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CKD and the Disablement Process

Death or Dialysis

KD |:> Muscle |:> Functional Disability
Impairment limitation'? (mobility

(Sarcopenia)* disability)®

L. Roshanravan 8 et al. Am J Kid Dis. 2015365 2. Roshanravan B, eta. h
3. Roshanravan 8, et al.J Gerontol: Med Sci. 2016 (1 press). 4. Roshanavan 8, et al. Am J Kid Dis. 2012:60(6)912-21.




Kidney Disease and Muscle Impairment

‘ CKD |:> Muscle Impairment (Sarcopenia)

* Population: Community dwelling older adults in InChianti study
— Average age 74 t 6.5 years. 56% female, and 12% with diabetes mellitus
— Mean CICr 78 + 23 mL/min/1.73m?
« Creatinine clearance from 24 hr urine is associated with calf muscle atrophy by Peripheral Quantitative CT
* Lower CICr associated with faster decline in knee extension strength

Cler290
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Kidney Disease and Functional Limitation

CKD |:> Muscle Impairment |:> Functional

(Sarcopenia) limitation

* Lower renal function is associated with objective functional limitation (Gait speed)
among referred patients with CKD
— Seattle Kidney Study: Mean age 5713, GFR,,, 48+18
— Median follow-up of 3 years IQR [2,4]; Mean visits 3.5+1
— No ADL disability at baseline

Adjusted Model
Baseline gait speed Difference in % annual change
(m/s), Mean (SD) compared to referent group (95% Cl)
GFReysc 1.0(0.19) Reference
60 or greater (n=50) 0.98(0.22) -3.18(-5.31,-1.01)
45-59 (n=67) 0.94 (0.20) -4.4(-6.85, -1.89)
0.95 (0.20) -6.90 (-9.78, -3.94)
<30 (n=32) <0.001
P for continuous GFReysc
Ao forage, s, e helght, welgh educaton,smoking O, Ay CYD(CAD, VD, okl og P o701 PR oRoz L
Kidney Disease and Functional Limitation
CKD Ii> Muscle Impairment Functional
(Sarcopenia) limitation

Objective physical performance assessment:

— Captures physiologic changes related to chronic iliness, aging, and sedentary lifestyle.
— Identify non-disabled individuals at risk of disability

— Evaluate change in functioning and health

— Clinical “vital sign”

Poor performance on lower extremity tasks associated with future mobility disability,
hospitalization, and death in older adults
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Association of physical performance and survival in CKD

Timed up and go Kaplan-Meier surival

Usual gat speed Kaplan-Meler suriv

Muscle Impairment and Mobility Disability
CKD |:> Muscle Impairment |:> Functional |:> Disability
(Sare ia) imitati (mobi i

1963 community dwelling older adults
in Health ABC

— Mean age 75+2.8 yrs

— Muscle endurance measured by
isokinetic fatigue testing. Total work

over 30 repetitions

— Isometric strength. Peak torque.

— Outcome: Persistent severe lower

extremity limitation (PSLL) —incident £,
severe difficulty or inability towalk £ oG5 S Rn W oo wn obi b
% mile on flat surface or ascend ‘Specific work (Joulesgm) Specifc orque (Nmvigm)
“Adjusted for age, sex,race, st hlght, weight, education and eGFRcysc
10 steps. ot
Roshanravan B, et l.J Gerontol: Med Sci. 2016 in pres).
Roshanravan B et al & o1 .




Physical performance tests to help identify functional limitations
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CKD and the Disablement Process

CKD |:> Muscle |:> Functional |:> Disability
Impairment limitation? (mobility

(Sarcopenia) disability)?

Physical activity

1. Roshanravan B, et al.Am  Kid Dis. 2015/65(5):737-747.
2k

3. Roshanravan B, Patel K. J Gerento: Med Sci. i press).

Frailty phenotype and disability

* Frailty is as terminal clinical syndrome of vulnerability
characterized by slow gait, low strength, low physical activity,
low energy and weight loss.

