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Abstract

Lowering dietary protein intake (DPI) to approximately 0.6–0.8 g/kgBW/day may be 

renoprotective through various mechanisms, and it has been recommended in patients with non-

dialysis dependent chronic kidney disease (NDD-CKD) as a means to also control various 

metabolic consequences of advanced CKD, such as uremic symptoms, hyperparathyroidism, 

hypertension, hyperkalemia and hyperphosphatemia. A meta-analysis in this issue of the Journal 
suggests that low protein diet is effective and safe when used to retard progression of CKD and 

alleviate uremic complications. A potential deleterious consequence of lowering DPI in this 

population is the development or worsening of protein-energy wasting (PEW), which can 

contribute to poor clinical outcomes such as higher mortality and morbidity. There is currently 

insufficient high-level evidence to determine the ideal level of DPI in patients with NDD-CKD 

with risk of PEW. Some have recommended a slightly higher DPI of up to 1 g/kgBW/day as a 

compromise. Further examination of this dilemma in randomized controlled clinical trials will be 

necessary.
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INTRODUCTION

Nutritional management in NDD-CKD is implemented with the aim of achieving triple 

goals, namely the need to reconcile treatment and prevention of protein-energy wasting 

(PEW) with the amelioration of progression of CKD and also to mitigate uremia and its 
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related morbidities. The cornerstone of nutritional management in NDD-CKD is 

manipulation of the amount of dietary protein intake (DPI). The effect of various levels of 

DPI on kidney function and progression of CKD has been studied in multiple clinical trials, 

but not in the context of coexisting PEW, while the fear of PEW is often mentioned as a 

reason to avoid restricted diet [1].

In this commentary article for the new meta-analyses by Jiang et al [2] on the effect of 

restricted protein diet supplemented with keto-analogues, we provide a summary of the 

nutritional needs of patients with NDD-CKD, the pathophysiology of PEW in NDD-CKD, 

the effects of DPI on kidney function and CKD progression, and of the nutritional treatment 

strategies towards optimizing outcomes in NDD-CKD.

DIETARY PROTEIN INTAKE REQUIREMENTS IN CKD

Adult CKD patients without an acute illness have dietary protein requirements similar to 

normal healthy individuals, which is about 0.6 g/kgBW/day. Current recommendations from 

FAO/WHO and the Food and Nutrition Board of the National Academy of Sciences are 30% 

above this level to offer a safety margin, i.e., a DPI of 0.8 g/kgBW/day in normal adults [3]. 

Indeed 0.6–0.8 g/kgBW/day is identical to what is referred to as “low protein diet” 

recommended in patients with NDD-CKD [4]. This apparent misnomer is due to the fact that 

the average DPI in the general Western population is significantly higher (e.g. approximately 

1.0–1.3 g/kgBW/day in US adults [5]). The actual recommended DPI in NDD-CKD might 

vary depending on individual patient characteristics: higher DPI may be required in elderly 

patients [6], and those who are acutely ill, catabolic or suffering from PEW [6–8]. While 

there is in general agreement that patients with PEW and NDD-CKD should be allowed a 

higher DPI temporarily, there is no clear understanding of what the exact amount of this 

should be. A recent consensus statement from the International Society of Renal Nutrition 

and Metabolism (ISRNM) suggests a DPI of 1 g/kgBW/day in such patients [7], while 

others suggest to maintain LPD of 0.6–0.8 but to supplement it with keto-analogues or 

essential amino acids [9]. In addition to adequate DPI, there should also be adequate dietary 

energy provision of 30–35 Cal/kg/BW/day.

