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Abstract

The benefits of exercise interventions in individuals with chronic kidney disease have
been widely reviewed; however, exercise has not yet been incorporated into routine
clinical practice. In athletic populations, the goals of exercise training are to improve
a specific aspect of physical performance such as strength or endurance, to ultimately
optimize physical performance. This contrasts with many chronic kidney disease
exercise studies where the goals are more aligned to a minimal effect, such as pre-
vention of decline in physical function, frailty or protein energy wasting (PEW),
weight loss for cardiovascular disease risk reduction, and risk minimization for mortal-
ity. In athletic populations, there are common targeted nutrition strategies used to
optimize physical performance. In this review, we consider the evidence for and
potential benefits of targeted nutrition strategies to complement well-designed exer-
cise interventions to improve physical performance in people with chronic kidney dis-
ease and dialysis. Overall, we found a small number of studies using targeted protein
supplementation in combination with a variety of exercise protocols; however,
results were mixed. Future studies in people with chronic kidney disease should
optimize acute (pre, during, and postexercise) and chronic nutritional status, utilizing

targeted nutrition interventions proven in athletes to have benefit.



What can we bring from’elite
sports nutrition to support
exereise in peopleswith CKD?
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Preparation & during - Recovery Other supplements
Energy / CHO Protein powders &  Caffeine -
Hydration supplements L-Carnitine s

Sports foods Creatine

Supplement timing Beetroot juice
Periodisation Bicarbonate




Preparation - Energy
Daily needs for fuel and recovery 0000

mysportscience

for athletes pk o, i
G @jeukendrup

www.mysportscience.com

o B Moderate exercise program _=
Moderate (eg 1h per day) 5-7 g/kg/day

Nutrition and Athletic Performance - Joint Position Statement American College of Sports
Medicine, Academy of Nutrition and Dietetics and Dietitians of Canada. MSSE 2016



Preparation - Energy

Why? Fuel exercise

Application? w

" Pre-load CHO?

= Eating before exercise, dialysis

= Different forms during - food, gels, bars?

* Low energy availability (RED-S) impairs performance



Preparation - Hydration
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Application?

= Amounts —encouragement vs restriction

* Timing?
= Fluid / volume overload is common
= Hypertension



Recovery - Protein

Why?

Amount/s?

Timing?

Application - Other questions:

= Can people with CKD metabolise protein effectively?
= Daily distribution?

* Quality & digestibility, whey vs plant-source? %&
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Protein post exercise Seee

To optimise muscle protein Synthesis Ewm%&mm

@jeukendrup

www.mysportscience.com

Aim for 20-25g of protein,
maybe more for some,
depending on training

—_— Leucine content of

protein is important ( aim
for 3g leucine)

Aim for 8-10g of
\ essential amino acids

Have regular meals
(every3-4h)




Ingested protein dose response of muscle and albumin protein
synthesis after resistance exercise in young men'™

Daniel R Moore, Meghann J Robinson, Jessica L Fry, Jason E Tang, Elisa I Glover, Sarah B Wilkinson, Todd Prior,
Mark A Tarnopolsky, and Stuart M Phillips
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Not only did FSR plateau above 20 g per day but protein oxidation was significantly increased at 20 & 40 g per day

Moore et al. Am J Clin Nutr. 89:161-168, 2009.



Am J Physiol Endocrinol Metab 302: E992-E999, 2012.
First published February 14, 2012; doi:10.1152/ajpendo.00517.2011.

Amino acid absorption and subsequent muscle protein accretion following
graded intakes of whey protein in elderly men

Bart Pennings."? Bart Groen,"-?> Anneke de Lange,” Annemie P. Gijsen,® Antoine H. Zorenc,>
Joan M. G. Senden,'? and Luc J. C. van Loon!-

'Top Institute Food & Nutrition, Wageningen; and Departments of 2Human Movement Sciences and *Human Biology,
NUTRIM School for Nutrition, Toxicology, and Metabolism, Maastricht University, Maastricht, The Netherlands
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Pennings et al. Am J Physiol Endocrinol Metab 302: E992-9, 2012.
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Dysregulated Handling of Dietary Protein [ Gheck torupdtes
and Muscle Protein Synthesis After

Mixed-Meal Ingestion in Maintenance

Hemodialysis Patients

Stephan van Vliet', Sarah K. Skinner’, Joseph W. Beals”, Brandon A. Pagni', Hsin-Yu Fang',
Alexander V. Ulanov’, Zhong Li°, Scott A. Paluska®, Michael Mazzulla®, Daniel W.D. West®,
Daniel R. Moore®, Kenneth R. Wilund'** and Nicholas A. Burd'~

