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Objectives

= Nomenclature and definitions.

» Epidemiology across spectrum of CKD.

» Overlapping adverse sequelae of sarcopenia, frailty, and PEW.

= Screening tools for early detection and intervention.
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Each year over ~130,000 patients in the US
transition to ESKD
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International comparisons of incident ESKD
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CKD disproportionately affects patients of elder age
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The global incident ESKD population 1s aging

North America
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Across Western developed countries, highest incidence of treated ESRD in those 75+ years old

USRDS Annual Data Report 2024.
“Transition of Care in CKD” Special Study, USRDS Annual Data Report 2017.




Aging and ailing incident ESKD population
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Sarcopenia, Frailty, & Malnutrition-PEW

SARCOPENIA

v"  Loss of muscle mass,
strength, and/of
performance
v' Does not require underlying
illness

FRAILTY

v" Physiologic decline
v" Vulnerability to adverse
health outcomes

MALNUTRITON &

PROTEIN ENERGY
WASTING

v' Insufficient dietary intake
V' Increased protein catabolis




SARCOPENIA



Origins of sarcopenia

Coined by Dr. Irwin Rosenberg in 1988
Greek roots:

> “Sarx” = flesh + “Penia” = loss
Recognition of sarcopenia as a public health
concern

“No decline with age is more dramatic or

potentially more functionally significant than the

b

decline in lean body mass.’

Dr. Irwin Rosenberg,
Director, Jean Mayer
USDA Human Nutrition
Research Center on Aging,
Tufts University
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High burden of
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Prevalence of sarcopenia in patients with chronic
kidney disease: a global systematic review and
meta-analysis

Marvery P. Duarte™?, Lucas S. Almeida?, Silvia G.R. Neri®, Juliana S. Oliveira®>4, Thomas J. Wilkinson>*,
Heitor S. Ribeiro™?(®) & Ricardo M. Lima®

Prevalence (%)

No. of studies  No. of patients Random effects (95% Cl) 12
__ Nondialyslsy] —&=— 49 __ _ _ 12008 _ _ _ _ _16.7(8.9:263)_ _ _ 990 _
| _ _Hemodialysis| =~ e+ 63 _ _ _ _18190_ _ _ _ & 28.8(255-32.3) _ _ 958 _
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Varying prevalences of sarcopenia by definition
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Definitions of sarcopenia across international groups

Sarcopenia = Presence of low appendicular lean skeletal muscle mass
with low muscle strength and/or low physical performance (EWGSOP)

EWGSOP (2010)

EWGSOP2 (2018)

FNIH (2014)

AWGS (2014)

AWGS (2019)

Muscle mass

DXA <7.26 kg/m2 (M) <7.0 kg/m2 (M) <0.789 m2 (M) <7.0 kg/m2 (M) <7.0 kg/m2 (M)
<5.5 kg/m2 (F) <5.5 kg/m2 (F) <0.512 m2 (F) <5.4 kg/m2 (F) <5.4 kg/m2 (F)
BIA <8.87 kg/m2 (M) <7.0 kg/m2 (M) <7.0 kg/m2 (M)
<6.42 kg/m?2 (F) <5.7 kg/m2 (F) <5.7 kg/m2 (F)
Muscle strength
Handgrip <30 kg (M) <27 kg (M) <26 kg (M) <26 kg (M) <28 kg (M)
<20 kg (F) <16 kg (F) <16 kg (F) <18 kg (F) <18 kg (F)
Chair stand 5155
Muscle performance
Gait speed <0.8 m/s <0.8 m/s <0.8 m/s <0.8 m/s <1.0m/s
400-m walk test Non-completion
or 26 min for
completion
212s

Chair stand




CKD-related vs. aging-related sarcopenia

SECONDARY PRIMARY
SARCOPENIA SARCOPENIA

CKD-related sarcopenia Ageing-related sarcopenia
Muscle protein degradation Increased No change
Muscle protein synthesis Decreased Decreased
Resting energy expenditure Increased/unchanged Unchanged
Inflammation Increased Increased or unchanged
Insulin resistance Present Present
Body fat Unchanged, increased or decreased Normally increased
Muscle fiber change Atrophy in type I and II fibers Preferential loss of type II fibers

Treatment goals may differ from CKD- vs. aging-related sarcopenia.

Sabatino et al. JI Nephrology 2021.



Unique risk factors for muscle wasting in CKD

Chronic S——
Poor Nutrition Inflammation S
1 Levels of
Catabollc Hormones
Catabolic Effects Comorbidities
of Dlaly5|s 4 Levels or
Metabolic

Resistance to Acid
cidosis
Anabolic Hormones ICoS!

MUSCLE WASTING IN
HEMODIALYSIS PATIENTS

Rhee, Kalantar-Zadeh. JCSM 2014.




Molecular mechanisms of muscle atrophy in CKD
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Multiple factors leading to negative protein balance

Loss of amino acids and protein into
the dialysate in PD;
Loss of amino acids during HD session
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Muscle wasting in CKD associated with worse
survival, physical function, and HRQOL

] Volume overload | Free radicals | Comorbidities Dialysis inflammation

!L»::uss of nutrients/dialysis | Loss of renal function 1 Other inflammation |

Endocrinopathies Anemia Acidosis

Anorexia Decreased nutrient intake

Lremia Hypercatabolism

Malnutrition More inflammation

Cachexia Sarcopenia

infection Depression
| Morbidity and mortality |

Hanna, Ghobry, Wassef, Rhee, Kalantar. Blood Purif 2020.
Kalantar, Rhee, Sim, Stenvinkel, Anker, Kovesdy. JCSM 2013.



In experimental models of CKD, muscle function
declines without loss of muscle mass
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Cross-sectional area, cm?

