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Feasibility
Some patients would exercise and some wouldn't!

Shesadri et al HD&PD: eligible 83, declined 23 (28%), 60 randomized. BMC Nephrol 2020;21:100 - USA
Hellberg et al: CKD 3-5; 217 eligible; 66 (30%) declined, 151 randomized. KIR 2019,4:963-976. Sweden
Manfredini et al: HD&PD; 497 eligible, 180 (36%) declined, 317 randomized. JASN 2016(28) - Italy
Cheema et al: HD 77 eligible, 28 (36%) declined; 49 randomized (AJKD 2007; 50(4):574-584 - USA
Bohm et al. HD: 167 eligible, 107 (64%) declined, 60 randomized (NDT 2014;29:1947-55) - Canada

Greenwood et al: 60 eligible, 40 (67%) declined, 20 randomized (AJKD 2015; 65(3):425-434 — UK
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Watson et al: CKD 3-4; 403 eligible, 365 (90%) declined, 38 randomized (AJKD 2015;66:249-257) - i/
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3arriers
as perceived by patients on HD

* Fatigue and low energy levels
« Too many medical problems

« Sadness, depression

* Not interested
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Barriers
as perceived by patients on HD or PD

¢ 8% of all patients were not interested in exercise

» For patients who stated that exercise was difficult or impossible the
main reasons were feeling too tired, too weak or shortness of breath

 Inability to design a good exercise program, lack of knowledge about

safe exercises and cost were other important barriers
)

Moorman et al, CJASN 2019, 1 :26g,276.
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Barriers
as perceived by nephrologists and nurses

« Lack of time for exercise counselling
« Lack of experience in exercise counselling
* Firm belief in low compliance/lack of interest in patients

« Low level of own physical activity and older age
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Fiaccadori et al Kidn Blood Press res 2014;39:169-175, Michou et al, Int J Urol Nephrol 2019, 52:1249-1260. Ots Rosenberg et al, unpublishedF\ "”4‘;‘?"
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Barriers
due to organizational and structural reasons

« Small centres were less prone to provide exercise counselling
« Lack of physiotherapist/exercise physiologist in centre
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Irrespective of age
¢ 73% their home

¢ 33% a gym
e 23% the HD unit
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Moorman et al, CJASN 2019, 14:268-276.




Patients preferred type of exercise
Irrespective of age

Combined aerobic and resistance training
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Moorman et al, CJASN 2019, 14:268-276.
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Patients would exercise
EXCITE trial — 6 months RENEXC trial — 12 months

Enrolment Assessed for eligibility (n=217)
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Source
opulation - .
L :=71 4 g Non-eligible patients 66 subjects did not meet
n=217 eligibility criteria or were not
ﬂ interested in participating
Eligible g Randomized (n=151)
patients Refused participation 7
n=497 n=180
U l Allocation ¢
Allocated to endurance and strength training Allocated to endurance and balance training
Eligible (strength group; n=76) (balance group; n=75)
patients Withdrawal of the consent before starting the
randomized intervention n=16
n=317 Death before the interventions n=4 Follow-Up 4 months
ion before the i ions n=1 " N
Discontinued (n=16) Discontinued (n=10)
¢ « Before baseline assessment (n=3; of « Before baseline assessment (n=0)
whom 1 died) * During follow-up (n=10; of whom 2
* During follow-up (n=13) died)
Completed (n=60) Completed (n=65)
ﬂ ﬂ 4¢— Follow-Up 8 months l'—
Exercise || Control Discontinued (n=5) Discontinued (n=10)
group group _* During follow-up (n=5) _* During follow-up (n=10)
n=151 n=145 Completed (n=55) Completed (n=55)
Withdrawa| before the 6 months test Withdrawal before the 6 months test 4L g —VL—
md? A e Follow-Up 12 months
+5 transpiants intervention 3 desths Discontinued (n=2) Recontinued (n=4)
{2 dent <2 transplanis « During follow-up (n=2) « During follow-up (n=4, who
+1& witndrawal of consent ransplant recontinued)
[ ] +16 poor degbulation/pcer clinical conditions +7 withdrawal of consent
+10 lost to' uplhever started +4 Poor deambulation/poor clinical condition Completed (n=53) Completed (n=59)
+6 lost to follow-up/never started . Y q " .
' oy v ° o
Analyzed Analyzed + Analysed (n=73) Analysed (n=75)
n=104 n=123 (The 3 patients without baseline assessment +
could not be included in the analysis.)
Q)

