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LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025
KDOQI Clinical Practice Guidelines for Nutrition in Chronic Kidney Disease: 2020 Update, AJKD 2020.
ISRNM Commentary on the NKF and AND KDOQI Clinical Practice Guideline for Nutrition in CKD, JReN 2020. @2025 K. Kalantar-Zadeh

The NKF KDOQI Guidelines (2020)

Guideline 3.0: Statements on Protein Amount 
Protein Restriction, Non-Dialysis & Without Diabetes 
3.0.1 In adults with CKD 3-5 who are metabolically stable, we recommend under close clinical 
supervision, protein restriction with or without keto acid analogs, to reduce risk for ESRD/death 
(1A) and improve QoL (2C). 
● A low protein diet providing 0.55 to 0.60 g dietary protein/kg body weight/day, OR 
● A very-low protein diet providing 0.28 to 0.43 g dietary protein/kg body weight/day with 
additional keto acid analogs to meet protein requirements (0.55 to 0.60 g /kg body weight/day) 

Dietary Protein Intake, Non-Dialysis & With Diabetes
3.0.2 In the adult with CKD 3-5 and who has diabetes, it is reasonable to prescribe, under close 
clinical supervision, a dietary protein intake of 0.6 to 0.8 g /kg body weight per day to maintain a 
stable nutritional status and optimize glycemic control (OPINION).

KDOQI Clinical Practice Guidelines for Nutrition in Chronic Kidney Disease: 2020 Update. AJKD 2020.
ISRNM Commentary on the NKF and AND KDOQI Clinical Practice Guideline for Nutrition in CKD. JReN 2020. @2025 K. Kalantar-Zadeh

The KDIGO CKD Guidelines (2024)
Practice Point 3.3.1: Advise people with CKD to adopt healthy and diverse diets with a higher consumption of 
plant-based foods compared to animal-based foods and a lower consumption of ultraprocessed foods.
Practice Point 3.3.2: Use renal dietitians or accredited nutrition providers to educate people with CKD about 
dietary adaptations regarding sodium, phosphorus, potassium, and protein intake, tailored to their individual
needs, and severity of CKD and other comorbid conditions.

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of CKD, KI, 2024.

Recommendation 3.3.1.1: We suggest maintaining a protein intake of 0.8 g/kg body weight/d in adults with
CKD G3–G5 (2C).
Practice Point 3.3.1.1: Avoid high protein intake (>1.3 g/kg body weight/d) in adults with CKD at risk of 
progression.
Practice Point 3.3.1.2: In adults with CKD who are willing and able, and who are at risk of kidney failure, 
consider prescribing, under close supervision, a very low–protein diet (0.3–0.4 g/kg body weight/d) 
supplemented with essential amino acids or ketoacid analogs (up to 0.6 g/kg body weight/d).
Practice Point 3.3.1.3: Do not prescribe low- or very low–protein diets in metabolically unstable people with 
CKD.

@2025 K. Kalantar-Zadeh
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KDOQI and ISRNM Dietary Protein Intake suggested targets

• Kistler et al, 
JReN 2021 

0.6-0.8 g/kg/day (PLADO)
>50% Plant Protein

Very Low Protein Diet 
.                (with supplements  Keto-analogues)

© K. Kalantar-Zadeh 2025

HIGH PROTEIN INTAKE
 Dilation of afferent arterioles
 Glomerular hyperfiltration
 ↑ Intraglomerular pressure

LOW PROTEIN INTAKE
 Afferent arteriole vasoconstriction
 ↓ Glomerular hyperfiltration
 ↓ Intraglomerular pressure

 ↓ Proteinuria

Kalantar-Zadeh & Fouque, N Engl J Med 2017

Glomerular hyperfiltration & 
hypertension are major risk 

factors for CKD progression.

@2025 K. Kalantar-Zadeh

Glomerular Hyperfiltration
renal hemodynamic response to a physiologic increase in plasma amino acid concentrations” (which you 

showed is augmented in diabetic patients)  

Glomerular Hyperfiltration in Diabetes/DKD 
Renal hemodynamic response to a physiologic increase in plasma amino acid 

concentrations is augmented in diabetic patients 

Tuttle … DeFronzo, N Engl J Med 1991

Figure 2. Mean (±SE) Glomerular 
Filtration Rate in 9 Normal Subjects 
(Solid Circles) and 12 Patients with 
Insulin-Dependent Diabetes Mellitus 
(Open Circles). The diabetic patients 
were studied before (left panel) and 
after (middle panel) 36 hours of strict 
glycemic control achieved by insulin 
infusion and after 3 weeks of intensive 
insulin therapy (right panel), whereas 
the normal subjects were studied 
once. The studies were performed 
after a 12-hour overnight fast. The 
base-line clearance periods were from 
—90 to 0 minutes; amino acids were 
infused from 0 to 180 minutes. 
Asterisks indicate a significant 
difference (P<0.05) between diabetic 
patients and normal subjects.
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@2025 K. Kalantar-Zadeh

What is a Low and Very Low Protein Diet

• To slow the rate of kidney failure progression over time

• To mitigate and/or control uremia:

1. How low?  : 
1.2 g/kg/day  1.0   0.8  0.6  0.5  0.4  0.3  g/kg/day 

• 2. Supplement with keto-analouges of amino acids?

3. Risk of malnutrition / wasting?

LPD VLPD

@2025 K. Kalantar-Zadeh
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How low can Dietary Protein Intake (DPI) go?
DPI: 1.0 to 0.8 …  0.8 to 0.6 0.55   … <0.5 g/kg/day?

Metzger M, Yuan WL, Haymann J-P, Flamant M, 
Houillier P, Thervet E, Boffa J-J, Vrtovsnik F, Froissart 
M, Bankir L, Fouque D and Stengel B. Association of a 
low-protein diet with slower progression of chronic 
kidney disease. Kidney International Reports. 2017

The lower, 
the better? 
Adequate? 

Risk?

