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hat are the indicationsffor keto-analogues use?

| LPD: Low protein Diet, VLDP: Very low Protein Dietl
1. LPDin CKD patients (at any stage) with (or at risk of) Malnutrition or
Protein-Energy Wasting (PEW) rap\j
2. VLPD in advanced CKD GFR <25% (very low kidney fur |f€hacﬁftl\!: énte v

the main indication of the Fresenius Kabi product]

3. P in CKD 3-5 <50% (Low Kidney F\.%Bwhﬂg(ég\dm‘?’g{dnted patients
with LKF
LPD at any CKD stage but with "heavyagrotemurla >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. Megan 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)
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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).

o A low protein diet providing 0.55 to 0.60 g dietary protein/kg body weight/day, OR

o 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).

KDOQlI 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.
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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.

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.

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 (20).

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- er very low—protein diets in metabclically unstable people with
CKD.

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of CKD, Ki, 2024.
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Glomerular Hyperfiltration in Diabetes/DKD

Renal hemodynamic response to a physiologic increase in plasma amino acid
concentrations is augmented in diabetic patients

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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275-‘ 165 mi/min x 27 275
250 250
225 225
200 200
1754 1754
180 T 180 ™ 150~ ——
-90-60-30 0 30 60 90 120 150 180 -90-60-30 0 30 60 90 120 150 180 50-803 0 % 8 % 1201010
Minutes Minutes Minutes

Tuttle ... DeFronzo, N EnglJ Med 1991

@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? : LPD .~ VLPD .

1.2 glkg/day > 1.0 0.8 > 0.6 > 05 3 0.4 > 0.3 g/kg/day

* 2. Supplement with keto-analouges of aming aci~—~
ecomm®
3. Risk of malnuftrition / wastir—~ t on ¥ .

@2025 K. Kalantar-Zadeh
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Protein Diet

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-

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 m

Additional 0.3-0.4 g/kg/day is from a supplemented
mix of the g essential amino acids (EAAs) or

of some EAAs and ketoacid and hydroxy-acid
of the other EAAs with minimal Nitrogen load

group is substituted. ocgon
Amino Acid «— Ketoacid L ke acid
R-C(HNH,)COOH«~ R-(C=0)COOH

H '\dS amino acids leucine
mino ac
Keto_ana\09ues Zf\;a\ NS Saville, W Moore, Narasaki, Kalantar-Zadeh. CJASN 2025 or
ess id . : : )
Qut ofthe9 > - droxy-aci EAA: Essential Amnio-Acid "
+1 )l !! -
L EAAS + 4 ketoat\d Y Kovesdy, Kopple & Kalantar-Zadeh. Am J Clin Nutr. 2013;97(6):1163-77 Hydroxyacid R (C glely )C OOH
Jessiarna Savile, Linda'W Weere, Yeke Narasaki, and Kam Kalantar-Zadeh. Kidney Nutrition in the Era of Value-Based Care _ _ |
Courtesy Prof. Joel Kopple

Models: The Role of Low Protein Diets and Keto-Analogue Supplementation in Delaying Dialysis, CJASN 2025 [invited lifestyle series]
@2025 K. Kalantar-Zadeh
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Synthetic Ketoacid = , out NITROGEN

What is a Ketoacid Supplemented Diet? KA are natural & g

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).

: Kalantar-Zadeh & Fouqueg,
o e qe . NEIM, Nov 2017
4 other EAAs (tryptophan, histidine, threonine and | !

lysine) are added.

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

- ; . e Kalantar-Zadeh
these acids are used. : | & Fougque,
N Engl J Med

o =% =% Shah, Kalantar-Zadeh & cE—— 2017
Courtesy Prof. Joel Kopple s et al, Nutrients 2019, 77(9), 2071, Kopple, AJKD, 2015

Synthetic Ketoacic

P hat are the indications
KA are natural & p =R =

| VLDP: Very low Protein Diet ‘

2. VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently
Kalantar-Zadeh & F the main indication of the Fresenius Kabi product]
Insulin resistance alantar-Zaae ouque, y

NEJM, Nov 2017

Kalantar-Zadeh

& Fouque,
N Engl J Med

Shah, Kalantar-Zadeh &| |=*== = 2017
Kopple, AJKD, 2015

© K. Kalantar-Zadeh 2025
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hat are the indicationsjfor keto-analogues use?

Ii: Low protein Diet, VLDP: Very low Protein Diet |
1. - 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. - in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients
with LKF
- at any CKD stage but with “heavy” proteinuria >1g/g
- in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

6. _(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)

© K. Kalantar-Zadeh 2025
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Population Health Management for Kidney Care in LAC Safety Net
Vuiner Medt-Colrecipients, uninsured persons & urcocumented immigronts

Los Angeles
QU0 %

Workgroup
@9 Health services

d sh:

Management - Expected proctices
Diabetic Kidney Disease (endocrinol

Detection
Expected Practices

(PD, HHD, assisted diayss, n-center HO) vs. consenvative/supportive care,

hematura with

urology 8 other
specialies

Articles v Subject Collections  Authors & Rev
mi/min1.73m
ia  Proteinuria lining Tlui i Muremia i i inction

Abbreviation: LAC: Los Angeles County, Medi-Cal, Medicaid for California residents, CKD: Chronic kidney
PERSPECTIVE

= Advancing Equitable Kidney Care through Population
a Health Approaches in Los Angeles County's Safety Net
Download System
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Los Angeles County Kidney Care WG

Low |
* <5( Population health management of diabetic kidney @ ooy eamn
+ Baset disease in Los Angeles county municipal health 6:":“;"
» Cany system s :
* Very | oy
. <25= gt aHealthuviﬁes
: tFE t 12 mo?”

Purpose of review
. g Dicbetc kidney disease [DKD] i the leoding couse of chronic kidhey dissase (CKD) and snd-sloge rendl
disease (ESRD} warkbwide, disproportionarely affecting underserved and scletynet populations.

Kidney Health
Workgroup

- Recent findings @Hga[\h Services
. Kldn Los Angsles County Department of Health Services (LACDHS) Kidney Health Warkgroup hos developed
. smagE s s ‘e Eymaeiat Qe for O D s
+ <10% (dialysis or préemptive transplant imminent) %‘kd’ﬁey ailure
Division of Nephrology

— — Hypertension and
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Streamlined Patient-Centric CKD Definitima -
Los Angeles County Kidney Care WG = e
Diabetic Kidney Disease (DKD) Expected Practices -

* Low Kidney Function (LKF):

* <50% of normal renal function Kidoey et
+ Based on at least 2 values >90 days apart 9::;:':;(95

» Can use any GFR or creatinine clearance (CrCl) equations

* Very Low Kidney Function (VLKF) o)

* <25% of normal renal function @ teansonios
« Referto dlaly5|s 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 i v

» Kidney Dysfunction Requiring Dialysis (KDRD)
» <10% (dialysis or preemptive transplant imminent) > Kidney Failure
Division of Nephrology
— — — — Hypertension and
. Kalantar-Zadeh ... Raff. Population health management of diabetic kidney disease in Los Transplantation
e Angeles county mun I health syslem Curr Opm Nephrol Hypenens 2026 Jan 35(1) 62- Harbor-UCLA
¥ 71 PMIDY 1263088 155 ¢ | .y T b Egrlines S Q p

@ Health Services

Streamlined Patient-Centric CKD Definiti™ . R

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

Kidney Health
Workgroup
« EARLY PROTEINURIA (<1 g) I
* 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)
Kidney Health
« HEAVY PROTEINURIA (1-7 g) voraroup )
- If PCR >1 g/g (above-1-gram proteinuria): may benefit from expedited nephrology referral @ reatrserics
« Nephrotic Range: PCR>3.5 g/g or g/day
- MASSIVE PROTEINURIA (> 7g) Kidne Hostn
. j:n ';J?e’g;gngo gexcess:ve proteinuria), nephrologist may consider renal biopsy despite clinical @Heam. Services
Division of Nephrology
- - - - Hypertension and
. Kalantar-Zadeh ... Raff. Population health management of diabetic kidney disease in Los Transplantation
Angeles county munlclpal heal(h system Curr Opm Nephrol Hypenens 2026 Jan 1; 5(1 ) 62- Harbor-UCLA
‘UYTW PMIDTA12630%8 1577w (g C 4 At | Promoting K qp