Impaired muscle quality may account for loss of
muscle function independent of muscle mass

—_
S

—_
N
1

—_
o

o \} ma S » 00}
1 1 1 1 L

Control Dialysis

Dialysis subjects Controls
Variable (N = 22) (N =17) P value
Total CSA cm’ 10.8 2.6 10922 0.93
Contractile CSA cm’ 231 9.1+2.0 0.02
B Noncantractile CSA cit’ m e 37423 o 18050 0001
I MVCN 169.6 = 65.5 217.7 £ 69.1 0.03
—TCART T T T T T T T 0940127 = 096+0.09" T0.66 —
MV C/total CSA 15.0+4.8 19.7+4.6 0.003
MVC/contractile CSA 21.9x72 23.4+53 0.48

Data are mean = SD. Abbreviations are: CSA, cross-sectional area; MVC,
maximal voluntary contraction; CAR, central activation ratio.

In age- and sex-matched HD patients vs. controls:

v' Total muscle cross-sectional area the same
v’ HD patients with less contractile tissue & more non-contractile tissue vs. controls
v’ HD patients had lower strength & gait speed vs. controls

Johansen et al. KI 2003.



FRAILTY



Frailty = Syndrome of multi-system impairment

with 1 vulnerability to stressors

Overlap between frailty &
sarcopenia
But, frailty constitutes a
broader constitutional
spectrum than sarcopenia

» Physical, cognitive, and

social

Strongly associated with
disability, hospitalization, &
mortality

Low physical activity
* Sedentary lifestyle

Endocrine/hormonal changes
* Hypothalamic—pituitary—gonadal
and GH/IGF-1 axes dysregulation

Immunosenescene
* Inflammaging

+ Disease-related immobility or disability

Sarcopenia Physical

Inadequate intake of protein

* Anorexia
* Malabsorption

* Limited access to healthy foods

* Limited ability to eat

Aging

+ Accumulation of unrepaired molecular
and cellular damage

* Mitochondrial DNA mutation

function
impairment
Skeletal muscle loss
Poor muscle quality ~ Weakness
Slowness

* M IL-6, TNF-, CRP, CXCL-10

Frailty

Deficits accumulation
Fatigue

Sedentary behavior
Weight loss

Cognitive impairment
Social isolation

Chronic kidney disease

* Metabolic acidosis

* Uremic toxins

* Catabolism (e.g., dialysis related)

* PTH/vitamin D/electrolyte imbalance
* Mitochondrial dysfunction

* Genetics

Comorbidities

* Diabetes, cardiovascular disease, organ
failure, autoimmune diseases, or

malignancy

Wong et al. KI Reports 2021.
Roshanravan et al. AJKD 2017.




Two distinct models to conceptualize frailty

FRAILTY PHENOTYPE
MODEL

(Fried Phenotype)
\ 4

FRAILTY INDEX MODEL
(Rockwood)

\ 4

Presence of >3 of 5 criteria:

Accumulation of deficits across e Weakness
multiple organ systems (i.e., * Slowness
cognition, mood) * Shrinkage

e Exhaustion
* Low physical activity

/z’ \\\ //’ \\\
/7 . /7
y More widely A y Most commonly used
. e . | . . 1
3 accepted in geriatrics , | frailty tool in CKD /
. / . /
AN community _ DN studies .7

~~— —” \5— —”
e mm = - e = —

Wong et al, KI Reports 2021.



Fried frailty phenotype tool & scoring

FRAILTY VARIABLE DIAGNOSTIC CRITERIA

Weight loss >5% of body weight in last year FRAILTY = >3

Exhaustion Positive response to questions criteria

regarding effort required for activity PRE-FRAILTY =1-2
Weakness Decreased grip strength ClIENI
) NOT FRAIL=0
Slow walking speed >6 to 7 seconds to walk 15 feet criteria
Decreased physical Males: <383 kcals expended/week
activity Females: <270 kcals expended/ week

Physical inactivity most modifiable frailty component in CKD.

Fried et al, J Gerontol A Biol Sci Med Sci, 2001.
Roshanravan et al, AJKD 2012.



Fried frailty phenotype across NDD-CKD stages

= Not frail ® Intermediate Frail “ Frail

100% 48
90% 40 -
80% - =1

H 30
70% -

','-'_:,25 :
60% §20

[
50% - o 15 -
40% - 10

5
30% -
0
20% - <300mg/g 2300mg/g <300mglg 2300mg/g
(n=10/114) (n=3/57) n=11/84) (n=19/71)
10% - eGFR245 eGFR<45
0% -
<30 30-44 45-59 260
(n=75) (n=88) (n=74) (n=99)

eGFR by Cystatin C (ml/min/1.73m?)

Roshanravan et al, AJKD 2012.



Risk of death or dialysis in NDD-CKD:
Fried frailty phenotype & individual components

Roshanravan et al, Physical  Walk Grip Loss
AJKD 2012. Activity I ‘0
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Fried frailty phenotype 1n ESKD patients on dialysis

S .
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Follow-up Time (Years)
Number at risk
—l Nonfrail 38 35 33 24
o T T T T T T Intermediately Frail 47 42 36 24
0 1 2 3 4 5 Frail 61 54 46 18

Frailty Score

» Intermediate frailty & frailty associated with 2.6-2.7-fold higher mortality
* Frailty associated with 1.4-fold higher risk hospitalization

McAdams-Demarco et al, JAGS 2013.




MALNUTRITION &
PROTEIN ENERGY WASTING



Malnutrition vs. Protein Energy Wasting (PEW)

MALNUTRITION PEW

* Induced by 1 body
protein catabolism
(not just | diet)

 May or may not be

corrected by P

* Induced by
insufficient
dietary intake

dietary intake alone

Fouque et al. KI 2008.
Rhee, Molnar, Kovesdy. Ikizler & Mitch Handbook of Nutrition & the Kidney 2017.



