadeh K, Ikizler TA, Block G, Avram MM, Kopple JD. Malnutrition-inflammation 27 
complex syndrome in dialysis patients: causes and consequences. American Journal of Kidney 28 
Diseases. 2003 Nov 1;42(5):864–81.  29 

15.  Robles-Osorio ML, Corona R, Morales T, Sabath E. Chronic kidney disease and the olfactory 30 
system. Nefrologia. 2020. 40(2):120-125 31 

16.  Dawson J, Brennan FP, Hoffman A, Josland E, Li KC, Smyth A, et al. Prevalence of Taste 32 
Changes and Association with Other Nutrition-Related Symptoms in End-Stage Kidney 33 
Disease Patients. Journal of Renal Nutrition. 2021; 31(1):80-84. 34 

17.  Dahl H, Sandblost SRT, Welland NL, Sandnes K, Sekse I, Sæle K, et al. Medication Prescription, 35 
Common Side-effects, and Nutritional Status are Associated in Patients With Chronic Kidney 36 
Disease. Journal of Renal Nutrition. 2021; Nov 20:S1051-2276(21)00274-0. doi: 37 
10.1053/j.jrn.2021.10.008. Epub ahead of print. PMID: 34922813. 38 

18.  Macedo C, Amaral TF, Rodrigues J, Santin F, Avesani CM. Malnutrition and Sarcopenia 39 
Combined Increases the Risk for Mortality in Older Adults on Hemodialysis. Frontiers in 40 
Nutrition. 2021; 8: 721941 doi: 10.3389/fnut.2021.721941. 19.  Kanda E, Lopes MB, Tsuruya 41 



10 
 

K, Hirakata H, Iseki K, Karaboyas A, et al. The combination of malnutrition-inflammation and 1 
functional status limitations is associated with mortality in hemodialysis patients. Scientific 2 
Reports. 2021; 11(1):1582. doi: 10.1038/s41598-020-80716-0. 3 

20.  Boaz M, Azoulay O, Kaufman-Shriqui V, Weinstein T. Status of Nutrition In Hemodialysis 4 
Patients Survey (SNIPS): Malnutrition risk by diabetes status. Diabetic Medicine. 2021;38(6). 5 
DOI: 10.1111/dme.14543 6 

21.  Guenzani D, Buoli M, Caldiroli L, Carnevali GS, Serati M, Vezza C, et al. Malnutrition and 7 
inflammation are associated with severity of depressive and cognitive symptoms of old 8 
patients affected by chronic kidney disease. Journal of Psychosomatic Research. 2019;124. 9 
doi: 10.1016/j.jpsychores.2019.109783 10 

22.  Viramontes-Hörner D, Pittman Z, Selby NM, Taal MW. Impact of malnutrition on health-11 
related quality of life in persons receiving dialysis: a prospective study. The British journal of 12 
nutrition [Internet]. 2021 [cited 2022 Jan 19]; Available from: 13 
https://pubmed.ncbi.nlm.nih.gov/34218825/ 14 

23.  Avesani CM, Sabatino A, Guerra A, Rodrigues J, Carrero JJ, Rossi GM, et al. A Comparative 15 
Analysis of Nutritional Assessment Using Global Leadership Initiative on Malnutrition Versus 16 
Subjective Global Assessment and Malnutrition Inflammation Score in Maintenance 17 
Hemodialysis Patients. Journal of Renal Nutrition. 2021; 27:S1051-2276(21)00172-2. doi: 18 
10.1053/j.jrn.2021.06.008.24.*  Cohen-Cesla T, Azar A, Hamad RA, Shapiro G, Stav K, Efrati S, 19 
et al. Usual nutritional scores have acceptable sensitivity and specificity for diagnosing 20 
malnutrition compared to GLIM criteria in hemodialysis patients. Nutrition Research. 2021; 21 
92:129-138 22 

             This paper reports a prospective observational study comparing the concurrent validity of 23 
four nutritional scores against the GLIM criteria for malnutrition in 318 24 
maintenance hemodialysis patients.  25 

25.  Hassanin IA, Hassanein H, Elmenshawy P, El-Gameel D, Elsheikh AA, El-Kobrosly A, et al. 26 
Malnutrition score and Body Mass Index as nutritional screening tools for hemodialysis 27 
patients. Clinical Nutrition ESPEN. 2021; :403-406. 28 

26.* Fiaccadori E, Sabatino A, Barazzoni R, Carrero JJ, Cupisti A, de Waele E, et al. ESPEN guideline 29 
on clinical nutrition in hospitalized patients with acute or chronic kidney disease. Clinical 30 
nutrition (Edinburgh, Scotland) [Internet]. 2021 Apr 1 [cited 2022 Jan 23];40(4):1644–68. 31 
Available from: https://pubmed.ncbi.nlm.nih.gov/33640205/ 32 

This paper presents a guideline aimed at improving evidence-based recommendations for 33 
clinical nutrition for hospitalised patients with acute or chronic kidney disease. 34 

27.Fouque D. Dietary interventions to slow the progression of chronic kidney disease and improve 35 
metabolic control of uremia. Nutritional Management of Renal Disease. 2022 Jan 1;249–70.  36 

28.  Baragetti I, de Simone I, Biazzi C, Buzzi L, Ferrario F, Luise MC, et al. The low-protein diet for 37 
chronic kidney disease: 8 years of clinical experience in a nephrology ward. Clinical Kidney 38 
Journal. 2019;13(2) :253-260. 39 

29.  Hsu HJ, Yen CH, Wu IW, Liu MH, Cheng HY, Lin YT, et al. The association between low protein 40 
diet and body composition, muscle function, inflammation, and amino acid-based metabolic 41 



