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Abstract
Background: Low physical activity levels and poor physical functioning are strongly associated with poor clinical outcomes 
and mortality in adult kidney failure patients, regardless of treatment modality. Compared with the general population, 
individuals with chronic kidney disease are physically inactive, have reduced physical abilities and difficulties performing 
routine daily tasks, lower health-related quality of life, and higher cardiovascular morbidity and mortality. In addition, frail 
kidney failure patients have higher hospitalization and mortality rates as compared with other kidney failure patients. Evidence 
suggests that assessment and recommendations for physical activity should be part of standard care for kidney failure 
patients. Structured exercise can improve physical function and quality of life in frail older adults and may be used specifically 
for management of frailty in kidney failure. However, research is needed to determine best practices for implementation of 
physical function measurements and physical activity promotion in standard kidney failure care.
Objective: The proposed Move More study will assess the feasibility of a physical activity intervention offered to the kidney 
failure inpatients in Calgary, Alberta. Specifically, this study is designed to examine the effects of an early physical activity/
mobility intervention led by a kinesiologist, and supported by the clinical care team including physiotherapists (PT) and nurse 
clinicians.
Methods: The Move More study is a single-arm pilot intervention examining feasibility and optimal improvement in real-
world conditions. Kidney failure inpatients at the Foothills Medical Centre will be recruited to participate. Patients will 
receive an individualized in-hospital physical activity/mobility intervention. Frailty and physical function will be assessed at 
baseline and postintervention prior to hospital discharge. The goal is to recruit 24 to 36 patients.
Conclusions: Evidence needed to support the inclusion of mobility and physical activity as part of standard care will be 
gathered, with knowledge gained used to help direct future physical activity programming for kidney failure inpatients.

Abrégé 
Contexte: Un faible niveau d’activité physique et une santé physique hypothéquée sont fortement associés à de mauvais 
résultats cliniques et à la mortalité chez les adultes atteints d’insuffisance rénale terminale (IRT), quelle que soit la modalité 
de traitement. Comparativement à la population générale, les personnes atteintes d’IRT sont moins actives, ont des capacités 
physiques réduites, ont davantage de difficulté à accomplir leurs tâches quotidiennes, ont une plus faible qualité de vie liée à la 
santé, et présentent des taux plus élevés de morbidité et de mortalité associées aux maladies cardiovasculaires. Par ailleurs, 
les patients physiquement fragiles qui souffrent d’IRT présentent des taux d’hospitalisation et de mortalité plus élevés que les 
autres patients atteints d’IRT. Les données indiquent qu’une évaluation des fonctions physiques et des recommandations en 
matière d’activité physique devraient faire partie des soins courants prodigués aux patients souffrant d’IRT. Un programme 
d’exercice structuré est susceptible d’améliorer la santé physique et la qualité de vie des personnes âgées fragiles, et pourrait 
être utilisé précisément pour gérer la fragilité en contexte d’IRT. Des recherches sont cependant nécessaires pour cerner 
les meilleures pratiques à adopter pour mettre en œuvre des mesures évaluant la fonction physique et faire la promotion de 
l’activité physique dans le cadre des soins courants prodigués en contexte d’IRT.
Objectifs: L’étude Move More proposée évaluera la faisabilité d’une intervention favorisant l’activité physique qui sera 
offerte aux patients hospitalisés souffrant d’IRT à Calgary, en Alberta. Plus précisément, cette étude est conçue pour 
examiner les effets d’une intervention précoce en matière d’activité physique et de mobilité, dirigée par un kinésiologue et 
appuyée par une équipe de soins cliniques composée de physiothérapeutes (PT) et d’infirmières cliniciennes.
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Méthodologie: L’étude Move More est une intervention pilote à bras unique qui examinera la faisabilité et l’amélioration 
optimale en conditions réelles. Les patients avec IRT au centre médical Foothills seront recrutés pour participer à l’étude. 
Les patients bénéficieront d’un programme individualisé d’activité physique/mobilité à l’hôpital. La fragilité et les fonctions 
physiques seront évaluées avant et après l’intervention, avant la sortie de l’hôpital. L’objectif est de recruter entre 24 et 36 
patients.
Conclusions: Les preuves nécessaires pour appuyer l’inclusion d’une intervention visant la mobilité et l’activité physique aux 
soins courants seront rassemblées. Les connaissances acquises serviront à orienter de futurs programmes d’activité physique 
destinés aux patients hospitalisés souffrant d’IRT.
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Background

