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Abstract
Background: Most patients with end-stage kidney disease (ESKD) appreciate the importance of exercise and would like to 
increase their physical activity; however, they report a few key barriers, including (1) lack of physician advice to do so, (2) lack 
of safe and convenient programs (ie, appropriate for home or neighborhood), and (3) cost. Importantly, patients indicated 
in a previous survey that they would prefer an exercise program that improves muscle strength and symptoms, and are less 
interested in cardiovascular disease prevention.
Objective: To test the feasibility of a simple, prescribed exercise program using Nordic walking poles in patients with ESKD 
treated with dialysis.
Design: Randomized multicenter pilot trial of an exercise intervention that includes Nordic walking poles, personalized 
physician exercise prescriptions, pedometers, and access to exercise videos, compared with standard of care, in patients 
being treated with maintenance dialysis.
Setting: Multicenter tertiary care centers in Canada.
Patients: Ambulatory adult patients with ESKD treated with peritoneal dialysis or hemodialysis (HD) for at least 6 months 
at participating sites are potentially eligible. Inclusion criteria include ability to use Nordic walking poles (either de novo or 
in place of mobility aid) and to provide informed consent in English or in French. Exclusion criteria include (1) any absolute 
contraindication to exercise, (2) baseline step count >8000 steps/day, (3) planned living donor kidney transplant, and (4) 
participation in another interventional trial that may affect the results of this study.
Methods: This is a randomized multicenter pilot trial of an exercise intervention that consists of a prescription to exercise 
using Nordic walking poles, a pedometer to track activity, and access to exercise videos, with the comparator of standard 
of care (dialysis unit staff encouragement to exercise) in patients being treated with maintenance dialysis. Randomization is 
concealed and uses a 1:1 ratio for group assignment. Our specific aims are to determine the feasibility of patient recruitment, 
adherence to the exercise program (verified by step counts), and efficacy of the intervention on patient-important outcomes 
that were assessed as a priority by patients in a prior survey—specifically strength, fatigue, and sleep. We record days spent 
in hospital and loss of independent living to inform sample size calculations for a definitive trial of exercise in patient with 
ESKD treated with dialysis. Adverse events are closely monitored.
Outcomes: Primary: Our recruitment goal is 90 to 150 patients over 27 months; adherence success will be defined if >75% 
of randomized patients, excluding those who are transplanted or deceased, achieve >80% of their prescribed steps at 6 and 
12 months. Secondary Efficacy Outcomes: (1) strength—hand grip strength and 5 times sit to stand, (2) energy—Short Form 
(SF)-36 vitality subscale, and (3) sleep—Pittsburg Sleep Quality Index will be assessed at baseline, 6, and 12 months.
Results: Trial recruitment started before the COVID-19 pandemic and the pandemic led to many interruptions and delays. 
Online exercise Web sites and a tailored video were added to the protocol to encourage activity when participants were 
unable or reluctant to walk in public places.
Limitations: This trial was designed to include ambulatory patients with ESKD and does not address the burden of disease 
in patients with very restricted mobility.
Trial Registration: NCT03787589.
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Abrégé 
Contexte: La plupart des patients atteints d’insuffisance rénale terminale (IRT) comprennent l’importance de l’exercice 
physique et souhaitent augmenter leur niveau d’activité. Ils signalent toutefois quelques obstacles, notamment 1) le manque 
de conseils médicaux pour le faire; 2) le manque de programmes sécuritaires et faciles (c.-à-d. pouvant être suivis à la maison 