An oft cited concern of low protein diet interventions is the risk of PEW. The mechanisms 

underlying the development of PEW in NDD-CKD are complex (Figure 1) with both 

anorexia and enhanced protein catabolism playing distinct roles. The pathophysiology of 

PEW in CKD involves a combination of factors such as increases in anorexigenic hormones, 

activation of pro-inflammatory cytokines, enhanced activity of catabolic hormones, 

decreased levels or resistance to anabolic hormones, metabolic acidemia, vitamin D 

deficiency and abnormal glucose and insulin homeostasis [10]. However, it has never been 

shown whether prescribed LPD can cause PEW. Indeed in the Modification of Diet in Renal 

Disease (MDRD) study only two out of several hundred participants discontinued the LPD 

because of signs of PEW [11;12].
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LOW PROTEIN DIET IN CKD

Excess DPI, along with higher intake of sodium, phosphorus and potassium can lead to 

undesirable effects in NDD-CKD, such as the uremic syndrome, oxidative stress, altered 

endothelial function, reduced nitric oxide production, metabolic acidosis and insulin 

resistance [13]. Reducing DPI has been advocated to alleviate these effects, and can result in 

control of hyperparathyroidism, acidosis, hyperphosphatemia and hyperkalemia, reduction 

of proteinuria, and slower loss of kidney function [14]. The MDRD study was a large 

randomized controlled clinical trial that examined the effects of various levels of low protein 

diet with and without keto-analogue supplementation on the progression of CKD and some 

additional outcomes such as blood pressure. The main findings of the MDRD study was 

reported negative [11], but this may have been the consequence of an abrupt drop in GFR 

from initiation of protein restriction in the first several weeks, and when accounting for this 

effect in a secondary analysis, patients who were prescribed protein restriction experienced 

significantly improved outcomes [12].

Before and after the MDRD study several smaller clinical trials were conducted to examine 

renoprotection with various types of low DPI interventions. Some meta-analyses of such 

clinical trials confirmed a benefit towards renoprotection, and also benefits towards 

controlling hyperparathyroidism, hypertension, acidosis and hyperphosphatemia, while 

avoiding deleterious effects such as PEW [2;15;16] including by Jiang et al in this issue of 

the Journal (see below). However, a meta-analysis of trials performed in diabetic 

nephropathy patients could not find a significant benefit from low protein diet [17]. The 

reason for this may be the different pathophysiology of diabetic nephropathy, or the higher 

proportion of renin-angiotensin-aldosterone inhibitor use in this population, which could 

offset the glomerular effects of high protein intake. Due to such inconsistencies and the 

overall weaker level of evidence, prevailing guidelines have put forth DPI reduction to 0.6–

0.8 g/kg/day as a “weak recommendation”, and not primarily for renoprotection, but for the 

other numerous benefits associated with it, e.g. reduction of uremic symptoms and better 

metabolic control [8].

In this issue of the Journal, Jiang et al have presented their most recent meta-analysis of 9 

selected studies including 7 randomized control trials, one cross-over trial and one non-

randomized concurrent control trial and examined collective changes in eGFR, nutritional 

markers (BMI, lean body mass and mid-arm muscle circumference), and serum levels of 

relevant measures (urea, creatinine, albumin, PTH, minerals, and lipids) and reported that 

compared with normal protein diet, the low protein diet (LPD) or very low protein diet 

supplemented with keto-analogues (sVLPD) slowed effectively the drop in eGFR over time 

(p<0.001). They also reported some favorable effects on correction of secondary 

hyperparathyroidism, hypertension and hyperphosphatemia. While they reported no 

differences in serum creatinine, albumin, lipids, or anemia or nutritional markers, serum urea 

was 14.25 mg/dl lower in the LPD group (95% CI: 28.79 to 0.30 mg/dL, p=0.05). Hence, 

this meta-analysis adds to the pool of evidence that LPD is effective in the management of 

CKD without compromising safety and without causing PEW. Nevertheless, a relevant 

question for this day and age of conservative management of advanced CKD has remained 

open as to whether LPD can control uremia to allow late start or complete postponing of 
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dialysis transition. Given the borderline significant drop in serum urea in the LPD group, we 

believe that this is implied by this meta-analysis.