"Department of Kinesiology and Community Health, University of lllinois at Urbana-Champaign, Urbana, lllinois, USA;
’Division of Mutritional Sciences, University of lllinois at Urbana-Champaign, Urbana, linois, USA; Roy J. Carver
Biatechnology Center, University of lllinois at Urbana-Champaign, Urbana, lllinois, USA; *Department of Family Medicine,
University of lllinois at Urbana-Champaign, Urbana, lllinois, USA; and ®Faculty of Kinesiology and Physical Education,
University of Toronto, Toronto, Ontario, Canada

Introduction: Skeletal muscle loss is common in patients with renal failure who receive maintenance
hemaodialysis (MHD) therapy. Regular ingestion of protein-rich meals are recommended to help offset
muscle protein loss in MHD patients, but little is known about the anabolic potential of this strategy.

Methods: Eight MHD patients (age: 56 = 5 years; body mass index [BMI]: 32 &+ 2 kgfrn?} and 8 nonuremic
control subjects (age: 50 = 2 years: BMI: 31 = 1 kg/m?) received primed continuous L-[ring-*Hslphenyl-
alanine and L-[1-"*Clleucine infusions with blood and muscle biopsy sampling on a nondialysis day.
Participants consumed a mixed meal (546 kcal; 20-g protein, 59-g carbohydrates, 26-g fat) with protein
provided as L-[5,5,5-"Ha)leucine-labeled eggs.

Results: Circulating dietary amino acid availability was reduced in MHD patients (41 £ 5%) versus control
subjects (61 + 4%; P = 0.03). Basal muscle caspase-3 protein content was elevated (P = 0.03) and large
neutral amino acid transporter 1 (LAT1) protein content was reduced (P = 0.02) in MHD patients versus
control subjects. Basal muscle protein synthesis (MPS) was ~2-fold higher in MHD patients (0.030 +
0.005%/h) versus control subjects (0.014 + 0.003%/h) (P = 0.01}. Meal ingestion failed to increase MPS in
MHD patients (absolute change from basal: 0.0003 + 0.007%/h), but stimulated MPS in control subjects
(0.009 + 0.002%/h; P = 0.004).

Conclusions: MHD patients demonstrated muscle anabolic resistance to meal ingestion. This blunted
postprandial MPS response in MHD patients might be related to high basal MPS, which results in a
stimulatory ceiling effect and/or reduced plasma dietary amino acid availability after mixed-meal
ingestion.

Kidney Int Rep (2018) 3, 1403-1415; https:/doi.org/10.1016/.ekir.2018.08.001

KEYWORDS: chronic kidney disease; inflammation; insulin resistance; nutrition; protein digestion

@ 2018 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-
MNC-ND license (hitp:/creativecommaons.org/licenses/by-nc-nd/4.0/).
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Conclusions: MIHD patlents “demonstrated muscle anabolic resistance to meal ingestion. This blunted
postprandial MPS response in MHD patients might be related to high basal MPS, which results in a
stimulatory ceiling effect and/or reduced plasma dietary amino acid availability after mixed-meal

ingestion.
Kidney Int Rep (2018) 3, 1403-1415; https://doi.org/10.1016/ eklr 2018.08.001

protein
provided as L-15,5.5 2H3]1:=:ucme labeled eggs.

Results: Circulating dietary amino acid availability was reduced in MHD patients (41 + 5%) versus control
subjects (61 + 4%; P = 0.03). Basal muscle caspase-3 protein content was elevated (P = 0.03) and large
neutral amino acid transporter 1 (LAT1) protein content was reduced (P = 0.02) in MHD patients versus
control subjects. Basal muscle protein synthesis (MPS) was ~2-fold higher in MHD patients (0.030
0.005%/h) versus control subjects (0.014 + 0.003%/h) (P = 0.01). Meal ingestion failed to increase MPS in
MHD patients {absolute change from basal: 0.0003 + 0.007%/h), but stimulated MPS in control subjects
(0.009 + 0.002%/h; P = 0.004).
Conclusions: MHD patients demonstrated muscle anabolic resistance to meal ingestion. This blunted
postprandial MPS response in MHD patients might be related to high basal MPS, which results in a
stimulatory ceiling effect and/or reduced plasma dietary amino acid availability after mixed-meal
ingestion.
Kidney Int Rep {2018} 3, 1403-1415;
KEYWORDS: chronic kidney disease; inflammation; insulin resistance; nutrition; protein digestion

2018 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY
MNC-ND license ( }
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Dietary Protein and Physical Activity Interventions to
Support Muscle Maintenance in End-Stage Renal
Disease Patients on Hemodialysis

Floris K. Hendriks 120, Joey S.]. Smeets 1, Frank M. van der Sande 3, Jeroen P. Kooman %3 and
Luc ].C. van Loon 1*

Nutrients 2019, 11, 2672; doi: 10.33%0/mu11122972

e Suggest need well above 20g protein during HDx for +ve N-balance
* ?40-60g needed to overcome the AA loss and anabolic resistance
e ?Peasier to do post HDx and ?more effective



Recovery - Protein

Why?
Amount/s?
Timing?

