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Abstract 

Although it is broadly accepted that exercise offsets poor health outcomes experienced 

by hemodialysis patients, incorporating exercise into patients’ lives remains a challenge. 

This study aimed to (1) determine the effects of a pragmatically-designed exercise 

program on physical performance, mental health, and quality of life of hemodialysis 

patients, and (2) explore patient and staff experiences with the exercise program at five 

dialysis units. Intervention participants were offered a thrice-weekly, 12-week exercise 

program at the unit prior to hemodialysis. Health-related quality of life (EQ-5D-5L Index 

Value) improved significantly for the exercise participants compared to control. Physical 

performance (Short Physical Performance Battery) and mental health (Center for 

Epidemiological Studies Depression Scale-Revised) did not change significantly. The 

majority of participants and staff reported positive feedback and benefits from the 

exercise program. In conclusion, a pragmatically-designed exercise program delivered 

before hemodialysis improved patients' quality of life and was well-received by patients 

and staff. 

Keywords:  hemodialysis; exercise; physical performance; health-related quality of 

life; community dialysis unit; physical activity  
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Chapter 1.  
 
Introduction 

One in 10 Canadians has chronic kidney disease1. Globally, the prevalence and 

burden of chronic kidney disease continues to increase2. The number of Canadians 

receiving dialysis treatment for end-stage kidney disease has more than tripled over the 

past twenty years1. In addition to the substantial financial burden of dialysis treatment on 

the Canadian health care system, dialysis patients personally experience significant 

physical and psychological burdens. Dialysis patients have poorer health outcomes as 

compared to people without end-stage kidney disease, including: lower functional status 

and physical functioning3,4, higher mortality rates5, reduced quality of life6,7, higher risk of 

falls8–13, and an increased likelihood of experiencing symptoms of depression14,15. It is 

integral, therefore, to develop effective interventions to improve the health of dialysis 

patients. Exercise has been well-researched as a feasible intervention to offset the poor 

physical and mental health outcomes in this population16–18. However, despite the 

extensive body of literature investigating exercise for dialysis patients, there is a lack of 

evidence on group-based exercise delivered at a dialysis unit immediately prior to 

hemodialysis. This thesis reports on the results of a study investigating the efficacy of, 

and patient and staff experiences with, a pragmatically-designed, group-based exercise 

program delivered prior to hemodialysis. 

1.1. Chronic Kidney Disease and Dialysis 

1.1.1. Pathophysiology 

Chronic kidney disease is defined by the prolonged presence (> 3 months) of 

abnormalities with kidney function or structure2. It is commonly diagnosed through blood 

tests to estimate glomerular filtration rate (eGFR), urine tests to explore irregularities in 

urine sediments, imaging tests (e.g., ultrasounds) to assess structure and size, and/or 

biopsies to verify signs of kidney disease or infection19. Although the specific etiology of 

chronic kidney disease remains unclear for many patients, diabetes and hypertension 

are the two most commonly reported causes2. Other conditions associated with chronic 
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kidney disease include reoccurring kidney infections, inflammation of glomeruli 

(glomerulonephritis) or other kidney structures, polycystic kidney disease, acute kidney 

injury, and autoimmune diseases16,20. The progressive development of chronic kidney 

disease is also associated with other genetic and acquired risk factors such as smoking, 

obesity, family history, and older age21. Chronic kidney disease is classified into 5 stages 

based on markers of eGFR, and kidney damage identified by pathologic abnormalities22. 

In the initial stages of chronic kidney disease, medication and lifestyle changes (e.g., 

dietary adaptations, smoking cessation, exercise, blood pressure, and diabetic control) 

may be implemented to try to manage the disease’s progression23. The final stage of 

chronic kidney disease, stage 5, also known as end-stage renal disease, requires renal 

replacement therapy in the form of dialysis or kidney transplant in order to sustain life.       

1.1.2. End-Stage Renal Disease Treatment 

Hemodialysis, peritoneal dialysis, and renal transplantation are the only options 

to treat end-stage renal disease. The Kidney Foundation of Canada reports that in 2017, 

approximately 28,000 Canadians were receiving a form of dialysis, the most common 

treatment for kidney failure1. During hemodialysis (HD), a patient’s blood is filtered by an 

external HD machine, which removes waste products and excess fluid before it returns 

the blood to the body24. There are three types of vascular access to the patient’s body: a 

central venous catheter, arteriovenous fistula, or arteriovenous graft. HD may be 

delivered at an in-centre unit (i.e., hospital-based dialysis unit or community-based 

satellite unit) or conducted by patients in their own homes (i.e., home hemodialysis). A 

common HD treatment schedule includes thrice-weekly treatments at an in-centre unit, 

lasting 3-5 hours each. However, HD schedules can vary greatly. Home HD patients 

may have the opportunity to dialyze more frequently, such as nightly nocturnal 

treatments. Some in-centre HD patients may also require HD treatments more or less 

frequently than the typical thrice-weekly schedule, depending on individual requirements. 

In contrast to HD, peritoneal dialysis functions by delivering a dialysis solution into the 

peritoneal cavity through a permanently affixed abdominal catheter. The peritoneal 

membrane filters waste and excess fluid, which are removed when the dialysis solution 

is emptied and exchanged. Finally, renal transplantation involves surgically transplanting 

a healthy, compatibility-tested kidney into the body of the end-stage renal disease 

patient. The five-year survival rate is 82% and 92% for patients receiving a kidney from a 
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deceased donor, or a living donor, respectively1. Wait lists for kidney transplantation are 

long in Canada. Further, not every patient with end-stage renal disease is eligible for a 

kidney transplantation due to the presence of certain comorbidities or contraindications. 

In 2017, more than 3,000 Canadians were waiting for a kidney1.             

1.1.3. Community Dialysis (Satellite) Unit Hemodialysis Patients 

Some HD patients are eligible for, and opt to receive, dialysis at community-

based (satellite) in-centre HD units. These community-based satellite units are 

associated with, but are physically separate from, hospital-based, full-service in-centre 

HD units. In British Columbia, Community Dialysis Units (CDUs) offer an opportunity for 

eligible HD patients to dialyze at the community-based satellite sites, “thereby freeing up 

the more resource intensive in-centre spaces for patients with highly complex medical 

and care needs”25. Acuity level (based on specific criteria such as blood pressure, 

cardiac status, fluid management, independence, individual needs, etc.), and patient-

specific requirements are considered in the decision to refer a patient to receive HD at a 

CDU. Although the average acuity level of HD patients receiving care in a CDU may be 

less than HD patients who dialyze at hospital-based HD units, CDU patients still exhibit 

the same health concerns identified in the previous sections, and community-based 

satellite HD patients display similar demographic, comorbidity, and laboratory traits as 

hospital in-centre patients26. 

1.2. Health of Hemodialysis Patients 

Broadly, HD patients experience a wide range of individual health concerns. The 

World Health Organization’s International Classification of Functioning, Disability, and 

Health (ICF) framework, a classification tool for measuring health and disability for 

individuals and populations, provides a useful outline for discussing the health of people 

living on HD27. The framework explores functioning, health, and disability from the 

perspective of physiology (body functions and structures), the whole person (activity), 

and the whole person within the conditions of society (participation). End-stage renal 

disease, within the context of additional personal and environmental factors, affects body 

functions and structures, activity, and participation, which also impact each other. The 

ultimate result of the interactions between all of these components forms the level of 
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functioning and disability for an individual. The health challenges highlighted in the 

following sections of this thesis represent commonly identified outcomes with end-stage 

renal disease.  

1.2.1. Physical Functioning of Hemodialysis Patients 

Within the ICF framework, physical functioning can be defined as an element of 

health-related fitness that classifies one’s ability to participate in the activities required to 

maintain normal mental, social, physical, and emotional function27,28. Physical function 

assessments may be conducted as laboratory-based tests of body function (e.g., peak 

aerobic capacity determined via a graded maximum treadmill test, VO2max test), field-

based tests of activity capacity and performance (e.g., gait speed, sit-to-stand test), or 

by using self-report questionnaires to assess activity participation (e.g., physical 

functioning scales, activities of daily living questionnaires)28–30
 . The initiation of HD can 

be associated with a substantial and continuous decline in functional status (defined as 

the ability to perform activities of daily living such as toileting, bathing, walking, and 

dressing)3. In general, laboratory-tested physical functioning and exercise capacity (VO2 

max) is lower in HD patients as compared to age-matched non-dialysis patients and 

healthy sedentary controls31,32. Similarly, low scores for HD patients as compared to 

age-matched healthy individuals have been demonstrated in physical performance field-

based gait speed and sit-to-stand tests33. These observed limitations in clinically-

assessed function may also translate to other consequences for people living on HD. 

Gait speeds slower than 1.0m/s are associated with higher odds of hospitalization 

amongst people on HD34. Additionally, loss of physical functioning and requiring help 

with daily tasks (measured as self-reported functional dependence) is strongly 

associated with increased mortality for HD patients35. 

1.2.2. Falls and Hemodialysis Patients 

Performance-based measures of physical functioning are also strong predictors 

of the risk of falls and severe fall-related injuries (e.g., hip fractures)36,37. With the 

aforementioned physical functioning limitations experienced by people living on HD, it 

follows, therefore, that HD patients have a higher risk of falls than non-HD individuals, 

and severe consequences from falls are common (e.g., fractures, death)8–13. HD patients 

exhibit the typical fall risk factors that are present in the general community, such as 
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older age, and they also have a high prevalence of certain disease-related risk factors, 

including nutritional deficiencies, muscle wasting, depression, and the use of 

psychotropic medications8,10,13. In addition, HD patients have treatment-specific risk 

factors, such as blood pressure and blood volume changes, that increase the risk of falls 

and fall-related injuries13. Moreover, HD patients exhibit impaired balance control and 

greater postural sway than age-, gender- and body mass index-matched populations, 

which is hypothesized to further increase the risk of falls for HD patients38.   

