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• sufficient fluid intake (urine volume > 3 l/d)

• limit salt intake

• physical activity, avoid overweight

• healthy diet (e.g. mediterranean diet)

• blood pressure control !

• moderate coffee consumption, no smoking

• avoid estrogen supplementation

Management of ADPKD – state of the art

Müller and Benzing CKJ 2018
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Dietary salt restriction is beneficial in ADPKD

- 0.09 ml/min/year increase of eGFR loss per 1 gram of salt



our approach: < 5-7 g sodium chloride per day

Dietary salt restriction is beneficial in ADPKD
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ADPKD is a metabolic disorder

Podrini, Cassina and Boletta Cellular Signaling 2020
Haumann, Müller and Liebau IJMS 2020

• Warburg effect
• glutamine anaplerosis
• defective TCA cycle
• defective OXPHOS
• reduced FA oxidation
• enhanced FA biosynthesis



The main purposes of metabolism are: 

1. the conversion of the energy in food to energy available to cells

2. the conversion of food to building blocks

Metabolism…



Caloric restriction reduces cyst growth

Kipp et al. Am J Physiol Renal Physiol. 2016 Apr 15; 310(8): F726–F731.
Warner et al. J Am Soc Nephrol. 2016 May;27(5):1437-47.

• 23% calorie restriction

• PKD1cond/cond:NesCre

• day 35 until day 84

• 40% calorie restriction

• PKD1RC/RC

• 5.5 months – 8.5 months

ctrl diet



- posthoc analysis HALT-PKD

- 441 patients

Nowak et al. JASN Feb 2018, 29 (2) 571-578

Overweight and obesity are associated
with faster disease progression in ADPKD



Nowak et al. AJKD 2024
https://doi.org/10.1053/j.ajkd.2024.02.014

Visceral adiposity associates with
more rapid kidney growth

posthoc analysis TEMPO 3:4



Hopp, … and Nowak
iScience 2022

28 overweight or obese ADPKD patients
1 year dietary intervention
randomized daily caloric restriction vs. intermittent fasting

Weight reduction is associated with
slower kidney growth in ADPKD



Is it really all just about 
the amount of food?

Is reducing calorie intake 

required for the effect? 

What exactly happens in the 

metabolism of a mouse on a 

diet?



▪ if mice get less food, they eat everything at once

caloric restriction leads to ketogenesis



▪ if mice get less food, they eat everything at once

▪ and when there is nothing left…

…time-restricted feeding is the consequence

caloric restriction leads to ketogenesis



▪ if mice get less food, they eat everything at once

▪ and when there is nothing left…

…time-restricted feeding is the consequence

the body starts burning fat

instead of sugar

formation of „ketone bodies“

caloric restriction leads to ketogenesis



▪ if mice get less food, they eat everything at once

▪ and when there is nothing left…

…time-restricted feeding is the consequence

caloric restriction leads to ketogenesis

Torres et al. Cell Metabolism 2019

PKD1cond/cond:Nescre mice

on caloric restriction



How can we reach a ketogenic state?

Time-restricted diet

ketogenic diet

• increase of fat intake

• massive reduction of

carbohydrate intake (~20 g/d)

• normal protein intake

Intermittent fasting



It’s indeed not only about calories…

• caloric restriction induces ketone body formation

• ketogenic dietary interventions ameliorate PKD

in animal models

Torres al. Cell Metabolism 2019



ketogenic dietary interventions inhibit 
cyst formation in animal models

Torres, … and Weimbs
Cell Metabolism 2019

Han:SPRD rats
time-restricted feeding
5 weeks, from 3 wks of age



Torres, … and Weimbs
Cell Metabolism 2019

ketogenic dietary interventions reduce 
mTORC signaling and fibrosis

phospho S6 sirius red

Han:SPRD rats
time-restricted feeding



Torres, … and Weimbs
Cell Metabolism 2019

ketogenic dietary interventions –
impact on kidney function

Han:SPRD rats
ketogenic diet
5 weeks, from 3 wks of age



Torres, … and Weimbs
Cell Metabolism 2019

ketogenic dietary interventions 
restore AMPK activity

Han:SPRD rats
ketogenic diet
5 weeks, from 3 wks of age



Torres, … and Weimbs
Cell Metabolism 2019

fast-acting effects of ketosis

orthologous feline ADPKD model
fasting 72 hours



Ketogenic diets inhibit cyst formation in
animal models…

Should all ADPKD patients follow

a ketogenic diet now?



Ketogenic diets inhibit cyst formation in
animal models…

Should all ADPKD patients follow

a ketogenic diet now?

No, data in humans are missing !



A translational pipeline for ketogenic interventions in 
ADPKD

Strubl al. CKJ 2021

 
Keto Case Series Study in ADPKD 

Online survey on eating
habits and special diets

Clinical Case Series study on the
experience of PKD patients with KDIs RESET- PKD KETO- ADPKD 

Prospective Proof-of-principle clinical trial
NCT04680780

Recruitment by University of Cologne

N= 10 ADPKD patients

Randomized, controlled clinical trial
NCT04472624

Recruitment by University of Cologne

N= 63 ADPKD patients

Translational project pipeline for ketogenic dietary interventions in ADPKD 

of the University Hospital of Cologne and the Weimbs laboratory 
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Figure 7 

131 ADPKD patients that had already used ketogenic dietary interventions

questions about well-being, feasibility and potential (side) effects



A translational pipeline for ketogenic interventions in 
ADPKD

Strubl al. CKJ 2021; Oehm, Steinke et al. NDT 2022
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A translational pipeline for ketogenic interventions in 
ADPKD