@2025 K. Kalantar-Zadeh

Alpha-
Amino 
Acids

© Kam Kalantar-Zadeh, 2016-2025

BRANCHED 
CHAINED 

AA

 sVLPD is equivalent of ~0.6-0.8 g/kg/day protein

0.3-0.4 g/kg/day comes from protein of any quality

 Additional 0.3-0.4 g/kg/day is from a supplemented 
mix of the 9 essential amino acids (EAAs) or 
of some EAAs and ketoacid and hydroxy-acid 
of the other EAAs with minimal nitrogen load

Kovesdy, Kopple & Kalantar-Zadeh. Am J Clin Nutr.  2013;97(6):1163-77

Jessianna Saville, Linda W Moore, Yoko Narasaki, and Kam Kalantar-Zadeh. Kidney Nutrition in the Era of Value-Based Care 
Models: The Role of Low Protein Diets and Keto-Analogue Supplementation in Delaying Dialysis, CJASN 2025 [invited lifestyle series] 

Saville, W Moore, Narasaki, Kalantar-Zadeh. CJASN 2025

@2025 K. Kalantar-Zadeh

EAA: Essential Amnio-Acid

What is a Ketoacid/Hydroxyacid Analogue 
of  an Amino Acid?

The amiNo group is removed from 
the alpha carbon of the amino acid 
(AA) and a keto- group or hydroxy-
group is substituted.

Amino Acid ↔ Ketoacid

R-C(HNH2)COOH↔ R-(C=O)COOH 
or 

Hydroxyacid R-(CHOH)COOH

Courtesy Prof. Joel Kopple
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What is a Ketoacid Supplemented Diet? 
1.   Usually 4 ketoacids (KAs) and 1 hydroxyacid (HA) of  5 of  

the essential amino acids (EAAs) (3 branched chain EAA 
plus phenylalanine and methionine are substituted).

2.   4 other EAAs (tryptophan, histidine, threonine and 
lysine) are added.

3.   KAs and HAs are strong acids, 
hence the calcium salts of  
these acids are used.

Courtesy Prof. Joel Kopple Koppe et al, Nutrients 2019, 11(9), 2071, 

Synthetic Ketoacids (KA) of AA AA without NITROGEN
KA are natural & physiologic!

Keto-acid analogues (KA) supplementation 
in LPD or VLPD

18

Kalantar-Zadeh  
& Fouque, 
N Engl J Med
2017

Kalantar-Zadeh & Fouque, 
NEJM, Nov 2017

Shah, Kalantar-Zadeh  & 
Kopple, AJKD, 2015

Synthetic Ketoacids (KA) of AA AA without NITROGEN
KA are natural & physiologic!Keto-acid analogues (KA) supplementation 

in LPD or VLPD

19

Kalantar-Zadeh  
& Fouque, 
N Engl J Med
2017

Kalantar-Zadeh & Fouque, 
NEJM, Nov 2017

Shah, Kalantar-Zadeh  & 
Kopple, AJKD, 2015

@2025 K. Kalantar-Zadeh

LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025
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© K. Kalantar-Zadeh 2025

Los Angeles 
County

Streamlined Patient-Centric CKD Definition
Los Angeles County Kidney Care WG
Diabetic Kidney Disease (DKD) Expected Practices

• Low Kidney Function (LKF): 
• <50% of normal renal function
• Based on at least 2 values >90 days apart
• Can use any GFR or creatinine clearance (CrCl) equations 

• Very Low Kidney Function (VLKF) 
• <25% of normal renal function

• Refer to dialysis access placement if yes answer to: “needs dialysis in the next 12 mo?”
the next 12 mo?”

• Shared Decision Making (SDM) for kidney care choices

• Kidney Dysfunction Requiring Dialysis (KDRD)
• <10% (dialysis or preemptive transplant imminent)  Kidney Failure

Kalantar-Zadeh … Raff. Population health management of diabetic kidney disease in Los 
Angeles county municipal health system. Curr Opin Nephrol Hypertens. 2026 Jan 1;35(1):62-
71. PMID: 41263046 
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the next 12 mo?”
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Kalantar-Zadeh … Raff. Population health management of diabetic kidney disease in Los 
Angeles county municipal health system. Curr Opin Nephrol Hypertens. 2026 Jan 1;35(1):62-
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Streamlined Patient-Centric CKD Definition
Los Angeles County Kidney Care WG
Diabetic Kidney Disease (DKD) Expected Practices

• Proteinuria: using spot urine PCR, urine (M)ACR, or 24 hour-urine
• Proteinuria is the preferred metrics as opposed to albuminuria

• EARLY PROTEINURIA (<1 g)
• Micro-proteinuria: PCR >150 mg/g or mg/day (like MACR >30 mg/g)
• Macro-proteinuria: PCR >0.5 g/g or g/day (like MACR >300 mg/g, macroalbuminuria)

• HEAVY PROTEINURIA (1-7 g)
• If PCR >1 g/g (above-1-gram proteinuria): may benefit from expedited nephrology referral
• Nephrotic Range: PCR>3.5 g/g or g/day

• MASSIVE PROTEINURIA  (> 7g)
• if PCR >7 g/g (excessive proteinuria), nephrologist may consider renal biopsy despite clinical 

impression of DKD

Kalantar-Zadeh … Raff. Population health management of diabetic kidney disease in Los 
Angeles county municipal health system. Curr Opin Nephrol Hypertens. 2026 Jan 1;35(1):62-
71. PMID: 41263046 

Brunori Study (Italy 2007)

56 uremic patients without diabetes older 
than 70 years with GFR 5 to 7 mL/min 
randomly assigned to an sVLPD (diet 
group + ketoacid) versus dialysis initiation

@2025 K. Kalantar-Zadeh

More Recent Data on Keto-analogues (Ketosteril®) 
and CKD Outcomes

Garneata L et al. JASN 2016
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2021 LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025

Low protein diet (LPD), supplemented by EAA/KA, in 96 
Russian patients withs CKD Stage 3B-5 was compared to GFR 
slope changes in the control group of 96 patients, randomly 
selected from matched (by gender, age, diagnosis and CKD 
Stage) cohort of 320 patients from the city Registry. The mean 
baseline eGFR was 23 ± 9 ml/min/1.73 m2;  29% CKD3B, 45% 
CKD4, 26% CKD5.
Results: The rate of eGFR decline changed from −2.71 ± 2.38 
to −2.01 ± 2.26 ml/min/1.73 m2 per year in the treatment group 
and from −2.18 ± 2.01 to −2.04 ± 2.18 ml/min/1.73 m2 per year 
in the control group (p = 0.04 and p = 0.6). 
Conclusions: LPD combined with EAA/KA supplementation led 
to the decrease of the CKD progression in real nephrology 
practice  beneficial effect of LPD supplemented by EAA/KA.