1.2.3. Frailty and Hemodialysis Patients 

Frailty is another strong and independent predictor of the risk of falls for people 

living on HD39. Fried et al. developed a phenotype of frailty to establish a definition of 

frailty as a “clinical syndrome in which three or more of the following criteria were 

present: unintentional weight loss (10 lbs in past year), self-reported exhaustion, 

weakness (grip strength), slow walking speed, and low physical activity”40. In a large 

study investigating frailty among hemodialysis patients, Johansen et al. found that 230 of 

the 727 (31.6%) participants included in the analysis had 3 or more of Fried et al.’s frailty 

components (unintentional weight loss, exhaustion, low physical activity, weak grip 

strength, and slow gait speed)41. They also determined that two of the components of 

frailty, gait speed and physical activity, decline over time in this population. In another 

study, Johansen et al. conclude that frailty is very common among dialysis patients and 

is associated with adverse outcomes, such as being hospitalized or dying42. McAdams-

DeMarco et al. support this conclusion by purporting that frailty can independently 

predict mortality and number of hospitalizations”43. They also suggest that frailty is highly 

prevalent among HD patients, 5 times more prevalent than among community-dwelling 

older adults.   

1.2.4. Depression and Hemodialysis Patients 

In addition to physical limitations, falls, and frailty, people living on HD also 

experience mental health challenges. Although reported prevalence varies between 

studies, depression rates in dialysis populations appear higher than those in the broader 

community. Canadian sources report a lifetime prevalence rate of 11.3% for major 

depressive disorder in the general community44,45. A systematic review reported a 

summary prevalence of depression amongst people on dialysis of 22.8% (assessed by 
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clinical interview) and 39.3% (determined by self- or clinician-administered rating 

scales)46. However, the prevalence of depression symptoms in individual HD studies 

varies substantially, likely due to the variability in the way depression is measured46,47. 

The proposed increased prevalence of depression amongst people living on dialysis 

may, in part, be due to the psychological burden associated with managing chronic 

kidney disease and the reliance on HD. In fact, depression is the most common 

psychiatric-based condition for end-stage kidney disease patients14. Depression in HD 

patients is a significant predictor of mortality47,48.  

1.2.5. Quality of Life for Hemodialysis Patients 

Depression in HD patients is also correlated with low self-reported health-related 

quality of life49,50. When compared with age-matched healthy individuals, patients living 

with end-stage renal disease report a reduced quality of life51,52. Health-related quality of 

life incorporates physical, psychological, and social components of health53. The 

physiological and psychological burden associated with managing end-stage renal 

disease and HD treatment, as well as any comorbidities, can negatively impact health-

related quality of life for HD patients54. Personal, disease-related, demographic, health 

system-related, or socioeconomic factors (e.g., age, sex, multiple comorbidities, 

education level) may further impact quality of life55.  At the level of the whole person, low 

quality of life is associated with a reduced ability to perform activities of daily living, 

which can be highly dependent on the individual’s subjective lived experience53. 

Evaluating quality of life provides valuable insights on health care effectiveness and 

quality, perceived health, and sense of wellbeing53,56. Quality of life measures can also 

be used to predict morbidity and mortality in HD patients56. Low health-related quality of 

life is strongly associated with a higher risk of death and hospitalization for HD 

patients49,50.  

1.2.6. Health of Hemodialysis Patients Summary 

In general, due to multiple causes, HD patients have a high risk of 

hospitalization57. The most common reasons for hospitalization include infections related 

to dialysis treatment, diabetes, cardiovascular disease and kidney disease58,59. 

Additionally, mortality among end-stage renal disease patients is high60, with many 

dialysis patients realizing a greater probability of death compared with several common 
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cancers61. Overall, end-stage renal disease, personal factors, and the social and cultural 

environment can all impact body functions and structures, leading to restrictions in an 

individual’s activities (e.g., limitations in performing activities of daily living). The resulting 

health outcomes and limitations form the level of functioning and disability, which, as 

outlined by the evidence presented in the preceding sections, is often substantially 

reduced in some people living on HD.    

1.3. Exercise and Hemodialysis Patients 

With the abundance of health challenges experienced by patients living on HD, 

interventions to improve the health outcomes of HD patients are integral. In the 

literature, exercise is a prominent intervention that has been widely demonstrated to 

offset poor health outcomes in this population.    

1.3.1. Health Benefits of Exercise for Hemodialysis Patients 

A Cochrane systematic review on exercise training for adults with chronic kidney 

disease concluded that there is evidence for significant benefits of regular exercise on 

several of the aforementioned health concerns, including improving measures of 

physical fitness and functioning, cardiovascular health, and health-related quality of 

life16. Exercise training among the HD population has been shown to improve muscle 

quality62 and strength63, cardiovascular function64–66, physical and functional 

performance67–72, perceived quality of life56,71,73,74, and balance69,75. Furthermore, 

exercise training in persons receiving HD has been demonstrated to reduce falls risk9, 

hospital usage76, and depression67,68,74. The literature reports on benefits from numerous 

exercise programs that are delivered either intra-dialytically (i.e., while the patient is 

connected to the dialysis machine)73,77–79 or inter-dialytically (i.e., typically on days when 

the patient is not at the dialysis centre)65,80,81. In addition to statistically-significant 

changes in outcomes, exercise can also lead to meaningful changes at a clinical- and 

individual-level16,17,30,54,82,83. This is an important distinction to acknowledge because 

statistical significance does not necessarily imply clinical significance.    

The frequency, intensity, time, and type of exercise required to impact health 

outcomes varies depending on the intended primary or secondary outcome16. The 

Cochrane systematic review, in which, the majority of the studies focussed on dialysis 
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patients, reports that the most common type of intervention was aerobic exercise, 

followed by a combination of aerobic and resistance exercise, and resistance exercise 

alone16. The majority of the included studies implemented high-intensity exercise 

interventions, with a frequency of three or five times per week, and a duration of 30 to 60 

minutes per session. In addition to the randomized controlled trials included in the 

Cochrane review, other HD exercise studies vary greatly in the reported study outcomes 

and the frequency, intensity, time, and type of the exercise interventions. However, the 

overarching conclusion that can be drawn from the literature is that exercise can be used 

to help offset some poor health outcomes experienced by people living on HD84.         

1.3.2. Participation in Exercise Programs among Hemodialysis 
Patients 

As a result of the extensive body of literature, it is widely accepted that exercise 

can improve mental and physical health outcomes of HD patients. The Dialysis 

Outcomes and Practice Patterns Study (DOPPS) provides strong evidence on the 

benefits of exercise outside of the research context, and reports that the odds of a 

patient exercising are significantly increased if a dialysis unit offers an exercise 

program85. However, many of the exercise interventions from the research literature are 

not sustained as a part of routine care. In fact, in their article on sustaining HD exercise 

programs, Bennett et al. purport that there is limited evidence of research sites 

maintaining exercise interventions (intra-dialytic or inter-dialytic) in real-world settings 

after research has concluded86. Other sources also report that exercise programs are 

not common in most HD facilities87,88. It follows, therefore, that despite the benefits of 

exercise for this population, HD patients continue to have low levels of physical activity 

and participation in exercise programs, in general4,72,89. Overall, HD patients are less 

active, even when compared to sedentary healthy controls90. Physical activity levels also 

decline over time spent on dialysis, likely due to health-related reasons such as kidney 

disease-specific health factors, and HD effects85. Other participant-reported barriers to 

physical activity and exercise include fatigue, shortness of breath, lack of motivation, 

pain, and lack of time91,92. It is also widely published that the exercise capacity of HD 

patients is low, reportedly 60 to 70% of the levels reported in age-matched 

populations4,66,93. The low exercise capacity is proposed to be due to numerous 

contributors, such as anemia, deconditioning, and dysfunction in the ability to deliver 

and/or extract oxygen by skeletal muscles.  
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1.3.3. Exercise Program Implementation Barriers and Facilitators 

There are also barriers and facilitators to the implementation of exercise 

programs from the perspective of HD units. In Ontario, Ma et al. reported that only 9% of 

dialysis facilities had ongoing clinical exercise programs94. The most common facility-

reported barriers to offering an exercise program included a lack of human resources, 

funding, and equipment. In a qualitative study on patient and staff perceptions about 

intra-dialytic exercise, staff workload and lack of time were the most frequently cited 

barriers95. Intra-dialytic exercise programs experience the challenge of the exercises 

possibly interfering with nursing care and the HD process. Constraints on available 

space in the HD treatment area, and the challenge of introducing exercise personnel into 

a busy clinical environment when conducting an intra-dialytic exercise program pose 

additional barriers96–98. Inter-dialytic exercise programs remove the patient- and facility-

level barriers of incorporating exercise into the HD treatment process; however, they 

exacerbate the barrier of lack of time to attend an exercise program outside of dialysis.   

Two studies compared the benefits of inter- and intra-dialytic exercise programs 

and found that, while patients who participated in inter-dialytic programs seemed to have 

better outcomes, they also had lower rates of adherence than patients who exercised 

during their regularly scheduled dialysis sessions, and the dropout rates were higher32,99. 

Although intra-dialytic programs may have higher adherence rates, the possible set of 

exercises is limited to activities that will not interrupt vascular access and the HD 

process. Additionally, for intra-dialytic exercise, some patients also find it overwhelming 

or stressful to receive HD and exercise at the same time, even though they may be 

physically able to exercise91,97. In contrast, inter-dialytic programs can incorporate whole-

body exercise training, including use of the arms and weight-bearing exercises, but they 

have lower adherence and higher dropout rates as they require patients to complete the 

exercises on their own time on non-dialysis days99.  

1.3.4. Opportunities for Implementing a Sustainable Exercise Program 

Offering an exercise program at the dialysis unit immediately prior to an HD 

appointment offers an opportunity to combine the advantages of both intra- and inter-

dialytic exercise programs. An exercise program delivered immediately prior to HD 

integrates the transportation, location, and adherence benefits of an intra-dialytic 
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program since it is conducted at the HD unit where the participants are already present, 

and medical support is available, if needed. It also incorporates the benefits of an inter-

dialytic program by including exercises that are not possible to perform when connected 

to HD machines (e.g., standing balance exercises), since participants can move freely 

before they are connected to the machines (pre-dialysis). Furthermore, patients may 

arrive early to their HD sessions and have to wait before they are connected to an HD 

machine. This time period provides an opportunity to implement an exercise intervention 

prior to dialysis while also delivering an added benefit of offering entertainment during a 

time when patients may normally be waiting and may be anxious or impatient for 

treatment to start100–102. Exercise programs such as these that are offered immediately 

prior to dialysis may be easier for units to implement and more easily transferred to other 

units than intra- or inter-dialytic exercise programs since they are supported by, and 

located at the unit, but are designed to not interfere with the HD process. 