What 1s Protein Energy Wasting?

“Kidney Disease PEW is a condition of: “Cachexia”

Wasting” { body protein mass

CKD & AKI J-energy/fuel reserves Severe PEW

Biochemical J Muscle J Protein or
abnormality mass energy intake

Fouque et al. KI 2008.
Rhee, Molnar, Kovesdy. Ikizler & Mitch Handbook of Nutrition & the Kidney 2017.



ISRNM criteria for diagnosis of PEW

BIOCHEMICAL BODY MASS

Albumin <3.8 g/dl BMI <23 kg/mz
Pre-albumin <30 mg/dI*

Cholesterol <100 mg/dI

Unintentional |, weight:
5% in 3 months or
ISRNM 10% in 6 months

DIAGNOSTIC Body fat % <10%
CRITERIA:

3 out of 4 categories
MUSCLE MASS DIETARY INTAKE

Muscle wasting: *For ESRD Unintentional  DPI:

5% in 3 months or <0.8 g/kg/day >2 mo’s*
10% in 6 months Unintentional {, DEI:

J MAMC
Cr appearance

<25 kcal/kg/day >2

Fouque et al. KI 2008.
Rhee, Molnar, Kovesdy. Ikizler & Mitch Handbook of Nutrition & the Kidney 2017.



Multitactorial causes of PEW & malnutrition

Insulin resistance
M energy expended 1 glucocorticoid J’ thyroid hormone
HYPER-
JANABOLISM i
METABOLISM GH/IGF1 resistance

-
CAUSES OF PEW IN CKD

/
ACIDOSIS
ACTIVITY
DIALYTIC
PROCEDURE
Dialysis-induced

Carrero et al. JReN 2013.

Dialysis-induced
inflammation @



Maladaptive response to
| protein & energy intake in PEW

Protein-Calorie Restriction without PEW

Decreased protein intake Decreased caloric intake

I

4 Leptin
4 Ghrelin

< § »

1 Amino Acids  Glucose P Amino Acids
4 Insulin  Glucose Hunger
sensitivity J REE
Normal Albumin

Carrero et al. JReN 2013.

Protein-Calorie Restriction with PEW

Decreased protein intake Decreased caloric intake

1 Leptin
4 Ghrelin

Glutamine
f—

Metabolic 1 Amino Acids ‘P Glucose 1 Acute Phase
Acidosis J Insulin sensitivity Proteins
1 Glucose
J Albumin

Inflammation  4f* Amino Acids  “I* Glucose 1 Acute Phase
J Insulin sensitivity Proteins
M Glucose
4 Albumin

Dialysis 4 Amino Acids
J Insulin sensitivity



T Prevalence of PEW with CKD - ESKD

Stage 1 Stage 2 Stage 3

Kidney Damage With Kidney Damage Moderate Severe |
Normal or T Kidney With Mild Kidney Kidney
Function + Kidney Function Function Function

eGFR 45

US Prevalence 3% 7%

Protein-Energy 18%—48Y%
Wasting (PEW) bl

Normal Appetite s e e -
Appetite derangement

Anorexia
_—

I
I
I
I
I
I
I
I
I
g

Kovesdy et al. AJCN 2013.



PEW & cachexia are associated with morbidity &
mortality in CKD

< 30 pimg 30=300 /g PEW

Al { A = 00 |_,|_.I'm-!:|

balnutrition,
hypercatabolism,

LFEMEE 15EINS,

SACORENia, cachexnd

Stage G1

Kidney darmage
with normal
function

| 90

[ Glamerular filtration rate, mL/ming/1.73 m®

Hanna, Ghobry, Wassef, Rhee, Kalantar, Blood Purif 2020.



| Weight associated with T mortality in HD
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Kalantar-Zadeh et al. Mayo Clin Proceedings 2010.



Lower serum albumin associated with T mortality in HD

— 48— Unadjusted
—0— Case-mix
e \ICS

Based on one single serum
albumin at the start of the 2-year
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Serum Albumin at baseline (g/dL)

Kalantar-Zadeh et al. NDT 2005.



Higher serum albumin associated with | mortality in HD
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Low & very high nPCR associated with 7 death in HD

J, Body size
Hypercatabolic

—#— unadjusted
—#— case-mix

Incident & Prevalent
MHD Patients
n= 53,933
KDOQI
Eecommended
range:
w2 kgiday

Frequency
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N=53,933

nPCR (nPNA) g/kg/day

Shinaberger et al. AJKD 2006.
Ravel et al. JI Nut 2013.



Greater skeletal mass associated with 7 survival in HD

MAMC (cm) = mid-arm circumference (cm) 3.142 TSF (cm)

Adjusted for case mix and MICS
4”1

Proportion surviving

150

First quartile Second quartile
Third quartile Fourth quartile

Noori et al. CJASN 2010.



Greater body fat associated with 7 survival in HD

1.00

096 0.98

Total body fat <12%
4-fold 1 death risk
vs. body fat 24-36%

0.94
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Kalantar-Zadeh et al. AJCN 2006.



Potential causal models of PEW/cachexia and death

ComorbidStates Chronic

and Risk Factorsfor Disease
Weight Loss

Cachexia

CAN PEW/CACHEXIA, 'y —
FRAILTY, & SARCOPENIA i
BE REVERSED IN CKD?

& Death _

Cachexia Model 2

Comorbid States Chronic
and Risk Factors for Disease —_
WeightLoss

Cachexia Model 3

Kalantar, Rhee...Kovesdy, JCSM 2013.