ou dans le quartier); et 3) les coûts. Il convient de noter que les patients avaient indiqué dans une enquête précédente préférer 
un programme d’exercices améliorant la force musculaire et les symptômes liés à la maladie, et être moins intéressés par la 
prévention des maladies cardiovasculaires.
Objectif: Dans une population de patients atteints d’IRT traités par dialyse, tester la faisabilité d’un programme prescrit et 
simple à suivre d’exercices impliquant l’utilisation de bâtons de marche nordique.
Conception: Essai pilote randomisé multicentrique mené chez des patients traités par dialyse d’entretien. L’essai compare 
les soins habituels à une intervention comprenant des exercices avec bâtons de marche nordique, un programme personnalisé 
prescrit par un médecin, un podomètre et l’accès à des vidéos d’exercices.
Cadre: Plusieurs centres de soins tertiaires au Canada.
Sujets: Tous les patients adultes ambulatoires atteints d’IRT traités par dialyse péritonéale ou hémodialyse depuis au moins 
6 mois dans les sites participants sont potentiellement admissibles. Pour être inclus, les patients doivent pouvoir utiliser 
des bâtons de marche nordique (de novo ou en remplacement de l’aide à la mobilité) et fournir un consentement éclairé en 
anglais ou en français. Les critères d’exclusion sont : 1) toute contre-indication absolue à l’exercice; 2) le fait de marcher déjà 
au moins 8 000 pas/jour; 3) avoir une transplantation rénale d’un donneur vivant prévue; 4) la participation à un autre essai 
interventionnel susceptible d’affecter les résultats de la présente étude.
Méthodologie: Il s’agit d’un essai pilote randomisé multicentrique examinant une intervention en matière d’activité 
physique. L’intervention consiste en une prescription d’activité physique à l’aide de bâtons de marche nordique, elle 
donne accès à un podomètre pour suivre l’activité, ainsi qu’à des vidéos d’exercices; le comparateur est la norme de soins 
(encouragement par le personnel de l’unité de dialyse à pratiquer une activité physique) pour les patients traités par dialyse 
d’entretien. La randomisation est masquée et utilise un ratio de 1:1 pour l’affectation aux groupes. Nous examinons la 
faisabilité du recrutement des patients, l’observance du programme d’exercices (vérifiée par le nombre de pas) et l’efficacité 
de l’intervention sur les résultats de santé ayant été jugés comme importants et prioritaires par les patients dans une enquête 
précédente — plus précisément la force, la fatigue et le sommeil. Nous enregistrons le nombre de jours passés à l’hôpital 
et la perte de vie autonome afin d’éclairer les calculs de la taille de l’échantillon d’un essai définitif qui portera sur l’activité 
physique en contexte d’HD. Les événements indésirables sont étroitement surveillés.
Mesures: Primaires : nous souhaitons recruter 90 à 150 patients sur une période de 27 mois; l’observance sera jugée comme 
un succès si plus de 75 % des patients randomisés (excluant les patients transplantés ou décédés) atteignent plus de 80 % de 
leur prescription de nombres de pas/jour après 6 et 12 mois. Paramètres secondaires d’efficacité : 1) Force — mesure de la 
force de préhension et 5 fois l’exercice de se lever d’une position assise; 2) Énergie — sous-échelle du test de vitalité SF-36; 
et 3) Sommeil — mesure de l’Indice de la qualité du sommeil Pittsburg à l’inclusion et après 6 mois et 12 mois.
Résultats: Le recrutement s’est amorcé avant la pandémie de COVID-19, puis celle-ci a entraîné de nombreuses interruptions 
et retards. Des sites d’exercices en ligne et une vidéo personnalisée ont été ajoutés au protocole afin d’encourager les 
patients à continuer de faire de l’activité physique lorsqu’ils ne pouvaient pas marcher dans des lieux publics ou étaient 
réticents à le faire.
Limites: Cet essai a été conçu pour inclure des patients ambulatoires atteints d’IRT, il ne traite pas du fardeau de la maladie 
chez les patients à mobilité très restreinte.
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Background