Chronic kidney disease (CKD) prevalence is now as high as 
71.9 per 1000 individuals in Canada.1 CKD is associated 
with high morbidity, mortality, and poor clinical outcomes, 
leading to challenges for patients, families, and health care 
providers.2 As CKD progresses to kidney failure, these issues 
are exacerbated, and health care costs for patient care 
increase due to required dialysis, long transplant waiting 
times, and high hospitalization rates.2,3 Individuals with kid-
ney failure are often physically inactive and have reduced 
physical abilities and difficulties performing routine daily 
tasks, lower health-related quality of life (QOL), and higher 
cardiovascular morbidity and mortality compared with the 
general population.4-6 Due to frailty and reduction in func-
tional independence, many persons with kidney failure 
require frequent readmissions to hospital with prolonged 
lengths of stay, eventually leading to a higher rate of admis-
sion to long-term care facilities.7

Evidence suggests that physical activity assessments and 
recommendations should be included in advanced kidney 
care.8 Patients with kidney failure experience high levels of 
fatigue, deconditioning, and poor QOL.8 Physical activity 
also improves physical performance, and self-reported func-
tion, as well as blood pressure and maximal exercise capac-
ity9-11 in patients with kidney disease. In addition, physical 
activity has been shown to improve QOL and cognitive func-
tion while reducing symptoms of depression in kidney 
patients.10 Similarly, a randomized controlled physical activ-
ity intervention for elderly medical inpatients demonstrated 
improved physical function and reversed the typical func-
tional decline associated with hospitalization.12 In addition, 

researchers measured positive changes in cognitive and 
mood status, QOL, length of stay, falls, and readmissions 3 
months after discharge.7 Evidence suggests that critically ill 
patients who undergo physical activity interventions have 
enhanced functional capacity, strength, mobility, QOL, 
reduced length of stay, and a higher probability of being dis-
charged home.13

Due to general deconditioning and increased muscle 
wasting, the prevalence of frailty and limited physical func-
tion in kidney failure patients is high.11 More than 60% of 
kidney failure patients are considered frail, compared with 
only 11% of older adults.14 Frailty increases the risk of health 
complications such as falls, cardiovascular events, hospital-
ization, disability, reduced QOL, and mortality.10,15-17 
Therefore, the management of frailty is central to kidney 
failure care. Physical activity interventions show promise for 
managing frailty in geriatric populations.18 A systematic 
review of physical activity for frail individuals found high 
adherence and no adverse events in most studies, concluding 
that physical activity is safe and feasible for an aging popula-
tion, with greater impact during early stage frailty.18 
Furthermore, kidney failure patients are interested in increas-
ing physical activity and improving their physical function.2 
Research is thus needed to identify optimal strategies to 
implement physical function assessments and promote phys-
ical activity in kidney failure care.11

The purpose of the proposed study is to assess the feasi-
bility and preliminary efficacy of an early physical activity 
intervention in the care of kidney failure inpatients. It is 
hypothesized that the intervention will be feasible to admin-
ister and for patients to participate in.
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Methods

Study Design

The Move More study is a single-arm pilot intervention 
examining feasibility and optimal improvement in real-world 
conditions. An overview of study procedures is shown in 
Figure 1. Ethical approval was obtained through the Conjoint 
Research Ethics Board of the Faculties of Medicine at the 
University of Calgary (REB18-2134).