* Frailty is associated with risk of disability, hospitalization, and
death in older adults




Frailty Phenotype is common in CKD

Care scular Health Study Seattle Kidney Study
(mean age 76 years, mean BMI 26.9, 36.8% with disability ) (mean age 59 years, mean BMI 31.4, 40% with disability)
Definition Prevalence _ Definition Prevalence
Self-reported 210 pound unintentional weight loss inpast ¢,/ Self-reported =10 pound unintentional weight 0%
year e loss in past 6 months o
Lowest sex and BMI specific 20" percentile grip strength ~ 20% Same absolute cutoffs as CHS'7 16%
Lowest sex specific 20" percentile kilocalories/week 20% Self reported exercise less than once per week 35%
. - Lowest 20" percentile exhaustion score on
. . ! o 5
Positive response to cither exhaustion item on CES-D 17% RAND-36" 32%
Slowest sex and height specific quintile walking pace 20% Same absolute cutoffs as CHS; 26%
Frailty 7% 14%
Intermediate frailty 47% 52%

Roshanravan B, Khari M et al. AJKD 2012; 90(6): 912-621
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Malnutrition-Inflammation Complex Syndrome in CKD
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Mitochondrial Impairment Precedes Muscle Atrophy and
Functional Limitation

CKD model: 5/6 nephrectomy of C57BI/6 mice

Early changes: Increased oxidative stress, inflammation,

decreased endurance, lower mitochondrial function
and content without muscle atrophy

Late changes: muscle atrophy, decreased strength
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Challenges to exercise

* High prevalence of physical frailty in the kidney disease population may preclude
participation in structured physical activity.

* Waning of adherence over time

+ An understanding of a patient’s functional status and use of an interdisciplinary
approach involving rehabilitative tk ies to address f ional limitati is vital
to providing a feasible, safe, and individualized exercise prescription




Algorithm for identifying high risk patients for rehabilitative
therapies prior to exercise

Patient encounter
1D risk factors for mobility impairment (age, physical activity,
obesity. ¢GFR. balance impairment, malnourished)
A yes™ o valking Ak soreening questions: Amswer na” and na obrerved
specd <Imis o decrease 1. Any difficulty climbing 10 steps? Walking 0.25 mile? mobility defict
0.1mis 2. Have you modified the way you climb 10 steps or walk

1. Gait speed

0.25mile?
Physical performance screening:
2. SPPB

- Continuc routine screening, particularly
¥ hospi

ider

iy or environmental

‘components that lad to mobility limitation —exercise prescription

—environmental modification (fll prevention)
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Reimbursement for physical therapy

* ICD-10 diagnosis of Sarcopenia: M62.84
— Deficits in strength: Handgrip (Men <26kg, Women<16kg)
— Self reported (KDQOL-36 (SF-12 score)<75)

* ICD-10 diagnosis for Impaired mobility: Z74.09
— Slow walk (Gait speed<1m/s)
— Self reported difficulty walking % mile or ascending 1 flight of steps

Outline

Background
— CKD and the Disablement Process
— Kidney Disease and Frailty

Evidence for benefits and risks of exercise in ESRD

Barriers to exercise

Safety and Contraindications to exercise

Individualized exercise prescriptions.




Overview Benefits of Exercise in ESRD

* Improvements in Muscle structure and function
— Skeletal muscle hypertrophy with decrease in myostatin mRNA
* Improvements in cardiac function

— Increased SVI (14%), EF (14%), CO (73%) after 6 months of supervised aerobic exercise.
Deligiannis et al. Int J of Cardiology. 1999. 70: 253-66

— Increased HR variability with decreased sympathetic overactivity at rest with reduced
incidence of arrhythmias.

* Improvements in blood pressure
* Improvement in HD Efficiency

— 11% increase in spKt/V in first month of intradialytic exercise increasing to 19% by 5mo.
Parsons TL et al. Arch Phys Med Rehabil. 2006. 87:680-87

* Improvements in Psychological adaptations, QOL, and Nutrition

3/3/17

Improved Muscle Fiber Structure

* Prior to exercise:
— Variable fiber size

— Large group atrophy mainly of non-
oxidative fibers

* After 6 mo combined aerobic and
resistance exercise:

— Increased oxidative fibers

— Increase muscle fiber area

Kouidi E et al. NDT. 1998. 13:685-99

Cardiac effects of exercise rehabilitation in hemodialysis
patients. oeigmisaeta i cardiol. 199 1025365

After 6 months of supervised aerobic exercise peSpe— Pe—— P ya——
(n=31) -

Improved HRV and LV function with increased
EDVI and ESVI with exercise.