Application - Other questions:

= Can people with CKD metabolise protein effectively?

= Daily distribution? %&

* Quality & digestibility, whey vs plant-source?
= Form — food vs supplement? (powder / gel / bar)
* Dose adjustment for periodisation?



Caffeine

Why? stimulant

O
Application: /CH3
Hs;C N
Timing — when? N
Amount / how much? )\ | />
O N

Form — drink / food / tablet?

)
Dangers? CHs



Outline

Abstract
Introduction
General principles
Recommendations
Diagnosis of DCD
Treatment of DCD
Clinical manifestations of DCD
Anemia
Intradialytic hypotension
Cardiomyopathy
Muscle weakness and functional well being

Appendix.

Hide outline A

Figures (1)

AJKD-
American Journal of Kidney Diseases
Volume 41, Issue 4, April 2003, Pages 868-876

Original investigation: special article

Practice recommendations for the use of L-
Carnitine in dialysis-related carnitine disorder
National Kidney Foundation Carnitine Consensus
Conference

Garabed Eknoyan MD &abc®, Derrick L Latos MD (FACP) abc, Jill Lindberg MD (FACP) abc

& Show more

https://doi.org/10.1016/50272-6386(03)00110-0 Get rights and content

Abstract

References are not cited within this report. However, they are included in the supplement to
this issue of the American Journal of Kidney Diseases, which contains reports regarding
each topic that was considered by the panel.

These recommendations are not intended to be guidelines or standards of care.
Instead, they have been developed to provide the best available information and
expert opinion in decision-making for the clinician. The recommendations should
not be considered as prescribing an exclusive course of management.

L-carnitine

RECOMMENDATIONS FOR L-CARNITINE USE IN DCD

~ |

\ Patient with possible DCD

e

369

Anemia hyporesponsive
to rHUEPQ °

Intradialytic

hypotension © Cardiomyopathy °

Skeletal muscle
weakness ©

l

l l

l

Failure to maintain target
hemoglokin/hematocrit
during treatment with
erythropoietic agents *

NYHA Class llI-IV,
Recurrent symptomatic ACC/AHA Stage C-D
hypotension during heart failure, or
dialysis * documented
cardiomyopathy *

Muscle weakness,
easy fatigability,
poor quality of life *

.

i l

~

Establish objective criteria for evaluating response to therapy. *

]

l

Initiate L-carnitine therapy. *

Using defined criteria, monitor abjective

response to therapy at 3-month intervals

| At 9-12 months, has patient improved?

\ Continue L-carnitine therapy. - 1

Discontinue L-carnitine therapy. *
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Review

Carnitine in Human Muscle Bioenergetics:
Can Carnitine Supplementation Improve
PhYSiC al Ex erc i S e? Molecules 2020, 25, 182; doi:10.3390/molecules25010182

The Journal of Clinical Investigation CLINICAL MEDICINE

L-Carnitine in omnivorous diets induces an atherogenic
gut microbial pathway in humans

Robert A. Koeth,"?? Betzabe Rachel Lam-Galvez,* Jennifer Kirsop,"? Zeneng Wang,"? Bruce S. Levison,' Xiaodong Gu,'?
Matthew F. Copeland,® David Bartlett,’ David B. Cody,* Hong ). Dai,* Miranda K. Culley," Xinmin S. Li,** Xiaoming Fu,?
Yuping Wu,? Lin Li,"? Joseph A. DiDonato,"? W.H. Wilson Tang,"*? Jose Carlos Carcia-Garcia,* and Stanley L. Hazen"??