223 CKD/4–5 patients adhering to PRD 
[VLPD 0.3 g/kg/day or LPD 0.6 g/kg/day, 
some supplemented with keto-analogues, 
followed for 5 years, assessing direct and 
indirect costs. 

In patients adherent to diet prescription, PRD 
delays the start of dialysis, improves survival 
and saves money. 

Protein-Restricted Diets (PRD):  LPD and VLPD (DPI <0.8 g/kg/day) 

2025
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Rhee, Ahmadi, Kovesdy, Kalantar, JCSM 2018.

• Meta-analysis of 16 RCT’s of low protein 
diet in non-dialysis dependent CKD.
 Each trial with ≥30 participants.

Rhee, Ahmadi, Kovesdy, Kalantar, JCSM 2018.

ESRD MORTALITY

BICARBONATE PHOSPHORUS

Low protein diet  
(<0.8 g/kg/day) 
associated with:
 ↓ ESRD

 ↓ All-cause mortality

 ↑ Serum bicarbonate

 ↓ Serum phosphorus

 ↓ Azotemia

No differences in 
nutritional indices
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1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
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(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025

• Single-center, prospective, interventional
• DKD patients:

– eGFR<30 mL/min
– Proteinuria > 1 g/g creatininuria

• Three phases:

Low Protein Diet Reduces Proteinuria and Decline in Glomerular Filtration 
Rate in Advanced, Heavy Proteinuric Diabetic Kidney Disease

0,6 g/kg per day
+

KA 1 cps/10 kg ideal dry BW

0,6 g/kg-day

(n = 452) (n = 97) (n = 92)(n = 92)

Garneata L, Mocanu CA, Mircescu G et al. Nutrients, 2024

• Proteinuria significantly decreased (by 3.5g/g creatininuria).
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• Blood pressure control was ameliorated (by 11 mm Hg).
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S-LPDs in advanced DKD 
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Low Protein Diet Reduces Proteinuria and Decline in Glomerular Filtration 
Rate in Advanced, Heavy Proteinuric Diabetic Kidney Disease

Garneata L, Mocanu CA, Mircescu G et al. Nutrients, 2024
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© K. Kalantar-Zadeh 2025

Quantity vs Quality of Protein
PLAFOND Study (Plant Focused Nutrition for DKD, 

NIH R01 Study Harbor-UCLA and VA-GLA, 2023-2026)  

• Is its just the “amount” (quantity) of Dietary 
Protein Intake that affects Kidney health? 

• What about “type” (quality) of dietary 
protein, i.e., animal vs. plant protein?

@2025 K. Kalantar-Zadeh

Animal vs Plant Protein in DKD

Adeva-Andany MM, Fernández-Fernández C, Carneiro-Freire N, Vila-Altesor
M, Ameneiros-Rodríguez E. The differential effect of animal versus 
vegetable dietary protein on the clinical manifestations of diabetic 
kidney disease in humans  Clin Nutr ESPEN. 2022 Apr:48:21-35.

• US population consume 
on average 81 g of 
protein per day, of which 
approximately 85% (69 
g/day) is animal protein.

• The amount of total 
protein consumed by US 
general population 
greatly exceeds their 
requirement. 



12/14/2025

11

@2025 K. Kalantar-Zadeh

Dietary protein intake, kidney function, and 
survival in a nationally representative cohort

Yoko Narasaki, Yusuke Okuda, Linda W Moore, Amy S You, Ekamol Tantisattamo, Jula K Inrig, Tsuyoshi Miyagi, 
Tracy Nakata, Csaba P Kovesdy, Danh V Nguyen, Kamyar Kalantar-Zadeh, Connie M Rhee

The American Journal of  Clinical Nutrition
2021 Mar 19

eGFR ≥60eGFR <60 eGFR ≥60

eGFR <60

Narasaki… Kalantar, Rhee. Am J Clin Nutr 2021

High Biologic Value Diet (meat)  worse outcomesHigh Protein Diet worse outcomes

@2025 K. Kalantar-Zadeh

Figure 3. Restricted cubic spline of mortality association of plant protein ratio in the 
estimated glomerular filtration rate < 60 mL/min/1.73 m2 subpopulation. 

Xiaorui Chen,  Guo Wei,  Thunder Jalili,  Julie Metos,  Ajay Giri,  Monique E. Cho,  Robert Boucher,  Tom 
Greene,  Srinivasan Beddhu. The Associations of Plant Protein Intake With All-Cause Mortality in 
CKD, American Journal of Kidney Diseases, 2015, http://dx.doi.org/10.1053/j.ajkd.2015.10.018 

CKD PaƟents:  ↑ Plant-Protein Ratio  ↓ Mortality? 

The more 
plant-protein
proportion, 
the lower 
CKD mortality

@2025 K. Kalantar-Zadeh

PLADO
Plant-Dominant Low-Protein Diet
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Patel, Kalantar-Zadeh, Betz, Joshi, Advances in 
Kidney Disease Health 2024

Keto-analogue supplemented Vegan Diet 
making vegan diet even safer for CKD

DESIGNS: Prospective observational study, from Nov 2021 to Oct 2023, involving 50 patients with 
non-dialysis CKD stage 3 to 5, divided into 2 groups, of 25 each and followed up for 1 year. 
1) A plant-based LPD
2) Animal predominant LPD 
3) Both groups LPD: 0.6 gm/kg/day and supplemented with KAs 

RESULTS: Plant-based LPD, supplemented with KAs may offer comparable or even superior benefits 
over an animal predominant LPD in non-dialysis CKD, in safely postponing KRT to some extent. 

Conservative Management of CKD without Dialysis

Incremental 
Transition to Dialysis

Renal Replacement Therapy: 
Dialysis/Transplantation
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Diet and Lifestyle
• Plant-dominant 

low protein diet
• Low salt intake
• Physical activity
• Weight loss
• Smoking cessation

CKD progression
• RAAS blockers
• SGLT2 inhibitors
• MR antagonists
• Dis specific meds

Cardiovascular
• BP lowering
• Hypoglycemics
• Lipid lowering
• Diuretics

Uremia
• Acidosis*
• K binders
• Anemia*
• Bone dis.*

Infection control, AKI prevention

Pharmacologic Agents 

15

Symptom Management Palliative Care 
and Hospice 

Medicine 
Do not start dialysis 

Reduce/stop 
dialysis

Kidney Preserving Care .