SVI. stroke volume index: COI. cardinc output index 2




Exercise during hemodialysis decreases the use of
antihypertensive medications

Miller BW et al. AJKD. 2002. 39(4):828-33

* 6 months of in center cycling

40 participants and 32 controls
— 60% completed 6 mo.

Gradual increase in cycling time. Increasing by 1-5min per session until 30 minutes
then increased resistance

Exercise time increased from 50.7 min/wk to 136.5min/wk per person

Findings: Decreased mean #BP meds 2.13->1.5 in intervention and 1.91->2.0 in ctrl
— Intervention group baseline $1687->$1034

— Control group $1160->$1392
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Improved BP with Exercise

BP (mm He)

* Improvement in Hct with decreased ESA use w0
* Most of benefit in BP seen at 3 months o+
Annual cost savings of $885/patient/yr

Physical functioning and health-related quality of life changes with exercise
training in hemodialysis patients.
Painter P et al. AJKD. 2000. 35(3):482-492

* Renal Exercise Demonstration Project (REXDP) performed In 5 clinics in SF bay area.

+ Intervention: 8 weeks independent home exercises (IND) followed by 8 wk cycling
during HD (ICC)

Control: units where nurse managers were interested in the project but staff not
willing to participate.

286 patients on HD for at least 3 months

— Exclusions: Angina, LE amputation without prosthesis, chronic lung disease with significant
desaturation during exercise or shortness of breath at rest, and cerebral vascular disease
manifested by TIA.

Outcomes: Physical function testing, Physical activity assessments, Health related QOL
by SF-36




Intervention

— IND - individualized program with flexibility(5-6x/wk), strengthening
(3x/wk), cardiovascular exercises (3-4x/wk).

+ Detailed in (Exercise. A Guide for the Dialysis Patient. Patricia Painter. http://
www_lifeoptions.org/catalog/pdfs/bookl cise.pdf)

— ICC - First session to determine tolerance to cycling and starting
duration. Instructions to increase duration gradually by 2-3 min each
session and how to adjust based on perceived exertion scale (Borg
scale)

* Goal was 30 min of continuous cycling every dialysis session

« Patients encouraged to continue home exercises.
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‘WORK EFFORT SCALE

6 Rest
7 Very, Very Light
§ > vVery Light Warm-Up & Cool-Down

10 e Li

11 Fairly Light

12

13> Somewhat Hard

14 Conditioning
15 >Hard
16

7~
:x ~>Very Hard
19 Slow Down!
20> Very, Very Hard

Work Effort Scale:

The number 6 is

bair “nothing. As you
ot will feel harder 10 you. Check your

£, e for th 2

Baseline Characteristics

« Cause of renal failure: 43% diabetics, 25.2% HTN, 7.7% GN

Table 1. Baseline Characteristics

Intervention  No-intervention
Charactoristic ‘Grovp Group

Age (y) 559 + 1515 528 * 16.8
Women (%) s57.1 65.4
[No. of comorbid conditions 3.0 = 1.4 2617 ]
Dialysis adequacy (KUV) 167046 15038
Hematocrit (%) 336 + 45 350 > 1.6
Albumin (mg/dL) 3.7 + 0.39 4.0 + 0.35
Dialysis prescription

(min/wk) 526.4 + 94.1 533.5 + 86.9

Time on dialysis (mo) 337 + 356 402 + 62.4

10



Improvements in QOL and Physical Functioning

Baseline ™D icc
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Conclusions

Low intensity independent and in-center exercise is effective in a diverse
population with significant comorbidity.

Specific individualized prescriptions and encouragement from dialysis staff can
increases physical performance, and QOL.