ORIGINAL INVESTIGATIONS
Pathogenesis and Treatment of Kidney Disease

Efficacy and Safety of a Very-Low-Protein Diet When
Postponing Dialysis in the Elderly: A Prospective Randomized
Multicenter Controlled Study

Qleskanc Brunort, MO, mter . Vit MD.* Qiovann! Parinalio. PhO.2 Vinoenza Da Bisse. MO,
= w0, MD.* Vincenzo France. Giacarno Garibotic
T, MEN BD.T " et Gl C ot Pt

Sy low-protein et (SVLPD) seems b

Brunori Study (Italy 2007
56 uremic patients without diabetes older ::
than 70 years with GFR 5 to 7 mL/min >

40 —

randomly assigned to an sVLPD (diet
group + ketoacid) versus dialysis initiation

20
Log-Rank test for non-inferiority.

o —| Leg-Rank test for superiority:

° 12
Diet 56 a7
Dialysis 56 as
100 —

80 —

so —|

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

Garneata L, Stancu A, Dragomir D, Stefan G and Mircescu G

Design
andomised, controlled

+ Median protein intake sVLPD:
<, 96 w - Patients on sVLPD had
3 higher adjusted event-free
g i oo survival rates
2 o4
= t o + Adjusted hazard ratio to
5 o2 T - reach the endpoint with
5 - e sVLPD: 0.10 [CI:0.05-0.20];
s or p<0.001
5
& o1 ) w2 . 40 % &
s
01 23 4

sVLPD reduced
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by 90%

Garneata L et al. JASN 2016
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6. _(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)

© K. Kalantar-Zadeh 2025

BMC Nephrology

> BMC Nephrol. 2016 Jul 7;17:62. doi: 10.1186/512882-016-0281-z %

Efficacy of the Essential Amino Acids and Keto-Analogues on the CKD
progression rate in real practice in m - city nephrology registry data

for outpatient clinic

der Zemchenkov 1»3®, rina N Konakova 1>

FirstS  Second5 Biascorrected  Standard errorof ~ Confidence interval

visits  visits  (Hedges) effectsizeestimate for effectsize

m/min/1.73 m? per

year

7 30
Conrol  -218+ 204 007

group 200 218

Difference  p=010 p=093  p<0.001

o.15]

014 -022+035

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

Nephrol Dial Transplant, 2025, 0, 1-12

https://doi.org/10.1093/ndt/gfaf154
Advance access publication date: 15 August 2025
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OXFORD

Cost-effectiveness of protein restricted diets in advanced
CKD Protein-Restricted Diets (PRD): LPD and VLPD (DPI <0.8 g/kg/day)

Vincenzo Bellizzi (2)*, Mario Fordellone?, Luca De Nicola (2%, Roberto Minutolo ()*, Simona Signoriello?, Giuseppe Quintaliani*,
Biagio Di lorio® and Paolo Chiodini?

1Department of Medical Sciences, Division of Nephrology and Dialysis, AORN *Sant’Anna e Sz T e o

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. »-l_

p=0.0036

Probabilky.

In patients adherent to diet prescription, PRD ;
delays the start of dialysis, improves survival T R

? e monks
and saves money. Number at risk
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i . , ORIGINAL ARTICLE . .

e ook 1 Wovers 917 1 etoy rke Ui tbesorinabearycorm) D01 18 100 2264 Low protein diet MORTALITY
(<0.8 g/kg/day) o :

Low-protein diet for conservative management of associated with:

chronic kidney disease: a systematic review and = | ESRD

meta-analysis of controlled trials .
v = | All-cause mortality

o b et Sy B ——— = 1 Serum bicarbonate

* Meta-analysis of 16 RCT’s of low protein — [ i | - el

diet in non-dialysis dependent CKD. : ® | Azotemia

= Each trial with >30 participants.
No differences in
nutritional indices

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

hat are the indicationsffor keto-analogues use?

Ii: Low protein Diet, VLDP: Very low Protein Diet |
1. - in CKD patients (at any stage) with (or at risk of) Malnutrition or
Protein-Energy Wasting (PEW) Garneata L, Mocanu CA, Mircescu G et al. Nutrients, 2024

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

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

4, - at any CKD stage but with “heavy” proteinuria >1g/g

5. - in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

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

PAM (mmbig)
LN
k1
Urinary protein to
creatinine ratio (g/g)
7

6. _(VLPD or LPD), making vegan diet safer for CKD [and for non-CKD (- . v . : : s o
. . . ol Time (mo)
but with muscle-building puposes?] o
. . . . . . e L R Proteinuria significantly decreased (by 3.5g/g creatininuria).
7. Lliver disease with hyperammonemia states: cirrhosis, urea cycle defects, T —— e Y vooes !

not nephrolo
( p! gy) * Blood pressure control was ameliorated (by 11 mm Hg).

© K. Kalantar-Zadeh 2025
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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

Nutrients
S-LPDs in advanced DKD $ P- <~ ,:'1
with heavy proteinuria: s ) =
£ ™
€ 100 .. 48 |
sion . 3 e, Dialysis mL/min
%memed Wm; w2 \ -] o e |
LPD S effectiveinsafel g Bns I
seems 'ngK reduc! 10 months‘ R L
oni ine va ~
posiz\nur'a and the dec! v , ] ) , .
\\r\(;('\d\’\eV funct'\o“ n cor o s s m e Stun;y‘"mor;ent(month]
vance S A—— enFG observat

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

hat are the indicationsffor keto-analogues use?

| LPD: Low protein Diet, VLDP: Very low Protein Diet |
1. LPDin 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
LPD at any CKD stage but with “heavy” proteinuria >1g/g

5. LPDin 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)

© K. Kalantar-Zadeh 2025

Quantity vs Quality of Protein
PLAFOND Study (Plant Focused Nutrition for DKD,
NIH RO1 Study Harbor-UCLA and VA-GLA, 2023-2026)

* Isits just the “amount” (quantity) of Dietary
Protein Intake that affects Kidney health?

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

@2025 K. Kalantar-Zadeh

Animal vs Plant Protein in DKD

Table 1. Summarized protein consumption in US and Europe, -~~~y Jomty
e \‘ - \

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

\
; ¥

Normal average protein Estimated total :’Esﬁmmnanimal),'l-‘.mmared i
!

requirement protein intake / proteinintake  plant protein;
| g /

v intake !

! /

United States  * 8-10%Energy 8lg/day
- Estimated average ~
Europe 091-183gkg  55-73%
requirement:
0.66g/kg

0 The amount Of total Spain - Recommended 94-144g/day 73%(67-105g/day) 24%

protein consumed by US [RES=ES Zf;;':/yk;”"wmm 60-T2giday  Tgiday 3951 g/day
general population conscious

greatly exceeds their o

requirement.

(average)

Adeva-Andany MM, Fernandez-Fermnandez C, Cameiro-Freire N, Vila-Altesor
M, Ameneiros-Rodriguez 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.