Slow Progression, Prevent/Delay Dialysis, Improve CV Risk

.

Kalantar-Zadeh, Jafar, Nitsch, Neuen, and Perkovic. Chronic kidney disease. Lancet. 2021Figure 1

LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025
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American Journal of Clinical Nutrition 2013

Reconciling Low Protein Intake with Nutritional Therapy:

Is there Risk of Malnutrition?

American Journal of Clinical Nutrition 2013

Kovesdy, Kopple and Kalantar-Zadeh
Management of PEW in NDD-CKD: Reconciling 
LP Intake with Nutritional Therapy

AJCN 2013

@2025 K. Kalantar-Zadeh

Can Low Protein Diet Cause PEW 
Malnutrition, Sarcopenia and Cachexia?

•Are LPD and VLPD and sVLPD safe? 

Cachexia, Sarcopenia and Wasting Disorders Conference 
Dec 6-8, 2019, Berlin, Germany @2025 K. Kalantar-Zadeh

Why protein-energy 
wasting leads to faster 

progression of CKD

Yoko Narasaki, Connie M Rhee, 
Kamyar Kalantar-Zadeh, 

Mandana Rastegar
Current Opinion in Nephrology 

and Hypertension
2025 Jan 1;34(1):55-66.

@2025 K. Kalantar-Zadeh

Poor nutritional status, sarcopenia, and PEW
are strong predictors of faster CKD progression

POOR NUTRITIONAL STATUS & PEW

Narasaki, Rhee, Kalantar-Zadeh, Rastegar. Why PEW leads to Faster CKD Progression.  Curr Opin Nephrol Hypertens 2025
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Cause of PEW in CKD: Unintentional low dietary intake

Narasaki, Rhee, Kalantar-Zadeh, Rastegar. Why PEW leads to Faster CKD Progression.  Curr Opin Nephrol Hypertens 2025

Nutrition 2021

LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025

International comparisons of Diabetic KD (DKD)

USRDS ADR 2023.

Brunei, Singapore, Malaysia, 
Taiwan with highest % of 

patients with incident ESRD 
due to DKD ~53-73% 

USA 8th highest in percentage 
of patients with incident 

ESKD due to DKD
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Los Angeles County Kidney Health WG 
Diabetic Kidney Disease (DKD) Expected Practices (EPs)
Clinical Diagnosis of DKD without Kidney Biopsy with 4 out of 5 

criteria
1. Diabetes mellitus current or past diagnosis, or A1c >6%
2. Low Kidney Function (LKF) <50% 
3. Proteinuria at any level: urine PCR >150 mg/g

If proteinuria 2 times nephrotic range (>7 g/g)  consider renal biopsy despite suspected DKD
despite suspected DKD

4. Documented history of microangiopathy: 1) retinopathy, 2) neuropathy, 3) 
gastroparesis, or 4) diabetic foot ulcer

5. Any of the following DKD supportive findings:
a) Large kidney size (>12 cm in length), or 
b) Rapid decline in renal function (>25 ml/min drop per year), or
c) Other renal diseases are ruled out, such as via serology 

and/or genetic testing

Kalantar-Zadeh … Raff. Population health management of diabetic kidney disease in Los 
Angeles county municipal health system. Curr Opin Nephrol Hypertens. 2026 Jan 1;35(1):62-
71. PMID: 41263046 

What is Preservative Management of CKD

• Kidney preserving care is a life-sustaining type of 
conservative management with the primary goal of 
slowing CKD progression and preserving kidney 
function to prolong dialysis-free time for as long as 
possible, or ideally avoid it altogether.  

• This approach strives to achieve the greatest survival 
including improved cardiovascular health and superior 
health-related quality of life with effective treatment 
of renal and non-renal comorbidities and their 
associated symptoms. 

Kalantar-Zadeh K, et al. Chronic kidney disease. The Lancet. 2021

• Kidney preserving care is a life-sustaining type of 
conservative management with the primary goal of 
slowing CKD progression and preserving kidney 
function to prolong dialysis-free time for as long as 
possible, or ideally avoid it altogether.  

• This approach strives to achieve the greatest survival 
including improved cardiovascular health and superior 
health-related quality of life with effective treatment 
of renal and non-renal comorbidities and their 
associated symptoms. 

Diabetic Kidney Disease (DKD) Expected Practices (EPs)
Los Angeles County Health 

Kidney Disease Integrated Therapy (KDIT) 
• KDMT: Kidney Disease Medical Therapy
• evidence-based, multi-agent pharmaco-therapy approach for 

approach for DKD, incorporating recommended therapies:
therapies:

• 1) RAASi (ACEi/ARB) 
• 2) SGLT2i
• 3) MRA
• 4) GLP1-ra

• RNLM: Renal Nutrition & Lifestyle Medicine

Kalantar-Zadeh … Raff. Population health management of diabetic kidney 
disease in Los Angeles county municipal health system. Curr Opin
Nephrol Hypertens. 2026 Jan 1;35(1):62-71. PMID: 41263046 

Angiotensin Receptor Blockade 
in Type 2 Diabetes and CKD  DKD

RENAAL

Risk reduction, 20%
P = 0.02

Lewis EJ et al. N Eng J Med. 2001;345:851-860

IDNT

Doubling of serum creatinine, ESKD, or death

2.5 and 4-year absolute residual risks: 
~30% and ~45%

2.5 and 4-year absolute residual risks: 
~25% and ~40%

Brenner B et al. N Engl J Med 2001;345:861–869

Residual risk Residual risk
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Virtually all glucose filtered 
via glomerulus is reabsorbed

• ~180 g glucose filtered via 
glomerulus per day.

• 90% reabsorbed by SGLT2.
 Proximal convoluted tubule.

• Remainder absorbed by SGLT1.
 Descending proximal tubule 

straight segment.

Neumiller and Tuttle, JASN 2017.
Rhee, Kalantar-Zadeh, Tuttle, Curr Opin Neph HTN 2022.
Rhee et al, Sem Dial 2014. 