11 
 

profile in chronic kidney disease stage 3–5 patients. Clinical Nutrition ESPEN. 2021 ;46:405-1 
415. 2 

30.  Kelly OJ, Huang M-C, Liao H-Y, Lin C-C, Tung T-Y, Cheng RW-Y, et al. A Low-Protein Diet with a 3 
Renal-Specific Oral Nutrition Supplement Helps Maintain Nutritional Status in Patients with 4 
Advanced Chronic Kidney Disease. Journal of Personalized Medicine [Internet]. 2021 Dec 14 5 
[cited 2022 Jan 20];11(12):1360. Available from: /pmc/articles/PMC8706348/ 6 

31.  de Mauri A, Carrera D, Bagnati M, Rolla R, Chiarinotti D, Mogna L, et al. Probiotics-addicted 7 
low-protein diet for microbiota modulation in patients with advanced chronic kidney disease 8 
(ProLowCKD): A protocol of placebo-controlled randomized trial. Journal of Functional Foods. 9 
2020;74. doi.org/10.1016/j.jff.2020.104133. 10 

32.  Biruete A, Cross TWL, Allen JM, Kistler BM, de Loor H, Evenepoel P, et al. Effect of Dietary 11 
Inulin Supplementation on the Gut Microbiota Composition and Derived Metabolites of 12 
Individuals Undergoing Hemodialysis: A Pilot Study. Journal of Renal Nutrition. 2021 Sep 13 
1;31(5):512–22.  14 

33.  Sahathevan S, Karupaiah T, Khor B-H, Sadu Singh BK, Mat Daud ZA, Fiaccadori E, et al. Muscle 15 
Status Response to Oral Nutritional Supplementation in Hemodialysis Patients With Protein 16 
Energy Wasting: A Multi-Center Randomized, Open Label-Controlled Trial. Frontiers in 17 
Nutrition [Internet]. 2021 Dec 10 [cited 2022 Jan 19];0:978. Available from: 18 
https://www.frontiersin.org/articles/10.3389/fnut.2021.743324/full 19 

34.  Bargetzi A, Emmenegger N, Wildisen S, Nickler M, Bargetzi L, Hersberger L, et al. Admission 20 
kidney function is a strong predictor for the response to nutritional support in patients at 21 
nutritional risk. Clinical Nutrition. 2021;40(5) :2762-2771. 22 

35.  Garibotto G, Saio M, Aimasso F, Russo E, Picciotto D, Viazzi F, et al. How to Overcome 23 
Anabolic Resistance in Dialysis-Treated Patients? Vol. 8, Frontiers in Nutrition. 24 
2021. doi: 10.3389/fnut.2021.701386. 25 

36.  Paulussen KJM, McKenna CF, Beals JW, Wilund KR, Salvador AF, Burd NA. Anabolic Resistance 26 
of Muscle Protein Turnover Comes in Various Shapes and Sizes.  Frontiers in Nutrition. 2021. 27 
8: 615849 28 

37.**  Hendriks FK, Smeets JSJ, van Kranenburg JMX, Broers NJH, van der Sande FM, Verdijk LB, et 29 
al. Amino acid removal during hemodialysis can be compensated for by protein ingestion and 30 
is not compromised by intradialytic exercise: a randomized controlled crossover trial. The 31 
American Journal of Clinical Nutrition. 2021 ;114(6):2074-2083. 32 

 This novel paper reports a study which evaluated the impact of intradialytic protein intake 33 
and exercise in patients with end stage renal disease. 34 

38.*  Hendriks FK, Kooman JP, van Loon LJC. Dietary protein interventions to improve nutritional 35 
status in end-stage renal disease patients undergoing hemodialysis. Current opinion in clinical 36 
nutrition and metabolic care. 2021;24(1):79-87 37 

             This review reports findings in relation to the underlying causes of muscle loss and muscle 38 
mass maintenance interventions in patients who have end stage renal disease receiving 39 
haemodialysis.   40 



12 
 

39.  Mouillot T, Filancia A, Boirie Y, Brindisi MC, Hafnaoui N, van Wymelbeke V, et al. Hemodialysis 1 
Affects Wanting and Spontaneous Intake of Protein-Rich Foods in Chronic Kidney Disease 2 
Patients. Journal of renal nutrition : the official journal of the Council on Renal Nutrition of 3 
the National Kidney Foundation [Internet]. 2021 Mar 1 [cited 2022 Jan 19];31(2):164–76. 4 
Available from: https://pubmed.ncbi.nlm.nih.gov/32723525/ 5 

40.  Oliveira EA, Carter CE, Mak RH. The Role of Growth Hormone in Chronic Kidney 6 
Disease. Vol. 41, Seminars in Nephrology. 2021; 41(2):144-155. 7 

  8 

41.  Deng X, Tang C, Wu J, Han R, Fang F. Changes of nutritional status and the variations of serum 9 
indicators of patients with chronic kidney disease accompanied by hypothyroidism taking 10 
thyroid hormone replacement therapy as the therapeutic models. Saudi Journal of Biological 11 
Sciences. 2019; 26(8):2091-2095. 12 

42.  Chiang JM, Johansen K. Anabolic and anticatabolic agents in kidney disease and kidney 13 
failure. Nutritional Management of Renal Disease. 2022 Jan 1;971–89.  14 

43.  McKeaveney C, Maxwell P, Noble H, Reid J. A Critical Review of Multimodal Interventions for 15 
Cachexia. Advances in nutrition (Bethesda, Md) [Internet]. 2021 Mar 1 [cited 2022 Jan 16 
19];12(2):523–32. Available from: https://pubmed.ncbi.nlm.nih.gov/32970097/ 17 

  18 




