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But, highly selected patients.



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

Watson et al: CKD 3-4; 403 eligible, 365 (90%) declined, 38 randomized (AJKD 2015;66:249-257) - UK



Barriers
as perceived by patients on HD

• Fatigue and low energy levels

• Too many medical problems

• Sadness, depression

• Not interested

Delgado et al, NDT 2012(27):1152-57.; Fiaccadori et al Kidn Blood Press res 2014;39:169-175, 
Hannan et al, J Nephrol 2017, 30: 729-741;  Michou et al, Int J Urol Nephrol 2019, 52:1249-1260. 



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, 14:268-276.



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

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 Ots Rosenberg et al, unpublished.



Barriers
due to organizational and structural reasons

• Small centres were less prone to provide exercise counselling

• Lack of physiotherapist/exercise physiologist in centre

Ots Rosenberg et al, unpublished.



Patients’ preferred exercise location
irrespective of age

• 73% their home

• 33% a gym

• 23% the HD unit

Moorman et al, CJASN 2019, 14:268-276.



Patients preferred type of exercise
irrespective of age

Combined aerobic and resistance training

Moorman et al, CJASN 2019, 14:268-276.

+



EXCITE trial – 6 months
Patients would exercise

Compliance : 87.5%
Adherence:  119 of 144 prescribed sessions

RENEXC trial – 12 months

Compliance:           62%               68%
Adherence: 140 min/week 173 min/week of 150 min/week

+ +// /

Hellberg et al, KIR 4:963–976,2019Manfredini et al, JASN 28, 2016
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Patients would exercise

Compliance : 87.5%
Adherence:  119 of 144 prescribed sessions

RENEXC trial – 12 months

Compliance:           62%               68%
Adherence: 140 min/week 173 min/week of 150 min/week

Prescribed and monitored

homebased exercise training
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Hellberg et al, KIR 4:963–976,2019Manfredini et al, JASN 28, 2016



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

Delgado et al, NDT 2012(27):1152-57; Moorman et al, CJASN 2019, 14:268-276.



Benefits
as perceived by nephrologists and nurses

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

patients with CKD

Fiaccadori et al Kidn Blood Press res 2014;39:169-175, Michou et al, Int J Urol Nephrol 2019, 52:1249-1260. 



What outcomes should we be 
studying?

Should patients exercise?



SONG - Standardized Outcomes in Nephrology

CKD progression



Core outcomes



• 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

• Rarely reported in trials

Fatigue



Painter et al 2000, 
n=180, 8 weeks

Mølsted et al, 2004, 
n=22, 5 months

Manfredini et al, 
2016, n=151
6 months

V Craenenbroeck
et al, 2015 n=19, 
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 ns

Fatigue - SF36



• Mortality

• Cardiovascular morbidity

Core outcomes



Association between exercise frequency and mortality in 
DOPPS

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

* 
p<0.0002

**
p<0.0001

1 2-3 4-5 6-7 Per 
increase

in each ex 
fq

category

>1 

Un
adjusted

0.64**

[0.58-0.71]

0.62**

0.56-0.68]

0.59**

[0.50-0.69]

0.65**

[0.50-0-
69]

0.87**

[0.85-0.89]

0.63**

[0.59-0.67]

Max
adjustment
#

0.82*

[0.73-0.91]

0.72**

[0.66-0.79]

0.73*

[0.62-0.86]

0.69**

[0.63-0.76]

0.9**

[0.88-0.92]

0.73**

[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



Mortality in patients on dialysis according to 
steps per nondialysis day

Matzusawa et al, J Renal Nutr 2018, 28(1):45-53



Effects of exercise training on death or 
stroke, myocardial infarction or heart failure

N=335, age 58.4; 
Non dialysis CKD n=138, eGFR 40.4 ml/min/1.73m2 

Dialysis n=108, 
Tp n=89

Greenwood et al, NDT 34:618-625, 2019.



Deligiannis et al, Am J Cardiol 1999.

Heart Rate Variability Index

n Duration, mo Variable change Pvalu
e

Deligiannis
1999

60
RCT

6 HRV index
SD of R-R interv
N pat: HRV index<25

N pat: arrythmias

+31%
+18%
-40%

-30%

0.05
0.05
0.05

0.05
Deligiannis
1999

38 
RCT

6 LVM index
EF
SV index
CO index

+11%
+12%
+23%
+20%

0.05
0.01
0.05
0.05

Effects of exercise on cardiac risk in HD patients 



Exercise training improves 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 exercise on arterial stiffness and 
calcification

AJKD 66(2):285-296, 2015

12 weeks, exercise group n=19, control n=21

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

Twelve months of exercise training did not halt abdominal aortic
Calcification in patients with CKD – a sub-study of RENEXC –

a randomized controlled trial
Yunan Zhou, Matthias Hellberg, Thomas Hellmark, Peter Höglund,, Naomi Clyne

BMC Nephrology – accepted for publication, 2020.

12 months, strength exercise n=53, balance exercise n=59

AJKD 64(2):222-229, 2014.

No effect



CKD progression
Suggested core outcome for CKD stages 1-5



Physical activity and the 
risk of ESKD in 
the Singapore Chinese
Health study

Jafar et al. Nephrology 20 (2015) 61–67

N=59 552 Chinese adults
age 45–74 years



Association between weekly physical activity
and CKD progression

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

N=256; age 61.8; eGFR 15 – 59 ml/min/1.73m2



Effects of 12 months exercise on CKD 
progression

Greenwood et al, AJKD 65(3):425-434, 2015. 

Rehab group n= 10
Usual care group n=10

Baseline eGFR
Rehab 40.1 ml/min/1.73m2

UC 46.7 ml/min/1.73m2

Decline in eGFR
Rehab -3.8 ml/min/1.73m2

UC -8.5 ml/min/1.73m2

No sign between group differences



Effects of 12 months exercise on CKD 
progression and albuminuria - RENEXC trial

Strength group Balance group Group 
comparison

All randomized patients

mGFR
ml/min/1.73m2 

0 22.6±8.7 22.4±7.7

12 21.9±9.7 0.01 21.2±7.8 0.01 NS

U-ACR
g/mol

0 98±140 84±114

12 64±98 <0.001 71±99 0.5 0.02

- 1.8 ml/min/1.73m2

Hellberg et al, KIR 4:963–976,2019.



Middle tier outcomes



Higher physical activity changes BP profiles

• Overall lower BP
• Higher amplitude of variation and thus greater dipping
• Restoration of acrophase in early hours of the morning

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



Risk of hospitalization after 6 months of
exercise

Manfredini et al, JASN 28, 2016



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



• Fatigue

• Mortality

• Cardiovascular outcomes

• Progression of CKD

Outcomes to focus on in future studies