SGLT2 inhibition:
• ↓ Glucose reabsorption
• ↓ Sodium reabsorption

• ↓ Body weight
• ↓  Blood pressure

• ↓ Glomerular hyperfiltration
• ↓ Uric acid

SGLT2i Courtesy Dr Connie M 
Rhee, VA Greater LA

We suggest a nonsteroidal mineralocorticoid receptor antagonist with proven kidney or 
cardiovascular benefit for patients with T2D, an eGFR ≥25 ml/min per 1.73 m2, normal 
serum potassium concentration, and albuminuria (≥30 mg/g [≥ 3mg/mmol]) despite 
maximum tolerated dose of RAS inhibitor (RASi) (2A).

MRA use in Patients with Diabetes and CKD

Courtesy Sankar D Navaneethan, MD, MS, MPH

No. at risk
Placebo 

2841 2586
1758

792 82
Finerenone 

2833 2607
1808

787 83

Finerenone (504/2833)

Time to first event (mos)
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Placebo (600/2841)HR = 0.82 (95% CI, 0.73–0.93)
P= 0.001
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GLP1-RA
Low protein diet has a range of effects 
that aligns with those of SGLT2i 

In addition, they target common 
metabolic derangements of advanced 
CKD like reduced acidosis and 
phosphatemia.

64

Potential combined effects of SGLT2i and protein reduction

Cupisti, A. et al. Front Med. 2020 

Beneficial effects of sodium-glucose-transporter 2 (SGLT2) inhibitors
and low-protein/plant-based diets

Effect SGLT2
inhibitors

Low-protein/
Plant-based diet

Decreased sodium proximal 
tubular reabsorption

+ +

Restoration of the 
tubuloglomerular feedback

+* +

Reduction of glomerular 
hyperfiltration

+ +

Restoration of autophagy +* +

Slowing of CKD progression +* +

Reduction of cardiovascular 
outcomes

+* +*

Reduction of proteinuria + +*

Reduction of acid load - +

Reduction of phosphate 
load

- +

Present: +; Absent: -; * evidence from more  than 1 study
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The post hoc-analysis by Van der Aart et al.1 was re-analysed by Kalantar-Zadeh and Fouque:

• Two of three studies show 
a trend in favour of 
the low protein group2

• Actual low protein intake
in the studies was up to the 
higher limit of LPD with 
0.53–0.85 g/kg BW/d3

65

1) Van der Aart, AB. et al. Diabetes Obes Metab. 2021, 
2) Kalantar-Zadeh, K. et al. Diabetes Obes Metab. 2021, 
3) calculated from median daily intake and mean body weight 

The current study evidence does not allow a final verdict if there is a 
synergy between SGLT2i and low protein intake 

Potential combined effects of SGLT2i and protein reduction

CJASN 2025-2026.

Key Points
1. The combined effect of SGLT2is 
and KA-AA–supplemented low-
protein diets has rarely been 
studied.
2. This cohort included 1,729 type 
2 DM patients with eGFR <30 who 
newly received KAAA 
supplemented low protein diet 
(sLPD), with or without SGLT2i. 
3. The combination of SGLT2is and 
KA-AA sLPD is linked to lower all-
cause and cardiovascular 
disease mortality than KAAA sLPD
alone. 

Los Angeles County Health
Kidney Disease Integrated Therapy (KDIT) 

Kidney Disease Medical Therapy (KDMT) + Renal Nutrition & Lifestyle Medicine 
(RNLM)

Other meds

Kalantar-Zadeh … Raff. Population health management of diabetic kidney disease in Los 
Angeles county municipal health system. Curr Opin Nephrol Hypertens. 2026 Jan 1;35(1):62-
71. PMID: 41263046 

Low-protein diet, 
weight loss, SGLT2 

inhibitors

Renin-angiotensin 
pathway modulators

Vasoconstriction

Vasodilation

Low-salt diet, 
blood pressure 
lowering agents

↓GFR
↓Hyper
filtration

M

M

M

M

↓Intraglomerular 
pressure

Kalantar-Zadeh, Jafar, Nitsch, Neuen, and Perkovic. Chronic kidney disease. Lancet. 2021 

An Integrated Multimodal 
Approach to CKD Management

Kalantar-Zadeh, Jafar, Nitsch, 
Neuen, and Perkovic. Chronic 
kidney disease. Lancet. 2021 
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Low-protein diet, 
weight loss, SGLT2 

inhibitors

Renin-angiotensin 
pathway modulators

Vasoconstriction

Vasodilation

Low-salt diet, 
blood pressure 
lowering agents

D
ist

al
  t

ub
ul

e

IMPROVED TUBULAR 
STRUCTURE, INTEGRITY, AND 
FUNCTION 
(via decreased sodium and 
glucose reabsorption and 
tubular energy expenditure)
- Dietary Sodium restriction
- Glucose lowering drugs
- SGLT2 inhibitors

↓GFR
↓Hyper
filtration

M

M

M

M

↓Intraglomerular 
pressure

Tubulo-
glomerular 
feedback

REDUCTION IN 
INTRAGLOMERULAR PRESSURE. 
(via modulation of 
tubuloglomerular feedback, 
afferent and efferent arteriole 
tone, and distal sodium and 
chlorine delivery)
- Plant-dominant low protein diet
- Acidosis mitigation therapy
- SGLT2 inhibitors

DECREASED INFLAMMATION AND 
INTERSTITIAL FIBROSIS
(via modulation of mesangial cells and 
signal transduction)
- Plant-dominant low protein diet
- Mineralocorticoid receptor antagonists
- Disease specific therapies

Kalantar-Zadeh, Jafar, Nitsch, Neuen, and Perkovic. Chronic kidney disease. Lancet. 2021 

An Integrated Multimodal 
Approach to CKD Management Low-protein diet, 

weight loss, SGLT2 
inhibitors

Renin-angiotensin 
pathway modulators

Vasoconstriction

Vasodilation

Low-salt diet, 
blood pressure 
lowering agents

D
ist

al
  t

ub
ul

e

IMPROVED TUBULAR 
STRUCTURE, INTEGRITY, AND 
FUNCTION 
(via decreased sodium and 
glucose reabsorption and 
tubular energy expenditure)
- Dietary Sodium restriction
- Glucose lowering drugs
- SGLT2 inhibitors