Limitations: Non-randomized with significant selection bias.
— 10 deaths between baseline and IND
— 3 deaths and 16 medical complications between IND and ICC

— No deaths or medical complications thought to be related to exercise

smaano stages 2:5.
Heiwe S, Jacobson SH. AJKD. 2014; 64(3); 383.393

Exercise, walking capacity, and muscle strength

Study or Subgroup. v, pixed, s 1

Totwt (98% €1 -

+ 7 remomen -

Figure 4. Effocts of exorciso training on walking capaciy.
Abbroviations: G, confidence intervai. GKO2-5, chronic Kidney

11



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

Manfredini F, Mallamaci D'Arrgo et a. JASN. 2016.
* The EXerCise Introduction to Enhance performance in dialysis patient trial (EXCITE)

* 6-month personalized, h based g exercise prog to improve walking
capacity and muscle strength compared to “usual care”

* Excluded participants with limited mobility or high degree of fitness (6 minute walk
distance >550meters), exertional angina, or stage 4 NYHA heart failure
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Training customized to level of fitness

* Exercise training on non-dialysis days involved gradual increased intensity of
walking cadence.

Functioning Capacity Level Normal Moderate Low Very Low
& min distance walked at baseline, m >300 to =550 <300 10 >200 <200 <200 +severe symptoms
Number of training sessions per d 2 2 2 2
(always on nondialysis days)
Duration of training sessions, min 10 10 10 10
Froquency, times por wk 3 3 3 3
Training spes
Basoline, km/n 28 20 14 14
Milos per h 17 12 0.9 0
wk 1-14, stops/min 72-120 46-100 56-80 56-80
wk 15-24, steps/min 90-120 80-100 60-80 60-80
wk 1-14
Work/rest time, min s 51 s 21
No. of repetitions 2 2 2 s
wk15-24
Work/rost time, min 100 100 100 501
No. of repetitions. 1 1 1 2

population
n=714
Eligible
pationts  [>— Refused participation
n=a97 ne180

Eligibl

{ Nomtuie pasents
frmen ety

] Witndrawal of the consent beforo. starting the

3] intervention n=16
Doath before the interventons _n:
Transplantation before the iterventions n=1

randomized
n=296

|}
Exorcies
arous
]

|
=8

<
Withdraweal before the 6 months test Withdrawal before the & months test
a7 ne22

Anatyzed | [ Ansiyzed
he104

ne123 3
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Table 1. Demographie, cimeal nd Blochemical s of patents Tt

Participant Characteristics =T
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Exercise is associated with meaningful and significant
improvements in physical performance

- 6 Minute Walk Test Secons 5 Times Sit to Stand

[
it

Po— et s Control amm Active arm

Dose dependent association of exercise with improvement
in physical performance

6 min walking distance test 5 times Sit to Stand test

(changes, meters) (changes, seconds)

o

20 1 p<0.001

100 2

80 4

60
° P=0.005

40
-8

20

0
Control e wneecs Control e wnece
arm arm
Active arm Active arm
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— Kidney Disease and Frailty
* Evidence for benefits and risks of exercise in ESRD
* Barriers to exercise
+ Safety and Contraindications to exercise
+ Individualized exercise prescriptions.
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Barriers to exer

Patient related:
— Poor physical function, comorbidity, psychological
— Logistical

Structural barriers:

— Not prioritized by healthcare team

— Lack of support from kidney health providers/dialysis staff
— Lack of peer support

— Lack of resources (exercise specialist)

3/3/17

Patient-perceived barriers to adopting exercise

[rable 3. All emerged themes of barriers to of PA and
ents

[Reported themes of barriers

Money/funding

JLack of tir

[Cack of qualified personnel (physio or other exercise professional) for this role

Lack of physical resources or difficulty with existing resources (. dialysis beds, exercise equipment)
of interested/motivated patients due to ill health and lack of awaren

Frioritisation of other serviceuiack of vis

JLack of motivated medical staff

Lack of leadership and professional advice on how to organise a unit with rehab in mind

Lack of space

obetruction by hesith and safaty mansgerent

of hard research evidence, lack of knowledge about available offered services within organisations, culture,

services in units as reported by 120 respond-

n (%)

42 (35)
37 (30.8)
32 (26.6)
20 (16.6)
14 (11.6)
14 (11.6)
10 (8.3)
7(5.8)
6(5)

<5

Outline

Background
— CKD and the Disablement Process
— Kidney Disease and Frailty

Evidence for benefits and risks of exercise in ESRD

Barriers to exercise

Safety and Contraindications to exercise

Individualized exercise prescriptions.
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Safety and Contraindications

Diabetics: postpone if blood sugars >250 or <100

Prone to hypoglycemia: check blood sugar before, during and after exercise. Have
snack available

Avoid aquatic exercise if open wounds

Instruction on avoiding valsalva maneuver during strength training

Postpone/stop exercise if patients experience dizziness, severe headache, or
fluctuating HR, BP responses

Consult MD if experiencing hypotensive episodes and symptoms after dialysis and
exercise.