Compliance : 87.5% Compliance: 62% 68% d {,?'.:1‘ )
Adherence: 119 of 144 prescribed sessions Adherence: 140 min/week 173 min/week of 150 min/week
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Patients would exercise
EXCITE trial — 6 months RENEXC trial — 12 months
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on
Non-eligible patients
b g n=217
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intervention n=1§

Wmdawabe lh 6 months test

m m om:r ical conditions
imw

Follow-Up 12 mont!
Discontinued (n=2 Rec
« During follow-up (n=2 . ow-up (n=4, who
d
BB on/poor clinical condition Completed (n=53 Completed (n=59
WISt to follow-upinever started . o q N
g Analysis
Analyzed Analyzed + Analysq 73) | | Analysed (n=75)
n=104 n=123 The 3 patients with eline assessment
could not be incl the analysis.)

Compliance : 87.5% Compliance: 62% 68% \J ) )
Adherence: 119 of 144 prescribed sessions Adherence: 140 min/week 173 min/week of 150 mi /wéek




Benefits
as perceived by patients on PD, IHD and HHD
« A majority of patients believed that exercise would be good for them
« Improved energy and strength - top desired benefits for all age groups
« Maintenance of independence
* Longevity
« Transplant candidacy

* Improved sleep
1T N\
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Delgado et al, NDT 2012(27):1152-57; Moorman et al, CJASN 2019, 1

7/
4:268-276.
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Benefits
as perceived by nephrologists and nurses

=100% believe that exercise is beneficial for patients on dialysis and

patients with CKD
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Fiaccadori et al Kidn Blood Press res 2014;39:169-175, Michou et al, Int J Urol Nephrol 2019, 52:1249%1260.
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Should patients exercise?

What outcomes should we be
studying?
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SONG - Standardized Outcomes in Nephrology

SONG-HD

{EADING EUROPEAN NEPHROLOGY

2 Ability to travel
Ability to work 3 :
Depression I I
l DI(Ilk’hlh rld(-eqlhu.z'l ;

Dialysis-free time

1 CORE OUTCOMES

Critically important

CARDIOVASCULAR

D 00 Ssure

Hospitalization

to all stakeholder groups

Report in all trials CESS

Impact on family/ friends

Infection/Immunity

2 MIDDLE TIER :
itical Mobility I I

Critically important to ) .

some stakeholder groups CKD progression Pain

Report in some trials otassium :

Target weight

Washed out after dialysis
Important to some or

all stakeholder groups
Consider for trials
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Core outcomes
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Fatigue

« Studies consistently show that patients with CKD prioritize quality of
life, mental health, impact on family, fatigue, and employment

« Patients consider these outcomes in making treatment decisions

A
?\\\
)l
< )

7))

« Rarely reported in trials <
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Fatigue - SF36

Painter et al 2000, | Molsted et al, 2004, Manfredini et al, ' V Craenenbroeck

n=180, 8 weeks n=22, 5 months 2016, n=151 et al, 2015 n=19,
6 months 3 months

Physical functioning p<0.004 p<0.01 ns ns

Role physical p<0-001 ns ns ns

General health p<0.05 ns ns ns

Bodily pain p<0.003 p<0.03 ns

Energy/fatigue ns ns ns P<0.03

Social functioning ns ns ns ns

Role emotional ns ns ns




CENTRAL ILLUSTRATION Cardiovascular Outcomes in Hemodialysis: Proportion of Trials
Reporting Each Outcome (174 Trials, 26 Outcomes)
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« (Core outcomes

* Mortality

« Cardiovascular morbidity

| SV pue uoiaseyu jeipsedoAp |

Surrogate Outcomes (n = 10)

Classification of Outcomes: - Clinical Outcomes (n = 14)

[ ratient Reported Outcomes (n = 2)
NB: Proportion are expressed in a x10 log scale to display proportion <1% j\, .YIYVI 'I 'I
“ J‘ /

O'Lone, E. et al. J Am Coll Cardiol. 2018;71(24):2802-10.