Participants/Study Population

Kidney failure inpatients on Unit 37 at the Foothills Medical 
Centre in Calgary, Alberta, will be invited to participate. 
Eligibility criteria are (1) kidney failure inpatients on main-
tenance dialysis (hemodialysis or peritoneal dialysis), (2) 

Anticipated Date of Discharge (ADOD) greater than 7 days, 
and (3) deemed medically stable to participate in physical 
activity by a nurse or nurse clinician. Exclusion criteria due 
to medical instability are defined as (1) unstable vital signs, 
poor oxygen saturation on room air, (2) decreased level of 
consciousness, confusion, (3) febrile (temperature >38.3oC), 
(4) chest pain or shortness of breath at rest, (5) signs of GI 
bleed, (6) pain which can be potentially exacerbated by 
physical activity intervention, or (7) a permanent negative 
change in medical status (eg, change to palliative care). 
Patients will remain enrolled if there is a temporary decline 
in medical status that prevents participation if the patient is 
expected to recover. Due to the variability in medical care for 
maintenance dialysis patients, patients will remain enrolled 
in the study if there is a temporary transfer off the kidney 
inpatient unit to another unit for procedures or other medical 

Figure 1. Flowchart of study design.
Note. PROs = patient-reported outcomes; GLTEQ = Godin Leisure Time Exercise Questionnaire; KDQOL = Kidney Disease Quality of Life 
Instrument.
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interventions. Patients who are permanently transferred to 
another unit will be discharged from the study.

Study Procedure

Eligible participants will be identified by nurse clinicians or 
the research coordinator. The patient will then be presented 
with a consent to contact by unit staff before receiving fur-
ther information about the study from the research team. 
Those who agree to participate will sign an informed consent 
form before completing a baseline assessment and exercise 
education session to learn how to perform tailored exercises 
with a kinesiologist. The kinesiologist will supervise exer-
cise with the patient 1 to 3 times per week, and the unit staff 
will monitor and record all exercise sessions.

Standard of Care

Standard of care for Unit 37, physiotherapy (PT), and/or 
occupational therapy (OT) are essential in discharge plan-
ning. PT and/or OT will see patients who have acute care 
goals or acute needs to improve function to a level where 
they can be safely discharged from hospital. The addition of 
a kinesiologist to the care pathway will allow for mobility 
interventions in patients who would not otherwise be seen by 
PT or OT, including (1) independent patients or those with 
baseline function to focus on preventing functional decline 
while in hospital, (2) patients discharged from physiotherapy 
due to a plateau in function or achievement their acute care 
goals but are still waiting for medical management or place-
ment to a care facility, and (3) patients from long-term care 
facilities without acute care goals.

Physical Activity Intervention

Inpatients will receive an individualized physical activity 
intervention according to baseline measures. Table 1 speci-
fies measures collected at baseline and discharge. Patient 
mobility is determined by a review of charts and nursing/ 
PT notes to determine level of assist. There are three 

intervention phases, (1) bed-bound (two-person assist/full 
lift), (2) moving around room (one-person assist), and (3) 
moving out of room (independent), each with its own exer-
cise protocol (Table 2). Exercise will be tailored based on 
phase and participant’s exercise preferences.

Participants will complete prescribed exercises daily 
and progress as determined by the Kinesiologist. All exer-
cise will be done on the unit, off of dialysis. Strength exer-
cises will be selected from the Vivifrail Multi-Component 
Physical Exercise Program that has shown positive effects 
in elderly inpatients.19 A target exercise intensity of 2 to 3 
on the 10-point Borg rating of perceived exertion scale will 
be used, which is considered best practice in advanced kid-
ney disease settings.20,21 In addition, participants will be 
encouraged to perform exercises beyond their daily pre-
scription as tolerated.