SCREENING TOOLS &
EARLY DETECTION



SARC-F or NEGATIVE

clinical >
suspicion

SARCOPENIA

1 POSITIVE OR PRESENT
Muscle European Working Group on

:::f: fom Sarcopenia in Older People
(2018) Algorithm

Chair stand test

l LOW

« R
Sarcopenia In clinical practice, this is
probable enough to trigger
assessment of causes
and start intervention

| "

oraquaity Y I

DXA; BIA, CT, MRI NORMAL

1 LOW

Sarcopenia
confirmed

}

' Physical
Perhﬁ‘anm - -
_—
Gaint speed, SPPB,
TUG, m walk

Gungor, Ulu, Hasbal, Anker, Kalantar. JCSM 2021.




SARC-F: Simple 5-1tem survey

Component

Strength

Assistance
in walking

Rise from a
chair

Climb stairs

Falls

Question

How much difficulty do
you have in lifting and
carrying 10 pounds?

How much difficulty do
you have walking across a
room?

How much difficulty do
you have transferring from
a chair or bed?

How much difficulty do
you have climbing a flight
of 10 stairs?

How many times have you
fallen in the past year?

None

None

None

None

None

Scoring

1

Some

Some

Some

Some

1-3 falls

2

Alotor
unable

Alot,
use aids, or
unable

A lot or
unable
without help

A lot or
unable

4 or
more falls

Total score:

A total score of equal to or greater than 4 is predictive of sarcopenia and poor outcomes.

SARCOPENIA

Score




Other potential frailty screening tools | FRAILTY

Method of Assessment

Validated in

Strengths as a Screening

Limitations as a Screening Tool

CKD? Tool
Fried phenotype Yes Objective Does not provide a graded measure of frailty
Concise Potentially cumbersome
Robust data in CKD
Short Physical Performance Yes Objective Only based on physical examination
Battery Semi-quantitative Potentially cumbersome
Frailty index Yes Customizable May require thresholds to be pragmatic
Semi-quantitative Potentially cumbersome
Groningen frailty indicator Yes Ease of use Limited sensitivity
Semi-quantitative May miss some deficits
Multidisciplinary prognostic Yes Obijective May not be generalizable to outpatients
index Good prognostic validity Potentially cumbersome
Clinical frailty scale Yes Ease of use Subjective

Semi-quantitative

Ideally requires knowledge of the patient’s baseline

state

Focuses primarily on function

Worthen, Tennankore. Intl JI Neph Renovasc Disease 2019.



Short Physical Performance Battery (SPPB)

* SPPB predictive of mortality,
hospitalization, and disability 1n
elderly patients
» Validated in CKD studies.

* Asseses 1) gait speed, 2) balance,

and 3) chair stands

» Each component ranges from 0-4

» Total score ranges 0-12

» Higher score indicates better
performance)

Otobe, Rhee...Kopple. Curr Opin Neph HTN 2022.

Short Physical Performance Battery (SPPB)

@ Standing Balance

Semi-tandem stand

Heel of one foot against side of big toe
of the other for 10 sec

Measures the time required to walk

eters at a usual pace (use best of 2 times

Pre-test

Participants fold their arms across the es

and try to stand up once from a chair

5 repeats
Measures the time required to perform
five rises from a chair to an upright position

as fast as possible without the use of the arms

< 4.82 sec [lapt

48-62sec [lapt
63-87sec [l2pt
> 8.7 sec C]1pt
Unable Copt

137-166sec [ 2pt
> 16.7 sec T1pt
> 60 sec or Unable [ 0 pt



“Malnutrition Inflammation Score” (MIS)

SUBIJECTIVE
GLOBAL
ASSESSMENT

MIS Components

(A) Medical history:

1. Change in end dialysis dry
weight (overall change in
the past 3-6 mao)

2. Dietary intake

ointestinal
symptoms

4. Functional capacity
(nutritionally related
functional impairment)

5. Comorbidity*

(B) Physical examination

(C) Body size
8. Body mass index (kg/m®)
(D) Laboratory para
9. Serum albumin (
10. Serum total iron-binding
capacity (mo

Good appetite, no
detel tion in
ietary intake
Mo symptoms with
good appetite

Mormal to improved
functional
capacity, feeling
fine

Mo comorbidity

Mo change

0.5-1.0kg

Suboptimal solid dietary
intake

Mild symptoms, poor
appetite, or
Z ed

Occasional difficulty
with baseline
ambulation or feeling
fired frequently

Mild comorbidity
(excluding MCCt)

Mild

=1 kg but -
Moderate overall decrease
to full liquid diet
sional vomiting or

moderate Gl symptoms

Difficulty with otherwise
independent activities
(eq, going to bathroom)

Moderate comorbidity
(including 1 MCC")

Moderate

Moderate

Hypocaloric liquid to
starvation

Frequent diarrhea
or vomiting or
SEVEers anorexia

Bed/chair-ridden or
little to no
physical activity

Any severs multiple

comorbidity (=2
MCCs*)

Rambod et al. AJKD 20089.



PEW
T Malnutrition Inflammation Score & | HRQOL in HD
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Quality of life scales and components

Rambod et al. AJKD 20089.



T Malnutrition Inflammation Score & 1 mortality in HD

Unadjusted

Case-mix adjusted
Case-mix & MICS adjusted
Fully adjusted

Q
©
0 =
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-
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®
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Quartile 1 Quatrtile 2 Quartile 3 Quatrtile 4

Quartiles of malnutrition-inflammation score

N=792

Rambod et al. AJKD 20089.