Chart to show the 26 outcome groups determined from the 174 trials and the proportion of trials that reported them. The most frequently
reported outcomes were the surrogate outcome of serum biomarker and a cardiovascular composite outcome. Only 1 outcome was patient
_ a5 e e : _
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Association between exercise frequency and mortality in
DOPPS

Total n=20 912 (reference group: < 1/week)

* 1 2-3 4-5 6-7 Per >1
p<0.0002 increase
in each ex

*%* fq
p<0.0001 category
Un 0.64** 0.62** 0.59** 0.65** 0.87** 0.63**
adjusted

[0.58-0.71] 0.56-0.68] | [0.50-0.69]  [0.50-0- | [0.85-0.89] [0.59-0.67]

69]

Max 0.82* 0.72** 0.73* 0.69** 0.9* 0.73**
adjustment
22 [0.73-0.91] [0.66-0.79] | [0.62-0.86] | [0.63-0.76] | [0.88-0.92] \0.69-0.78]

# age, sex, race,

duration of ESRD, BMI,

14 summary comorbid
condtions, lab values,
catheter use,
socio-economic indicators,
ability to walk

)
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Mortality In atients on dialysis according to
steps per nondialysis day

1.0 4
— "“\'\-.,, 4000 steps =
0.8 S

0.7

o ....\“:

Cumulative survival

v Log rank P < ,001

0.4

0 12 24 36 48 60 72 84
Months of follow-up
4000stepss 129 112 105 93 80 73 58 49

<4000 steps 153 136 124 94 79 59 45 30

Figure 2. Kaplan—-Meier analysis of survival for 282 patients

undergoing hemodialysis. Patients with physical activity

above the 4,000 steps per a nondialysis (thick dark line) at

baseline had significantly befter survival than those with

lower values (dotted line; P < .001 by log-rank test). <
28

\\
) y') )
):45-53
e

Matzusawa et al, J Renal Nutr 2018,
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1.0
LM Non-improver
7 improver
+ Non-improver-censored
-~ Improver-censored
0.87
E 0.67 N=335, age 58.4;
'ﬁ Non dialysis CKD n=138, eGFR 40.4 ml/min/1.73m?
‘:'é - Dialysis n=108,
2 Tp n=89
0.2
= '\\\\5}1‘1
//' /IJ //
0 10'00 20'00 30'00 40l00 SO'OO \ .//}
Event-free time in days Greenwood et al, NDT 34:618-625, 04 9.
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Effects of exercise on cardiac risk in HD patients

Group A {before) Group A (after) Group C (controls) " -
oo N a0 - L e , | | Heart Rate Variability Index I
% 5120 | : j 5120 : E 51204‘ ; i
E Sl i n Duration, mo | Variable change | Pvalu
é 2560 2560 e
E Deligiannis | 60 6 HRV index +31% 0.05
= e 1280 -
o\ | 1999 RCT SD of R-R interv +18% | 0.05
Oy 4z aa 0s 08 10 12 "o 02 os 05 05 1d N pat: HRV index<258.L-40% | 0.05

Duralion of normal F-R interva N pat arrythm|as _30% W >

Fig. 1. The heart rate variability (HRV) index records of a haemodialysis patien

nondialysis days (group A) and of a non-uraemic control {group C) [adapted fr De| igiannis 38 6 LVM indeX +1 1 A 005
1999 RCT EF +12% 0.01

SV index +23% ogﬂL N\
. M) ‘|'|
CO index +20% 0. A4 )
‘)

Deliiiannis et al, Am J Cardiol 1999.
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 Exercise training improves heart rate
response in CKD 2-4

bpm
50
. 85 1
A. Resting heart rate
20
75 '_I_‘ s o016
nuc
70+ T 1
65 ’
60 + T
Baseline Week 24 Week 48
bpm
78 ;
7%
B. Ambulatory heart rate
72+
70 ’ - oT6
el | muC )
N
ol . Q\\\
wl | | D))
ol ! 7
Baseline Week 24 Week4g Headley et al, Med & Sci in Sports & Exercise, 2392-2399, 2012.
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Effects of exercise on arterial stiffness and
calcification