Measures

Primary outcomes. The primary outcome of the study is the 
feasibility of administering an individualized early exercise/
mobility intervention. As PT and OT usually only addresses 
acute care needs, kinesiology involvement to create early and 
ongoing mobility will be examined. Feasibility measures 
include (1) recruitment: those eligible, approached, consent/no 
consent, reasons for refusal, numbers participating, numbers 
recruited from advertising; (2) completion of the prescribed 
exercise/mobility intervention and reasons for noncompletion/
withdrawal (recorded on the Electronic Medical Record 
[EMR]); (3) participant and health care practitioner (HCP) sat-
isfaction with the exercise intervention, measured by satisfac-
tion surveys; (4) HCP completion of clinical charting for FITT 
prescription (date, frequency, intensity, duration, type of exer-
cise; progression through strengthening exercises) and level of 
assist needed (if any); (5) participant assessment; and (6) 
reporting of adverse events related to participation in the in-
hospital exercise program. Feasibility will include 60% 
recruitment rate, 50% assessment completion, no adverse 
events related to the intervention, and high satisfaction as 
reported by both the participants and HCPs.

Table 1. Baseline and Discharge Assessment Overview.

Baseline assessment Discharge assessment

 

1
Bed-bound, 

2-person assist

2
Moving around room,

1-person assist

3
Moving out of 

room, independent

1
Bed-bound, 

2-person assist

2
Moving around room,

1-person assist

3
Moving out of 

room, independent

Fried Frailty Index ✓ ✓ ✓ ✓ ✓ ✓
Grip strength taken seated in bed ✓ ✓ ✓ ✓ ✓ ✓
15 ft. walking (if safe) ✓ ✓ ✓ ✓
30 s sit to stand (if safe) ✓ ✓ ✓ ✓
Fatigue ✓ ✓ ✓ ✓ ✓ ✓
Shrinking ✓ ✓ ✓ ✓ ✓ ✓
Godin Leisure Time Exercise Questionnaire ✓ ✓ ✓ ✓ ✓ ✓
Kidney Disease Quality of Life Instrument ✓ ✓ ✓ ✓ ✓ ✓
Patient satisfaction questionnaire ✓ ✓ ✓
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Secondary outcomes. Secondary outcomes of this study are 
frailty, functional measures, QOL, number of falls in-hospi-
tal, hospital length of stay (LOS), and 30-day readmissions. 
Frailty, functional measures, and QOL will be assessed at 
baseline and postintervention prior to hospital discharge. 
Hospital LOS and 30-day readmissions will be gathered 
from EMRs.

Frailty. A standardized definition of frailty was estab-
lished in community-dwelling older adults22 and utilized in 
kidney failure.17 According to the Fried Frailty Index, frailty 
is defined as a clinical syndrome in which 3 or more of the 
following criteria are present: unintentional weight loss (10 
or more pounds in the past year), self-reported exhaustion, 
weakness (grip strength), slow walking speed, and low phys-
ical activity.22 If present, each criterion is given 1 point. A 
total score of equal to or less than 1 classifies the patient as 
nonfrail, 2 points is prefrail, and 3 or more points is consid-
ered frail.22

Physical activity behavior. As part of the Fried Frailty Index, 
the Godin Leisure Time Exercise Questionnaire (GLTEQ) 
will measure usual physical activity habits.23 The GLTEQ 
was used to assess physical activity behavior in many popu-
lations, including kidney patients.24,25 The GLTEQ will be 
assessed as outlined in Table 3.

Quality of life. The Kidney Disease Quality of Life Instru-
ment (KDQOL)26 is a 36-item self-report measure. It is 
designed to assess the QOL of individuals with CKD and 

kidney failure, including the burden of the disease, symp-
toms, and specific QOL questions.

Table 2. Physical Activity Intervention.