Why Is a Trial Needed Now?

Patients with end-stage kidney disease have high symptom bur-
den and reduced quality of life. Most patients with end-stage 
kidney disease (ESKD) receive 3 times weekly in-center 
hemodialysis (HD) or home peritoneal dialysis (PD). Dialy-
sis patients report their quality of life as significantly poorer 
than the general population,1,2 with symptom burden similar 
to hospitalized cancer patients.1,3-5 While fatigue is most 
prevalent (weighted mean prevalence 71% in a systematic 
review), many patients had 6 to 10 additional disabling 
symptoms, including weakness, insomnia, pain, anorexia, 
difficulty concentrating, shortness of breath, decreased sex-
ual function, cramps, dizziness, anxiety, and depression 
(weighted mean prevalence 35%-55%).6 Symptom burden at 
baseline and changes over time are associated with all aspects 
of health-related quality of life (HRQOL) and explain 40% 
to 50% of the variation in the mental and physical health 
components of the Short Form (SF)-12.5 In 2 scoping exer-
cises used to define research priorities for ESKD patients, 2 
of the top 10 priorities were symptom reduction and ways to 
enhance self-management.7,8

Loss of function after dialysis initiation predicts fracture, hospital-
ization, and mortality. After dialysis initiation, patients suffer 
significant declines in muscle strength and function. In nurs-
ing home residents with ESKD, declines in ability to com-
plete activities of daily living occurred as early as 3 months 
after dialysis start.9 After 12 months, 58% of patients had 
died and only 13% had maintained their pre-dialysis func-
tional status. Among prevalent elderly dialysis patients, 
>50% require assistance with personal care with further 
functional declines during hospitalization.10

Reduced strength and functional decline have serious 
consequences. Frailty in dialysis patients is associated with a 
2-fold higher risk of first fall or fracture than non-frail dialy-
sis patients, carrying with it a 2.5 times greater mortality risk 
than in the general population.11,12 While several risk factors 
for falls have been identified, loss of muscle strength is a 
major modifiable risk factor. Improvements in muscle 
strength and endurance are associated with significantly 
lower fracture risk in ESKD (odds ratio [OR] = 0.10-0.30).13 
Functional impairment is also associated with increased risk 
of hospitalization and early mortality in patients with 
ESKD.14-16 The observational nature of these studies pre-
vents us from drawing firm conclusions about causality, but 
the impressive findings highlight the need to test interven-
tions with the potential to reduce frailty in ESKD. Exercise 
may reduce the risk of becoming frail, thereby reducing hos-
pital admissions and prolonged length of stay related to loss 
of functional independence.

Exercise improves mortality, hospitalizations, and fractures in 
other populations. Evidence suggests that exercise improves 

cardiovascular risk and mortality in non-dialysis patients. A 
recent meta-epidemiological study of 305 randomized con-
trolled trials with 339 274 participants without ESKD found 
that exercise has similar effectiveness to drug interventions 
for the secondary prevention of coronary heart disease and 
mortality.17 Exercise was more effective than any drug inter-
vention at reducing the risk of death after a stroke. For patients 
with established cardiovascular disease, participation in exer-
cise-based cardiac rehabilitation decreases total and cardiac 
mortality by 20% to 26% as well as hospitalizations.18,19

Exercise has also been shown to be of benefit in fall and 
fracture prevention. In a meta-analysis that included 19 478 
patients, any type of exercise as a single intervention reduced 
the rate of falls in community-dwelling older people by 
21%.20 Programs that challenge balance and are of higher 
dose (>3 h/wk) had the largest effects.20 Furthermore, in an 
epidemiologic observational study of 8600 postmenopausal 
women and 5049 men, the age-adjusted relative risk for hip 
fracture associated with exercise was 0.6 and 0.5 for females 
and males, respectively.21

Physical function and symptoms are of higher priority to ESKD 
patients than other outcomes. Cardiovascular disease and 
mortality may not be the most important outcomes to 
patients. Using a questionnaire, developed with the assis-
tance of the Champlain LHIN Regional Renal Patient and 
Family Council, we surveyed 424 dialysis patients.22 They 
were asked to select the 3 most important benefits they would 
want for themselves if they were to begin an exercise pro-
gram. Overwhelmingly, dialysis patients selected improve-
ments in energy, strength, and sleep (Figure 1). From a policy 
perspective, the potential to reduce need for acute or long-
term institutional care are clearly important objectives but 
were deemed less important by patients. An appropriately 
designed and implemented exercise program may mitigate 
some of the symptoms associated with ESKD and enhance 
participation. Low-intensity exercise has been shown to have 
beneficial effects on energy, difficulty with sleep, and physi-
cal functioning.23,24