'Department of Cellular and Molecular Medicine, Lerner Research Institute, 2Center for Microbiome and Human Health, and *Department of Cardiovascular Medicine, Cleveland Clinic, Cleveland, Ohio, USA.
*Life Sciences TPT and *Global Biosciences, The Procter & Gamble Company, Cincinnati, Ohio, USA. *Department of Mathematics, Cleveland State University, Cleveland, Ohio, USA.

jci.ore  Volume129 Number1 January 2019 373

REVIEW ARTICLE

Plant-Based Diets, the Gut Microbiota, and
Trimethylamine N-Oxide Production in
Chronic Kidney Disease: Therapeutic
Potential and Methodological
Considerations

Gretchen N. Wiese, MS, RD,* Annabel Biruete, PhDD, RD, "% Ranjani N. Moorthi, MD, MS, MPH,T
Sharon M. Moe, MD,1T'1°§ Stephen R. Lindemann, PhiDD,* ¥ and Kathleen M. Hill Gallant, PhD, RD*t

bes L-CARNITINE

Sawicka et al. Journal of the International Society of Sports Nutrition
https://doi.org/10.1186/512970-020-00377-2

(2020117:49 Journal of the International

Society of Sports Nutrition

REVIEW Open Access

The bright and the dark sides of L-carnitine @
supplementation: a systematic review

updates I
Angelika K. Sawicka', Gianluca Renzi® and Robert A. Olek®”

Nutrition

Volume 31, Issues 11-12, November—December 2015, Pages 1317-
1323

TMAO: A small molecule of great
expectations

Marcin Ufnal M.D., Ph.D. # & &, Anna Zadlo M.Sc. °, Ryszard Ostaszewski Ph.D. °



L-Carnitine

Application?

Deficiency = supplement to repletion?
Omnivore, not deficient = Don’t supplement (T TMAO)
Plant-dominant, low carnitine intake =2 ?supplement (<>?TMAOQ)



Kreider et al Journal of the International Society of Sports Nutrition (2017) 14:18

D01 10.1186/512970-017-0173.0 Journal of the International

Society of Sports Nutrition C re a t i n e

REVIEW Open Access

Why? International Society of Sports Nutrition @
position stand: safety and efficacy of
creatine supplementation in exercise, sport,
and medicine

Richard B. Kreider™”, Douglas S. Kalman?, Jose Antonio?, Tim N. Ziegenfuss®, Robert Wildman?®, Rick Collins®,
Damen G. Candow’, Susan M. Kleiner®, Anthony L Almada® and Hector L. L4:J;3F'_z""m

Antonio et al. Journal of the International Society of Sports Nutrition (2021) 1813 —

https://doi.org/10.1186/512970-021-00412-w JOU rr_'lal of the Internatlp_nal %
Society of Sports Nutrition

REVIEW Open Access

Common questions and misconceptions h@m
about creatine supplementation: what does ~
the scientific evidence really show?

Jose Antonio'"(®, Darren G. Candow?, Scott C. Forbes®, Bruno Gualano®, Andrew R. Jagim?, Richard B. Kreider®,
Eric S. Rawson’, Abbie E. Smith-Ryan® Trisha A VanDusseldorp®, Darryn S. Willoughby'® and Tim N. Ziegenfuss'’




Why?

N\g 7utrients MbPy]
Hypothesis

Creatine is a Conditionally Essential Nutrient in

Chronic Kidney Disease: A Hypothesis and Narrative
Literature Review

Adrian Post I'*(, Dimitrios Tsikas % and Stephan J.L. Bakker !

Nutrients 2019, 11, 1044; doi:10.3390/nu11051044

Medical Hypotheses 99 (2017) 1-14

Contents lists available at ScienceDirect

Medical Hypotheses

journal homepage: www.elsevier.com/locate/mehy

Intradialytic creatine supplementation: A scientific rationale for
improving the health and quality of life of dialysis patients

Theo Wallimann **, Uwe Riek ?, Michael Moddel

@ CrossMark
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Creatine
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Why? Support resistance training

Application:

Amount / how much?
Maintenance vs Loading?
Periodisation?

Who? CKD | Vegetarians | Females
Form? — drink / food / tablet

Dangers?

Creatine




Beetroot juice

Why? High dose natural form Nitrate

Application?

Who?

Dangers?

Timing —when?
Amount / how much?

Form?



Bicarbonate

Why?
Buffer lactate during exercise 2
Lower muscle protein breakdown 3

Application? Optimise levels in CKD Nat O- OH
Amount / how much? C

Form? Pill vs plant-dominant eating pattern O

29



the verdict

= Encourage exercise in fed state

= Protein intake during recovery — food or supplement
= Likely need >>20g animal/plant protein
* Timing in CKD with lower protein diets

= Creatine could be reconsidered to support resistance training
= Caffeine before exercise could be helpful**
= L-Carnitine could help if deficient**

= Optimise bicarbonate levels

= Studies in exercise in CKD must have nutrition support built in to optimise
exercise intervention
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