Phase Resistance exercises Aerobic Exercise

1
Bed-bound or 2-person assist

5 min or more of selected exercises with or without resistance bands 5 min or more,
bed bike

 • Chest press
• Rows
• Bicep curls
• Triceps extensions
• Buttocks squeeze

• Transverse abdominus activation
• Heel slide
• Straight leg raise
• Ankle pumps

 

2
Moving around room,
1-person assist

10 min or more of selected exercises with or without resistance bands: 10 min or more, bed and/or 
leg bike

 • Chest press
• Rows
• Biceps curls
• Triceps extensions
• Glute squeeze
• Knee extensions

• Calf raises- seated or standing
• Standing hip abduction
• Seated hip abduction
•  Hamstring curl seated or 

standing
• Quarter squat

 

3
Moving out of room, independent

15 min or more of selected exercises with or without resistance bands: 15 min or more, leg bike and/
or walking

 • Chest press
• Rows
• Biceps curls
• Triceps extensions
• Glute squeeze
• Knee extensions
• Calf raises- seated or standing

• Standing hip abduction,
• Seated hip abduction
•  Hamstring curl seated or 

standing
• Quarter squat
• Sit to stand

 

Table 3. Fried Frailty Index Scoring Values.

Godin Leisure Time Exercise Questionnaire
 Active ≥24 points  
 Moderately active 14 to 23 points  
 Insufficiently active <14 units  

Grip strength
 BMI Grip strength
 Men
 BMI < 24 <29 kg
 BMI 24.1–26 <30 kg
 BMI 26.1–28 <30 kg
 BMI > 28 <32 kg
 Women
 BMI < 23 <17 kg
 BMI 23.1–26 <17.3 kg
 BMI 26.1–29 <18 kg
 BMI > 29 <21 kg
Gait speed
 Height Time cutoff
 Men
 <173 cm >7 s
 Height > 173 cm >6 s
 Women
 <159 cm >7 s
 >159 cm >6 s

Note. BMI = body mass index.
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Musculoskeletal functional measures. Lower body strength 
will be assessed using the 30-second Sit to Stand Test.27 
Upper body strength will be assessed using a Jamar hand 
grip dynamometer (Performance Health, Hydraulic, Illinois, 
USA), which has widely used in various chronic illnesses.28 
Patients will complete 3 trials per side and the highest value 
in kilograms from each will be taken and added together 
to get a cumulative value. Grip strength for frailty will be 
assessed as outlined in Table 3.

Walk speed will be assessed using the 15 ft. walking 
test.22 Patients walk 15 ft. at a normal walking pace and the 
time it takes for them to complete this is recorded in sec-
onds.22 Walk speed test scoring is outlined in Table 3. 
Physical function tests may be skipped if patient medical or 
functional status prevents assessment.

If the patient’s grip strength is below the cutoff for their 
given BMI, then the person receives a 1 for this component 
of the Fried Frailty Index. If their grip strength is above the 
cutoff, then the person will receive a 0.

If the patient’s gait speed is slower than the cutoff, they 
receive a 1 for Fried phenotype. If it is faster than the cutoff, 
they receive a 0.

Demographics. Demographics and medical variables will 
be obtained by study staff via chart review. This includes 
age, gender, height, date and reason for admission (diagno-
sis), date of discharge, weight at admission and discharge, 
location discharged to, cause of kidney disease, type of dial-
ysis, dialysis vintage, if there is a change in dialysis type 
while in hospital, comorbidities (eg, diabetes, hypertension, 
heart disease, stroke, peripheral vascular disease, neuropa-
thy, retinopathy, chronic infections/wounds, amputations, 
falls), referral date, withdrawal and reason for withdrawal, 
and walking/mobility aids utilized. Hospital LOS and read-
mission rates over 30 days will be obtained by EMR review 
after patient discharge.

Sample size. All kidney failure patients admitted to the 
Nephrology Inpatient Service at the Foothills Medical Centre 
in Calgary requiring dialysis and meeting the inclusion crite-
ria will be approached for participation in the feasibility 
study. As a feasibility study, no a priori sample size calcula-
tion was performed. It is anticipated that 24 to 36 patients 
will be recruited over 12 months.