Patients with ESKD identify many barriers to exercising. In spite 
of the potential benefits of exercise, patients with ESKD 
have been found to be less active than sedentary individuals 
in the general population.25 One study found ambulatory 
patients new to dialysis had physical activity scores that were 
below the 5th percentile of healthy individuals for all age and 
gender categories.26 Only 44% of patients reported being 
able to climb a flight of 12 steps non-stop; just 56% could 
walk one block non-stop. In a study of 202 Japanese HD 
patients, the average number of steps on non-dialysis days 
was 3925 (interquartile range [IQR] = 2287, 6244); 99% of 
patients were only engaged in light-intensity physical activi-
ties.27 A 10-minute/day increase in activity was associated 
with a 22% decrease in all-cause mortality. In a study of US 
HD patients, 56% reported exercising less than once per 
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week.28 Similar results were reported using international 
data.29 Regular exercisers had higher HRQOL, physical 
functioning, and sleep quality scores (P ≤ .0001 for all), and 
a 24% lower hospitalization risk from fractures.30

One reason patients with ESKD do not exercise may be 
due to severe limitations to vigorous or moderate physical 
activity reported by 75% and 42% of patients, respectively.31 
Also, the majority of nephrologists do not assess or recom-
mend physical activity to their patients; citing the belief that 
patients would not increase their activity level if advised to 
do so.32 However, a survey of US dialysis patients suggested 
93% were interested in and would exercise if counseled to do 
so by their physician.33 They also identified barriers includ-
ing a lack of places to exercise and cost associated with the 
use of fitness facilities.33 In our 424 patient survey, we found 
similar results. Our patients identified the key barriers to 
exercising were: (1) symptom burden (mostly fatigue, 55%), 
(2) concern about the risks of exercise (53%), (3) lack of 
ability to design an appropriate and safe exercise program 
(42%), and (4) cost (27%). More than 75% of patients stated 
they would exercise if a physician suggested it. In contrast 
with the hospital-based exercise interventions most studied 
to date with HD patients, the majority of our patients stated 
that they would prefer to exercise at home or in their neigh-
borhood; less than 10% of respondents were interested in 
exercising in the HD unit.22

Previous studies of exercise in dialysis patients have had limita-
tions. Studies examining the benefits of exercise in dialysis 

patients are few. A Cochrane Review concluded that exercise 
was beneficial for most patients with chronic kidney disease, 
but most studies did not include dialysis patients.34 Two 
more recent systematic reviews of exercise studies in patients 
with ESKD demonstrated that most studies were single cen-
ter with a small number of non-representative participants, 
included only HD and not PD patients, were of short duration 
(6 months or less), and often did not study patient identified 
important outcomes.35,36 Recruitment rates and participant 
adherence to the prescribed exercise protocol tended to be 
low. The most common intervention was stationary cycling 
during HD. These in-center programs of supervised exercise 
training are resource intensive, associated with unit work-
flow challenges in an already busy dialysis unit, are not supe-
rior for improving strength or daily physical activity 
compared to pedometers, and are not well accepted by 
patients (consistent with our survey).37-39 Furthermore, they 
necessarily exclude patients receiving HD or PD at home.

In the largest randomized trial of exercise in ESKD to 
date (N = 296), patients were encouraged to walk at home 
for 6 months in synch with a metronome beat. The number of 
steps per minute exercise prescription was based on their 
baseline 6MW test.40 There was a statistically significant 
increase in the 6MW distance and 5 times sit-to-stand test. 
Hospital-free survival was greater but only for patients who 
completed the study (P = .04).40 This study had notable limi-
tations. Most importantly, it is difficult to know how to adopt 
a home-based walking prescription that is based on baseline 
6-MW distance, a test that is not normally performed in 

Figure 1. Desired exercise outcomes from our patient survey.
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clinical practice. Furthermore, patients were required to use 
a metronome, which is not practical outside of the home. 
Finally, the study was underpowered to show a statistically 
significant improvement in hospitalizations in an intent-to-
treat analysis, making cost-effectiveness of the intervention 
unclear.