↓GFR
↓Hyper
filtration

M

M

M

M

↓Intraglomerular 
pressure

Tubulo-
glomerular 
feedback

REDUCTION IN 
INTRAGLOMERULAR PRESSURE. 
(via modulation of 
tubuloglomerular feedback, 
afferent and efferent arteriole 
tone, and distal sodium and 
chlorine delivery)
- Plant-dominant low protein diet
- Acidosis mitigation therapy
- SGLT2 inhibitors

DECREASED INFLAMMATION AND 
INTERSTITIAL FIBROSIS
(via modulation of mesangial cells and 
signal transduction)
- Plant-dominant low protein diet
- Mineralocorticoid receptor antagonists
- Disease specific therapies

Kalantar-Zadeh, Jafar, Nitsch, Neuen, and Perkovic. Chronic kidney disease. Lancet. 2021 

An Integrated Multimodal 
Approach to CKD Management

Saville … Kalantar-Zadeh. CJASN 2025-2026

Kidney Nutrition for Value-Based Care Models: The Role of Low Protein Diets and 
Keto-Analogue Supplementation to Delay Dialysis CJASN “Lifestyle Medicine & Kidney Health” Series 2025-2026

Dr. Donald 
Wesson, MD, MBA

(USA)

Dr. Mona Boaz, 
PhD, RD
(Israel)

Dr. Jaimon
Kelly, PhD, RD

(Australia)

18 ARTICLE SERIES HIGHLIGHTS….
• Introduction to Lifestyle Medicine & Kidney Health
• Nutrition across the lifespan in CKD
• Race, socioeconomic status, & diet in kidney disease
• Food & nutrition insecurity in kidney disease
• Prescribing a personalized exercise program in CKD patients
• Physical activity & exercise for cardio-metabolic health in CKD
• Plant-based diets across the spectrum of kidney disease
• Dietary protein intake in CKD, from quantity to quality
• Dietary intake & the gut microbiome in CKD
• Stress management, mindfulness, & spirituality in CKD
• Dietary phosphate in kidney disease
• Obesity & metabolic health in CKD
• Ultra-processed food & food additives in CKD
• Role of nutrition in value-based care
• Sleep, circadian rhythm, & cardio-kidney-metabolic health
• Culinary medicine & healthy cooking in CKD 
• Precision nutrition & kidney health
• Application of novel nutritional tools in CKD 

Dr. Kamyar Kalantar-
Zadeh, MD, MPH, PhD

(Editor-at-Large)
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LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025

Conservative Management of CKD
without Dialysis

Dialysis Therapy or 
Kidney TransplantationLi
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Declining GFR
Worsening Uremia

Declining Residual Kidney Function
Worsening Burden of Comorbidities 

Conventional 
Approach 
to CKD

Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.

Conservative Management of CKD
without Dialysis

Dialysis Therapy or 
Kidney TransplantationLi
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Declining GFR
Worsening Uremia

Declining Residual Kidney Function
Worsening Burden of Comorbidities 

Preservative Management
Slow CKD Progression

Delay Dialysis
Improve Cardiovascular Health

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.

Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD

Conservative Management of CKD
without Dialysis

Dialysis Therapy or 
Kidney TransplantationLi
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Declining GFR
Worsening Uremia

Declining Residual Kidney Function
Worsening Burden of Comorbidities 

Preservative Management
Slow CKD Progression

Delay Dialysis
Improve Cardiovascular Health

Palliative
Care 

No Transition 
to Dialysis

Stop Dialysis
Less Dialysis

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.

Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD
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Conservative Management of CKD
without Dialysis

Dialysis Therapy or 
Kidney TransplantationLi
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Declining GFR
Worsening Uremia

Declining Residual Kidney Function
Worsening Burden of Comorbidities 

Preservative Management
Slow CKD Progression

Delay Dialysis
Improve Cardiovascular Health

Palliative
Care 

No Transition 
to Dialysis

Stop Dialysis
Less Dialysis

Symptom Management 
Pain, Fatigue, Pruritus 

Other Uremic Symptoms
Fluid Retention

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.

Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD

Preservative Management
Slow CKD Progression

Delay Dialysis
Improve Cardiovascular Health

Conservative Management of CKD
without Dialysis

Incremental Transition to Dialysis Dialysis Therapy or 
Kidney Transplantation

Symptom Management 
Pain, Fatigue, Pruritus 

Other Uremic Symptoms
Fluid Retention

Palliative
Care 

No Transition 
to Dialysis

Stop Dialysis
Less Dialysis

Declining GFR
Worsening Uremia

Declining Residual Kidney Function
Worsening Burden of Comorbidities 

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.
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Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD

Personalized nutritional management in the 
transition from non-dialysis dependent chronic 

kidney disease to dialysis

Yoko Narasaki, Man Kit Siu, Matthew Nguyen,
Kamyar Kalantar-Zadeh, Connie M. Rhee

Kidney Research and Clinical Practice
2024;43(5):575-585.

© Yoko Narasaki. @2025 K. Kalantar-Zadeh

Main Components of Nutritional management in Advanced CKD 
in Anticipation of Transition to (Incremental) Dialysis

© Yoko Narasaki. 
Narasaki, Siu, Nguyen, Kalantar-Zadeh. Rhee. Kidney Res Clin Pract 2024 

Low protein diets

• ↓ CKD progression
• Delaying dialysis 

initiation
• ↓ mortality risk

• Slow eGFR decline
• ↓ hemodynamic 

changes and 
glomerular 
hyperfiltration

Plant-based diets
PLADO

PLAFOND

• ↓ incident CKD
• ↓ CKD progression
• ↓ mortality risk
• ↓ CKD-related 

complications
• Mineral bone 

disease, metabolic 
acidosis, uremic toxin

Potassium intake from plant-based diets

• Favorable impact on kidney and cardiac health

Sodium restriction

• Improve blood pressure and CKD progression

Dietary patterns
↑veges/fruits/legumes/nuts/whole grains/fish/low-fat dairy products

↓red/processed meats, Na, sugar-sweetened beverages 

• Favorable on kidney health



12/14/2025

21

Rhee, Obi, Mathew, Kalantar-Zadeh, Sem Dial 2018. 