3/3/17

Safety and Contraindications

Cardiovascular: Unstable CAD, decompensated heart failure, unstable arrythmias,
severe and symptomatic aortic stensosis, uncontrolled hypertension (>180/110) and
aortic dissection.

Pulmonary: severe pulmonary hypertension (PASP>55mmHg)

Diabetic patients on beta blockers may develop hypoglycemia and have masked
symptoms in hot and humid environment (recommend reduce intensity).

Vasodilators (alpha blockers, clonidine, nitrates, hydralazine): Predispose to
hypotension after exercise . Recommend prolonged cool down period to prevent
hypotension.

Outline

Background
— CKD and the Disablement Process
— Kidney Disease and Frailty

Evidence for benefits and risks of exercise in ESRD

Barriers to exercise

Safety and Contraindications to exercise

Individualized exercise prescriptions.
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Individualized exercise prescriptions

Individualized to the patient’s physical function with an emphasis placed on regular
engagement and evaluation of progress

Health evaluation including assessment of baseline function, and addressing potential
safety concerns

— Patients with symptoms suggestive of cardiac disease or with known disease should
undergo exercise testing before participation in vigorous exercise training programs.

— For moderate exercise history, physical exam and possible EKG testing may be adequate.

3/3/17

Health Evaluation

* Medical evaluation: health history, physical exam, assessment of cardiovascular
disease risk factors and physical function

— Physical performance assessed in HD patient mid-week non-dialysis day

— Referral to rehabilitative therapy if appropriate prior to start of exercise regimen

* Referral to cardiac rehabilitation for patients with symptomatic heart failure (EF<35%),
acute MI within preceding 12 months, CABG, stable angina, recetne history of heart
valve replacement, coronary stenting and heart or lung transplant.

When is structured and supervised exercise prescription necessary?

* Poor functioning in ADL

* Severe muscle weakness and function

¢ Symptoms of CV and respiratory discomfort during ADL
* Fear of exercise and lack of confidence

* No previous exercise experience

17



Expert opinion

Koufaki P, Greenwood s, Painter P. Journalof Sports Sciences. 2015. 33(18):1902:1907.
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ACSMYs Guideling ad. 2010, 1667,
Population Frequency Intensity Time Type ‘Special considerations
CKD and ESRD WK 1-2: 2/wk Moderate (RPE 11-13 on scale | 20min/day Aerobic (cycling, Pl iyr—
Or620, 3570% maxHR | (or bouts of 3-5 min of | walking, swimming) s on viodaes . g
Wi 35: Sk Moderate (RPE 1-16), 5590 | intermitient exercise) e e
6 of max HR
Wk 1-2: 2/wk 60-70% of 1-RM| ‘Minimum of 1 set of 10-15 Resistance (multi-joint be exercived during non-dialysis
octions exerise affecting more han | e
Wi 35: 2wk g .10 et s 0 e
s
. 10 minida Ty o T A
S i and Resistance when possible)
ivity based on i ivity using pe
Sedentary TSk Timodenic ooy W
0 30003500 sps
Minimal physical activity/ | 3-5/wk Light to moderate (RPE__| 30-60 miniday ‘Walking
no exercise/moderate to 3-6 on a scale of 0-10) 3000-4000 steps.
highly
adic physical activity| 357 S RPE o oy Wiy
Spmumivl\, \“.\ activity/ | 3-5/wk s 23000 4000 s
o or suboptimal exercise/ el 251007500 sep nd i
moderate to mild ok ot i)

Practical Implications

Assessment of baseline level of physical function and mobility limitation should be
assessed prior to initiating exercise.

Exercise should be recommended at a low-moderate level relative to the individual’s
level of fitness rather than absolute scale

Gradual stepwise approach to increasing physical activity over time using multiple
bouts of physical activity (25-10min).

Exercise during dialysis should be limited to first 2 hrs to avoid hypotension.