One of the first to identify the role of diet in CKD
Renal, metabolic and hormonal responses to ingestion of * Human volunteers fed for 3 weeks with a vegetable-based diet

animal and vegetable proteins (N = 10), an animal protein diet (N = 10) both with the same
amount of total protein "

Panavors KonTesss, Sianon Jowes, Roscuary Do, ROBERTO TRevisy,
NosAbI, PAOLA FIORETTo, Muso Bos d

. ‘Vregertqb!erp t§|p§5eem to induce renal changes comparable to
those obtained by reducing the total amount of protein in the
diet and prevent the vasodilatory and proteinuric effects of

meat

* Protein modified, rather than protein restricted, diets may
prove advantageous in the long-term treatment of chronic renal
failure

K. Kalantar-Zadeh ‘==

CKD Patients: 4 Plant-Protein Ratio > |, Mortality-

2.00 —4

— = = Upper 95% CI
Hazard Ratio
————— Lower 95% CI

Hazard ratio
T
|
I

The more
plant-protein
proportion,
the lower

1 =0 75™ percentile n
- = " o CKD mortality
0.25
T T T T T T T T
10 20 30 20O 50 70 80

Plant protein ratio (¢

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

12/14/2025

rhe Americ

CLINICAL N

Journal of

TRITION

Dietary protein intake, kidney function, and
survival in a nationally representative cohort
High Protein Diet > worse outcomes High Biologic ValueDlet (F¥€&H) > worse outcomes

€GFR <60 mUmin/1.73m* ¢CFR <60 mU/min/T.73m™ €GFR 260 mlmin/].T3m*

20 ’ \
=~ |A / | A % szo (B
5. eGFR<60 515 L5115 eGFR 260
e 1 \
£ M 2 L
) 0 )
2 10 X [ 2
&gge ‘ gt?‘ ’;gl2
] Ve '
5 ‘: P |E iE
2 1|2 10 o0 ;B
os | L P8 \ ! .
g N /| ]
<08 06-<10  10-<14 \:4» ,’ I x S I
eGFR<60 - =
Dietary Protein Intake (g/kg ABW/day]f 08 08 il
Tertile 1 Tertie 2 Tertile 3 Tertle 1 Tertie 2 Tertle 3

. i HBV (%) HBV (%)
Narasaki... Kalantar, Rhee. AmJ Clin Nutr2021

PLADO

Plant-Dominant Low-Protein Diet -

nutrients (moPy

otein
W-PF
cuse! caof
5 diet plart 08 g¥ g:ta(‘f s6d
4 i
———————— o in ¥ source™ of i€
d\se‘ﬂi e o nt- < Wiog!
L 50% fF
of
| e 4
en mm ot
ma\ ,\amu : gemen\ ¢

Sodium <4 g/day (< g/day if edem o hypertension)
High fiber 25 /day, adequate energy 30-35 Cal/kg/day

- i ad D‘e\a!‘l Wan?
ne o,
NU\““G ant Low Protein-Diet
P Ll e e
Sodium <4 g/day (<3 g/day if edema or hype
High fiber >25 g/day, adequate energy 30-35
Quarterly to semi-annual visits with 24-hour urin

Plant-Dominant Low-Protel
Conservative Management of Chronic
Kidney Disease

Patient-Reported

Outcomes:

= Quality of life

= Uremic symptoms.
= Diet

= Dietary adherence

Hard Endpoints Targets:

+ Slowing CKD progression

+ Delaying/preventing
kidney failure & dialysis

. G health

« Improving survival

T ) ROBE i
-Mu;:lewasun. T MCGo
Funmmnallwﬂmlty)
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AKDH

A Low-Protein, Plant-Dominant Gluten-Free
Diet for Inmunoglobulin A Nephropathy and Sowmd G7R

: docly
Focal Segmental Glomerulosclerosis e
. . Lower dietary Roducod
Jason Patel, Kamyar Kalantar-Zadeh, Melanie Betz, and Shivam Joshi acid load & A
imgeovod Typariiopy
acidosis
Table 2. Example Foads for a Glutan-Fras Plant-Dominant Low.Protein |
Grain & Starch Foods Protein Foods Fats Potential Benefits of a
Rice (all types) Beans (all types) Qlive oil Gluten-Free, Plant-
Quinoa Lentils Canola oil Dominant Low Protein
Buckwheat* Nuts (all types) Avocada oil Diet
Amaranth* Seods (al types) walnut oil
Millet Tofu Flaxseed oil for IgA Nephropathy
Serghum* Groen peas Sesame oil
Teff
Oats
Com Reduced TNF-
Rice noodles S Lows
Patatoss P om s
“Provides more than § g protein per 172 ikl Improved urermic
cup cooked serving symptoms ety
Fruits Vegetables
Figure 1. Potential benefits of a gluten-free, plant-dominant low-protein diet
i
Abplee Boagsk for IgA nephropathy. Abbreviation: lgA, immu-
naglobuiin A
Oranges Spinach
Grapes Eggplant Adv in Kidney Disease and Health 2023,30(6).517-522
Berries. Bell peppers
Fineapple Cucumbers

Mango
Watermelon
Kiwi

Cauliflower

b S Patel, Kalantar-Zadeh, Betz, Joshi, Advances in
Kidney Disease Health 2024

Keto"analogUelsupplemented Vegan Diet

making vegan diet even safer for CKD

JOURNAL ARTICLE

#240 Supplemented ketoanalogues (KAs) with plant
versus animal based low protein diet (LPD) in non-
dialysis CKD 8

Naveen KumarMedi, Ramphani Jasthi, Naveen Mattewada, Shivanand Nayak

Volume 40, Issue
Supplement_3
October 2025

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) Aplant-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 I T

Supportive
Care

N\

™

e

AN

Life and Kidney
Prolonging Care

Hyperfiltration  Albuminuria Declining GFR M Uremia

Figure 1

il Symptom Management

Palliative Care “\
and Hospice

_— idney Preserving Care
Slow Progression, Prevent/Delay Dialysis, Improve CV Risk

Diet and Lifestyle Phaﬁ’nam_lqgic Agents
* Plant-dominant = ———
[owlproteinidiet ?ISZ r:?glrelssmn Cardiovascul

* Low salt intake |
* Physical activity

* Weight loss * MR antagonists
« Dis specific (ﬂé Pe

/
« Q\
\- Smoking cessation s\)Q -
~__ | Infection\@ntrol, AKI pre* “\, Y /
— \/B?Em{ Renal Replacement Therapy:

Dialysis/Transplantation

mil/min/1.73m?

Loss of residual kidney function
Kalantar-Zadeh, Jafar, Nitsch, Neuen, and Perkovic. Chronic kidney disease. Lancet. 2021

hat are the indicationsffor keto-analogues use?

Ii: Low protein Diet, VLDP: Very low Protein Diet |

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

. - at any CKD stage but with “heavy” proteinuria >1g/g

5. -in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

6. _(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)

©K. Kalantar-Zadeh 2025
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American Journal of Clinical Nutrition 2013
Reconciling Low Protein Intake with Nutritional Therap

Is there Risk of Malnutrition

Can Low Protein Diet Cause PEW
Malnutrition, Sarcopenia and Cachexia?
°*Are LPD a

— Cachexia and Sarcopenia Made Simple
"‘ Kin‘\ Kaja‘nn‘t Zadeh

schexia and #Sarcopenia made simple
falysis . at the 12th international conferencd
cachexia, sarcopenia & muscle wasting, in Berl

AJCN. First published ahead of print May 1, 2013 as doi: 10.3945/ajcn.112.036418.