To support sustainability, Bohm et al. highlighted a potential opportunity to 

reduce the aforementioned facility-level financial barriers for implementing an exercise 

program. They proposed that exercise programs with fewer resource requirements 

should be considered in contrast to the potentially cost-prohibitive or impractical exercise 

interventions that are commonly assessed in research studies, in order to support more 

routine implementation of HD exercise programs103. An exercise program offered prior to 

dialysis can be conducted in a group, since participants are not connected to their HD 

machines and can gather in one place. In turn, the staff workload, and thus the financial 

cost and resources, required to deliver the exercise program may be reduced. Offering a 

lower intensity exercise program, in particular, also offers an additional opportunity to 

decrease staffing requirements and increase the translation of the research exercise 

program into routine clinical practice, by reducing high monitoring needs, which are 

common in many studies32,104. In fact, Bohm et al. confirm that programs involving low-

intensity exercises can be incorporated into the usual HD unit environment, and can still 

provide benefits without requiring significant additional resources and monitoring103. 

Their study also acknowledged the importance of conducting pragmatic trials. Pragmatic 

studies assess the effectiveness of exercise programs in routine practice conditions, 

rather than investigating whether an intervention works under ideal conditions105.  

Pragmatic trials aim to produce generalizable results that are applicable in routine 

practice environments. Investigating a pragmatically-designed exercise intervention for 
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HD patients can potentially increase the translation of research findings into the usual 

HD unit environment, which is an existing challenge106. In summary, sustaining an HD 

exercise program requires involving exercise professionals, gaining commitment from 

the HD unit staff, ensuring the availability of adequate equipment and space, providing 

an engaging exercise program, addressing cost implications, adapting the exercises to 

the individual, offering an exercise program that is convenient (e.g., at the HD unit) to 

increase adherence, and recognizing that patients of all ages can exercise86.  

1.3.5. Exercise Research Gaps 

There is a lack of evidence on exercise delivered exclusively prior to HD. In a 

2005 systematic review of clinical trials of exercise training for patients receiving 

maintenance HD, none of the included studies investigated exercise conducted in the 

time period prior to dialysis17. A more recent 2017 systematic review and meta-analysis 

on exercise training in elderly HD patients18 referenced very few studies that 

incorporated exercise prior to dialysis either as a standalone exercise intervention107–109, 

or by combining exercise prior to and during dialysis (intra-dialytic)110,111. My own 

literature search of HD exercise programs revealed very few additional studies that 

implemented an exercise program with either all69,104 or some component9 delivered 

immediately prior to dialysis. The pre-dialysis exercise components offered in four 

studies9,69,108,110,111 are not easily transferrable due to their use of possibly expensive 

equipment and resources, such as Nintendo's Wii Fit Virtual Reality, cycle ergometers 

and on-site gyms, as well as inherent challenges of delivering these exercise programs 

in group settings. Moreover, the studies offering a combination of both pre- and intra-

dialytic exercise components experienced the challenge of integrating exercise into the 

HD process with the additional complexity of also monitoring participants in two different 

locations (e.g., on-site gym and the treatment area)9,110,111.  

Studies by Song et al.109 and Matsufuji et al.107 were more transferable, but the 

sample sizes were small (40 and 23 participants, respectively), which limits the insights 

that can be drawn. Matsufuji et al.’s study was also fairly resource-intensive as the 

exercise program was conducted in a rehabilitation-specific room at the HD unit under 

the supervision of physical therapist and physician. Song et al. also highlighted the need 

for further research into exercise interventions that are delivered in groups prior to 

dialysis. Thus, to promote sustainable implementation of exercise as part of routine HD 
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care, there is a need to develop and evaluate group-based exercise programs that can 

be delivered prior to dialysis in a non-specialized space with low-cost equipment. A gap 

in the research literature offers the opportunity to investigate a pragmatically-designed, 

group-based exercise program prior to dialysis that aims to reduce the financial, 

equipment, resource, and workload barriers for the sustained implementation of an 

exercise program for HD patients. 

1.4. Research Objectives 

This study will determine if a pragmatically-designed exercise program offered 

immediately prior to dialysis improves health outcomes in HD patients. Specifically, the 

exercise program uses the limited space and resources available in the CDU waiting 

rooms, has the potential to maximize health benefits by involving whole-body exercises 

at an appropriate intensity for HD patients, is designed to avoid interfering with the HD 

process by occurring when HD patients are not receiving treatment, and may promote 

adherence by taking place at a patient’s regular HD treatment facility prior to a 

scheduled appointment. Since it is offered during the period when patients are at the 

CDU waiting to be connected to the HD machines, and was designed to not interfere 

with the dialysis process, our exercise program may be more easily integrated into the 

HD clinical environment. 

The objectives of this study are: 

Objective 1: To determine the effects of a 12-week thrice-weekly group-based 

exercise program delivered prior to hemodialysis at community dialysis units on the 

physical performance, mental and emotional well-being, and quality of life of HD 

patients; 

Objective 2: To explore HD patient and staff experiences with a 12-week thrice-

weekly group-based exercise program delivered prior to hemodialysis at community 

dialysis units. 

Research Hypothesis: I hypothesized that participants who engaged in the 

exercise program would experience statistically significant improvements in their 

physical performance, mental and emotional well-being, and quality of life compared with 

patients who received standard care (no exercise intervention). 
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Chapter 2. Methods 

2.1. Study Design 

We completed a 12-week pragmatically-designed study, with a control group and 

an intervention group, investigating an exercise program delivered immediately prior to 

dialysis for CDU patients. Participants completed a baseline assessment and repeated 

the assessment after 12 weeks. The Research Ethics Boards at Simon Fraser 

University, Fraser Health Authority (FHA) and Queen’s University approved the study. 

The data were collected at the 5 CDUs in FHA: Panorama Community Dialysis Unit 

(PCDU), Newton Community Dialysis Unit (NCDU), Abbotsford Community Dialysis Unit 

(ACDU), Tri-Cities Community Dialysis Unit (TCDU), and Royal City Centre Community 

Dialysis Unit (RCCDU) between January and August 2018. All participants provided 

written informed consent.  

2.2. Study Planning 

The concept for this research project originated with a request from PCDU to the 

FHA Falls Prevention Team to provide fall prevention education to the CDU patients. 

The CDU Team Leader had noticed mobility issues and concerns with falls in their 

patient population. The PCDU Team Leader invited me, in my role as the FHA Falls 

Prevention Coordinator to speak to patients at the unit while they were sitting in the 

waiting area, either waiting to be taken home after their HD appointments, or waiting to 

start their treatments. The FHA Falls Prevention Physiotherapist had also previously 

attended a conference presentation on exercise for HD patients, which initiated dialogue 

within the Falls Prevention Team about potential opportunities. After completing a Falls 

Prevention Mobile Clinic112 at PCDU, followed by 2 clinics at NCDU, the FHA Falls 

Prevention Physiotherapist and I met with the Team Leader and Social Worker from 

NCDU, and discussed options for delivering exercise at the CDUs. Since the period prior 

to appointments was identified as a time when patients might be sitting and waiting for 

their treatments, it was explored as a potential time to offer an exercise program. Intra-

dialytic exercise was also discussed as a potential option; however, using the period 

immediately prior to treatment was selected for this project when CDU staff expressed 
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that there may be challenges with integrating intra-dialytic exercise into the treatment 

area. Moreover, to support the original concern of addressing mobility, balance, and fall-

related issues among the CDU patients, we preferred an exercise program that could 

incorporate standing balance exercises, which would not have been possible when 

patients were connected to the HD machines. 

The Falls Prevention Physiotherapist, Co-op Student, Manager, and I 

collaborated with the Team Leader and Social Worker at NCDU to apply for two grants 

to support this work: a FHA Seed Grant and a Kidney Foundation of Canada Allied 

Health Research Grant. Our team received funding from both granting agencies. The 

FHA Seed Grant was used to conduct a feasibility study on the exercise program at 

NCDU between September and December 2016. The feasibility study had a single 

group of patients who participated in the exercise intervention and completed pre- and 

post-assessments. The feasibility study assessed the recruitment process, participant 

attendance, and patient feedback on the exercise program. The data collected from the 

feasibility study led to several changes to the study protocol for the current study, 

including increasing the exercise period from 8 to 12 weeks, changing assessments from 

the Short Form Health Survey (SF-36)113 to EQ-5D-5L114, and from the GDS-15115 to the 

CESD-R116,117 to better suit the HD population, removing the morning exercise class 

option, changing the exercises to an evidence-based program, and adjusting the start 

time of the exercise classes to adapt to the varying arrival times of the patients.  

2.3. Control Group and Intervention Group Assignment 

PCDU, NCDU, and ACDU have 6 different treatment cohorts. Patients typically 

receive treatment on Monday/Wednesday/Friday or Tuesday/Thursday/Saturday, 

starting at 7:00am, 12:00pm, or 4:00pm. TCDU has 5 treatment cohorts, with no 

treatments at 4:00pm on Tuesday/Thursday/Saturday. RCCDU only offers 

Monday/Wednesday/Friday 7:00am and 12:00pm treatment options. The research team 

selected an allocation process that ensured that both the intervention and the control 

groups had participants from each set of days, in case there were meaningful 

differences between participants attending dialysis on Monday/Wednesday/Friday and 

Tuesday/Thursday/Saturday. In order to accomplish this, initially, I randomly assigned 

PCDU, NCDU, ACDU and TCDU into pairs. The fifth unit, RCCDU, with only two dialysis 

treatment cohorts (compared to five or six at the other CDUs), remained unpaired, and 
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acted as an additional intervention unit. Next, within each pair, I randomly assigned one 

set of days (Monday/Wednesday/Friday or Tuesday/Thursday/Saturday) at one of the 

CDUs to be a control, with the second set of days at that CDU as the intervention group. 

