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1979, in USA, 7 HD patients, 
26 – 50 years
Bicycle ergometer cycling, 
then walking, 
then walking/jogging 
for 32 weeks. 



HD patients -1980 - Israel

HD patients -1982 - USA

HD patients -1986 - USA

CKD 5 patients -1987 - Germany CKD 5 patients -1991 - Sweden

HD patients -1983 - USA



Articles on exercise and dialysis/predialysis/uremia/ckd
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Today we know that CKD 
affects physical capaciy





GFR affects walking distance in CKD 3b-5

10ml/min/1.73 m2 decrease in GFR corresponds with 
35m shorter walking distance (6-Min Walk Test)
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Hellberg et al, in press, Nephrology 2016



10ml/min/1.73m2 decrease in GFR corresponds 
with 10% less quadriceps strength 

1200
1105

1010
915

0

200

400

600

800

1000

1200

1400

40 30 20 10

Q
ua

dr
ic

ep
s S

tr
en

gt
h 

 (k
g 

x 
cm

)

GFR (ml/min/1,73m2)

GFR affects muscle strength in CKD 3b-5

Hellberg et al, in press, Nephrology 2016



GFR affects balance in CKD 3b-5
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Physical activity affects survival in CKD



Overall mortality according to walking in 
CKD 3-5

Adjusted for age, eGFR,
body mass index, 
coronary artery disease, 
diabetes mellitus, 
cerebrovascular accident, 
cancer

Chen et al, CJASN, May 15, 2014.



Physical activity affects progression of CKD



Cumulative incidence of RRT according 
to walking in CKD 3-5

Adjusted for age, eGFR,
body mass index, 
coronary artery disease, 
diabetes mellitus, 
cerebrovascular accident, 
cancer

Chen et al, CJASN, May 15, 2014.



Physical activity and loss of eGFR in 
CKD 3-4 (n= 256)

• >150 minutes physical activity/week had the lowest eGFR
loss: -6.2%/year

• Inactive patients had the highest eGFR loss: -9.6%/year
• Each 60 minutes/week  increment in physical activity was 

associated with a 0,5% slower decline in eGFR/year

Robinson-Cohen et al, JASN 25:399-406,2014.



Exercise training improves physical capacity



CKD 2-5



Exercise training in CKD 4 - 5, 
1991 - 2000

EX:C
n

Age
y

GFR
ml/min/1
.72m2

Training
Frequency Duration 

months

Outcome
Exercise group

Clyne 
et al 

10:9 47 15 3x60min/w 3 Wmax
Muscle strength

Eidemak 
et al

15:15 45 25 5x30min/w 5 Wmax

Boyce
et al

8:0 50 3x60/w 4 VO2max



Exercise training in CKD 2 - 5, 
2001 - 2010

EX:C
n

Age
y

GFR
ml/min/
1.72m2

Training
Frequency Duration 

months

Outcome
Exercise group

Heiwe
et al

16:9 74 17 3x60m/w 3 6MWT
Muscle strength

Castaneda 
et al

14:12 65 30 3x/w 3 Muscle strength

Pechter
et al

17:9 52 63 2x30m/w 3 V02max

Leehey
et al

7:4 66 44 3x40m/w 6 Treadmill time

Mustata
et al

8:10 68 28 5x60m/w 12 V02max
Treadmill time



Exercise training in CKD 3 - 5, 
2011 - the present

EX:C
n

Age
y

GFR
ml/min/
1.72m2

Training
Frequency Duration       

months

Outcome
Exercise group

Watson
et al

20:18 63 29 8 2 Walking distance
Muscle strength

Craenenb
roek et al

19:21 52 38 7x40m/w 3 V02max

Kosmo-
dakis et al

18:14 62 25 5x30/w 6 RPE during exercise
tolerance test

Headly
et al

10:11 58 33 3x/w 12 V02max

Gregory 
et al

10:11 55 39 3-5x55/w 12 V02max
Treadmill time
Muscle strength



Exercise training in CKD 3 - 5, 
2011 - the present, contd
EX:C

n
Age

y
GFR
ml/min
/1.72m2

Training
Frequency Duration       

months

Outcome
Exercise group

Rossi
et al

59:48 68 CKD 3-
4

3x/w 3 6MWT
Sit-to-Stand

Howden et al 41:42 60 38 150m/w 12 V02max
6MWT
HGS



The new polypill?



Effects of the exercise polypill

• Quality of life
•
•
•



Effects of exercise on Health related
quality of life in CKD 3-4

Exercise group, 48 Control group, 46 p

Physical measures
Role functioning/physical 19 -9 0.001

Physical functioning 11 -0.7 0-004

Energy/fatigue 10 0.5 0.01

General health 5 -1 0.03

Mental measures ≈
Pain 6 -4 0.04

Emotional wellbeing 4 -0.4 0.2

Social functioning 4 2 0.57

Role functioning/emotional 7 2 0.38
Rossi et al,  CJASN, 2014 Dec 5; 9(12): 2052–2058.

mean change from baseline after 12 weeks exercise



Effects of the exercise polypill

•
• Blood pressure
•
•



Relationship between physical activity and 
BP profiles in CKD 3

• Overall lower BP
• Higher amplitude of variation and thus greater dipping
• Restoration of acrophase in early hours of the morning
• Systolic BP and pulse pressure acrophases encompass the 

most vulnerable phase for CV events

Agarwal & Light. Am J Nephr,31:15-23,2010.

Multivariable-adjusted (age, 
ethnicity, body mass index and 
estimated GFR) rhythms in 
circadian variation of blood
pressure and heart rate. 
Rhythms shown are modeled for a 
white person with covariates fixed
at average (age 69, estimated GFR 
40 ml/min/1.73 m 2 and body mass
index 30). N=101



Boyce et al, 1997 Am J of Kidney Dis

Effects of exercise on blood pressure 
in CKD 4-5



Effects of the exercise polypill

•
•
• Autonomic dysfunction
•



Relationship between Heart Rate Variability
and GFR in CKD 3b-5

This curvilinear
regression analysis
includes GFR, logGFR, 
diabetes mellitus (DM) 
and beta blocker
treatment (BB) as 
explanatory variables

Clyne et al, Nephrology (Carlton). 2015 Dec 29. doi: 10.1111/nep.12706. 



Effects of exercise on heart rate 
response in CKD 2-4

A. Resting heart rate 

B. Ambulatory heart rate

Headley et al, Med & Sci in Sports & Exercise, 2392-2399, 2012.



Effects of the exercise polypill

•
•
•
• Inflammation



Effects of exercise on inflammation 
in CKD 4 -5 

Improved systemic inflammation 

Viana et al, JASN 2014; 25:2121-2130.



There are still a number
of unresolved issues on 
the effects of exercise in 
CKD patients.

Thank you!