+ Cachexia - Unintentional WEIGHT LOSS from a disease state
American Journal of Clinical Nutrition 2013 ~ AJCN 2013 (CKD, HF, COPD, Cancer, liver cirrhosis, neurclogic disorders)

Narrative Review + Sarcopenia - Muscle Wasting

Kovesdy, Kopple and Kalantar-Zadeh 5
Management of PEW in NDD-CKD: Reconciling

LP Intake with Nutritional Therapy

Primary: from aging (
Secondary: from ad

« Cachexiaalways includes sarcoj a and protein-energy wasling, but
Management of protein-energy wasting in non-dialysis-dependent sarcopenia can happen without cachexia
chronic kidney disease: reconciling low protein intake with

nutritional therapy'™

Qooangoxo ¢

Csaba P Kavesdy. Joel DD Kopple. and Kamyar Kalaniar-Zadeh

Cachexia, Sarcopenia and Wasting Disorders Conference
Dec 6-8, 2019, Berlin, Germany

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

Current Opinion in Poor nutritional status and PEW are strong predictors of poor

Nephrology and Hypertension RS

POOR NUTRITIONAL STATUS & PEW | Indics of protein

in- energy-was Population Author Study design Resuls
Whv prOteln energy SERUM CHEMISTRY | MUSCLE MASS :h!”“ nd p y doig oo d i 6GFR o Ushoped h
. women and <7.26 kg/m2 in ssociation of sarcopenia wi was Ushaped affer
wasting leads to faster Ui, [ ASACIE WS ren mlvarob osier
. Lserum cholesterol | 4Creatinine appearance sy Skelelol muscle ndex N=123 odubs wih NDD- Yo ot . Sc Rep, 2021 Prospeciive cchortshdy  Skelelol muscle index showed o downward rend wih CKD
progression of CKD Tophalieon | colaled singbody CKD and N=57 odls (Recied iom 09/2017 | prgressin
| DIETARY INTAKE BODY MASS Jaot | compositions measured by with nonCKD f0 09/2018 and followed  CKD progression was an independent risk factor for
Unintentional low L Body Mass Index | dualenergy Xsay up unil 12/2019) sarcopenio.
Yoko Narasaki, Connie M Rhee, \ dietary energy Unintentional weight loss absorpiomelry
) fProtein intake L Total body fat % Sarcopenia, low bone N=251 adulls wih NDD-  Nokano et al. Bone, 2024  Prospective cohort study Osteosarcopenia group rather than the only low BMD or
Kamyar Ka lantar-Zadeh, | mineral densily (BMD; CKD (Age 265 years) (median followp of only sarcopenia groups exhibited a higher risk of (i)

Mandana Rastegar

Current Opinion in Nephrology
and Hypertension

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

@2025 K. Kalantar-Zadeh

Why protein-energy wasting leads to faster
progression of chronic kidney disease

*, Connie M. Rhoo®, Kamyar Kalantar Zadeh®4*
stegar™®

osleopenia or osleoporosis),

and osteosarcopenia
(sarcopenia and low BMD) —

G why protein-energy

Progression of chronic

5.2 years) composite of alkcause death, inifiation of KRT, and
adnissions owing fo major adverse cardiovascular and
cerebrovascular events and (i kidney composite
oukcome. Low handgrip strength was sirongly associated
with a high risk of i) and (ii). BM, skelelol muscle mass
index, or BMD was not associated with lower risk of (i)

!Ma:!ing leads to faster
d nor (ii).

ey disease

Narasaki, Rhee, Kalantar-Zadeh, Rastegar. Why PEW leads to Faster CKD Progression. Curr Opin Nephrol Hypertens 2025
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P . Uni H H ; Nutrition 2021
Cause of PEW in CKD: Unintentional low dietary intake
journal homepage: www.nutritionjrnl.com
Indices of protein i tional i igati
5 [y A froaero s Applied nutritional investigation
Dlskry jeicks Effects of ketoanalogues on skeletal muscle mass in patients with
oPI N=1522 odults with non- ~ Cirillo ef ol. Nephrl Dial  Prospective cohort siidy High protein intake was associaled cross-secionally with R s . .
CKD (Age 45-64 years)  Transplant, 2014 (folow-up of 12 years) higher GFR but longitudinally with greater GFR decline advanced chronic kid ney disease: real-world evidence
over fme.
oPI N=3798 adults with non- HerberGast e al. Am ) Clin  Prospective cohort shue Higher low-fat dairy consumption (>2 servings), but not srs . c: . . - ~ . o - C
CKD (Age 265 years) Nk, 2016 uo'::w..p e”Sye:rYs) e WO.Z, g g g Yu-Li Lin M.D. %, Jld—&la? Hou Ph.D.?#, Chih-Hsien Wanlg M.D., M.S.? Chen-Ying Su BS.*,
decline in the eGFR, particulary in individuals with @ _Hei i d, _C o ab,
e bodbaiod Hung-Hsiang Liou M.D. “*, Bang-Gee Hsu M.D.. Ph.D.
DPI N=3165 with nonCKD Malhotra ef ol. ) Ren Nutr,  Prospective cohort sdy Among African American individuals with diabetes, higher * Division of Nephrology, Hualien Tzu Chi Hospital, Bud{ P —
2018 (medion follow-up of profein intoke as @ percentage of fotal energy intdke ®School of Medicine, Tzu Chi University, Hualien, Taiwd e sl e
8.0 years) was positively associated with greater decline in eGFR in “Division of Dietetics and Nutrition, Hualien Tzu ChiHd (A} er (N=30" i N-1 -
rolyes ol occounied for risk factors for kidney <Divsionof Nephrology, Department of iternal Medic] MEKAwc(N=50). [ NooRA (N-35) £ 20
jsease. P
oPI N=2419 with nonCKD Beasley ef al. ] Nuk, 2011 Prospective cohort sudy Higher profein intake was not associated with impaired b 8 1 g 10
and NDDCKD (folow-up of 11 years) renal function among postmenopausal women without @ P . . 2
diognosis of chronic kidney disease. E - | -4
Pl N=1594 with NDDCKD  Metzger e . Kidney Int Prospective cohort study Lower baseline DPI wos associated wih slower progression 2 [ | H 0
2017 fon follow-up of 1o ESKD. : ' g
5.6 years) g 3 -6 3 -0
DPI N=1572 odults with NDD- ~ Lee ef ol. Nutrients, 2019 Prospective cohort study High protein intake was associated cross-sectionally with g 3
CKD (mean follow-up of higher GFR but longitudinally with greater GFR decline = E -10 T
41.6 months) over ime. 3 = | 20
33 .14
BMD, bone mineral density; BMI, body mass index; DKD, dicbetic kidney disease; DPI, dietory protein intoke; eGFR, estimated glomerulor firation rote; ESRD, end stoge renal disease; HDL, high density kpoprotein; e 30 -
KRT, kidney replocement theropy; LDL, low density lipoprotein; NDDCKD, nondialysis dependent chronic kidney disease; TC, totl cholesterol; TG, triglyceride; VIDL, very lowdensity lipoprotein; WHR, woisttohip. < ¥ < 68 years 2 68 years T T - T T r
01 04 06 08 10 12 14 16 18
. - R (8) W KA user (N=50) ] Non-KA (N=35) a Daily protein intake (g/kg/day)
Narasaki, Rhee, Kalantar-Zadeh, Rastegar. Why PEW leads to Faster CKD Progression. Curr Opin Nephrol Hypertens 2025

hat are the indicationsffor keto-analogues use? International comparisons of DIEIE KD (B4

Ii. Low protein Diet, VLDP: Very low Protein Dietl
1. - in CKD patients (at any stage) with (or at risk of) Malnutrition or Brunei, Singapore, Malaysia,

Protein-Energy Wasting (PEW) rap\jd Taiwan with highest % of

2. VLPD in advanced CKD GFR <25% (very low kidney fi'~ BGO nte , i I
the main indication of the Fresenius Kabi product] hafm \e\’f\e patients with incident ESRD

3. - in CKD 3-5 <50% (Low Kidney F'* con’\ ‘ao'\d ’S%gnted patients due to DKD ~53-73%
with LKF g Keto™ gie

4. - at any CKD stage but with “hez a,;roteinuria >1g/g

5. - in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

6. _(VLPD or LPD), making vegan diet safer for CKD [and for non-CKD
but with muscle-building puposes?]

USA 8t highest in percentage
of patients with incident
ESKD due to DKD

7. Lliver disease with hyperammonemia states: cirrhosis, urea cycle defects,
(not nephrology)

Penzge o eters

© K. Kalantar-Zadeh 2025 USRDS ADR 2023.