For the paired CDU, the opposite intervention and control groups (i.e., set of days) were 

assigned (Figure 1).  

 

Figure 1  Unit Assignment to Control and Intervention Groups 

2.4. Recruitment  

Our research team consisted of a Research Coordinator (myself), a 

Physiotherapist who supported the exercise intervention and training, and a Co-op 

Student who supported the study as a Research Assistant. Prior to the start of the 

recruitment period, the Research Assistant or Coordinator attended a 15-minute staff 

meeting or staff “huddle” at each the five CDUs to provide information to staff about the 

study and the exercise program. CDU staff members are responsible for telling patients 

when their chairs are ready for their treatment to start, which would indicate the end of 
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the time that participants were able to exercise. Since the exercise program is delivered 

before patients are connected to their chairs, it was important for the CDU staff to 

understand the purpose of the research and the exercise intervention. The CDU staff 

members were not involved in the recruitment of the patients; however, the unit clerk 

provided the Research Assistant with a list of patients who were dialyzing on each 

recruitment day.  

To recruit participants, the Research Assistant visited each CDU during a 2-week 

recruitment period and provided information about the study individually to each CDU 

patient during their dialysis treatment “downtime” (i.e., when the patients were sitting 

connected to the machines and receiving the HD treatment). If they agreed to 

participate, we collected written informed consent from the patients prior to baseline 

assessments and the start of the exercise program. We notified the CDU nephrologists 

via fax of their patients’ interest in the study and asked them to either provide or refuse 

medical clearance by signing an approval form for each patient to participate in the 

study.  

2.5. Participant Eligibility 

We recruited 55 control group and 52 intervention group participants from the 5 

CDUs between January and July 2018. Patients were eligible to participate in the study if 

they had been receiving HD for a minimum of three months to ensure that they were in 

stable clinical condition, were able to walk independently for four meters with or without 

the use of a mobility aid, and had obtained medical clearance from their attending 

nephrologist to participate in the exercise program. Eligible patients from the afternoon 

(12:00pm) and evening (4:00pm) HD connection times were invited to participate in the 

research study. Morning patients at CDUs with an early connection time option (7:00am) 

were not included in this research study. We made this decision based on the feasibility 

study of this research project, during which, the morning connection time had low 

participation in the exercise classes (only 3 of the 10 participants exercised in more than 

half of the classes). 
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2.6. Exercise Intervention 

The exercise intervention was a 12-week exercise program offered prior to the 

dialysis connection times. The exercise sessions were held in the CDU patient waiting 

areas; the sessions made use of open floor space and chairs (Figure 2). The instructors 

cycled through the exercises for 90 minutes prior to the typical dialysis connection times, 

allowing patients to start exercising whenever they arrived. This time period was 

selected to avoid interfering with the HD treatment. It also provided patients with the 

opportunity to exercise while they were waiting for their HD chairs to be ready for their 

treatment.  

The exercise program was adapted from the Otago Exercise Program118, a leg 

muscle strengthening and balance retraining exercise program originally designed for fall 

prevention for older adults. In the feasibility study for this research, the exercise program 

included a selection of 8 individual exercises, 6 of which were done while sitting. We 

received feedback from the feasibility study participants and directly observed that the 

exercise program was too easy and too short for many participants. Therefore, for this 

current study, the research team changed to the adapted Otago Exercise Program, an 

evidence-based exercise program, to increase the exercise dose and provide more 

targeted and progressive balance exercises. The Otago Exercise Program is designed 

to be moderate-intensity, but exercise capacity for HD patients is typically low,4,93 so we 

created an adapted, progressive Otago Exercise Program (Appendix A) that was 

expected to be a suitable starting point for the CDU population.  

Our adapted HD exercise program was designed to start low-intensity and 

progress to moderate-intensity by adding more challenging exercises as participants 

were able to tolerate increases. The intensity started lower by not including some of the 

more challenging exercises from the Otago Exercise Program at the start, and not 

incorporating any ankle weights initially. Participants were also asked to rate their 

perceived exertion following each exercise class on a scale of 1 to 10, using the Borg 

Cr10 Scale119. Throughout the 12 weeks, participants were encouraged to exercise at a 

2 (weak/light) to 3 (moderate) on the Borg CR10 Scale to align with the Otago guidelines 

that state that “the exercises are of moderate intensity; the person should not get unduly 

tired120.” Exercise intensity was progressed by introducing more challenging balance 
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exercises, decreasing hand support, if appropriate, and incorporating progressive use of 

ankle weights after the first 2 to 3 weeks, as participants were able to tolerate.  

The exercise program included the 5 Otago leg muscle strengthening exercises, 

6 of the balance exercises to start, with the option to progress to more challenging 

balance exercises, and two additional HD-specific exercises for fistula health, which are 

recommended by FHA and the BC Renal Agency (Appendix A). The set of exercises 

was expected to take approximately 20 minutes to complete, and participants were 

encouraged to complete at least one set of exercises. The instructors were guided to 

encourage participants to do 8 to 10 quality repetitions of each exercise before fatigue 

as per the Otago guidelines, taking 2 to 3 seconds to lift and 4 to 5 seconds to lower, 

and introducing ankle weights for participants, where appropriate. Even if participants 

were unable to complete a whole set of exercises, they were encouraged to exercise for 

as long as they were willing and able to exercise. Participants were also encouraged to 

stay and continue to do more exercises after the first set, until their HD chairs were 

ready. Total minutes of exercise per session were tracked for each participant. 

Participants were also provided with a booklet of the exercises and were encouraged to 

do extra repetitions of the exercises on their own time. All exercise attendance data were 

tracked on a study-specific Exercise Program Attendance Form (Appendix B). During the 

12-week period, the control group participants received standard care (no exercise 

intervention). 

  

Figure 2 NCDU and PCDU Waiting Areas 
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2.6.1. Exercise Intervention Personnel 

Eleven exercise instructors were trained to deliver the exercise classes at the 

CDUs and progress participants through the program, by adding ankle weights and more 

challenging exercises, as per the Otago guidelines. Prior to teaching their first class, the 

instructors completed a 3-hour study-specific group training session that provided 

information on HD, the CDU patients, the research project, and the exercise program. 

The training was led by me (as the Research Coordinator) and the Physiotherapist. The 

instructors were certified by the British Columbia Recreation and Parks Association, and 

four of them had participated in the research feasibility study.  

To facilitate the collection of research data during the exercise sessions, the 

exercise instructors were also supported by student volunteers (n=17) recruited from the 

Department of Biomedical Physiology and Kinesiology at Simon Fraser University. The 

student volunteers completed a 2-hour training session prior to their first shift, during 

which they learned how to track participant attendance data (e.g., who attended, 

reasons for not attending, how long participants exercised, and how participants were 

feeling), and how to complete the Exercise Program Attendance Form (Appendix B) for 

each session. The volunteers were also trained to approach participants when they 

arrived at the CDU and encourage participation in the exercise program.  

2.7. Measures 

The baseline assessments were conducted by the Research Assistant one to two 

weeks prior to the start of the exercise program and the final post-assessments were 

completed within a week of the end of the 12-week exercise program. The pre- and post-

physical assessments took approximately 5 minutes per participant and were conducted 

when the participant arrived at the CDU before he or she was connected to the HD 

machine. Participants also spent approximately 20 minutes before and after the 12-week 

intervention period completing the pre- and post-questionnaires with the Research 

Assistant during the “downtime” of the HD visit. All pre- and post-questionnaires were 

completed through an in-person interview, during which, the Research Assistant asked 

the questions and recorded participant responses. If participants were unable to 

understand the questions in English, interpreters were used to ask participants the 

questions in their first language.   



20 

2.7.1. Descriptive Measures 

The participants completed a baseline, study-specific Research Participant 

Intake Form (Appendix C) to document basic demographic information (e.g., sex, age, 

time on dialysis, ethnic background, comorbidities, employment status, etc.). We also 

calculated body mass index (BMI) as the quotient of weight (kg) divided by the square of 

height (m2). The Research Participant Intake Form was completed by recording 

participants’ verbal responses to the questions as they were asked by the Research 

Assistant. Data from the Research Participant Intake Form and baseline measures of the 

primary outcome measures were used to describe the research population.  

We also reported on frailty in our population according to Fried et al.’s40 criteria 

(self-reported exhaustion, unintentional weight loss of 10 pounds or more in the previous 

year, low physical activity, weak grip strength, and slow gait speed), which has been 

previously used for HD populations121,122. Measures for the 5 criteria were collected 

using several instruments. The Research Participant Intake Form asked participants if 

they had “lost 10 or more pounds unintentionally in the past year”. Weak grip strength 

was categorized if a participant was below the sex- and BMI-based grip strength cut-offs 

identified by Fried et al. Slow gait speed was indicated by scores slower than Fried et 

al.’s sex- and height-based gait speed cut-offs. Self-reported exhaustion was identified 

based on responding “much of the time” or “most or all of the time” to at least 1 of the 

following statements on the Center for Epidemiologic Studies Depression Scale Revised 

(CESD-R)116,117 questionnaire: “I could not get going” and “I felt that everything I did was 

an effort.” Low physical activity was identified if a participant was in the lowest 20% of 

scores based on the established population norms reported in the PASE scoring 

manual123. Frailty is indicated as having 3 or more of the criteria, “intermediate” scores 

are provided to participants with 2 criteria, “pre-frail” is indicated if participants have only 

1 criterion present, and participants with no criteria are considered “not frail”.   

2.7.2. Primary Outcome Measures 

The Short Physical Performance Battery (SPPB)124, EQ-5D-5L114, grip strength, 

and CESD-R116,117 were used to explore the first research objective of determining the 

effects of the exercise program on the physical performance, mental and emotional well-
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being, and quality of life of the CDU patients. The use of SPPB29,63,125–127, CESD-R128, 

and EQ-5D-5L55,129,130 for the HD population is well-documented.  