Encourage both aerobic and strength training and help create an activity plan that
identifies recommended levels of physical activity for a specific person and describes
how the person intends to meet them.

Regular follow-up with healthcare team to encourage exercise and adjust
antihypertensive and insulin needs.

Resources

R CIS

- Exercise. A Guide for the Dialysis Patient. Patricia
Painter.
hitp: lifeopti bookl
exercise.pdf A Guide for the
+ hitps://www Kidney.org/ato People on Dialysis

Putricia Patotes, PhD
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Conclusions

Kidney disease is associated with functional limitation linked with disability and
death

Exercise improves physical functioning and QOL estimate

Exercise can improve cardiac risk factors

Exercise can improve dialysis efficiency and may reduce medication burden.

Individualized prescription to the patient’s physical function with an emphasis
placed on regular engagement and evaluation of progress

* In those without contraindication, exercise should be recommended at a low-
moderate level relative to the individual’s level of fitness rather than absolute
scale.

Gradual stepwise approach to increasing physical activity over time using
multiple bouts of physical activity (25-10min).
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Basics of Mitochondrial Metabolism
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Mitochondrial Impairment Precedes Muscle Atrophy and
Functional Limitation

CKD model: 5/6 nephrectomy of C57BI/6 mice

Early changes: Increased oxidative stress, inflammation,

decreased endurance, lower mitochondrial function
and content without muscle atrophy

Late changes: muscle atrophy, decreased strength
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Tamaki M, et al. Kid Int. 2014;85:1330-1339.
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Decreased ATP Production and Increased Oxidative Stress
Lead to Fatigue

Mitochondria _

Sarcoplasmic Reticulum N
'E“" )

Glycolysis
PyruvateS———— Glucose

ATP ADP
Lactate
Myosir Heavy Chain
Adapted from Allen DG, Lam GD, Westerblad H. Physif Rev. 2008,88:287-332 @
CKD and Fatigue: Potential Mechanisms
« Efficient mitochondria ATP
production
* Greater SR Ca* stores
* Decreased ROS
Muscle : Inefflcler:it n:)l;ochondrla
Endurance Insrea%e g
* Acidosis

2 « Altered Ca* signaling
\ =

Sarcopenia/
Muscle Fatigue
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Mitochondrial Dysfunction in Kidney Disease

CKD

N\

Oxidative stress €— Uremic toxins?

muscle Impaired respiration
protedysis'? metabolism -
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educed LR
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Impaired SOH  Reduced mitochondrial capacity

Mitochondrial dysfunction

1. Mutsaers HAM, et al. Bochimica et Biophysico Acta.1832(2013)
2. Talbert EE, Powers K. / Appl Physiol. 2013;115:529-53:
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CKD is Associated With Uncoupling of Oxidative Phosphorylation

Control KD
o001 R
° N
eGFR <40 GFR 41-60

€GFR (mL/min per 1.73msq)
Roshanravan 8, et al. AmJ Kidney Dis. 2016 Oct;68(4)-658-9 Puslue acjusted for age,sex, BMI

CKD Muscle Mitochondrial ENergetics and Dysfunction (MEND) Study

CKD negatively affects normal functioning of skeletal muscle: Leads to objective fatigue and weakness
Purpose: Understand how CKD affects muscle mitochondria, an essential component of skeletal muscle cells

+ 31PMRS measuring phosphocreatine P Comtral
dynamics during exercise of the tibialis (n=19) (::4"5")
anterior muscle

Female, No (%) 10(53 26 (57
— Exercise protocol: rapid dorsiflexion as fast :ma e, No (%) 4&11) 71(+4'
as possible for 20 seconds targeting 50% ge 64+ *
breakdown of PCr (pH>6.8) BMI 3046 25143
— 14 minutes of recovery GFR (MDRD) 37413 >60
L . Diabetes, No (%) 5(26) [

* Muscle endurance testing: isometric force
time integral

* Older adult controls (>65 years):

45 leg MRS

Unpublished observations
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CKD MEND: Preliminary Results

* Lower mitochondrial capacity (ATPmax) in tibialis anterior muscle of patients with CKD

* Lower muscle endurance and preserved muscle strength in CKD compared to controls
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Pualue adjusted for age and sex
Unpublished observations
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