1abetic Kidney Disease (DKD) Expected Practices (I:I-’S)
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 histol

of microangiopathy: 1) retinopathy, 2) neuropathy, 3)
gastroparesis, or 4)

iabetic foot ulcer

el
5. Any of the following DKD supportive findings: G Pyt i gt o ks i
a) Large kidney size (>12 cm in length), or S i

b) Rapid decline in renal function (>25 mi/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 dlsease in Los
¢ Angeles county mu Ith syslem
¥ 71 PRIDT 114@30‘5 H .y

Division of Nephrology

Hypertension and

—r’ Transplantation
Harbor-UCLA

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 e

Kidney Health

approach for DKD, incorporating recommended therapies: 9:':;:';’:;‘“
therapies:
* 1) RAASi (ACEI/ARB) )
* 2) SGLT2i Qe
. 3) MRA Healtherwces

. 4) GLP1 =ra ‘ Kidney Health

« RNLM: Renal Nutrition & Lifestyle Medicine ki

o Division of Nephrology
Hypertension and
e

Transplantation
Harbor-UCLA

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 LANCET
What is Preservative Management of CKD

Seminr |

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

Angiotensin Receptor Blockade
in Type 2 Diabetes and CKD = DKD

Doubling of serum creatinine, ESKD, or death

RENAAL IDNT
' o
50 Placebo ¢ Irbesartan |
Risk reduction, 16% P 064 -—— Amlodipine 1
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Months of Study Months of Follow-up

2.5 and 4-year absolute residual risks: 2.5 and 4-year absolute residual risks:
~30% and ~45% ~25% and ~40%

Brenner B et al. N Engl J Med 2001;345:861-869 Lewis EJ et al. N Eng J Med. 2001;345:851-860




SGLT2i

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.

Reabsorpti
~90% of Filtered
Glucose

Courtesy Dr Connie M
Rhee, VA Greater LA

~180 grams of glucose
filtered per day

Virtually No
Urinary Glucose

SGLT?2 inhibition:

| Glucose reabsorption
| Sodium reabsorption
* | Body weight

* | Blood pressure

* | Glomerular hyperfiltration

e | Uric acid
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MRA use in Patients with Diabetes and CKD

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 m?, normal
serum potassium concentration, and albuminuria (=30 mg/g [> 3mg/mmol]) despite

maximum tolerated dose of RAS inhibitor (RASI) (24).

K* <48 mmol/l K*4.9-5.5 mmol/l
+Iniiatefnerenone
~10mg daiy if éGFR 25-59 ml/min per 173 m*
- 20mqdaly i eGFR 260 mimin per 173 2
«Monitor ' at 1 month after nitation and then every 4
months
+Increase dose to 20 mg daily, ifon 10mg daily
«Restart 10 mq daly f previously held for hyperkalemiaand
K now <50 mmol1

+Continue finerenone 10mg or20mg
+Monitor K every 4 months

Courtesy Sankar D Navaneethan, MD, MS, MPH

+Hold fnerenone
+Consider adjustments to diet or concomitant

+Recheck K
+Consider einitiaton ffwhen K' <5.0 mmol/

HR=0.82 (95%Cl, 073-0.93)
P=0.001

K*>5.5 mmol/l

medications to mitigate hyperkalemia

£
£
2
g
3

Placebo (60012841)

Finerenone (504/2833)

No.at risk
Placebo.

158

1808

GLP1-RA
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Effects of Semaglutide on Chronic Kidney Disease
in Patients with Type 2 Diabetes

¥
i

Potential combined effects of SGLT2i and protein reduction

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.

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

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 -
ad

Present: +; Absent: -; * evidence from more than 1 study

Low-protein/
Plant-based diet
+
+

+




Potential combined effects of SGLT2i and protein reduction

The post hoc-analysis by Van der Aart et al.! was re-analysed by Kalantar-Zadeh and Fouque:

. (A) P value for
* Two of t‘h ree studies show Sudy  Subgroup  Dapagifiorin  Placebo Difference vs. placebo _ interaction
a trend in favour of

the low protein group? geic 052
Low protein  -18.2 (317, -2.2) 14.2(-4.6, 36.8) 28.4 (414, -12.5)
High protein -22.9 (36.5,-6.4) -3.1(197, 17.1 . 205 (350, -2.7)
. IMPROVE 0502
* Actual low protein intake Lowprotsn 484 (636, 2701 117 (385, 268 61628, 8
in the studies was up to the High protein 31,4 (45.1, -14.2) 1.6 (-20.6, 21.8) - 302 (468, -8.5)
higher limit of LPD with g —
0.53_0.85 g/kg BW/d3 -50,0 30,0 -100 100 300

Diffarence in mean change in UACR from
baseline between dapaglifiozin and placebo (%)

The current study evidence does not allow a final verdict if there is a

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

synergy between SGLT2i and low protein intake
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Combining Ketoacid Analog Supplemented Low-Protein
Diets with Sodium-Glucose Cotransporter-2 Inhibitors for
Patients with Diabetic Kidney Disease CIASN 2025-2026.

Chieh-Li Yen," Pei-Chun Fan ng-Chia Lee®,"” Jia-Jin Chen®,’” Yueh-An Lu,"*
Yi-Ran Tu@®,"” Pao-Hsien Chu(®,”’ Ching-Chung Hsiao®,™” Yung-Chang Chen(®,'” and Chih-Hsiang Chang® "

Key Points A

1. THE COMBINED EFFECT OF SGLT2IS - = o=t
AND KA-AA—SUPPLEMENTED LOW- i =
PROTEIN DIETS HAS RARELY BEEN
STUDIED.

2. THIS COHORT INCLUDED 1,729 TYPE

B
ESKD requiring mairtenance dilysis Alcause death

CJASN

Chicat cumal cf he Armecan Socery of Neghroiegy

2 DM PATIENTS WITH EGFR <30 WHO — e
NEWLY RECEIVED KAAA E = "

SUPPLEMENTED LOW PROTEIN DIET o composte of £5KD and desn &
(SLPD), WITH OR WITHOUT SGLT2I. N - :
3. THE COMBINATION OF SGLT2IS AND i e

KA-AA SLPD IS LINKED TO LOWER ALL- :y 2
CAUSE AND CARDIOVASCULAR i~

DISEASE MORTALITY THAN KAAA SLPD ! .
ALONE. s

Los Angeles County Health

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

INTEGRATED CKD/DKD CARE:
TWO PILLARS OF MODERN MANAGEMMENT

Kidney Health
Workgroup
_KDMT RNLM 9 Heatth services
Kidney Disease Renal Nutrition > B

Medical Therapy & Lifestyle Medicine
PLANT-DOMINANT

(HRBELNeT LOW-PROTEIN DIET
(PLADO)

SGLT2 INHIBITORS sz;:::n
GLP-1 RECEPTOR HYDRATION TARGETS
AGONISTS PHYSICALACTIVITY Q;H“m‘ Services
SODIUM AND .
HINERENONE PHOSPHORUS
RESTRICTION
SLEEP. STRESS,
SMOKING CESSATION Kidney Hoalth
HEALTH EQUITY/ Workgroup
FOOD ACCESS

€9 Health services

KDMT + RNLM = HIGH-VALUE, PATIENT-CENTERED CKD CARE

Division of Nephrology

- - - Hypertension and

‘ Kalantar-Zadeh ... Raff. Population health management of diabetic kidney disease in Los Transplantation
Angeles county municipal health system. Curr Opin Nephrol Hypertens. 2026 Jan 1;35(1):62- tlarbgr-UCLA

q&rr_’pmmrm;ﬁsmg ----- G ikl Dl (b ‘Promoting Kidney Wellness” *p

Low-protein diet,
weight loss, SGLT2

inhibitors
e
Vasoconstriction (\°\
&
JerR o/ Low-salt diet,
JHyper [ LIntraglomerular blood pressure
filtration \ pressure lowering agents
%

pathway modulators

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

Kalantar-Zadeh, Jafar, Nitsch,
Neuen, and Perkovic. Chronic

kidney disease. Lancet. 2021
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IMPROVED TUBULAR
STRUCTURE, INTEGRITY, AND
FUNCTION