Physical Performance: SPPB124 was assessed at baseline and after 12 weeks as 

a measure of physical performance. The SPPB consists of three components: a 

standing balance test, a timed 4-metre walk, and a 5 times sit-to-stand test. Each 

component received a score between 0 (unable) and 4 (best performance). The scores 

from each component were added together to obtain a total score out of 12. Additionally, 

the time from the 4-meter walk was used to compute gait speed, and the time to 

complete the 5 times sit-to-stand test was recorded, if patients were able to complete the 

test. 

Grip strength has also been demonstrated as a good marker of physical 

performance131. Grip strength of the non-fistula arm, if applicable, was measured during 

the pre- and post-tests with a Jamar Plus+ Digital Hand Dynamometer. The use of grip 

strength as a measurement for the HD population is commonly reported121,127,132.  

Quality of Life: EQ-5D-5L is a measure of health-related quality of life114. The 

assessment consists of two components: the EQ-5D-5L descriptive system, a set of 

questions where respondents provide the level (from no problems to extreme/unable) of 

difficulty with five dimensions (mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression), and the EQ Visual Analogue scale (VAS), a question where 

respondents rate their health today on a scale from 0 (“worst health you can imagine”) to 

100 (“best health you can imagine”). The EQ-5D-5L descriptive system provided a 5-digit 

health profile that was converted to a single index value. Our EQ-5D-5L results are 

presented as the EQ VAS, the EQ-5D-5L converted Index Value, and frequencies of 

reported problems in the five dimensions133. EQ-5D-5L questionnaires delivered face-to-

face, by telephone, by self-completion, and with interviewers are all approved modes of 

administration and may be used interchangeably134. Our Research Assistant completed 

the EQ-5D-5L with participants during in-person interviews.   

Depression: CESD-R is a screening test for depression and depressive 

disorder117. The questionnaire consists of 20 questions in nine different areas: sadness, 

loss of interest, appetite, sleep, thinking/concentration, guilt, fatigue, agitation and 

suicidal ideation. Participants responded with how often they have felt each element 
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during the past week: most or all of the time (5-7 days), occasionally (3-4 days), some or 

a little of the time (1-2 days) or rarely/none of the time (less than 1 day). Each question 

received a score from 0 (rare/no issues) to 3 (most/all the time), and the scores were 

added together, with the range of possible total scores from 0 to 60. Total scores equal 

to or greater than 16 were reported as suggestive of depression. The CESD-R can be 

completed by interview or self-administration135. Our Research Assistant completed the 

CESD-R with participants during in-person interviews.   

Physical Activity: The participants also completed a baseline Physical Activity 

Scale for the Elderly (PASE)136 questionnaire to quantify their levels of physical activity 

prior to the 12-week study period. Although increasing the participants’ physical activity 

levels outside of the exercise intervention was not an explicitly intended objective of this 

research study, PASE was repeated following the 12-week intervention period to assess 

if there were any changes to the PASE scores. PASE has been previously used to 

describe activity levels for the HD population137. The PASE can be administered by 

interview or self-completion138. Our Research Assistant asked the PASE questions 

during in-person interviews.  

2.7.3. Secondary Outcome Measures 

Following the 12 weeks of the exercise program, the exercise participants, CDU 

staff, exercise instructors, and volunteers completed study-specific feedback surveys 

(Appendix D, E, F, G). The surveys asked respondents a range of questions about 

topics related to the exercise program, such as benefits from the exercises, disturbances 

to the CDU (i.e., disruptions to the normal functioning of the CDU), intensity and length 

of the exercises, and likelihood to participate if the program was offered again in the 

future. The surveys included rating-scale questions and open-ended questions. The 

exercise program instructors and volunteers also documented notes following each 

exercise class (post-class notes), and these comments were included in the qualitative 

data analysis.   

2.8. Sample Size 

When this study was conducted in 2018, there were approximately 330 patients 

receiving HD at the 5 FHA CDUs. Prior to our recruitment, we estimated that 
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approximately 205 of those patients received HD in the afternoon and evening sessions. 

Based on the feasibility study for this research, 55% of the patients receiving dialysis at 

NCDU consented to participate in the exercise program and were eligible to participate 

based on the same inclusion criteria. Therefore, we expected that the initial sample size 

of this study would be around 112 participants (0.55 x 205).  

The sample size for our study represents an advance on previous research in the 

area. In a systematic review of 29 clinical trials of exercise programs for HD patients, 

45% of the included trials had sample sizes less than 20 patients, 52% had sample sizes 

between 20 and 75, and only one study in the review had a sample size greater than 

7517. The majority of these trials found a significant difference in the means of the 

outcome measures between groups. While there is variation in population, outcomes, 

and treatment between this study and those reviewed, we planned our pragmatic study 

to have a larger sample size than all but one study in the systematic review. 

To further validate the sample size and ensure statistical power, prior to 

conducting the study, I completed sample size calculations for the selected assessments 

using the formula for comparing means of two independent groups based on providing 

80% statistical power to detect clinically important differences with σ=0.05 significance 

level and using standard deviations from the feasibility study, if available. Based on my 

sample size calculations, with a sample size of roughly 50 participants in each group, I 

expected to possibly be able to detect a difference of clinical importance in EQ-5D-5L 

VAS and Index Value (although no data was available for the HD population), gait 

speed, grip strength, and the time for 5 times sit-to-stand, but not SPPB. 

2.9. Statistical Analysis 

All statistical analyses were performed using SPSS Version 25 (IBM Corp. 

Released 2018. IBM SPSS Statistics for Windows, Version 25.0.0.2. Armonk, NY: IBM 

Corp.). Comparisons between the control and intervention groups on participant baseline 

measurements and characteristics were conducted using t tests for continuous, 

normally-distributed variables, Mann-Whitney tests for non-normally distributed and 

categorical variables with more than two possible outcomes, and Chi-Square tests for 

binomial categorical variables. The baseline and outcome measurements were 

summarized as mean (standard deviation [SD]) for normally-distributed, continuous 
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variables, median (interquartile range [IQR]) for non-normally-distributed, continuous 

variables, and count [n] (percent [%]) for categorical variables. For outcome 

measurements, within group differences were analyzed with paired t tests for normally-

distributed variables, the Wilcoxon test for non-normally distributed continuous 

measurements, ranks, and categorical variables with more than two groups, and 

McNemar’s test for binomial categorical outcome variables. Adjusted between group 

comparisons for continuous data were obtained using an analysis of covariance 

(ANCOVA) model with post-test value of the outcome measures as the dependent 

variable, group (control or intervention) as the independent variable, and the pre-test 

value of the outcome measures as a covariate. For categorical variables, adjusted 

differences and p-values were calculated with logistic regression by assessing the 

proportion of individuals with the characteristic and adjusting for baseline differences in 

the pre-test proportions. To support the pragmatic nature of this study, I completed our 

analyses from an intention-to-treat perspective for the outcome measures. I used an 

alpha level of 0.05 for all analyses. 

I analyzed and presented the secondary outcome feedback data as frequency 

distributions for questions with closed-ended, scale-based questions. I presented the 

participant-reported benefits and lifestyle changes and CDU staff-reported benefits 

feedback questions with frequencies of the reported number of times a benefit or lifestyle 

change was identified, which was possible due to the consistent, specific responses. For 

the remaining open-ended questions and qualitative topics, I reviewed open-text 

responses and conducted open coding line-by-line in the original data. After completing 

the first coding, I continued with thematic analysis by combining the original codes into 

overarching categories, and arrived at key themes for the various topics, which are 

presented in data tables with sample quotes or comments from the raw data.   
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Chapter 3. Results 

3.1. Participant Recruitment 

Of the 199 afternoon and evening HD patients present at the CDUs during the 

recruitment period, 186 fulfilled the eligibility criteria and were approached about the 

research study. A total of 107 research participants consented and started the study, 52 

for the intervention group participants, and 55 for the control group (Figure 3). An 

additional 7 participants provided initial consent but 2 left the CDU, 4 revoked consent, 

and 1 lost the ability to walk before the start of the study intervention period. All 

interested patients received clearance from their attending nephrologists to participate in 

the study. During the study, 4 participants dropped out and 9 participants were lost to 

follow-up. An additional 2 participants provided the questionnaire portions of the post-

tests (CESD-R, EQ-5D-5L, PASE, and Participant Feedback Survey) that were 

completed on the same day as the last exercise class, but 1 participant died and 1 

participant went to the hospital before completing the physical post-test assessments 

(SPPB and grip strength) that were conducted immediately prior to the next HD session 

after the last exercise class. The partial data of these two participants were included in 

post-test results, where applicable.     

3.2. Participant Characteristics 

The participants had a mean age of 69.2 (SD: 11.9) years, were predominantly 

male (69.2%), with a median BMI of 25.8 (IQR: 23.5, 30.5) kg/m2, and had been on HD 

for a median time of 32.0 (IQR: 14.8, 59.3) months. The majority of participants (71.0%) 

relied on someone else to transport them to their HD appointments, such as 

HandyDART, Hospital Transport, or a family member. Participants were predominantly 

retired (82.2%), from a non-caucasian ethnic background (67.3%), and used a language 

other than English as a first language (65.4%). Participants had a mean baseline gait 

speed of 0.78 (SD: 0.22) m/s, mean grip strength of 23.2 (8.8) kg, and 22.9% had a 

CESD-R score suggestive of depression. The mean SPPB score for all participants was 

5.6 (2.8), and 32.7% were labelled as “Frail” according to Fried et al.’s criteria. No 
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differences were observed between the control and intervention groups on any baseline 

participant characteristics (Table 1).    