RISKS OF DPI MODIFICATION IN CKD

Notwithstanding the putative benefits of low protein diet on progression of CKD and on 

uremic signs and symptoms, an overzealous and dogmatic approach to protein restriction 

could be deleterious, considering that the nutritional needs of some individuals may 

occasionally differ from those established in guidelines. One potential cause of PEW is 

decreased DPI [18;19]; adequate DPI is essential towards maintaining one’s health and well-

being, and therapeutic restriction of DPI to pre-defined targets and without considering 

individual nutritional needs runs the risk of unintended adverse consequences. There was no 

increase in mortality or hospitalization rates in MDRD, and serum levels of albumin were 

stable throughout the duration of the trial. However, other nutritional parameters such as 

body weight and muscle mass declined in patients who received supplemented very low 

protein intake [11;20]. Furthermore, there was higher mortality in patients randomized to the 

supplemented very low protein diet (targeting 0.3 g/kgBW/day) in a post hoc analysis [21].

As mentioned above, certain groups of patients such as the elderly, the acutely ill, or those 

with established PEW [6–8] may require a DPI that is temporarily higher than the generally 

recommended low protein diet. It is important that such manipulations in DPI are achieved 

under close scrutiny to avoid deleterious consequences of increased protein intake, such as 

increased uremic symptoms or worsening of CKD [22–24]. This can be achieved through 

dietary counseling and periodic monitoring; when counseling is unsuccessful, 

supplementation with formulations containing high biological value proteins or their 

equivalents provides additional therapeutic options, with the additional benefit of easier 

control over the biologic value of ingested proteins, the amount of energy intake, and 

restriction of sodium, potassium and phosphorus intake. Protein, amino-acid or keto-acid 

supplementation is effective in improving PEW irrespective of its etiology [25], but it 

remains unclear whether or not such supplementations can also lead to better clinical 

outcomes, such as improved survival or lower CKD progression rate. Dialysis patients 

receiving oral and parenteral nutritional supplements have experienced greater survival in 

observational studies or secondary analyses of clinical trials [26–28], but these findings have 

yet to be replicated in prospective randomized controlled trials, and in particularly in NDD-

CKD.

Patients with PEW who develop adverse effects from higher DPI in spite of efforts to 

prevent this, could represent a difficult therapeutic dilemma. Such patients may require 

alternative measures, such as correction of acidemia [29–33], prevention of the absorption of 

toxic compounds derived from protein metabolism (such as phosphorus, potassium, indoles, 

phenols, cresol, urea, guanidines and middle molecules) [34;35], or initiation of renal 

replacement therapy.
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CONCLUSIONS

Lowering DPI to approximately 0.6–0.8 g/kgBW/day in patients with NDD-CKD is 

considered renoprotective, with recent evidence suggesting that its implementation in stable, 

non-catabolic patients can be effective and safe [2]. Low protein intake may mitigate uremic 

symptoms and allow conservative management of advanced CKD without the need to 

transition to dialysis. However, many NDD-CKD patients suffer from PEW, and its 

treatment requires (among others) the provision of proper amounts of DPI [25]. Since 

uncontrolled high protein intake can have multiple deleterious consequences, dietary 

interventions for PEW must balance adequate DPI with avoiding adverse effects of high 

protein intake, such as worsened progression of CKD. This therapeutic dilemma can be 

resolved with careful attention to not only the quantity, but also the quality of ingested 

proteins, the provision of proper energy intake, the use of alternative renoprotective 

strategies such as inhibitors of the renin-angiotensin-aldosterone system and correction of 

metabolic acidemia, supplementing protein in the diet with essential nutrients or using 

supplements that are specifically designed for CKD patients [36], and by individualizing the 

amount of protein intake according to specific patient characteristics such as age or 

individual response to dietary interventions. Patients with PEW may temporarily require 

higher amounts of DPI in the range of 1 g/kg/day. The efficacy and safety of these strategies 

will need to be tested in clinical trials.
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Figure 1. 
Mechanisms leading to protein-energy wasting in patients with chronic kidney disease.

Adapted from Kovesdy et al., Am J Clin Nutr 2013;97:1163–77.
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