Use of Nordic walking poles is a safe, simple, and acceptable way 
of increasing daily activity. The tremendous burden of co-mor-
bid disease and frailty in patients with ESKD mandates a 
different type of exercise program. Patients with ESKD in 
our survey indicated they were interested in both aerobic and 
resistance exercise, provided it was safe, improved their 
symptoms, and could be done anywhere at their own conve-
nience. An exercise program using Nordic walking poles 
would meet these aims. Nordic walking poles simultane-
ously condition the upper and lower body similar to rehabili-
tative programs that incorporate both aerobic and resistance 
training, can be used by patients experiencing instability 
(including those requiring mobility aids) or muscular weak-
ness, and have been found to be superior to brisk walking 
alone on resting heart rate, blood pressure, exercise capacity, 
maximal oxygen consumption, and quality of life.41,42 Fur-
thermore, they can be used anywhere and are inexpensive. 
They have been found to be safe and easy to use with excel-
lent (98%) long-term compliance (12 months) in a home 
walking program.43

Although their rehabilitative potential has not been 
explored in patients with ESKD, members of our team have 
demonstrated positive results in a pilot study of patients with 
congestive heart failure and in a randomized controlled trial 
of patients with coronary artery disease.42,44 They showed 

that functional capacity, self-reported physical activity, and 
grip strength improved more with Nordic pole walking com-
pared to standard cardiac rehab.42 They also showed improve-
ments in quality of life.44 Nordic pole walking has also been 
shown by others to be beneficial in Parkinson’s disease and 
peripheral arterial disease.43,45

Simple ways to increase exercise behavior. Despite the over-
whelming evidence of benefit to increasing activity, chang-
ing behavior is difficult. In a randomized trial of 491 
sedentary individuals comparing an exercise prescription 
and verbal advice to exercise to verbal advice alone, the pro-
portion of participants who increased their activity was sig-
nificantly higher in the exercise prescription group as was 
the amount of time each individual engaged in activity com-
pared with baseline.46 The use of step counters such as 
pedometers and accelerometers has also been associated 
with increases in physical activity including in patients with 
ESKD.47,48 For these reasons, we believe that a successful 
ESKD exercise program should incorporate a specific, indi-
vidualized exercise prescription, a method to measure step 
counts, and verbal advice to exercise.

Methods

What Is the Proposed Trial Design?. After receiving REB 
approval (20180789-01H), we will conduct a 1:1 random-
ized multicenter pilot trial of an exercise intervention versus 
standard of care in patients receiving chronic dialysis. Our 
specific aims will be to determine feasibility of patient 
recruitment, adherence to the exercise program, and efficacy 
of the intervention on patient-important outcomes. The inter-
vention will consist of a prescription to exercise using Nor-
dic walking poles and a pedometer to track activity compared 
with standard of care.

What Are the Planned Trial Interventions?. After obtaining 
signed informed consent, demographic information, comor-
bidities, laboratory tests, and current living situation (living 
independently, living with assistance, nursing home) will be 
collected from the patient’s medical record and supported by 
patient interview.

All participants will wear a pedometer for 2 weeks to 
determine their baseline steps per day (average of the high-
est 6 days) and divided into levels of activity (level 1: 
<3000, level 2: 3000-5000, level 3: >5000 steps per day). 
For participants randomized to the intervention group, the 
research coordinator (certified in the use of poles) will 
instruct the participant on the proper use of the Nordic 
walking poles. All participants in the intervention arm will 
be encouraged to wear the pedometer throughout the trial 
to monitor adherence and follow the step-count prescrip-
tion (Figure 2). The baseline steps will be increased by 
1200 steps, 1600 steps, and 2000 steps at least 3 days per 
week in levels 1, 2, and 3, respectively, over the first 3 

Figure 2. Exercise prescription.
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months. If tolerated and accepted, they will increase their 
step count by an additional 600, 800, and 1000 steps per 
day at least 3 days per week in each of the 3 levels for the 
next 3 months followed by a 6-month maintenance phase. 
Prescription refills with the step goals will be written every 
3 months. To increase adherence and applicability of the 
exercise program, participants will be encouraged to use 
their poles anywhere they wish, including in the home, in 
the neighborhood (patients will be provided with a list of 
indoor facilities that they can use during poor weather), or 
on the way into the dialysis unit.

What Are the Proposed Practical Arrangements for Allocating 
Participants to Trial Groups?. Baseline measures will be 
entered by the local coordinator into an electronic database 
(housed at Ottawa Hospital Research Institute) accessible by 
the world-wide web. A concealed computer-generated ran-
domization scheme using random numbers will allocate par-
ticipants to the intervention or control group in a 1:1 ratio, 
stratified for center and baseline step count (levels 1-3).