Sudden Drop in Residual Renal Function
upon Transition to Dialysis 

transition
• [tran-zish-uh n, -sish-] 

• noun 1. movement, 
passage, or change 
from one position, 
state, stage, subject, 
concept, etc., to 
another; 

• “the transition from 
adolescence to 
adulthood.”

– Dictionary.com

• [stahrt] 

• 1. to begin or set out, as on a 
journey or activity. 

• 2. to appear or come suddenly
into action, life, view, etc.; rise or 
issue suddenly forth. 

• 3. to spring, move, or dart 
suddenly from a position or 
place: The rabbit started from the 
bush.

• 4. to be among the entrants in a 
race or the initial participants in a 
game or contest. 

• 5. to give a sudden, involuntary 
jerk, jump, or twitch, as from a 
shock of surprise, alarm, or pain: 
The sudden clap of thunder 
caused everyone to start.

start

Kalantar-Zadeh et al. NDT 2017 [Blueprint of TC-CKD]

Challenges of Transition to Dialysis:  
Very High Early Mortality after Transition

The first 3-6 months of 
dialysis is associated with 
an even higher risk of 
death compared to 
prevalent dialysis patients. 

Lukowsky … Kalantar-Zadeh, Am J Nephrol 2012

Lukowsky et al. AJN 2012.

Foley et al. KI 2014.

Robinson et al. KI 2014.
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OPTIONS rather than dichotomy: 
Dialysis therapy versus palliative care without dialysis

1. Conservative and preservative management of CKD to delay dialysis initiation, 
including use of diet and lifestyle modifications, conventional and new 
pharmacotherapies, and proactive symptoms management such as pain and fatigue, as 
well as mental health issues.

2. Gradual transition to dialysis: Initiating once- to twice-weekly hemodialysis or less-
than-daily peritoneal dialysis at home, each of which may preserve Residual Renal 
Function longer than conventional dialysis.

3. Expanded use of palliative care: Instead of having a one-time palliative care consult 
during an inpatient hospitalization, a dialysis patient or potential candidate for dialysis 
could be evaluated for concurrent palliative options and symptom management as an 
outpatient and then during each hospitalization, independent of the severity of the 
person’s illness.

4. Palliative dialysis with a gradual decrease in frequency and intensity: Patients and 
caregivers can choose less-stringent dialysis therapy with a goal of improving comfort. 
Dialysis could be combined with hospice care, and home dialysis could be offered at 
nursing homes or skilled nursing facilities. In these contexts, a focus on symptom 
management — rather than aggressive clearance or rigorous fluid removal — is 
prudent.

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.
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Incremental 
(2x/wk)

prelude Conventiona
l

(3x/wk)

-2  -1  0  +1  +2  +3  +4  +5    10 to 20 years or longer

HD 
frequency
options

Sence
Quince 
Quarce
Thrice
Twice
Once 

Abrupt dialysis start
Only thrice-weekly HD

Faster loss of RRF

eGFR
(ml/min)

25
20
15
10

5
3
2

Frequent
(4-6x/wk)

Decremental
(1-2x/wk)

HD 
frequency

Only
thrice-
weekly

eGFR
(ml/min)

25
20
15
10

5
3
2

-1  0  +1  +2  +3  +4  +5    years (dialysis vintage)

Incremental transition  
Initial twice-weekly 

Longer RRFpreservation

Earlier death event
3x/wk all along

Gradual increase in HD frequency
2x/wk transitioning to 3x/wk

3x/wk transitioning to 4-6x/wk as needed

Palliative HD
Infrequent HD

End-of-life 
adjustment 

↓RRF (KRU)

RRF

(KRU)

Conventional Hemodialysis

Incremental Hemodialysis

Fig. 5Kalantar-Zadeh … Rhee. RRT in VA & 
Incremental; HD for Veterans. Semin Dial 2017  

Incremental (Gradual) Transition to Dialysis and the 
important role of Residual Renal Function Twice-weekly data 

from China

Cohort derived from 15 units randomly selected 
from each of 3 major cities (total N = 45), we 
generated a propensity score for the probability of 
dialysis frequency assignment, estimated a survival 
function by propensity score quintiles, and 
averaged stratum-specific survival functions to 
generate mean survival time. We used the 
proportional rates model to assess hospitalizations. 
We stratified all analyses by RRF, as reported by 
patients (urine output <1 vs. ≥1 cup/day).
.

Yan…Anand 
Kidney Int Rep 2018

Park JI , Lee JP et al, Nephrol Dial Transplant2017

Twice-weekly data 
from South Korea

Safety Assessments: Mortality, ER visits, 
hospitalizations, MACE, hyperkalemia events

Figure 1: Overview of the Incremental HD in Veterans (IncHVets) RCT

Aims 1-3: Parent Trial
Main Study 

Months 0, 3, 6, 9, and 12

Aims 3-4: CV & Nutrition Substudy
Months 0, 6 and 12

Aim 1: Patient-Reported Outcomes 
Primary Outcome: SF36 Physical Score

Secondary Outcome Measures:
Dialysis Symptom Index & Energy/Fatigue Score

3x/wk HD
(n=56)

2x/wk HD
(n=56)

Aim 4: Cardiovascular (CV)
Left Ventricular Mass via 2D-Echo

Transition to 3x/wk
According to criteria

2x/week HD
(n=126)

Aim 2: Renal & Dialysis Adequacy
RRF Urine Output (trends over time)

Adequacy (KRU + Kt/V)

Aim 3a: Nutritional Status 
Malnutrition-Inflammation Score (MIS)

Growth Differential Factor 15 (GDF15) Levels

Aim 3b: Nutrition & Physical Performance 
Short Physical Performance Battery (SPPB) 

Mid-Arm Muscle Circumference (MAMC)

112 Incident HD 
Veterans

252 Incident HD Veterans 
Urine Output >0.5 L/day + 

KRU >3 ml/min + other criteria

Randomization

3x/week HD
(n=126)

IncHVets Trial 2022-2027
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Japanese Approach: Once-weekly hemodialysis combined 
with low-protein and low-salt dietary treatment 

as a favorable therapeutic modality 
for selected patients with end-stage renal failure:

a prospective observational study in Japanese patients

Nakao T, Kanazawa Y, 
Takahashi T

BMC Nephrology  2018; 19: 151
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Nakao T, et al: BMC Nephrol, 2018; 19:151

 LPD enables to adapt infrequent dialysis
• 24-months multicenter prospective study with 68 CKD-5 patients.
• Once weekly dialysis with LPD under dietitian counselling (CDDP)

vs. thrice weekly dialysis (THD)

2016/10/5 91

 Survival in 24 months was not
different (94.7% vs 86.8% in 
CDDP vs THD). 