TREATMENT APPROACHES



Multi-faceted treatment of sarcopenia, frailty, & PEW

Exercise
intervention

Nutritional

intervention “

\ Gut microbiota

modulation

Correction of Pharmacological
metabolic acidosis Intervention

Tsai et al. Biomedicines 2025.



Multi-faceted management approaches
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NUTRITIONAL ° Oral nutrional supplement « 75ig excess

SUPPORT L \ _ restriction

Meals w/
dialysis

EXERCISE ° Interventions that

increase physical activity

PHARMACQ- ° VitaminD
THERAPIES ° Oral alkali

e Testosterone



Dialysis patients are in negative nitrogen balance during HD
! Dietary intake + HD-associated catabolism
Inflammation + Insulin resistance +
Significant LOSS of Amino Acids into Dialysate

12

total g/dialysis
o

PMMA PS PD/Day

Ikizler, Hakim. KI 1994.
Courtesy of Dr. Kamyar Kalantar-Zadeh.



Low dietary protein intake 1s common 1n HD

>50% of dialysis patients recemmended

eat less than the o 1r§ngr::m
recommended -o-1.2 gikgrday

protein intake
(nPCR<1.0 g/kg/day)

-
o
c
o
-
=
)
|

L

%2 B

"N=53,933

nPCR (nPNA) g/kg/day

Shinaberger et al. AJKD 2006.



Loss of appetite with CKD progression

j- Retention of
Starts when : : appetite: ;
GFR. <10-25% : : depressiﬂnts? : Increased dial}'SiS
of ngrmal : i i - dose improves
feeding behavior

GFR <90 GFR <60 GFR <30 GFR <15 Dialysis Transplantation
mL/min mL/min mL/min mL/min

Carrero et al. JReN 20009.



Dietary protein & phosphorus intake closely correlated

)
=
=
=
o
-
_
o
i
[ =N
o
Q
£
o
E
-
_
[ 4
B

N=30,075 Dietary Protein Intake Estimated by nPNA (g-kg~'-d™")
) ¥ ¥ g+ Kg J

Shinaberger...Kalantar-Zadeh, AJCN 2008.



Risk of restricting phosphorus intake

by protein restriction may outweigh the benefit
Lower Risk of Mortality Higher Risk of Mortality

4 protein intake A serum P Minimall_y adj_usted
(reference) Case-mix adjusted

1
: f protein intake ﬁ} serum P
1

|
: + protein intake ff serum P
|

I
! * protein intake 4 serum P
1

0.9 1.0 1.1
N=30,075 Mortality Hazard Ratio

Shinaberger...Kalantar-Zadeh, AJCN 2008.



Avoid excessive dietary restriction

ALYSIS —-———————=1

|
;;
|

|
|
g Le\J

|
|

¢ |s There Anyihin

patient

Kalantar, Ikizler, Journal of Renal Nutrition 2013.
Kalantar...Rhee...Kovesdy, Seminars in Dialysis 2015.



Impact of high-protein meals during treatment in hemodialysis
patients with hypoalbuminemia: FrEDI trial

Primary outcome 1 in albumin Phosphorus
t in albumin by 2 0.2g/dL by 20.2g/dL 3.5-<5.5mg/dL
Fe Phosphorus 3.5-<5.5mg/dL

v n=55
"~ 50-55¢ protein, ~500kcal
© 400-500mg phosphorus

v 0.5-1.5¢ Lanthanum carbonate
" Dietary counseling

VS > 57

® & ® & & ® ® & @
" n=51

* Standard care
* <1g protein, <20mg phosphorus

@anniebelch

'@ #hephMadness  Rhee C.M., et al. Nephrol Dial Transplant (2016) 0:1-11 No t

63



Rhee et al. NDT 2016.

Effect of high-protein meals during hemodialysis

combined with lanthanum carbonate in
hypoalbuminemic dialysis patients:

findings from the FrEDI randomized controlled trial

Mephrol Dial Transplant (2006) 0: 1-11
doi: 10,1093 ndu/gfwi2s n
Mephrodegy Dialys

Effect of high-protein meals during hemodialysis combined with

lanthanum carbonate in hypoalbuminemic dialysis patients:
findings from the FrEDI randomized controlled trial

Connie M. Rhee', A my 5. Yo u', Tara Koontz Parsons’, Amanda R. Tortorici', Rachelle Bross”,
- . - - ] . . 1 . 4 - . - ~R— N . 3, 7 . - ]
David E. St-Jules’, Jennie Jing', Martin L. Lee", Debbie Benner”, Csaba P. Kovesdy™’, Rajnish Mehrotra”,

Joel D. Kopple"™'" and Kamyar Kalantar-Zadeh"**



Study Flow Diagram

234 hemodialysis patients screened across 8 Southern

California outpatient dialysis units.

178 hemodialysis patients signed consent forms.

110 hemodialysis patients met eligibility criteria:
- Hypoalbuminemic (serum albumin <4.0 g/dL)
at study entry (1st laboratory test).

High-Protein Hemodialysis Meal Low-Protein Hemodialysis Meal
N=55 N=55

8-Week Study Period

[ ——

[ e
Rhee et al. NDT 2016.

Courtesy of Ms. Amy You.