What are the proposed methods for protecting against sources 
of bias?. Blinding of participants is not possible. However, 
to minimize bias, assessors (those administering the physi-
cal function tests and HRQOL questionnaires) will ideally 
be different than the main study coordinator and blinded to 
group. In the case that multiple coordinators are not avail-
able, all coordinators will be trained to remain as objective 
as possible and not lead or encourage subjects during 
assessments. Single assessors versus multiple assessors 
will be tracked for information purposes on the case report 
forms.

Over time, participants in the intervention group may 
continue to walk (and thereby have the prescribed number of 
steps per day) but decide not to use the Nordic walking poles. 
Control participants may choose to buy their own Nordic 
walking poles. To detect these “crossovers,” we will question 
participants from both groups each month about pole use and 
report this information with the study results.

There is a small possibility that this trial may cause 
increased interest and possibly participation in exercise in 
both groups. These effects are unlikely but if present, are 
likely to be short term. To reduce the risk of augmenting 
Hawthorne effects, we have chosen to use pedometers in the 
control group only for the 2-week periods at baseline, 6, and 
12 months to measure their step counts. The 2-week period 
was chosen as artificial increases in step counts by control 
participants when they are given the pedometers are unlikely 
to be maintained for a full 2 weeks.

Finally, given that participants on HD may have variable 
responses to physical function tests and HRQOL question-
naires depending on timing in relation to their dialysis ses-
sion, all tests for HD patients will be administered pre-dialysis 
during a mid-week treatment.

What are the planned inclusion and exclusion criteria?. All 
ambulatory adult patients with ESKD treated with PD or HD 
for >6 months at participating sites will be approached. 
Inclusion criteria are able to (1) understand English or 
French, (2) use Nordic walking poles, and (3) provide 
informed consent. Exclusion criteria are (1) any absolute 
contraindication to exercise, (2) baseline step count >8000 
steps/day (average of 6 highest days over 2 weeks), (3) 
planned living donor kidney transplant, (4) potential for 
recovery of renal function, (5) patients who feel unsafe using 
Nordic walking poles in place of their mobility aid, and (6) 
participation in another interventional trial that may affect 
the results of this study. Numbers of patients screened and 
reasons for exclusion will be recorded in aggregate. Our eli-
gibility criteria are broad to improve generalizability and 
maximize recruitment.

What is the proposed frequency and duration of follow-up?. Par-
ticipants will be followed from randomization until they are 
transplanted, die, or study completion. This will allow track-
ing of event rates and inclusion of up to 150 participants in 
the larger definitive trial. All participants will have a detailed 
baseline assessment. Tests of physical function and the qual-
ity-of-life questionnaires will be administered at baseline, 6, 
and 12 months. The 6-month assessment is to minimize 
missing data due to death in this high-risk population. End 
point outcomes will be assessed monthly.

What Are the Proposed Outcome Measures?.  
Primary: The main outcomes measures for this feasibility 
trial are recruitment and adherence.

1. Recruitment feasibility: We will recruit 90 to 150 patients 
over 27 months; this number of participants will allow us to 
obtain meaningful information on feasibility, strength, and 
the QOL outcomes, as well as on recruitment, adherence, 
dropout, and hospitalization rates.
2. Adherence and Acceptability: Two-week step counts 
with the pedometer will be monitored monthly in the treat-
ment group, and at baseline, 6, and 12 months in the control 
group. Participants from both groups will be asked monthly 
about their use of Nordic poles and frequency of health care 
staff encouragement to exercise. Success will be defined if 
>75% of randomized patients (excluding those who are 
transplanted or deceased) achieve >80% of their prescribed 
steps at 6 and 12 months. Reasons for dropout and cross-over 
will be recorded. Participant satisfaction with the program 
will be assessed using unstructured interviews at 3, 6, and 12 
months.
Secondary: While this is a feasibility trial, we will collect 
outcomes of efficacy including energy, strength, and sleep at 
baseline, 6, and 12 months. Hospitalization outcomes and 
loss of independence will be collected to inform the larger 
proposed trial.
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1. Strength (hand grip and 5 times sit to stand): Nordic 
walking poles can improve upper body strength over time.42 
Hand grip strength is a validated measure of upper body 
strength and predicts length of hospitalization, rehospitaliza-
tion rates, and decreased physical status.49 For each 1 kg 
increase in grip strength, the overall likelihood of discharge 
to usual residence for elderly hospitalized patients was 
improved by 3% (hazard ratio [HR] = 1.03; confidence 
interval [CI] = 1.00-1.07; P = .05]). In our pilot trial of 
Nordic pole walking, we showed an increase in right-hand 
grip strength (2.3 ± 3.5 kg vs 0.3 ± 3.1 kg; P = .026).42 We 
will measure hand grip strength using a dynamometer in the 
dominant hand or in the non-arteriovenous fistula/graft arm 
with the patient standing; the highest of 2 trials taken 60 sec-
onds apart will be used for analysis.