[12 weeks, exercise group n=19, control n=21 \ _ _ N\
Effect of Moderate Aerobic Exercise Training on Endothelial 12 months, strength exercise n=53, balance exercise n=59

Function and Arterial Stiffness in CKD Stages 3-4: A Randomized
Controlled Trial

Twelve months of exercise training did not halt abdominal aortic

R i e i 28 Calcification in patients with CKD — a sub-study of RENEXC —
Emeline M. Van Craenenbroeck, MD, PhD,”* Katrijn Van Ackeren, MSc,” a randomized controlled trial
Christiaan J. Vrints, MD, PhD,”* Viviane M. Conraads, MD, PhD,>* : . ;
Gert A. Verpooten, MD, PhD,? Evangelia Kouidi, MD, PhD,” and Yunan Zhou, Matthias Hellberg, Thomas Hellmark, Peter H6glund,, Naomi Clyne
Marie M. Couttenye, MD, PhD’

BMC Nephrology — accepted for publication, 2020.

> AJKD 66(2):285-296, 2015 f \ J

16 weeks, exercise group n=25, control n=21

Short-term Aerobic Exercise and Vascular Function in CKD
Stage 3: A Randomized Controlled Trial

Samuel Headley, PhD,” Michael Germain, MD,? Richard Wood, PhD,’ p
Jyovani Joubert, BS,” Charles Milch, PAC,” Elizabeth Evans, PhD,’
Anthony Poindexter, MD,”* Allen Cornelius, PhD,? Britton Brewer, PhD,’

Linda S. Pescatello, PhD,* and Beth Parker, PhD’® [
\ AJKD 64(2):222-229, 2014, )
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CKD progression

Suggested core outcome for CKD stages 1-5
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A ESKD
L QF Physical activity and the
g ' ] | |
2 oa " risk of ESKD in
g 0.97 u u
.. V| the Singapore Chinese
— No Physeal Ad]\nty e Any Ph I Activity
0‘950 1 2 3 4 5 6 7 8 9 1I0 1 12 ‘BW7 18 Health StUdy
Years of Follow—up Log—Rank P= 0N
> =50 o O | doos e st |
g
2
A 08
ko)
z
g 0.8 \
- - o N\
0.7 ey 2 Pl oy = sy dide aelty 9) )
0 1 2 3 4 5§ 6 7 8 9 10 1 2 B ¥4 B 6 17 B J

Years of Follow—up Log—Rank P=0.0001 Jafar et al. Nephrology 20 (2015) 61-67
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Association between weekly physmal activity
and CKD progression

N=256; age 61.8; eGFR 15 — 59 ml/min/1.73m?

Table 2. Association of physical activity and annualized relative change in eGFR cystatin C

Leisure-Time Physical Activity Percent Annual Change in eGFR Cystatin C (95% Confidence Interval)

Level (min/wk) Unadjusted Model 12 Model 2° Model 3¢
None -9.6(-120to0 —7.1) -=10.1(—124 t0 =7.7) —9.4(-11.8to0 —6.9) —9.4(—12.0to0 —6.9)
1-59 —8.2(—10.3to —6.1) —8.0(—=10.0 to —6.0) —8.1(—=10.2to0 —6.0) —8.7 (=10.9to —6.5)
60-150 —6.8(—9.4t0 —4.3) -7. 1 (—9.5t0 —4.7) —7.2(—9.7 to —4.7) —8.4 (—10.7 to —6.2)
=150 —6.2(—8.3to —4 - —79 10 —3.9 —64(—8.4to —4 —6.6 (—88to —4.4
Pvalue for trend 0.02 0.02 0.03 0.05
Per 60 min/week increment 1.3(0.23 t0 2.32) 0.61(0.14 to 1.07) 0.52 (0.03 to 1.00) 0.50 (0.02 to 0.98)
 values tor continuous association (per 60 min/w mcrementlnp ysica acﬁvrty were 0.0Z, 0.01,0.03, and 0.04 torti eun]uste moagel and mogeils 1, £, andJ,
respectively.
*Model 1 is adjusted for age, race, sex, and study site. JAm Soc Nephrol 25: 399-406, 2014.