(via decreased sodium and
glucose reabsorption and
tubular energy expenditure)
- Dietary Sodium restriction

- Glucose lowering drugs

- SGLT2 inhibitors

Low-protein diet,
weight loss, SGLT2
inhibitors

Vasoconstriction

JerR
UHyper [ Vintraglomerular

filtration \  Pressure

Low-salt diet,
blood pressure
lowering agents

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

Distal tubule

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

IMPROVED TUBULAR
STRUCTURE, INTEGRITY, AND
FUNCTION

(via decreased sodium and
glucose reabsorption and
tubular energy expenditure)

- Dietary Sodium restriction

- Glucose lowering drugs

- SGLT2 inhibitors

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

Low-protein diet,
weight loss, SGLT2
inhibitors

Vasoconstriction

JGrR

filtration \ pressure

UHyper [ VIntraglomerular

Low-salt diet,
blood pressure
lowering agents

& 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

Distal tubule

DECREASED INFLAMMATION AND
INTERSTITIAL FIBROSIS

(via modulation of mesangial cells and
signal transduction)

- Plant-dominant low protein diet

- Mineralocorticoid receptor antagonists
- Disease specific therapies

Kidney Nutri

Waste

on for Value-Based Care Models: The Role of Low Protein Diets and
Keto-Analogue Supplementation to Delay Dialysis
Reduce

Nitrogen

Table 2.

apy and

initiation in pﬂsms wull very low hhy function

very low protein diet to slow progression to dialysis

Variable Advantages

RAAS modulators in-
cluding ACE inhib-
itors and ARB

SGLT2 inhibitors

Lower BF, slow CKD progr

Stows CKD progression and improves glyce-
mic control and heart failure®

GLP1-RA MUSCLF

oful for weight management and disbetes.
control, slows CKD p

F d serum creatinine, AKI events,
"and angioedema; they often had to be discontirwed in

far-advanced CKD"™

Genital and urinary tract infection from glycosuria, ke-
toacidosis, volume depletion, increased serum creati-

nine, and AKI™

Gl symptoms, diminished appetite, weight loss, n&‘:{z

diabetes™ AN

Norstercidal \‘m,\ Slow CKD progression 'in CKD

in bu
Hyperkalemia, AKI evenis.®

osslll

with diabete

SVLPD Patient-centered and aligned with lifestyle
medicine and can be given without above

pharmacotherapy

Risk of PEW if not correcly supplemented. ™ LPD can also

cause a GFR drop™

ACE, angiotensin-converting

; ARB, angiotersin Receptor Blocker; GI, gastrointustinal; GLP1-RA, glucagon like peptide 2
% £ PEW, prot

CJASN

onceptual model of dinical benefits of a VLPD supplemented with keto-analogues.

receptor; LPD, low-protein die £ i receptor wasting; RAAS, renin
angiotensin-aldosterone system SLT2, sodi w2 < ’ SVLPD, | \u\ low-protein dict.
Saville ... Kalantar-Zadeh. CJASN 2025-2026

CJASN “Lifestyle Medicine & Kidney Health” Series 2025-2026

Dr. Mona Boaz,

Dr. Donald
Wesson, MD, MBA PhD, RD
(USA) (Israel)

18 ARTICLE SERIES HIGHLIGHTS....
* Introduction to Lifestyle Medicine & Kidney Health
* Nutrition across the lifespan in CKD
* Race, socioeconomic status, & diet in kidney disease

Dr. Jaimon
Kelly, PhD, RD
(Australia)

Lifestyle Medicine:

(amyar Kalantar-
Zadeh, MD, MPH, PhD
(Editor-at-Large)

* 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
* Culinary medicine & healthy cooking in CKD

* Precision nutrition & kidney health

« Application of novel nutritional tools in CKD

CJASN |




hat are the indicationsffor keto-analogues use?

Ii: Low protein Diet, VLDP: Very low Protein Diet |

1. - 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. - in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients
with LKF
- at any CKD stage but with “heavy” proteinuria >1g/g

5. - in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

6. _(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)

© K. Kalantar-Zadeh 2025
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Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD

’
|
|
|
|
|
|
|
|

Supportive Care

Life-Sustaining Care

t—————————
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Conservative Management of CKD

without Dialysis 4@\ -
S

™~ \'b\*

5
& .o
"’;\t\?}?
(V4

Conventional

Approach &

A pgKD & & Dialysis Therapy or
° o":b, Kidney Transplantation
Declining GFR Declining Residual Kidney Function

Worsening Uremia Worsening Burden of Comorbidities

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
8 : without Dialysis &
% | &
s ! N
Q|
o
5|
2| -
-
/,//
e |/ Preservative Management .~ \
S| Slow CKD Progression
2 : \ Delay Dialysis
% | \ Improve Cardiovascular-Health
k- L N o
A1 T q q
o — Dialysis Therapy or
=5 ! Kidney Transplantation
Declining GFR Declining Residual Kidney Function
Worsening Uremia Worsening Burden of Comorbidities
:
JOURNATIGMEDICINE Kalantar-Zadeh, Wightman and Liao. N EnglJ Med 2020;383:99-101.

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

e NEW ENGLAND
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[ ? Conservative Management of CKD

3 : without Dialysis Palliative

v

= Care

| L

8_ | No Transition

| . to Dialysis

M e — Stop Dialysis

_— T Less Dialysis
/,// .

o, |/ Preservative Management .~ \

S| Slow CKD Progression

2 : \ Delay Dialysis

% | \ Improve Cardiovascular-Health

a1 - N y/

31 ~__ . . .

D [ — Dialysis Therapy or

=5 ! Kidney Transplantation
____________ - e,

Declining GFR Declining Residual Kidney Function
Worsening Uremia Worsening Burden of Comorbidities

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
g : without Dialysis T T liative
2 : Symptom Management Care
2 Pain, Fatigue, Pruritus No Tra.msit?on
§ | 1 Other Uremic Symptoms \ .t Dialysis

| S id Retention Stop Dialysis

) N Less Dialysis ./

o, Preservative Managemen o
S Slow CKD Progression
?_:D: Delay Dialysis
% | Improve Cardiovasculq;»ﬁealth
31 : .
&l ) Dialysis TherapY or
5 1 Kidney Transplantation

Declining GFR
Worsening Uremia

Declining Residual Kidney Function

Worsening Burden of Comorbidities
e NEW ENGLAND
JOURNAL of MEDICINE]

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

" KIDNEY RESEARCH @ Science itation Index
AND CLINICAL PRACTICE Expanded (CIE)

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.

e el @ KIDNEY RESEARCH
i E ¢ 7 CLINICAL PRACTICE
F ized nutritional in the transition
from ialysi: ic kidney di: to
dialysis
© Yoko Narasaki. %, Man Kit Siu?, : , Connle M. Rhee™ @2025 K. Kalantar-Zadeh
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Kidney Care Chart: Conceptual Model of the Conservative Management of Advanced CKD

[ ? Conservative Management of CKD
8 : without Dialysis T e liative
Q) e P
2 : Symptom Management Care
§: | Pain, Fatigue, Pruritus No Tra.m5|t!on
2! 1 Other Uremic Symptoms | o Dialysis
| S id Retention Stop Dialysis
) Less Dialysis ./
_— — =
<N o
S Slow CKD Progression
?_:D: Delay Dialysis
% | Improve Cardiovasculqrfﬂealth
gl ?
o ~," Incremental Transition to Dialysis '} . Blalvel TherapY or
5 1 e Lasse**® Kidney Transplantation
"EEsssEEssssaEnEREE®

Declining GFR
Worsening Uremia

Declining Residual Kidney Function
Worsening Burden of Comorbidities

&2 e NEW ENGLAND
[(&7 JOURNAL of MEDICINH

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

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

Plant-based diets
Low protein diets PLADO

Potassium intake from plant-based diets

PLAFOND * Favorable impact on kidney and cardiac health

* | CKD progression e | incident CKD T
* Delaying dialysis e L CKD progression
initiation ity ri .
o J el ° i rCnKOEI;tallltyt ”dSk ¢ Improve blood pressure and CKD progression
. -relate
¢ Slow eGFR decline complications
¢ . hemodynamic * Mineral bone Dietary patterns
changes and disease, metabolic
[ear e, Wi ie i “Pveges/fruits/legumes/nuts/whole grains/fish/low-fat dairy products
ﬁyperfiltration ’ Jred/processed meats, Na, sugar-sweetened beverages

* Favorable on kidney health

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

© Yoko Narasaki.