The 5 times sit to stand test requires lower extremity 
strength and is an important predictor of falls in the elderly.50 
It is also responsive to change: in the 6-month walking trial 
in patients with ESKD, mean speed improved as did the 
number of patients able to complete any repetitions in the 
intervention group.40 Patients are instructed to move from a 
sitting to standing position from a 42- to 45-cm high chair as 
quickly as possible; time is recorded in seconds.

2. Energy (SF-36 vitality subscale): The physical function 
scale of the Medical Outcomes Short Form-36 (SF-36) has 
been used extensively in ESKD and has been shown to be 
responsive to many interventions including exercise.51-53 It 
contains an energy fatigue subscale (vitality) with 4 ques-
tions (Did you feel full of pep? Did you have a lot of energy? 
Did you feel worn out? Did you feel tired?). In patients with 
diabetes, a decrease of 1 in mean vitality score was associ-
ated with a RR of 1.02 to 1.12 for hospitalization, being 
unable to work, and loss of ability to work.54 Individual and 
group changes of ~6 and ~3, respectively, have been reported 
in exercise studies of patients with ESKD.40,52

3. Sleep (Pittsburg Sleep Quality Index—PSQI): 
Polysomnography, while objective, may diverge from the 
participants’ typical sleep because of the unusual sleeping 
environment. Actigraphy is included with the pedometer but 
does not necessarily reflect patient perception of sleep qual-
ity.55 For this reason, our efficacy measure of sleep will be 
the PSQI (Pittsburg Sleep Quality Index) which is the most 
commonly used self-report questionnaire for sleep. A global 
score of >5 has sensitivity and specificity of approximately 
90% for distinguishing “good” versus “poor” sleepers.56 
The PSQI is responsive to exercise in patients with chronic 
diseases including ESKD.57-59

4. Hospitalizations and Loss of Independence: Frail 
patients with and without ESKD are more likely to be hospi-
talized and have longer lengths after an acute illness.60,61 
They are also more likely to suffer permanent loss of inde-
pendence requiring institutionalization.62 It is plausible that 
exercise may reduce the risk of becoming frail, thereby 

reducing the need for admissions and prolonged length of 
stay related to loss of functional independence. Given the 
importance of remaining out of hospital to health and mini-
mizing health care costs, and the potential responsiveness of 
this outcome to exercise, we plan to use hospital-free days as 
the primary outcome for the definitive trial. To guide sample 
size calculations for the definitive trial, we will track the rate 
of hospitalizations and length of each stay in this pilot. Loss 
of independent living (eg, admission to nursing home) will 
be collected in this pilot to inform inclusion of this outcome 
in the definitive trial.
5. Economic Evaluation (definitive trial only): Cost-
effectiveness will be evaluated using the hospitalization out-
come. Cost-utility analysis will be facilitated by measuring 
the Euroqol EQ5D-5L, a preference-based questionnaire that 
measures overall QOL on a scale ranging from 0.0 (dead) 
through 1.0 (full health).63,64

6. Safety: While it is unlikely that our intervention carries 
safety risks, we will monitor and record adverse effects that 
may arise in both study groups at routine study visits. We 
will also ask patients to maintain a fall diary that includes 
location, fall-related activity, perceived cause, landing, and 
consequences of every fall.65