 

Figure 3  Participant Recruitment and Flow Diagram 
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Table 1 Summary of Baseline Participant Characteristics 

Characteristic Control 
Group 
(n=55) 

Intervention 
Group 
(n=52) 

Comparison  
(p-value) 

Total 
(Overall) 
(n=107) 

Age (years), mean (SD) 68.4 (12.3) 70.0 (11.5) 0.468 69.2 (11.9) 

     < 55 Years, n (%)   5 (9.1) 3 (5.8)  8 (7.5) 

     55-59 Years, n (%)   4 (7.3) 4 (7.7)  8 (7.5) 

     60-64 Years, n (%)   6 (10.9) 9 (17.3)  15 (14.0) 

     65-69 Years, n (%)   13 (23.6) 6 (11.5)  19 (17.8) 

     70-74 Years, n (%)   11 (20.0) 11 (21.2)  22 (20.6) 

     75-79 Years, n (%)   6 (10.9) 7 (13.5)  13 (12.1) 

     80-84 Years, n (%)   4 (7.3) 7 (13.5)  11 (10.3) 

     85+ Years, n (%)   6 (10.9) 5 (9.6)  11 (10.3) 

Male Sex, n (%) 38 (69.1) 36 (69.2) 0.988 74 (69.2) 

Ethnicity, n (%)  

     Caucasian 21 (38.2) 14 (26.9)  
0.411 

35 (32.7) 

     South Asian 16 (29.1) 13 (25.0) 29 (27.1) 

     Fijian 7 (12.7) 11 (21.2) 18 (16.8) 

     Other 11 (20.0) 14 (26.9) 25 (23.4) 

Education Level, n (%)  

     Elementary or Less 10 (18.2) 12 (23.1)  
 

0.907 

22 (20.6) 

     Some High School 7 (12.7) 5 (9.6) 12 (11.2) 

     High School Grad 12 (21.8) 11 (21.2) 23 (21.5) 

     At Least Some Post-Secondary 26 (47.3) 24 (46.2) 50 (46.7) 

Marital Status, n (%)  

     Currently Married 31 (56.4) 34 (65.4)  
0.340 

65 (60.7) 

     Not Currently Married (Single,  
     Divorced, Widowed, Separated) 

24 (43.6) 18 (34.6) 42 (39.3) 

Employment Status, n (%)     

     Employed 1 (1.8) 4 (7.7)  5 (4.7) 

     Retired 43 (78.2) 45 (86.5)  88 (82.2) 

     Unemployed 11 (20) 3 (5.8)  14 (13.1) 

English as a First Language, n (%) 21 (38.2) 16 (30.8) 0.420 37 (34.6) 

     First Language English 21 (38.2) 16 (30.8)  
0.211 

 

37 (34.6) 

     Punjabi 15 (27.3) 11 (21.2) 26 (24.3) 

     Hindi 4 (7.3) 11 (21.2) 15 (14.0) 

     Other 15 (27.3) 14 (26.9) 29 (27.1) 

Transportation to Dialysis, n (%)     

     Independent (Self) Transportation 14 (25.5) 17 (32.7) 

0.409 

31 (29.0) 

     Dependent (On Others)  
     Transportation ( e.g., HandyDART,  
     Transit, Hospital Transport, Family) 

41 (74.5) 35 (67.3) 76 (71.0) 

          Drive Self 14 (25.5) 16 (30.8)  30 (28.0) 

          Handy Dart 23 (41.8) 19 (36.5) 42 (39.3) 

          Family/Friend Drive 14 (25.5) 12 (23.1) 26 (24.3) 

          HandyDART/Taxi 1 (1.8) 1 (1.9) 2 (1.9) 

          Hospital Transfer Bus 1 (1.8) 1 (1.9) 2 (1.9) 

          Transit 2 (3.6) 3 (5.8) 5 (4.7) 
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Characteristic Control 
Group 
(n=55) 

Intervention 
Group 
(n=52) 

Comparison  
(p-value) 

Total 
(Overall) 
(n=107) 

Housing Type, n (%)     

     Own House 51 (92.7) 47 (90.4)  98 (91.6) 

     Shared Housing   
     (Seniors Residence,  
     Assisted Living, Other) 

4 (7.3) 5 (19.6) 9 (8.4) 

Time on Dialysis (months), median 
(IQR) 

34.0      
(16.0, 61.0) 

31.0      
(14.0, 58.0) 

0.455 32.0      
(14.8, 59.3) 

BMI, median (IQR) 26.2      
(23.5, 30.8) 

25.5      
(23.7, 27.8) 

0.284 25.8      
(23.5, 30.5) 

SPPB Score*, mean (SD) 5.3 (2.8) 6.0 (2.8) 0.216 5.6 (2.8) 

     SPPB Total 0-3, n (%) 14 (25.5) 9 (17.3)  23 (21.5) 

     SPPB Total 4-6, n (%) 21 (38.2) 22 (42.3)  43 (40.2) 

     SPPB Total 7-9, n (%) 17 (30.9) 15(28.8)  32 (29.9) 

     SPPB Total 10-12, n (%) 3 (5.5) 5 (9.6)  8 (7.5) 

Grip Strength (kg), mean (SD) 23.2 (8.8) 23.2 (8.8) 0.957 23.2 (8.8) 

Gait Speed (m/s), mean (SD) 0.77 (0.24) 0.79 (0.20) 0.745 0.78 (0.22) 

PASE, median (IQR) 37.8      
(12.9, 68.5) 

33.6      
(13.9, 62.0) 

0.741 
34.8      

(12.9, 65.0) 

CESD-R Suggestive of Depression#,  
n (%) 

13 (24.5) 11 (21.2) 
0.681 

24 (22.9) 

EQ-5D-5L VAS, mean (SD) 57.1 (24.2) 64.7 (20.3) 0.091  60.7 (22.7) 

EQ-5D-5L Index Value, median (IQR) 0.86  
(0.78, 0.93) 

0.89  
(0.79, 0.95) 

0.182 
 

0.87  
(0.78, 0.95) 

EQ-5D-5L Mobility Problems (Problems 
Walking About), n (%) 

26 (47.3) 
 

22 (42.3) 
0.606 

48 (44.9) 

EQ-5D-5L Self-Care Problems 
(Problems Washing or Dressing Self), n 
(%) 

9 (16.4) 12 (23.1) 
0.382 

21 (19.6) 

EQ-5D-5L Problems Doing Usual 
Activities, n (%) 

21 (38.2) 13 (25.0) 
0.143 

34 (31.8) 

EQ-5D-5L Pain or Discomfort, n (%) 29 (52.7) 23 (44.2) 0.379 52 (48.6) 

EQ-5D-5L Anxious or Depressed, n (%) 17 (31.5) 12 (23.1) 0.332 29 (27.4) 

Mobility Aid Use, n (%)     

     Yes (Cane and/or Walker) 15 (27.3) 15 (28.8) 
0.856 

30 (28.0) 

     No (None) 40 (72.7) 37 (71.2) 77 (72.0) 

Falls In Previous 12 Months, n (%)     

     Yes 18 (32.7) 10 (19.2) 
 

0.112 22 (20.6) 

     No 36 (65.5) 41 (78.8) 83 (77.6) 

     Unknown 1 (1.8) 1 (1.9) 2 (1.9) 

Comorbidities, mean (SD) (Out of 11) 2.6 (1.5) 2.4  (1.2) 0.700 2.5 (1.4) 

     Arthritis, n (%) 19 (34.5) 16 (30.8)  35 (32.7) 

     Osteoporosis, n (%) 7 (12.7) 4 (7.7)  11 (10.3) 

     Liver Disease, n (%) 1 (1.8) 3 (5.8)  4 (3.7) 

     High Blood Pressure, n (%) 35 (63.6) 37 (71.2)  72 (67.2) 

     Lung Disease, n (%) 5 (9.1) 4 (7.7)  9 (8.4) 

     Heart and Cardiovascular, n (%) 22 (40) 20 (38.5)  42 (39.3) 
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Characteristic Control 
Group 
(n=55) 

Intervention 
Group 
(n=52) 

Comparison  
(p-value) 

Total 
(Overall) 
(n=107) 

     Stroke, n (%) 7 (12.7) 5 (9.6)  12 (11.2) 

     Peripheral Vascular Disease, n (%) 2 (3.6) 2 (3.8)  2 (3.7) 

     Diabetes, n (%) 28 (50.9) 30 (57.7)  58 (54.2) 

     Cancer, n (%) 10 (18.2) 4 (7.7)  14 (13.1) 

     Past Joint Replacement, n (%) 4 (7.3) 2 (3.8)  6 (5.6) 

Frailty, n (%)     

     Frail (3+ Fried factors present) 21 (38.2) 14 (26.9)  
0.463 

35 (32.7) 

     Intermediate (2 Fried factors present) 16 (29.1) 18 (34.6) 34 (31.8) 

     Pre-Frail/Not Frail (≤ 1 Fried factor  
     present) 

18 (32.7) 20 (38.5)  38 (35.5) 

t tests were used for continuous, normally-distributed variables, Mann-Whitney tests for non-normally distributed and 
categorical variables with more than two possible outcomes, and Chi-Square tests for binomial categorical variables. 
*One total SPPB score is missing from the intervention group due to 1 participant declining the sit-to-stand portion of 
the assessment. #Two control group participants are missing a CESD-R suggestive of depression indication due to not 
providing responses for all questions in the assessment. The denominator used to calculate the CESD-R percentages 
represents total participants with valid scores. Significance testing was not completed, and therefore p-values were not 
reported, in instances when individual cell sample sizes were <5. BMI=Body Mass Index. SPPB=Short Physical 
Performance Battery. CESD-R=Center for Epidemiologic Studies Depression Scale Revised. PASE=Physical Activity 
Scale for the Elderly. EQ-5D-5L VAS=EQ-5D-5L Visual Analogue Scale.     