Sudden Drop in Residual Renal Function
pon Transition to Dialysis

PRE- AND POSN&(D CONSIDERATIONS DURING THE TRANSITION PERIOD
eGFR ~

{ml/min)

Incremental dialysis
= HD
- PD
Medication adjustments
Transportation
Social support
* In-center HD
- Home 40%
jetary modification

High protein diet 30%
nd fluid restriction
tfittign 20%

-

+3 +4 +5 years
vintage

In-center vs. e sﬂx\g
Timely access creatio
Dietary modification
- Low protein diet
= Na and fluid restriction
= Krestriction
= Phos restriction

Annualized
Mortality

7

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

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

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

k, Figures 3: Annualized"
‘\ mortality in the first 24 mo. in
‘\21,772 incident (dialysis-naive)
llthrice weekly HD patients

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

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

start

[statrt]

1. to begin or set out, as un a
journey c activity.

2. to appea: or come / uddenly
into action, I.fe, view, etc.; rise or
issue suddenly forth.

3. to spring, mo\ :, or dart
suddenly from /. L osition or
place: The rabbit started from the
bush.

4. to be among the entiants in a
race or the initial participants in a
game o~ contest.

5. to ¢'ve a sudden, involuniiry
jerk. ,ump, or twitch, as from a
shock of surprise, alarm, or pain:
T'.e sudden clap of thunder
.aused everyone to start.
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OPTIONS rather than dichotomy:

Dialysis therapy versus palliative care without dialysis

prevalent dialysis patients.

2. Gradual transition to dialysis: Initiating once- to twice-weekly hemodialysis or less-
than-dai \{ peritoneal dialysis at home, each of which may preserve Residual Renal
Function longer than conventional dlaly5|s

\
IWorldwide, mortality risk is high soon after initiation
Iof hemodialysis ~

v L . :
Robinson et al. KI 2014. =
\

are <6 Monihs l 5

Early mortality in patients starting dialysis appears|

High Mortality in
the first 6
wunths

temodialysis 1

‘ [l H\\‘

—— Care > 6 Monihs
Lukowsky ... Kalantar-Zadeh, Am J Nephrol 2012

—o— Peritoneal dialysis

Kalantar-Zadeh, Wightman and Liao. N Engl J Med 2020;383:99-101.
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Incremental (Gradual) Transition to Dialysis and the Twice-weeklv data T —
- - . vv - vv 100% =
important role of Residual Renal Function y e
H 80% "—" =
} eIFF_R" Conventional Hemodialysis fro m Ch I n a
mimin HD _— ]
2 Abrupt dialysis start frequency =
Only thrice-y kly HD "
2 | ews ey Faseiossl AT Eagler gt ovent
10 NN EENEEED Only Cohort derived from 15 units randomly selected L 0%
: JODNDNDEEDEEE thrice- from each of 3 major cities (total N = 45), we £
2 INENNENEEED ey generated a propensity score for the probability of & %7 = cymen
- T
430> +1>+2>+3> +4>+5> > > years (dialysis vintage) dialysis frequency assignment, estimated a survival £ o, SR L
""""""""""""""""" CoTTTTTTTTTTTTTTTTT function by propensity score quintiles, and @ e ,,,<,,,Pvam=m;
'"cre"fe"'a' Hemud'alys's o averaged stratum-specific survival functions to 80%
(mf/if:) Tk e toning to e, frequency generate mean survival time. We used the s
Incremental transition 3xlwk transitioning to 4-6x/wk as needed options proportional rates model to assess hospitalizations.
§f‘ I"mLau‘v:gLI-:LR::tﬁl-yservalion uEE Pi']';,ae'::;:‘?m ger_u:e We stratified all analyses by RRF, as reported by 0%
. nd-of-Ii uince atients (urine output <1 vs. 21 cup/day).
NBEEREREE S | e patents urine outp p/day) -
NNNENEEEE Twice
BEHONNNANEAAE | |orc. Yan...Anand . e
23130 +1>+2> 43> +43>+5> > > 10to 20 years or longer 00 05 10 15 20 25
prelude C i Frequent D H i
(2x/wk) | (4-6x/wk)  (1-2x/wk) Kldney Int Rep 2 0 1 8 _ 5“’:‘"‘ tmelljoars)
(3xiwk) Fig. § [HD frequency  — — — Dwiwesk Suhwisak |
) e 252 Incident HD Veterans IncHVets Trial 2022-2027
Urine Output >0.5 L/day + . .
. KRU >3 ml/min + other criteria w
Twice-weekly data — Main Stu
Nephrol Dial Transplant (2017) 32: 355-363 Randomization Months 0 o
from South Korea |
3x/week HD
Comparison of outcomes between the incremental and (n=126)
. o . e e
thrice-weekly 1n1t1a't1on of her?lod’lalysm‘ a propensity-matched (" Aim 1: Patient-Reported |
study of a prospective cohort in Korea Primary Outcome: SF36 Ph
Secondary Outcome Me
Ji In Park!2, Jung Tak Park??, Yong-Lim Kim®®, Shin-Wook Kang?, Chul Woo Yang®®, Nam-Ho Kim?®, QlalizlsiSymptomlindex&Enerd
Yun Kyu Oh*?, Chun Soo Lim*’, Yon SuKim>® and Jung Pyo Lee>” on behalf of the CRC for ESRD Safety Assessments: Mortalit
Investigators hospitalizations, MACE, hyperkz
Patient survival Twice-we e " A F
Before matching After matching from Sou AI;’I;‘FZL-Jrﬁ\eeng:jt&pu?l(:!e::izl
L
L Adequacy (KRU + Ki___
( Aim 3a: Nutritional Status
Malnutrition-Inflammation Score (MIS)
\_Growth Differential Factor 15 (GDF15) Levels
Figure 1: Overview of the Incremental HD in Veterans (IncHVets) RCT




Combined Therapy for Selected Chronic Uremic Patients:
Infrequent Hemodialysis and Nutritional Management

E. Morelli, R. Baldi. G. Barsotti, F. Ci iardeﬂa.m_ Dani. A. M(mlm'a.rleﬂi.

I* Clinica Medica, Universita di Pisa. ltalia

Fig. 1. Progression of renal failure as indicated by the changes ol

creatinine clearance rates in patients while on combined therapy
(—) and when changed to conventional MHD ( )

SETTING:

Combined nutritional (vegan 0.3 g/kg/day plus essential
amino acid or{ keto-analogues)and once a week
hemodialysis employed in 17 ESRD for a mean period of

18.2 months/patientvs the standard thrice-a-week
dialysis schedule and free diet.

FINDINGS

The residual renal function of patients on combined
therapy declined at a slower rate than in those on thrice-
a-week dialysis. It is concluded that this combined
therapy is a valid alternative to the conventional thrice-a-
week hemodialysis and free diet for selected patients and
for periods of time whose duration is conditioned by the
rate of decline of the residual renal function.