 However, hospitalization, 
prescribed medications and 
medical cost were higher in pts 
with thrice weekly dialysis. 

Caria S et al. BMC nephrol 2014

p= NS

Once-a-week Twice-a-week Thrice-a-week

Nutritional support +++ ++ +

Protein intake Reduced (6 out of 7 

days): sVLPD

Reduced  (5 days): 

sVLDP or LPD 

increased

Energy intake increased increased increased

vascular access compromise + ++ +++

Protection of residual renal

function

+++ ++ -/+

“Counter-Physiologic” effect of 

HD treatment 

+ ++ +++

HD scheduling challenge + ++ -

Costs and reimbursement + ++ +++

Nutritional Management of Incremental HD: strategies for 
dialysis commencing: once weekly  2x/week  3x/week 

Modified from:
Caria S, Cupisti A  Sau, Bolasco. BMC Nephrol 2014;15:172 

Bolasco, Cupisti, Locarellli, Caria, Kalantar-Zadeh, J Ren Nutr. 2016 26:352-359
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RESULTS: After 3 months, urine volume was significantly 
higher in the 1-Weekly HD group than in the 2-Weekly HD 
group (1921 ± 767 mL/day vs. 1305 ± 599 mL/day, p = 0.02),

Conclusions:
Incremental HD, starting with 
once-weekly HD combined with 
protein restriction supplemented 
with KAs, appears to better 
preserve RKF among incident HD 
patients compared to twice-weekly 
HD with a regular-protein diet. 

METHODS: 
30 VLKF patients with eGFR 5–10 mL/min and urine output of 
≥800 mL/day  randomly assigned to receive:
1) once-weekly HD combined with low-protein diet (0.6 
g/kg/day) supplemented keto-analogues (KAs) 0.12 g/kg/day. 
2) twice-weekly HD with a regular-protein diet. 

Thailand Study 2025

Nephrol Dial Transplant  2009

Better Preserving RKF in PD patients by mLPD + KA
A Study From Shanghai Renji Hospital, China

eGFR

Urine 
Output

Low Protein Diet (LPD):  0.6-0.8 g/kg/day

Better Preserving RKF in PD patients by mLPD + KA
A Study From Shanghai Renji Hospital, China

Nephrol Dial Transplant  2009

Study design:

(1) A short-term nitrogen balance study 

34 PD patients were randomized to receive in-centre diets containing 

1.2, 0.9 or 0.6 g of protein/kg IBW/day for 10 days

(2) A 12-month prospective study

60 PD patients were randomized to receive either a low- , keto acid-

supplemented low- or high-protein diet

Low Protein Diet (LPD):  0.6-0.8 g/kg/day

The use of low-protein diets (0.6-0.8g/kg/day) 

supplmented with keto acids in new PD patients 

may both be safe from a nutritional point of view 

and also lead to better preservation of RKF.

Nephrol Dial Transplant  2009

Better Preserving RKF in PD patients by mLPD + KA
A Study From Shanghai Renji Hospital, China

Low Protein Diet (LPD):  0.6-0.8 g/kg/day
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Low Protein Diet for CKD-ESRD Transition

Kalantar-Zadeh & Foque, Nutritional Management of CKD.  NEJM Nov 2, 2017

LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025

Keto-Analogues of Amino-Acids for Hyperammonemic States, 
Liver Disease and Urea Cycle Defects

@2025 K. Kalantar-Zadeh
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LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025

Conclusions

“When diet is wrong, medicine is of no use.” 
– Ayurveda (3000 BC)

“No disease that can be treated by diet should be 
treated with any other means.” – Maimonides (1135-1204)

VishnuMaimonides

K. Kalantar-Zadeh 2021
104

Conclusions: 
How Can Keto-analogues Help in the New Era of CKD Therapy

• A multi-modal strategy including appropriate nutrition with needed amino-acids but 
lowest nitrogen load is needed to mitigate the effect of uremic toxins and prevent and 
correct Protein-Energy Wasting (PEW), Sarcopenia, and Cachexia. 

• The 4 groups of CKD/DKD medications RASSi (ACEi & ARB), SGLT2i, MRA, and GLP1 
agonists should be combined with keto-analogue supplemented dietary interventions. 

• Low Protein Diet (LPD) of 0.6-0.8 g/kg/day and Very Low Protein Diet (VLPD) <0.5 
g/kg/day supplemented with keto-analogue supplementation are safe and effective in 
CKD across the wide spectrum of CKD including Low Kidney Function (LKF, <50%), 
Very Low Kidney Function (VLKF, <25%), and proteinuric disease.

• Plant Dominant (PLADO) diets with >50% plant proteins and Vegan diet can be 
supplemented with keto-analogues. 

• When dialysis is needed, incremental dialysis transition (once- to twice-weekly) is the 
goal with continued (V)LPD supplemented with keto-analogues to preserve Residual 
Kidney Function Longer.

• Keto-analogues use should not be limited to Very Low Protein Diet but should be 
offered to wide spectrum of kidney disease in addition to medications. @2025 K. Kalantar-Zadeh
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LPD: Low protein Diet, VLDP: Very low Protein Diet

1. LPD in CKD patients (at any stage) with (or at risk of) Malnutrition or 
Protein-Energy Wasting (PEW)

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently 
the main indication of the Fresenius Kabi product]

3. LPD in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients 
with LKF

4. LPD at any CKD stage but with “heavy” proteinuria >1g/g
5. LPD in HD and PD patients (ESRD) with residual renal function (RRF) for 

incremental dialysis to prolong RRF and lower dialysis dose/frequency
6. Vegan Diet (VLPD or LPD), making vegan diet safer for CKD [and for non-CKD 

but with muscle-building puposes?]
7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects, 

(not nephrology)

What are the indications for keto-analogues use?

© K. Kalantar-Zadeh 2025
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