3.3. Exercise Attendance 

In total, the participants who completed follow-up and were included in the 

analysis accumulated 234.6 hours of exercise. The mean attendance at exercise classes 

for all the CDUs combined was 48.0% (SD: 30.4), with the lowest CDU, RCCDU, at 

26.1% (13.7) and the highest CDU, ACDU, at 78.5% (20.1) (Table 2). Six research 

participants had HD schedules where they were only present at the unit for 1-2 classes 

per week. If total possible classes are used as the denominator for these 6 participants 

(instead of the standard 36 possible classes for all participants), the overall mean 

exercise attendance of possible classes is slightly higher at 49.7% (29.8). The average 

minutes of exercise completed per class, based on attended classes, was 17 minutes (6) 

for all CDUs combined. The highest average minutes of exercise completed per class 

was 21 minutes (7) at PCDU, with the lowest at RCCDU at 12 minutes (2). The most 

common reasons for not participating in the exercise classes included: chairs being 

ready upon arrival to the unit, not being present at the unit (e.g., in hospital, attending a 

different HD time, etc.), having time but not feeling well or not wanting to exercise, and 

being late (e.g., late HandyDART drop-off).     
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Table 2  Exercise Attendance Data 

CDU  Measure 

Exercise Class 
Attendance, % 
(Based on 36 

Class 
Denominator) 

Total Exercise 
Minutes Per 

Person 

Average 
Exercise 
Minutes 

Completed Per 
Class 

Average RPE* 

All CDUs 
Combined 
(n=46) 

Mean 
(SD) 

48.0 (30.4) 306 (285) 17 (6) 3.1 (1.1) 

Median 
(IQR) 

43.1 (21.5, 76.4) 227  (60, 400) 17    (12, 19) 3.0   (2.5, 3.4) 

Range 0.0, 100.0 0, 1272 8, 39 0.9, 6.0 

PCDU 
(n=12) 

Mean 
(SD) 

46.3 (28.6) 385 (359) 21 (7) 3.1 (1.2) 

Median 
(IQR) 

40.3 (26.4, 75.7) 254 (178, 463) 19    (17, 24) 3.1   (2.5, 3.4) 

Range 0.0, 91.7 0, 1272 13, 39 0.9, 5.9 

NCDU 
(n=18) 

Mean 
(SD) 

43.2 (30.0) 199 (160) 13 (4) 3.3 (1.2) 

Median 
(IQR) 

47.2 (16.0, 70.8) 157  (74, 284) 14    (10, 17) 3.0   (2.6, 3.5) 

Range 0.0, 83.3 0, 509 8, 24 1.5, 6.0 

ACDU (n=4) 

Mean 
(SD) 

78.5 (20.1) 583 (365) 20 (9) 3.0 (0.8) 

Median 
(IQR) 

77.8 (61.1, 96.5) 559 (379, 549) 20    (16, 23) 3.1   (2.2, 3.7) 

Range 61.1, 97.2 176, 1039 8, 31 2.0, 3.8 

TCDU (n=7) 

Mean 
(SD) 

61.5 (35.6) 422 (291) 18 (4) 2.7 (1.2) 

Median 
(IQR) 

75.0 (36.1, 94.4) 515 (206, 591) 19    (18, 20) 2.5   (2.1, 3.1) 

Range 2.8, 100.0 18, 830 9, 23 1.3, 5.0 

RCCDU 
(n=5) 

Mean 
(SD) 

26.1 (13.7) 117 (66) 12 (2) 2.8 (0.4) 

Median 
(IQR) 

22.2 (13.9, 40.3) 116   (61, 129) 12    (12, 14) 3.0   (2.5, 3.0) 

Range 13.9, 44.4 58, 220 10, 15 2.2, 3.1 

*n=43 (3 participants do not have RPE data: 1 person due to language barrier and 2 people due to never exercising.) 
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3.4. Primary Outcomes 

Mean SPPB scores were 5.40 (2.78) and 6.22 (2.70) at baseline, and 5.40 (2.74) 

and 6.29 (3.00) after 12 weeks for the control and intervention group, respectively (Table 

3). Mean within group change in the SPPB scores from baseline to follow-up after 12 

weeks was 0.00 (1.79) and 0.07 (1.39) for the control and intervention group, 

respectively, but these changes were not statistically significant (p=>0.999, p=0.737). 

The adjusted between group difference in SPPB, based on ANCOVA (control minus 

intervention), was -0.187 (0.339), although the change was not significantly different 

(p=0.583). Figure 4 shows the changes in the SPPB individual components between the 

pre- and post-tests. Although not significant, the mean post-test SPPB balance and sit-

to-stand component scores improved for the intervention group compared to the pre-

test, while the mean sit-to-stand score stayed the same for the control group, and the 

balance score increased slightly. The mean post-test walking scores decreased for both 

the intervention and control group compared to the pre-test. 

The within group and between group differences for gait speed, grip strength, 

EQ-5D-5L VAS, and CESD-R were not significantly different between the intervention 

and control groups. The change in EQ-5D-5L Index Value was significantly greater (i.e., 

improved) for the intervention group when comparing the control group to the 

intervention group (adjusted between group difference, control minus intervention:  

-0.053 (0.027), p=0.048). When our exercises were included in the post-test PASE 

scores, the within group difference (compared with Wilcoxon for non-normally distributed 

measures) from baseline to 12 weeks was significantly higher (more physical activity) for 

the intervention group; however, this difference was not significant after controlling for 

the baseline PASE values in the calculated between group ANCOVA. 
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Table 3  Primary Outcome Results  

 
Control Intervention 

  

Variable 
Pre-Mean 

(SD) 
Post-Mean 

(SD)  

Change 
Mean 
(SD)+ 

p- 
value* 

Pre-Mean 
(SD)  

Post-Mean 
(SD)   

Change 
Mean 
(SD)+ 

p –
value* 

Adjusted 
Difference 

(SE)# 
p-

value# 

SPPB 
Score 

5.40 (2.78) 5.40 (2.74) 0.00 (1.79) >0.999 6.22 (2.70) 6.29 (3.00) 0.07 (1.39) 0.737 
-0.187 
(0.339) 

0.583 

Gait Speed 0.77 (0.24) 0.75 (0.22) 
-0.02 
(0.17) 

0.501 0.80 (0.20) 0.77 (0.19) 
-0.03 
(0.14) 

0.128 
0.006 

(0.030) 
0.839 

Grip 
Strength 

23.4 (9.0) 23.1 (9.4) -0.3 (4.7) 0.677 23.3 (8.9) 22.6 (8.6) -0.7 (2.9) 0.122 
0.422 

(0.823) 
0.609 

EQ-5D-5L 
VAS 

58.1 (24.0) 61.2 (23.4) 3.1 (26.2) 0.421 63.3 (20.0) 64.9 (18.5) 1.6 (21.0) 0.616 -1.8 (4.2) 0.677 

Variable 
Pre- 

Median 
(IQR) 

Post- 
Median 
(IQR) 

Change 
Median 
(IQR)+ 

p-
value* 

Pre- 
Median 
(IQR) 

Post- 
Median 
(IQR) 

Change 
Median 
(IQR)+ 

p-
value* 

Adjusted 
Difference 

(SE)# 

p-
value# 

EQ-5D-5L 
Index 
Value 

0.85 
(0.72, 0.93) 

0.87 
(0.72, 0.95) 

0.0  
(-0.04, 
0.08) 

0.783 
0.89  

(0.77, 0.95) 
0.90 

(0.81, 0.95) 

0.0  
(-0.02, 
0.09) 

0.066 
-0.053 
(0.027) 

0.048 

PASE 
36.3  

(15.9, 68.9) 
33.6  

(25.0, 72.5) 

0.0  
(-22.9, 
15.7) 

0.795 33.6 (53.7) 

32.9  
(25.0, 63.4) 
Intervention 
Exercises 
Excluded 

5.7  
(-9.1, 25.0) 

0.095 
-5.11 
(6.74) 

0.451 

39.5  
(30.5, 74.3) 
(Intervention 

Exercises 
Included) 

13.3  
(-6.2, 29.0) 

0.004 
-9.63 
(6.75) 

0.157 
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Variable 

Pre-Test # 
Yes (%) for 

CESD-R 
Suggestive 

of 
Depression 

Post-Test # 
Yes (%) for 

CESD-R 
Suggestive 

of 
Depression 

Change, # 
(% 

Change)+ 

p-
value* 

Pre-Test # 
Yes (%) for 

CESD-R 
Suggestive 

of 
Depression 

Post-Test # 
Yes (%) for 

CESD-R 
Suggestive 

of 
Depression 

Change, # 
(% 

Change)+ 

p-
value* 

Odds 
Ratio  
(CI)# 

p-
value# 

CESD-R, 
Suggestive 

of 
Depression 

11 (24.4) 8 (17.8) -3 (-27.3)  0.453 9 (19.6) 8 (17.4) -1 (-11.1) >0.999 
1.21  

(0.34, 
4.31) 

0.774 

For the control group, SPPB, Gait Speed, EQ-5D-5L Index Value, and PASE scores include data for all 48 participants (n=48). Grip strength has 2 missing (n=46) due to 2 control 
participants being unable to squeeze the grip strength machine during post-tests (due to pain and weakness). EQ-5D-5L VAS is missing 1 person's data (n=47) because he or she 
did not understand the question. CESD-R (Suggestive of Depression indication) is missing 3 values due to missing responses to questions.  

For the intervention group, PASE, CESD-R (Suggestive of Depression indication), and EQ-5D-5L Index Value scores include data for all 46 participants (n=46). EQ-5D-5L VAS is 
missing 4 intervention participants’ data (n=42) because they did not understand the question. SPPB total scores are missing data from 5 intervention participants (n=41); 3 people 
refused the sit-to-stand portion of the test (2 during the post-test and 1 during the pre-test), and 2 people were “lost to follow-up” in between the questionnaire portion of the post-
tests and the physical assessments. Grip strength is missing 3 intervention participants’ data (n=43); 1 person joined the study late when the grip strength machine was not 
available, and 2 people were “lost to follow-up” in between the questionnaire portion of the post-tests and the physical assessments. Gait speed is missing 3 intervention values 
due to 1 participant being unable to complete the walking test and 2 people were “lost to follow-up” in between the questionnaire portion of the post-tests and the physical 
assessments.  

*p-values for within group differences are from paired t tests for normally-distributed variables (SPPB, gait speed, grip strength, EQ-5D-5L VAS), the Wilcoxon test for non-
normally distributed continuous measurements, ranks, and categorical variables with more than two groups (PASE and EQ-5D-5L Index Value), and McNemar’s test for binomial 
categorical outcome variables (CESD-R Suggestive of Depression indication).  

#Adjusted between group comparisons were obtained using an analysis of covariance (ANCOVA) model with post-test value of the outcome measures as the dependent variable, 
group (control or intervention) as the independent variable, and the pre-test value of the outcome measures as a covariate. Adjusted differences were calculated as Control minus 
Intervention. Significant negative values (i.e., EQ-5D-5L Index Value difference) represent improvements.  For categorical variables, adjusted difference and p-value were 
calculated with logistic regression by assessing the proportion of individuals with the characteristic, and adjusting for baseline differences in the pre-test proportions.  