Nephron 47: 161-166{1987)
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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, 100
Takahashi T 80
o ) 60 ——-OWHD-DT
Organization for Kidney
and Metabolic Disease 40 -u- Japan
Treatment 20 Resistry
0

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

‘Cana ot ol BMC Nephroloay 2017, 15172
P i IO tral com/ 13 /1 2560/ 15/1/ 2

BMC
Nephrology
=]

The incremental treatment of ESRD: a low-protein
diet combined with weekly hemodialysis may be
beneficial for selected patients

Stefania Caria’", Adamasco Cupisi’, Giovanna Sau” and Piergiorgio Bolasco®

» 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)

L

Survival

] 12
months.
Figure 2 Cumulative survival in CODP group (Dotted line} and

2016/10/5 in THD Group (Full line).

vs. thrice weekly dialysis (THD)

= 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

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

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

Nutritional support +++ ++ {+
.. .
Protein intake Reduced (6 out of 7 |Reduced (5 days): jincreased
days): sVLPD sVLDP or LPD
Energy intake increased increased increased
vascular access compromise + ++ +++
Protection of residual renal +++ ++ o[+
function
“Counter-Physiologic” effect of |4 ++ +++
HD treatment
HD scheduling challenge + ++ -
N Modifieq from:
Costs and reimbursement + ++  Carias, cupisti A Sau, 836t BMC Nephrol 201415:172
Bolasco, Cupisti, Locarelll, Caria, Kalantar-Zadeh, J Ren Nutr. 2016 26:352-359
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Stepwise Incremental Hemodialysis and Low-Protein
Diet Supplemented with Keto-Analogues Preserve
Residual Kidney Function: A Randomized Controlled

ot
Trial Nutrients Thailand Study 2025

Twice per week

Once per week

Thrice per week

Piyawan Kitti 22, Khajohn Ti , Paweena 10ng2*, Jeerath Phannajit>+®,
Yuda C ison®, Pagaporn , Bongkod Surattichaiyakul®, Kullaya Takkavatakarn?, Pisut Katavetin?,

Metta? and Kearkiat Praditpornsilpa®’

METHODS: , Conclusions:

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

Incremental HD, starting with
® once-weekly HD combined with

g/kg/day) supplemented keto-analogues (KAs) 0.12 g/kg/day. ~ protein restriction supplemented

2) twice-weekly HD with a regular-protein diet.

RESULTS: After 3 months, urine volume was significantly
higher in the 1-Weekly HD group than in the 2-Weekly HD

with KAs, appears to better
preserve RKF among incident HD
patients compared to twice-weekly

group (1921 + 767 mL/day vs. 1305 + 599 mL/day, p = 0.02), HD with a regular-protein diet.

12/14/2025

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
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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

Better preservation of residual renal function in peritoneal dialysis
patients treated with a low-protein diet supplemented with keto acids:

a prospective, randomized trial

Na Jiang', Jiaqi Qian', Weilan Sun', Aiwu Lin', Liou Cao', Qin Wang', Zhaohui Ni', Yanping Wan®,
Bengt Linholm®, Jonas Axelsson® and Qiang Yao'
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

Nephrol Dial Transplant 2009

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
» 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




Low Protein Diet for CKD-ESRD Transition

Mild-to Moderate CXOT
a0 .

Normal Kidney Function Ungoing Dialysis or Any Stage
with Increased CKD Risk Mild-to-Moderate CKD Advanced CKD Transition to Dialysisj  withiExisting or Imminent PEW

p

based foods (g/day)

Energy (kealfig/dm}**

™ NEW ENGLAND
JOURNAL of MEDICIN
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NEJM, July 9, 2020, Perspective

Ensuring Choice for People with Kidney Failure — e NEW ENGLAND

Dialysis, Supportive Care, and Hope JOURNAL of MEDICINE
Kamyar Kalantar-Zadeh, M.D, M.PH., Ph.D., Aaron Wightman,M.D.,, and Solomeon Liao, M.D.
“The 1973 Medicare expansion allowed nearly Conservative Management

all Americans with terminal kidney failure ] O Palfistive Care

access to life-sustaining dialysis. It permitted ]

patients to choose dialysis not just to survive, §

but also to maintain hope: .

hope of continuing valued relationships, hope "

for rehabilitation, and hope of achieving life 4

goals and pursuits.” 3
3 et st kol 7 (o e Tharsgy
| Tt utale Olla Tharyy

“Despite its flaws and burdens, dialysis prolongs
life for many people — people who choose to ———— bosonts ittt
start or continue this therapy to maintain hope

: : »
in the face of organ failure. Conceptual Model of the Conservative Management of

Advanced CKD

hat are the indicationsffor keto-analogues use?

Ii: Low protein Diet, VLDP: Very low Protein Diet |
1. - 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. - in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patients
with LKF

4, - at any CKD stage but with “heavy” proteinuria >1g/g

5. - in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

6. _(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)

© K. Kalantar-Zadeh 2025

Keto-Analogues of Amino-Acids for Hyperammonemic States,

Liver Disease and Urea Cycle Defects
Benefits of BC Keto Acid Containing Supplements in
Hyperammonemic States igen excretion

Kelo-Analog\{es o
states including \
Example of Ornith)

] {es its amino groud

[ MUSCLE (] proteolysis, 1 protcin synthesis)
e liver.

|

U - ~ ]
HMB BOER Uids? s e | |
(] " € supplementation o o toresn
s Transporte, &% o, Hombaren: 6 1830y
7! PO, synthd Besis of glutamate from a-
Qorithine Trgpg .

1 branched-chain
acyl-CoA esters.

Hlrs such as urea cycle disorders
T ers suc
"gininosuccingte syni|

Argininosuceingte yase]
® Arginase

HN-COpyy m“\‘

tsuccinyl-Cod
Hz0 =} Karm Kalartas- Zadeh, 2016.2025

th Tenemic State.

Branched-Chain Amino Acids and Branched-Chain Keto Acids in Hyperammonemic
States: M and as St its. Holecek M. i 2020 Aug 9;10(8):324

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

1. - in CKD patients (at any stage) with (or at risk of) Malnutrition or e L.
Protein-Energy Wasting (PEW) rap\j . “ L|_vmg-well

2. VLPD in advanced CKD GFR <25% (very low kidney ﬂlrumraOQ’U\Fémed 2 WI‘:h kidney
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3. [IPBin CKD 3-5 <50% (Low Kidney Ft "bb“f“m&g ag\d §;{Ented patients ( T ke
with LKF
- at any CKD stage but with ”hedvyagrotemuna >lg/e *

5. - in HD and PD patients (ESRD) with residual renal function (RRF) for
incremental dialysis to prolong RRF and lower dialysis dose/frequency

6. _(VLPD or LPD), making vegan diet safer for CKD [and for non-CKD
but with muscle-building puposes?]

UIU

7. Liver disease with hyperammonemia states: cirrhosis, urea cycle defects,
(not nephrology)

Conclusions
&
o

ﬁ
v

© K. Kalantar-Zadeh 2025

Conclusions: g: §
How Can Keto-analogues Help in the New Era of CKD Therap o

« 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.

“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 (1351209

TR

3 < « Keto-analogues use should not be limited to Very Low Protein Diet but should be
PP ‘ offered to wide spectrum of kidney disease in addition to medications.@zo25 K. Kalantar-Zadeh

+ 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.

K. Kalantar-Zadeh 2021




12/14/2025

hat are the indications

for keto-analogues use’?D

Low protein Diet, VLDP: Very low Protein Dletl e

- in CKD patients (at any stage) with (or at risk of) Malnutrition or
Protein-Energy Wasting (PEW)
VLPD in advanced CKD GFR <25% (very low kidney function, VLKF) [currently

the main indication of the Fresenius Kabi product]

- in CKD 3-5 <50% (Low Kidney Function, LKF) or transplanted patientsand
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