Phosphorus Binders Follow-Up Visit Low-Protein Meal Non-Lanthanum
Phosphorus Binders




Increase in Serum Albumin 20.2 g/dL, while
Serum Phosphorus remains in 3.5-<5.5 mg/dL range

HEMODIALYSIS MEAL (N=55) HEMODIALYSIS MEAL (N=51)

ST e 8 \\ ,/,/ N\\\‘\(’ -~ ~\\\\“
/~ ’ AN N ’ ’ AN AN
/ . /7  Phosphorus * / . /7  Phosphorus *
/7 Albumin & OTI-;\“ P A\ |/ Albumin OTI-\I\“ P
i { . 3.5-<5.5 Vo / i 3.5-<5.5 \
i 20.2g/dL N=15) " /dL (|| 20.2g/dL | N=6 | " /dL ;
\ N=28 \27% ; M8E HER N=1E \ 129, ME !
\ — \ / \ = I /]
\\ \\ III N=31 I,I ‘\\ ‘\ II N=19 II,
\\ \\ I, 4 \\ \\ 4 l'
\\\ /,V\\ /,, \\\ /,V\\ /”
\\\\\\\\\\\\\\\ \~~ ”/ \~~ ”/

27% of high-protein and 12% of low-protein hemodialysis meal groups
achieved the primary outcome (chi-square p-value = 0.045).

Rhee et al. NDT 2016.
Courtesy of Ms. Amy You.



Improvement in patient-centered outcomes & HRQOL

[ Baseline [ Post-intervention

P=0.013 P=0.077

.. s

High-Protein HD Meal Low-Protein HD Meal

50

40

30

20

10

@
-
o
L= ]
w
= 1
e
a8
C
@
=
c
=
o
w
w
D
a
@
O
-
L&
@
m

0

Okazaki, Rhee, Narasaki, Shen, Shah, Dukkipati, Dai, Tong, Adler, Kopple, Kalantar. 2023 ASN Kidney Week abstract.



Oral nutritional supplementation during dialysis

AJKD
Original Investigation

Outcomes Associated With Intradialytic Oral Nutritional
Supplements in Patients Undergoing Maintenance
Hemodialysis: A Quality Improvement Report

Eduardo Lacson Jr, MD, MPH, Weiling Wang, MS,
Barbara Zebrowski, MS, RD, CSR, LDN, Rebecca Wingard, RN, MSN, CNN, and
Raymond M. Hakim, MD, PhD

Monitored intradialytic
ONS associated with
T survival in patients
with serum albumin

<3.5¢/dl.

1:1 Matched Cohort - Intention to Treat
(N=5,227 pairs)

Lacson et al. AJKD 2012.

1:1 Matched Cohort - As Treated
(N=4,289 pairs)







Eating during HD:
ISRNM recommendations
@Eating During Hemodialysis Treatment: ) cosove

A Consensus Statement From the International
Society of Renal Nutrition and Metabolism

Brandon M. Kistler, PhD, RD,* Debbie Benner, MA, RD, CSR,t @ ISRNM
Jerrilynn D. Burrowes, PhD, RD, CDN,T Katrina L. Campbell, RD, PhD, .

Denis Fouque, MD, PhD,¥ Giacomo Garibotto, MD,** Joel D. Kopple, MD,T1 11§

Csaba P Kovesdy, MD, Y9 Connie M. Rhee, MD, MSc,*** Alison Steiber, RD, PhD, Tt

Peter Stenvinkel, MDD, PhD,tTt Pieter ter Wee, MD,\\§ Daniel Teta, MD, 99

Angela Y. M. Wang, MD,**** and Kamyar Kalantar-Zadeh, MD, MPH, PhDD***

Kistler...Rhee et al. JReN 2018.



Practical Guidelines for Eating During Treatment

Provision of meals during hemodialysis treatment should be the default practice and standard-of-care in all dialysis centers.
¢ Hemodialysis patients should consider eating during treatment if they
o are hemodynamically stable
o have no contraindiction for eating during hemodialysis (see in the following)
Patient characteristics
e Patients should consider eating outside of treatment if they
o have low blood pressure during treatment
o frequently coughing or risk of choking
o undergoing current bout of diarrhea that can be aggravated by eating
O prone to stomach pain, indigestion, nausea, or vomiting during treatment
o diagnosed autonomic dysfunction that may be precipitated by eating
Position
e Patients should be encouraged to eat in an upright position
Food characteristics
e Risk of hypotension may be greater with
o larger meals
o  high amounts of simple carbohydrates
o hot as opposed to cold food
o lack of caffeinated items such as coffee
e Patients should be encouraged to choose foods
o high in protein and low in phosphorus (phosphorus to protein ration <15 mg/g)
o fit within the renal diet
o do not increase choking risk
© do not increase thirst
© do not need to be stored, chilled, or prepared in-center
© can be eaten with 1 hand
o will not make a mess
© do not have a strong odor
Patients should be prepared to take phosphorus binder with food
e Patients should strive to avoid large variations in intake from treatment to treatment

Kistler...Rhee et al. JReN 2018.



Individualized approach to eating during HD

Checklist

Hemodynamically unstable
Have low blood pressure during treatment

Frequently coughing or at risk of choking

Undergoing current bout of diarrhea that can be aggravated by eating
Prone to stomach pain, indigestion, nausea, or vomiting during treatment
Diagnosed autonomic dysfunction that may be precipitated by eating

&

. . Eating outside of HD
Intradialytic eating R

Courtesy of Dr. Yoko Narasaki. Kistler...Rhee et al. JReN 2018.