Analysis. Participant demographics and outcomes will be 
summarized using descriptive statistics. For normally dis-
tributed continuous variables, means and standard deviation 
will be calculated. Nonnormally distributed continuous vari-
ables will be presented using median and interquartile range. 
For categorical variables, frequencies and percentages will 
be presented. Within-group changes in secondary outcomes 
of frailty, physical activity, QOL, and physical function will 
be examined using dependent sample t tests if normally 
distributed, the Mann-Whitney U test if nonnormally 

distributed, or Wilcoxon signed rank test if categorical. 
Descriptive statistics will be used to provide an overview of 
additional measures for LOS, in-hospital falls, and readmis-
sion. All analyses will be completed using SPSS statistics, 
version 26.0 (IBM, Markham, Ontario, Canada).

Dissemination. The results for the primary and secondary 
outcomes will be published upon study completion. Informa-
tion from the study will also be disseminated to the staff and 
management on Unit 37 as well as the Department of 
Nephrology at the Foothills Medical Centre to encourage 
knowledge translation into clinical practice.

Discussion

Statement of Principal Outcomes

The proposed study will examine the feasibility and optimal 
improvement in real-world conditions of implementing an 
early physical activity intervention with kidney failure inpa-
tients. Physical activity training can improve cardiovascular 
function and outcomes in kidney failure patients with lim-
ited physical function, which is associated with poor clinical 
outcomes and increased health care expenditures.8,11 This 
work will improve our understanding of the feasibility of 
physical activity in kidney failure inpatients and will begin 
to gather information on the potential ability to improve 
frailty, QOL, and reduce hospital LOS and rate of readmis-
sions. Integrating an individualized physical activity regi-
men is part of the approach to management of frail patients 
with kidney failure.14 The current study will also add to cur-
rent literature on the psychosocial benefits of physical activ-
ity on QOL in kidney failure patients.24,26

Strengths and Limitations

A key strength of the proposed study lies in the integration of 
kinesiologists into the already diverse preexisting therapy 
team, consisting of physiotherapists, occupational therapists, 
and their assistants. A kinesiologist will support the clinical 
staff promote recruitment for mobility and activity services, 
and will ensure patient flow with the existing therapy team. 
Furthermore, a wide range of existing therapy equipment 
will be available to the kinesiologist to individualize exercise 
programming. The presence of a kinesiologist on the unit 
throughout the week also allows for constant monitoring and 
adaptation to enhance safety, adherence, and likely interven-
tion effectiveness.

Due to the single-arm nature of the proposed research, 
we will not be able to discern between intervention effects 
and natural patient changes. This feasibility study will 
recruit a small sample of kidney failure inpatients, which 
limits statistical power to detect changes and may result in a 
homogenous participant population, reducing generalizabil-
ity. As commonly seen in physical activity interventions, 
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study participation may be biased toward highly motivated 
individuals with a strong history of physical activity. 
Although we will assess feasibility of integrating kinesiol-
ogy-supported physical activity and mobility into standard 
kidney care, differences between our clinical environment 
and population compared with other locations may prevent 
direct translation of our intervention to other clinics. 
Therefore, the feasibility and optimal implementation of 
physical activity interventions must be assessed in various 
environments, while larger randomized controlled trials will 
be required to improve generalizability and address the 
intervention effectiveness.

Meaning of the Study: Possible Implications for 
Clinicians or Policy Makers

Kidney failure patients have a higher rate of admission to the 
hospital compared with the general population.6 There are 
significant financial costs and emotional consequences of 
admission to the hospital.6 In Canada, kidney failure has an 
economic burden of $1.0 billion, of which 69% is direct 
health care costs.29 Management of frailty using the proposed 
physical activity intervention has the potential to decrease 
length of hospital stay and readmissions for kidney failure 
patients, reducing patient and health care burden.

Ongoing research aims to better understand the impact 
of exercise on kidney failure inpatients, adding to evidence 
on the value of early mobilization in critically ill patients 
for improving physical function at discharge.13 The pro-
posed study will inform the feasibility of delivering and 
participating in daily exercise (as charted by clinical staff 
and individual patient report) as part of routine kidney fail-
ure inpatient care. Last, physical activity for kidney failure 
inpatients has the potential to improve functioning, enhance 
patient outcomes, reduce hospital LOS, and enhance over-
all QOL.