PModel 2 is adjusted for the variables in model 1 plus education, body mass index, diabetes, smoking status, alcohol, and prevalent coronary artery disease.
“Model 3isadjusted for the variablesin model 2 plus hemoglobin Alc, systolic BP, angiotensin-converting enzyme inhibitor use, angiotensin-receptor blocker use,
statin use, and C-reactive protein. \ \\
\
) ) ||
J

Robinson-Cohen et al. JASN 25:399-406, 2 14
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months exercise on
progression

70

65

60 Rehab group n= 10

55 Usual care group n=10

Baseline eGFR

-

eGFRcr (mL/min/1.73m?)
&5 3

0 B T S Rehab 40.1 ml/min/1.73m?
% T UC 46.7 mi/min/1.73m?2
30
95 || ==e=UC group l . .
. || REHAB group l Decline in eGFR

12 6 _ o 6 12 Rehab -3.8 ml/min/1.73m?

st UC -8.5 ml/min/1.73m?2
Fi 2. M h i tinine-based estimated i i
glorlng:rL?ar filtratiﬁinrafe ?ggiRl:) &:ﬁr;?g/‘?.nsmz) oi?r:?;ing NO Slgn between group dlﬁerences

the usual care (UC) group with the rehabilitation (REHAB) group
for the 12-month period prior to the start of the intervention (—12 ‘x\
s f : QA )

intervention was associated with a significant mean difference
in eGFR,, (ML/min/1.73m? (*P = 0.03) at 12 months postinter-
vention compared to —12 months of the preintervention period.

&\ )
(‘/' ,/II,J vllyll

v
Greenwood et al, AJKD 65(3):425-434, 2015,
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Effects of 12 months exercise on CKD
progression and albuminuria - RENEXC trial

Strength group Balance group Group
comparison

All randomized patients

mGFR 0 22.6+8.7 22477 - 1.8 ml/min/1.73m?2
ml/min/1.73m?2
12 21.9+97 0.01 21.2+£7.8 0.01 NS
U-ACR 0 98+140 Y| 84114
g/mol
12 64+98 <0.001 71+99 0.5 l 0.02

\
A

&\ )
)

Hellberg et al, KIR 4:963-976,2019.
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Middle tier outcomes
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Higher physical activity changes BP profiles

~+ Qverall lower BP

Higher amplitude of variation and thus greater dipping
* Restoration of acrophase in early hours of the morning

124 -

Systolic BP (mm Hg)

Clock time (h)

\\
9) )
J
Agarwal & Light. Am J Nephr,31:15-23,2010.
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Risk of hospitalization after 6 months of
exercise

10 10
g 09 ™ 2 09 9
; §
% 0z ) BRI
o 3 Control
H : S arm
E 5 arm 23
b ar
F it Log rank tests1.03 % :z:;:‘abd37
g P=031 z L
E [ § o6
os ] os
T T T T
° @ 10 T ° o 120 )
Time Time
Number of patients at risk (‘3”) Number of patients at risk (dm)
Active 2m 151 136 128 125 Activearm 104 59 o5 o4
Contrel arm 145 131 19 12 Control arm 123 11 103 99

Figure 4. Kaplan-Meier survival curves of hospitalizations in the active and control

arms of the trial. The left panel shows analysis of all randomized patients. The right

panel shows analysis of patients who completed the 6-month trial. D)
Manfredini et al, JASN 28,20
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Summary- benefits and outcomes

* More energy and less fatigue — perceived by patients as the most
important benefit, followed by improved strength.

» Better survival

* Improved cardiac function

» Better blood pressure control
* No effect on arteriosclerosis

/|

» Possibly attenuated progression of CKD (
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Outcomes to focus on in future studies

Fatigue

: < /
Mortality 20 g Yo
IR %3

Cardiovascular outcomes
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