Multi-faceted management approaches
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NUTRITIONAL ° Oral nutrional supplement « 75ig excess

SUPPORT ° ;I;)II)\IN . restriction

Meals w/
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EXERCISE ° Interventions that ; Aerobic,
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THERAPIES ° Oral alkali

e Testosterone



JASN

Exercise in Patients on Dialysis: A Multicenter,
Randomized Clinical Trial

Fabio Manfredini,*T Francesca Mallamaci,** Graziella D’Arrigo,t Rossella Baggetta,i
Davide Bolignano,t Claudia Torino,* Nicola Lamberti,* Silvio Bertoli,! Daniele Ciurlino,!
Lisa Rocca-Rey," Antonio Barilla, T Yuri Battaglia,“ Renato Mario Rapana,**

Alessandro Zuccala,** Graziella Bonanno, ™ Pasquale Fatuzzo,** Francesco Rapisarda,n
Stefania Rastelli,** Fabrizio Fabrizi,33 Piergiorgio Messa,’% Luciano De Paola,ll

Luigi Lombardi, ' Adamasco Cupisti,'"“ Giorgio Fuiano,*** Gaetano Lucisano,***

Chiara Summaria,*** Michele Felisatti,’ Enrico Pozzato,” Anna Maria Malagoni,T

Pietro Castellino,** Filippo Aucella,"™ Samar Abd ElHafeez,¥*

Pasquale Fabio Provenzano,* Giovanni Tripepi,‘t Luigi Catizone," and Carmine Zoccali*

Manfredini et al. JASN 2017.
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P<0.001

500

480

460

440

420

400

380

360

340

320

300

280

P<0.001

Seconds

38

36

34

32

30

28

26

24

22

20

Baseline 6 months Baseline 6 months Baseline 6 months Baseline 6 months
Control arm Active arm Control arm Active arm
5 times Sit to Stand test Seconds 5 times Sit to Stand test
38
36
34
P<0,001 P<0.001

32
30
28
26
24
22
20
18
; ]

Baseline 6 months Baseline 6 months Baseline 6 months Baseline 6 months




Benefits of simple, personalized, home-based,
low-1ntensity exercise program

1.0 1.0
_l--"-_._,l Active arm
w o BT
o 097 g 09
o e
& k=]
[ R
- o
= oe ™ = - 08 9
= pi - Control
® Control o S arm
52 arm 23
: § q g " 07 7 k test=4.37
o7 > 7 Log rank test=4.
: n Log rank test=1.03 = e
F a-pr = P=0.037
=3 S =
) E
= s J
E o6 = (&} 0.6
3
o
05 ™ 0s |
L
: & s el 0 &0 " 120 180
Time me
Number of patients at risk (days) RARSENRT, ES RIS S (days)
Active arm 151 136 128 125 Activearm 106 » % -
Controlarm 145 131 119 113 Controlarm 133 1l 103 9

» FExercise intervention improved physical performance, quality of life,
& survival in dialysis patients.

Manfredini et al. JASN 2017.



C

Cochrane
Library

Cochrane Database of Systematic Reviews

Exercise training for adults with chronic kidney disease (Review)

Heiwe S, Jacobson SH

Study or subgroup Control Exercise Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
1.1.1 at 3 months
Akiba 1995 6 17.6 (2.6) 7 20(2.4) S —— 1.47% -0.9[-2.06,0.27]
Carmack 1995 11 10.9(3.1) 10 14.4 (4.7) —t 2.45% -0.85[-1.76,0.05]
Jong 2004 17 22.8(5.5) 19 25.2 (4.3) — 4.53% -0.48[-1.14,0.19]
Koufaki 2002a 15 18.8 (4.9) 18 19.9 (6.3) —t 4.24% -0.19[-0.87,0.5]
Parsons 2004 T 55 (26) 6 58 (44) I E— 1.68% -0.08[-1.17,1.01]
DePaul 2002 14 30(10) 15 44 (19) — 3.39% -0.89[-1.66,-0.12]
van Vilsteren 2005 43 26.3(10.8) 53 28 (8.8) -+ 12.32% -0.18[-0.58,0.22]
Subtotal *** 113 128 . 30.08% -0.39[-0.65,-0.13]
Heterogeneity: Tau*=0; Chi*=5.09, df=6(P=0.53); 1>=0%
Test for overall effect: Z=2.96(P=0)
1.1.2 at 4-6 months

Favours exercise -2 0 2 4 Favours control

serum albumin, and HRQOL.

» FExercise training improved physical fitness, cardiovascular parameters,
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Growth differentiation factor 15 (GDF15)

¢ PI’OtGlIl ln the TGF'B famlly ~ Juxtaglomerular
" apparatus
= Acts directly on hypothalamus
. . o« Jubulointerstitium [?amage 9
= |’s food intake & energy expenditure bdlomterst M
. . »—~—— Proximal tubule /(—/ : :;»‘,"’( :(u
 In cancer-associated cachexia, l " Soluble
T GDF15 associated with
u Satlety Anorexic
. signals Muscle wasting
= Weight loss 1 |
| Death L Food intake —>
* 1 Circulating GDF15 levels 1n kidney
dysfunction.

Emerging data suggest that injured proximal tubule cells produce GDF15 as a link

between the kidney and cachexia.

Wang et al, Nat Rev Endo 2021. Puelles, Huber, Nat Rev Neph 2022.
Mulderrig et al, Nature 2021.



Characteristics associated with £ GDF15 in ESKD

Variable Unadjusted Case mix adjusted

OR (95% CI) OR (95% CI) p value

Case mix characteristics

Age (A10 years) 1.57 (1.25-1.98) 1.58 (1.23-2.02) <0.001
Female 0.70 (0.39-1.28) 0.62 (0.33-1.19) 0.15
Black race 0.39 (0.20-0.77) 0.43 (0.17-1.07) 0.07
Hispanic 1.73 (0.96-3.12) 1.12 (0.48-2.58) 0.80
Diabetes 1.59 (0.88-2.88) 1.00 (0.49-2.02) 0.99
Dialysis vintage (A1l year) 0.97 (0.90-1.04) 0.99 (0.92-1.07) 0.79