Strubl al. CKJ 2021; Oehm, Steinke et al. NDT 2022
Cukoski, Lindemann et al. Cell Reports Medicine 2023
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KETO-ADPKD: randomized controlled trial

Cukoski, Lindemann et al. Cell Reports Medicine 2023

1) balanced standard diet

2) ketogenic diet

3) 3-day water fasting 1x/month



KETO-ADPKD: randomized controlled trial

Cukoski, Lindemann et al. Cell Reports Medicine 2023

the importance of well-characterized cohorts:

rapid recruitment in a single center

n = 1500 patients



run-in phase
(1 month)

intervention phase
(3 months)

washout phase
(1 month)

MRI #1

MRI #2

Cukoski, Lindemann et al. Cell Reports Medicine 2023



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: balanced at baseline



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Feasible, but not always easy…

+4 = no problem at all
-4 = not feasible at all

PRO questionnaire



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Feasible, but not always easy…

+4 = no problem at all
-4 = not feasible at all

PRO questionnaire + adherence? → ketone bodies



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Body weight…mainly fat mass



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Body weight…mainly fat mass



KETO-ADPKD: Total kidney volume

Cukoski, Lindemann et al. Cell Reports Medicine 2023



KETO-ADPKD: Total kidney volume

Cukoski, Lindemann et al. Cell Reports Medicine 2023

unpublished 
posthoc analysis

KD: patients with
BHB ≥ 0.5mmol/l
at 2/3 visits



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Kidney and liver volume



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Kidney function



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Kidney function

muscle mass?

meat intake?



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Kidney function



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Kidney function

delta KD/ctrl                       6.25 2.23   ml/min

pval KD/ctrl  0.01 0.31



KETO-ADPKD: Open questions 
regarding kidney function

Cukoski, Lindemann et al. Cell Reports Medicine 2023

Long-term effects?

Hyperfiltration?

Side effects?



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Side effects?

transient Keto flu



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Side effects?



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Side effects?



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Distinct effects on cholesterol

NMR lipidomics to obtain an in-depth view on cholesterol metabolism in ADPKD patients on ketogenic diets.



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Distinct effects on cholesterol

log2 fold change 
baseline to end-of-treatment

0

1



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: Distinct effects on cholesterol

0

1



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: And now…?

What do the results mean?



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: And now…?

10-30 probands

< 100 pts.

200 - 5000 pts.

RESET-PKD

KETO-ADPKD



Cukoski, Lindemann et al. Cell Reports Medicine 2023

KETO-ADPKD: And now…?

10-30 probands

< 100 pts.

200 - 5000 pts.

RESET-PKD

KETO-ADPKD

KETO-ADPKD EXTEND



KETO-ADPKD: And now…?

We are not there yet to provide a recommendation…

But we will get there together.





Clin Kidney J, Volume 15, Issue 7, July 2022, Pages 1275–1283, https://doi.org/10.1093/ckj/sfac029

The content of this slide may be subject to copyright: please see the slide notes for details.

SGLT2-inhibition: many good arguments in ADPKD

Afsar et al. CKJ 2022

https://doi.org/10.1093/ckj/sfac029


Clin Kidney J, Volume 15, Issue 7, July 2022, Pages 1275–1283, https://doi.org/10.1093/ckj/sfac029

The content of this slide may be subject to copyright: please see the slide notes for details.

SGLT2-inhibition: many good arguments in ADPKD

Afsar et al. CKJ 2022

Increase in ketone bodies

https://doi.org/10.1093/ckj/sfac029


Great! So should we use SGLT2i in ADPKD now?



  Unfortunately, the answer is no….
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  Unfortunately, the answer is no….

Great! So should we use SGLT2i in ADPKD now?

▪ ADPKD was an exclusion criterion in the 
CKD trials

▪ the preclinical data in PKD models are 
heterogenous



study model SGLT2i kidney function kidney weight other findings

Wang et al. KI 2013 Han:SPRD rat phlorizin albuminuria 

Rodriguez Kidney 
Blood Press Res 2015

Han:SPRD rat dapagliflozin albuminuria

Kapoor PLoSOne 2015 PCK rat dapagliflozin ? albuminuria

Leonhard et al. 
eBioMedicine 2019

Pkd1fl/fl inducible canagliflozin - -

preclinical data on SGLT2i in PKD are inconclusive



  Unfortunately, the answer is no….

Great! So should we use SGLT2i in ADPKD now?

▪ ADPKD was an exclusion criterion in the 
CKD trials

▪ the preclinical data in PKD models are 
heterogenous

▪ Could there be safety concerns 
(vasopressin)?



SGLT2i increases vasopressin in both animals and humans without PKD

Masuda et al. Physiol Rep 2020

rats



SGLT2i increases vasopressin in both animals and humans without PKD

Masuda et al. Physiol Rep 2020

rats clamped euglycemic conditions hyperglycemic conditions

Lytvyn et al. Diabetes Metab. 2020

Sen et al Diabetes Obes Metab 2022



  Unfortunately, the answer is no….

Great! So should we use SGLT2i in ADPKD now?

▪ ADPKD was an exclusion criterion in the 
CKD trials

▪ the preclinical data in PKD models are 
heterogenous

▪ Could there be safety concerns 
(vasopressin)?

Clinical trial urgently required.



Last message:  KETO ≠ KETO



Thanks very much.

Franziska Grundmann
Sadrija Cukoski

Christoph Lindemann
Theresa Brecht

Adrian Kühn
Simon Oehm
Sita Arjune

Polina Todorova
Cornelia Böhme
Sebastian Strubl

Johannes Schmidt
Philipp Antczak
Hande Aydogan

+ all of the ADPKD team Cologne

Any more questions? nephrologie-adpkd@uk-koeln.de

All the patients participating
in the trials. ?
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