Unanswered Questions and Future Research 
Directions

There is a lack of rigorous work examining exercise inter-
ventions for critically ill patients as well as limited research 
in kidney failure inpatients.13 As such, the proposed work 
will help to establish feasibility of physical activity interven-
tions in this population and kinesiologist integration within 
inpatient units. If feasibility is shown herein, larger random-
ized controlled trials will be required to examine interven-
tion effectiveness. Multisite research will be necessary given 
the size of the kidney failure population. The implementation 
of physical activity interventions in various clinical settings 
will help to inform feasibility and best practices for different 
environments to improve generalizability. Future research is 
also needed to optimize exercise prescriptions for kidney 
failure inpatients by varying frequency, intensity, time, and 
type. Finally, explorations of cost-effectiveness for kinesiol-
ogist integration in clinical care will determine if and in what 

capacity such specialists should be included in kidney failure 
clinical teams.

Physical activity in kidney failure inpatients may benefit 
patients long after their discharge from the hospital. As we 
work to optimize in-hospital physical activity interventions 
and shift the culture on inpatient units, patients may continue 
to benefit in terms of function, QOL, and overall health as 
resources as the integration of kinesiology services become 
more prevalent.

Ethics Approval and Consent to Participate

Ethical approval was obtained via The University of Calgary 
Conjoint Health Research Ethics Board (CHREB) under ID REB18-
2134. All participants provided consent to approach for initial meet-
ing with the research team. Following that, all participants provided 
written consent to participate in the study. 

Consent for Publication

All authors have reviewed the manuscript and provided their con-
sent for publication.

Availability of Data and Materials

Data and materials are available from authors upon request.

Acknowledgments

The authors gratefully acknowledge the support provided by James 
K. Gray and family.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Kathryn Wytsma-Fisher  https://orcid.org/0000-0002-7823-542X

Supplemental Material

Supplemental material for this article is available online.

References

 1. Bello AK, Ronksley PE, Tangri N, et al. Prevalence and demo-
graphics of CKD in Canadian primary care practices: a cross-
sectional study. Kidney Int Rep. 2019;4(4):561-570.

 2. Wilund K, Thompson S, Bennett PN. A global approach to 
increasing physical activity and exercise in kidney care: the 
international society of renal nutrition and metabolism global 
renal exercise group. J Ren Nutr. 2019;29(6):467-470.

 3. Levey AS, Coresh J. Chronic kidney disease. Lancet. 
2012;379:165-180.

 4. Cheng XS, Myers JN, Chertow GM, et al. Prehabilitation 
for kidney transplant candidates: is it time. Clin Transplant. 
2017;31(8):e13020.

https://orcid.org/0000-0002-7823-542X


8 Canadian Journal of Kidney Health and Disease

 5. Klaassen G, Zelle DM, Navis GJ, et al. Lifestyle interven-
tion to improve quality of life and prevent weight gain 
after renal transplantation: design of the Active Care after 
Transplantation (ACT) randomized controlled trial. BMC 
Nephrol. 2017;18:1-13.

 6. Mathew AT, Strippoli GFM, Ruospo M, Fishbane S. Reducing 
hospital readmissions in patients with end-stage kidney dis-
ease. Kidney Int. 2015;88(6):1250-1260.

 7. Lord RK, Mayhew CR, Korupolu R, et al. ICU early physi-
cal rehabilitation programs: financial modeling of cost savings. 
Crit Care Med. 2013;41(3):717-724.

 8. Johansen KL, Painter P. Exercise in individuals with CKD. Am 
J Kidney Dis. 2012;59:126-134.

 9. Stump CS. Physical activity in the prevention of chronic kid-
ney disease. Cardiorenal Med. 2011;1:164-173.

 10. Afsar B, Siriopol D, Aslan G, et al. The impact of exercise 
on physical function, cardiovascular outcomes and quality of 
life in chronic kidney disease patients: a systematic review. Int 
Urol Nephrol. 2018;50(5):885-904.