Laboratory tests

Serum albumin, A0.5 g/dL 0.76 (0.49-1.17) 0.77 (0.47-1.26) 0.30
Creatinine (mg/dL) 0.89 (0.80-0.98) 0.96 (0.85-1.10) 0.56
Phosphorus (mg/dL) 0.92 (0.75-1.11) 1.03 (0.84-1.27) 0.75
Hemoglobin (g/dL) 1.18 (0.89-1.57) 1.21 (0.88-1.68) 0.24
Body mass index 0.75 (0.58, 0.96) 0.75 (0.56, 0.99) 0.02
Normalized protein catabolic rate

(g/kg/day) 1.05 (0.86, 1.28) . 0.99 (0.78, 1.24) 0.90

You, Kalantar...Rhee, Cardiorenal Medicine 2017.
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Association of Growth Differentiatior
Factor 15 with Mortality in a
Prospective Hemodialysis Cohort

Amy S. You? Kamyar Kalantar-Zadeh? Lorena Lerner® Tracy Nakata
Nancy Lopez? Lidia Lou® Mary Veliz? Melissa Soohoo? Jennie Jin
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GDF15 concentration, ng/mL

You, Kalantar...Rhee, Cardiorenal Medicine 2017.




T GDF15 associated with worse
Malnutrition Inflammation Score

MALNUTRITION INFLAMMATION SCORE (M.L.S.)

(A) Patients' related medical history:
1- Change in end dialysis dry weight (overall change in past 3-8 months):

0 1 2 3 _
Mo decrease in dry weight Minor weighl loss Weight loss more than Weight 1055 =5% A Unadjusted 2 .87
or weight loss <0.5 kg (20.5 kg but <1 kg) one kg but <5%

2. Dietary intake: — | — i = i E A Case-mix (1.22_6.74)

Malnutrition Inflammation Score

v Validated and quantitative nutritional
assessment tool used to estimate PEW.

v Subjective Global Assessment, BMI,
serum albumin, and TIBC.

v Scored from 0 (normal) to 30 (severely
malnourished).

- Decreased fat stores or loss of subcutaneous fat (below eyes, triceps, biceps, chest): | £ A ‘
0 1 2

Mormal (no change) mild moderate

7- Signs of muscle wasting (temple, clavicle, scapula, ribs, quadriceps, knee, interosseous):
0 1 2

MWomal (no change) mild ] moderate

(C) Body mass index: ; ; Tertile 1 Tertile 2 Tertile 3
8- Body mass index: BMI = Wt(kg) / Ht"(m)

0 I 2 3 | GDF 15
BMI>20 kg/m” BMI: 18-19.99 kg/m” BMI: 16-17.88 kg/m" BMI<16 kg/m” |
(D) Laboratory Parameters:
8- Serum albumin: |
0 1 5 3 You, Kalantar...Rhee, SCWD abstract 2019.
Albumin= 4.0 g/dL Albumin: 3.5-3.9 g/dL Alburnin: 3.0-3.4 gldL Albumin: =3.0 g/dL
. Seru 2 inding Capacitv): &

Odds Ratio (95% Cl)

T GDF'1)5 levels associated with higher (worse) Malnutrition Inflammation Score.




T GDF15 linked with worse body anthropometry

Low Biceps Low Triceps Low MAC

1.06-5.94

[} o
= =
2 3
o
=
[
.4 .4
3
3 2
o =]

Odds Ratio (95% Cl)

Odds Ratio (95% CI)
Odds Ratio (95% CI)
Odds Ratio (95% Cl)

Higher GDF'1)5 levels associated with lower mid-arm
circumference, near infrared body fat %, and BMI.

You, Kalantar...Rhee, SCWD abstract 2019.
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Ponsegromab for the Treatment of Cancer Cachexia

John D. Groarke, M.B., B.Ch., M.P.H., Jeffrey Crawford, M.D., Susie M. Collins, M.Sc.,
Shannon Lubaczewski, Pharm.D., EricJ. Roeland, M.D., Tateaki Naito, M.D., Andrew E. Hendifar, M.D.,
Marie Fallon, M.D., Koichi Takayama, M.D., Timothy Asmis, M.D., Richard F. Dunne, M.D.,

Isik Karahanoglu, Ph.D., Carrie A. Northcott, Ph.D., Magdalena A. Harrington, Ph.D.,
Michelle Rossulek, M.A., Ruolun Qiu, Ph.D., and Aditi R. Saxena, M.D.

Change in Body Weight from Baseline
(kg)
(=] - N w
1 1 | |
1

Placebo
Placebo

Anti-GDF-15 monoclonal antibody increased body
weight, increased physical activity, and decreased
cachexia symptoms.

45
32

No. of Patients 45
No. of Patients 32
with Wk-12
Data

25 & Ponsegromab, 100 mg
B & Ponsegromab, 200 mg
R & Ponsegromab, 400 mg
5 & Ponsegromab, 100 mg
& & Ponsegromab, 200 mg
= & Ponsegromab, 400 mg




Conclusions
* The pathogenesis of CKD-associated sarcopenia 1s complex and multifactorial.
» In progressive CKD, loss of muscle strength 1s independent of muscle wasting.
* While there 1s overlap between frailty & sarcopenia, frailty constitutes a broader
constitutional spectrum than sarcopenia.
* Physical mactivity most modifiable frailty component in CKD.
* Protein-energy wasting 1s a highly prevalent condition associated with
substantial morbidity & mortality in CKD patients.
» Characterized by a maladaptie response to decreased protein & energy intake.

» Dialysis patients are in negative nitrogen balance due to decreased dietary intake, increased
catabolism, inflammation, insulin resistance, & loss of AA’s in the dialysate.

* Screening tools for sarcopenia, frailty, & PEW can facilitate early identification
& 1ntervention.

* Further research is needed to evaluate the efficacy & safety of multi-disciplinary
interventions that mitigate the complicatons of sarcopenia, frailty, & PEW.
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