What is the planned recruitment rate? How many centers are 
involved? Timelines?. There are more than 1500 dialysis 
patients currently treated at the 4 participating centers for 
this feasibility study. We anticipate that 60% of patients with 
ESKD will be eligible to participate,40 and 30% of those eli-
gible would consent to be randomized. Initial recruitment 
will start at the Ottawa Hospital and then be rolled out to the 
other sites (Montreal, London, and Toronto) once we have 
addressed any unique issues in the ESKD population com-
pared with the congestive heart failure population.42

Are there likely to be any problems with compliance?. We have 
attempted to improve upon previous studies of exercise in 
ESKD that have had long-term adherence problems by 
designing a trial consistent with patients’ wishes. In our sur-
vey, most patients indicated they were not interested in exer-
cising in the dialysis unit but wanted a program that they 
could follow in their home or neighborhood. Furthermore, 
unlike previous studies of vigorous exercise, our program 
entails mild and tolerable increases in activity with individu-
alized, attainable goals. Ease of use of the Nordic walking 
poles, ability to incorporate the program into usual daily 
activities, and unique inclusion of step counters should 
enhance participation rates. All participants will keep their 
pedometers after completion of the 12-month follow-up 
visit.

What is the likely rate of loss to follow-up?. Loss to follow-up 
is <1% per year in dialysis patients as they require life-
sustaining therapy. Approximately 10% of patients are 
expected to die before completion of one 6-month 
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evaluation, but 76% of these patients will be admitted in 
the last month of life and counted in the hospitalization 
totals for the definitive trial.66 Each year, about 4% of 
patients will receive a renal transplant; we will censor at 
the time of transplant as this outcome and prolonged hos-
pitalization post-transplant are likely to be independent of 
the intervention.67

What is the proposed type of analyses?. The numbers of 
patients receiving dialysis, screened, and eligible, and rea-
sons for nonparticipation and exclusion will be assessed at 
each center in aggregate. Recruitment rates will be calcu-
lated per center per month. Adherence will be assessed in 
real time every 3 months during the trial by evaluating the 
proportion of patients in the treatment group who are achiev-
ing an average of at least 80% of their prescribed steps per 
day over 2 weeks. The final adherence assessment will be 
based on the proportion of patients who achieve >80% of 
their prescribed steps per day over 2 weeks at 12 months. At 
study end, baseline variables will be analyzed with chi-
square and Student t test, as appropriate to describe the popu-
lation. We will remain blinded to the outcomes so that we can 
roll our participant results into the larger trial. We will calcu-
late aggregate rates to facilitate adjusting our sample size 
target, but we will not look at these outcomes by group. If the 
study is deemed not to be feasible, we will publish summa-
ries of our outcomes but since we will not be powered to 
detect differences, we will not conduct formal hypothesis 
testing.

Trial Progress

More than 100 patients have been recruited across 3 sites 
with an additional site starting recruitment in May 2023; 
the initial protocol included 3 sites and a 15-month recruit-
ment window. However, the COVID-19 pandemic had a 
significant impact on the ability to recruit and perform 
some of the follow-up visits. The initial participants in the 
intervention group were invited to join anonymous social 
media groups by level of activity and facilitated group ses-
sions to address barriers to exercise; this was ultimately 
abandoned due to a lack of interest partially related to 
stalls in recruitment, small participant numbers at any 
point in time, and anonymity that negates the benefit of 
social support.68

Additional challenges created by the COVID-19 pan-
demic including restricted use of indoor spaces such that par-
ticipants in the intervention group are also being provided 
with access to additional self-help exercise videos (includ-
ing one specifically designed to be used in the home with 
Nordic walking poles, https://www.barbgormley.com/free-
on-demand-fitness-classes-with-walking-poles-1).  An 
activity log detailing use of the exercise videos or other 
forms of exercise was added to the protocol.

Conclusions

Despite its comprehensiveness, we believe this program will 
be simple to implement. Our program is safe and can be used 
by patients with functional impairment or instability; is indi-
vidually tailored to patient ability; incorporates both aerobic 
and resistance training; can be done anywhere; requires min-
imal training to prescribe; and it is not costly. Our major 
objective is to test whether this simple, prescribed exercise 
program can be easily adopted by dialysis programs and 
patients, is sustainable, and cost-effective.
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