 11. Painter P, Roshanravan B. The association of physical activ-
ity and physical function with clinical outcomes in adults 
with chronic kidney disease. Curr Opin Nephrol Hypertens. 
2013;22(6):615-623.

 12. Martínez-Velilla N, Casas-Herrero A, Zambom-Ferraresi F, et al. 
Functional and cognitive impairment prevention through early 
physical activity for geriatric hospitalized patients: study proto-
col for a randomized controlled trial. BMC Geriatr. 2015;15:1-9.

 13. Arias-Fernández P, Romero-Martin M, Gómez-Salgado J. 
Rehabilitation and early mobilization in the critical patient: 
systematic review. J Phys Ther Sci. 2018;30(9):1193-1201.

 14. Nixon AC, Bampouras TM, Pendleton N, Woywodt A, Mitra 
S, Dhaygude A. Frailty and chronic kidney disease: cur-
rent evidence and continuing uncertainties. Clin Kidney J. 
2018;11(2):236-245.

 15. Pritchard JM, Kennedy CC, Karampatos S, et al. Measuring frailty 
in clinical practice: a comparison of physical frailty assessment 
methods in a geriatric out-patient clinic. BMC Geriatr. 2017;17:1-8.

 16. Painter P, Marcus R. Physical function and gait speed in patients 
with chronic kidney disease. Nephrol Nurs J. 2013;40(6):529-
38quiz539.

 17. McAdams-DeMarco MA, Isaacs K, Darko L, et al. Changes 
in frailty after kidney transplantation. J Am Geriatr Soc. 
2015;63:2152-2157.

 18. Theou O, Stathokostas L, Roland KP, et al. The effectiveness of 
exercise interventions for the management of frailty: a system-
atic review. Journal of Aging Research. 2011;2011:569194.

 19. Said CM, Morris ME, Woodward M, et al. Enhancing physical 
activity in older adults receiving hospital based rehabilitation: 
a phase II feasibility study. BMC Geriatr. 2012;12:26.

 20. Kirkman DL, Lennon-Edwards S, Edwards DG. Exercise for 
chronic kidney disease. J Ren Nutr. 2014;24:e51-e53.

 21. Brown PDS, Rowed K, Shearer J, MacRae JM, Parker K. 
Impact of intradialytic exercise intensity on urea clear-
ance in hemodialysis patients. Appl Physiol Nutr Metab. 
2018;43(1):101-104.

 22. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: 
evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146-M156.

 23. Godin G. Commentary: the Godin-Shephard Leisure-Time 
Physical Activity Questionnaire. Health Fit J Canada. 
2011;18-22.

 24. Trinh L, Plotnikoff RC, Rhodes RE, North S, Courneya KS. 
Associations between physical activity and quality of life in a 
population-based sample of kidney cancer survivors. Cancer 
Epidemiol Biomarkers Prev. 2011;20(5):859-868.

 25. Amireault S, Godin G, Lacombe J, Sabiston CM. Validation 
of the Godin-Shephard Leisure-Time Physical Activity 
Questionnaire classification coding system using accelerome-
ter assessment among breast cancer survivors. J Cancer Surviv. 
2015;9(3):532-540.

 26. Hays RD, Kallich JD, Mapes DL, et al. Development of the 
Kidney Disease Quality of Life (KDQOL TM) Instrument. 
Qual Life Res. 1994;3:329-338.

 27. Canadian Society of Exercise Physiology. csep.ca. https://
www.csep.ca/home. Accessed November 12, 2020.

 28. Peters MJH, van Nes SI, Vanhoutte EK, et al. Revised norma-
tive values for grip strength with the Jamar dynamometer. J 
Peripher Nerv Syst. 2011;16(1):47-50.

 29. Zelmer JL. The economic burden of end-stage renal disease in 
Canada. Kidney Int. 2007;72(9):1122-1129.

https://www.csep.ca/home
https://www.csep.ca/home