+Change means or medians were calculated by post-test minus pre-test. A positive change mean or median indicates improvement for SPPB, gait speed, grip strength, EQ-5D-
5L, and PASE. A negative change is an improvement for the CESD-R Suggestive of Depression indication.    
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Figure 4 SPPB Score Changes Between Pre- and Post-tests 
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3.5. Secondary Outcomes 

3.5.1. Exercise Program Feedback 

3.5.1.1 Participant Feedback 

Almost all (98%) of the exercise participants who completed the post-program 

survey (n=44) rated the exercise program as “excellent” (n=18), “very good” (n=15), or 

“good” (n=10). One participant rated the program as “fair” (Figure 5). Ninety-eight 

percent of the participants also reported that it was at least somewhat convenient to hold 

the exercise program before dialysis treatments. The 1 participant who indicated that it 

was “not very convenient” to hold the exercise program before dialysis treatment 

indicated on the post-program Participant Feedback Survey that they “thought it was a 

good program”, but, “that you should be expected to arrive at a certain time to get all the 

exercises in.” The participant also expressed that upon arriving at the CDU, “normally 

my chair is ready and if I go in right away there is less wait time and I am off earlier.” 

However, this participant attended 39% of the classes and concluded that “I did not go to 

enough of the classes, but feel it would have been beneficial”, and, “I am happy to know 

how to do the exercises at home now.”  

Another participant expressed that having the program before dialysis was only 

somewhat convenient because they were “always called in early”, but, “stayed to finish 

the exercises despite being called in early”, even though they would have preferred to 

have gone to the HD treatment chair early. However, this participant also echoed many 

other participants’ sentiments by rating the program as “excellent” and stating that “I 

thought it was great to learn the exercises to do at home.” Similarly, another participant 

who only rated the program as “somewhat convenient” indicated that the program gave 

them “more energy” and they “do the program exercises at home.” The participant also 

indicated a desire to “rest before dialysis”, but added that they were “happy” to have 

learned the exercises. Two participants mentioned that they “liked that it was at the unit”, 

with one participant confirming that “since I am unable to drive, I am really happy the 

class was at the dialysis unit”. Similarly, another participant commented that they have 

other commitments which prevent them from exercising at any other time so “it was 

great” to have the class at the CDU.    
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How would you rate this exercise program? (n=44) 

  

 
How convenient was it to hold the exercise program  

before your dialysis treatments? (n=44) 

 

Figure 5  Participant Rating of Exercise Program 

3.5.1.2 CDU Staff, Exercise Instructor, and Volunteer Feedback 

Ten PCDU, 9 NCDU, 7 ACDU, and 4 TCDU staff members submitted post-

program feedback surveys. All of the exercise instructors (n=11) and all of the ongoing 

volunteers (n=16) submitted post-program feedback surveys (excluding one volunteer 

who stopped volunteering after 1 month due to the small class size at ACDU). The 

majority of respondents (73% of CDU staff, 60% of exercise instructors, and 94% of 

volunteers) reported that the exercise program was “well-received by patients” (Figure 

6). On the topic of patient motivation, responses were more divided; 23% (n=7) of CDU 

staff, 18% (n=2) of instructors, and 25% (n=4) of volunteer respondents stated they were 

“neutral”, and 13% (n=4) of CDU staff, 9% (n=1) of instructors, and 6% (n=1) of 

volunteers selected “disagree” on the question of whether “participants were generally 

motivated to participate in the exercise program”. However, a staff member also 
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commented that patients may not seek this type of exercise support elsewhere, so it was 

valuable to have it at the unit, removing barriers and facilitating access: 

Elderly population not likely to seek physio for themselves. It was a 

wonderful opportunity for physio for these patients who have limited 

mobility and certainly would not access physio on their own.   

 

 

Figure 6  CDU Staff, Exercise Instructor and Volunteer General Feedback 

Note: No staff feedback surveys were submitted at RCCDU. One ACDU staff member indicated 
“disagree” to all of the questions but did not elaborate with any comments.  

CDU staff members also provided additional comments on the exercise program 

and their responses are included below:  

Good program with positive patient feedback.  

Instructors and volunteers were very friendly and respectful and 

enjoyed having them here at PCDU. From what I observed, well done 

and well-received.  
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Great program and while not all patients are interested, the majority 

are and benefit from it.  

I think it is a great idea to offer exercise in a place that is convenient 

for the patients. The exercise facilitators were motivating and positive.  

3.5.2. Feedback on Benefits from Exercise Program 

Participants, CDU staff, exercise instructors, and volunteers were also asked 

about potential benefits of the exercise program.  

3.5.2.1 Participant-reported Benefits and Lifestyle Changes 

Forty out of the 44 exercise participants (91%) who completed a post-program 

questionnaire reported benefits from participating in the exercise program (Figure 7). 

Specifically, participants reported a range of benefits including physical benefits and 

mental benefits, which are summarized in Table 4. Moreover, 28 of the 44 exercise 

program respondents (64%) reported making lifestyle changes as a result of 

participating in this exercise program (Figure 7). Participants reported doing the program 

exercises at home as a new routine or part of an existing exercise practice, and 

becoming more active (Table 5).   

Did participating in this program benefit 
you? (n=44) 

 

 

Did you make any lifestyle changes as a 
result of participating in this exercise 

program (exercise at home, etc.)? (n=44) 

 

Figure 7  Participant-reported Benefits and Lifestyle Changes 

 

 

0%

20%

40%

60%

80%

100%

Yes Somewhat No

0%

20%

40%

60%

80%

100%

Yes Somewhat No



39 

Table 4  Benefits of the Exercise Program Reported by Participants 

All Reported Benefits Sample Comments from Participant Feedback Survey 

Increased Energy (n=5) [The exercise program] gives me more energy.  

Learning New Exercises 
(n=6) 

I learned about exercises [I] had never thought about before.  

Strength/ Balance/ 
Endurance/ Physical 
Improvements (n=11) 

Legs feel stronger. Arms feel good. Had balance problems, so found the 
leg exercises the most beneficial.  

Improved balance and posture.  Now walking the way the instructor told 
[me] to. [I] had felt my posture weakening but now feel it is fixed.  

I was in a car accident and physiotherapy only took me so far. I needed to 
work more on my right leg to get it back to where it was before the 
accident. This program did that.  

Helped with walking. Can walk further now. Didn't realize how frozen my 
ankles were. Exercise freed them up. Increased flexibility. Good for 
general flexibility.  

Balance improved. Extra stretching with the instructor was really 
beneficial. I work a lot (70 hr/week) where I am sitting so it was good to 
exercise.  

Feel lighter. [I] go to Metrotown. Normally it is too much walking but now I 
do not need to take breaks. 

Motivation/ Mood/ Feel 
Better (n=6) 

For my condition, I was feeling miserable/ depressed, but exercises put 
me in a better situation.  

Feel good after exercise. Before was “lazy”.  

Made me feel better. Got me motivated.  

Increased Activity (n=4) Got a little more active. While sitting on the couch, do leg exercises and 
hold hand weights.  

Exercise Good For Body 
(n=3) 

Believe exercise is good for me.  

Body has been better. Felt right. Easier for the body. Want more exercise.  

Other/ Unspecified (n=5) Good habits.  

Feel improvement.  

Less pain in legs when walking, due to exercise.   
For Participant Feedback Surveys, n=44. Two participants had low participation in the exercise program (i.e., never 
attended) and were unable to provide feedback about the exercise program. N=4 did not report any benefits (e.g., “I 
feel the same and cannot tell if I have improved.”).   
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Table 5  Lifestyle Changes from the Exercise Program Reported by 
Participants 

All Reported Lifestyle 
Changes 

Sample Comments from Participant Feedback Survey 

Doing the Program 
Exercises at Home (n=16) 

Started doing exercises at home.  

When I wake up, [I] do exercises, and throughout the day. Really enjoyed 
learning the exercises.  

While making a meal, will do heel raises and toe raises and will use fistula 
ball while watching TV.  

Added Other Exercises to 
Home Routine (n=7) 

Do some weights at home now.  

Using hand weights and leg weights and walk around with them at home.  

More Active (n=2) More active at home.  

Gives me more energy, which allows me to walk more.  

Previously Active at Home 
but Incorporated Program 
Exercises into Routine (n=3) 

Did exercises before program but now do program exercises every 
morning.   

Always exercise at home but like the exercises the program taught [me].  

For Participant Feedback Surveys, n=44. Two participants had low participation in the exercise program (i.e., never 
attended) and were unable to provide feedback about the exercise program. N=16 reported no lifestyle changes (e.g., 
“No changes yet but want to do the exercises at home more.”). 

3.5.2.2 Benefits for Participants Reported by Staff, Instructors and 
Volunteers 

When CDU staff members, exercise instructors, and volunteers were asked if the 

“patients experienced benefits from the exercise program”, all of the volunteers, and all 

but one of the exercise instructors reported benefits. Conversely, 10 (34%) of the CDU 

staff members were “neutral” on whether their patients had experienced benefits, and 2 

CDU staff (7%) did not believe that patients had experienced benefits from the exercise 

program (Figure 8).  

 

Figure 8  Benefits for Participants Reported by CDU Staff, Exercise 
Instructors and Volunteers 
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When asked to specify what benefits their patients experienced, if applicable, 

CDU staff members commented on several different themes including physical 

improvements, mood changes, well-being, and a sense of accomplishment (Table 6). An 

exercise instructor also commented:  

The workers I spoke to at the dialysis center felt the exercises were 

very beneficial to the participants.  

Table 6  Benefits of the Exercise Program Reported by CDU Staff 

All Reported Benefits Sample Comments from CDU Staff Feedback Survey 

Improved Mood (n=2*) 
 

It seemed to brighten the moods of other patients. 

Increased good vibe/mood.  

Well-Being (n=2) Increased sense of well-being. Seeing possibilities for themselves as to 
what exercises they could do.  

I found the program to be very engaging for patients. I feel that it 
increased awareness of the use of light exercise to improve mobility and 
general well-being. Program staff were very professional and the patients 
seem to enjoy working with them.  

Physical Improvements 
(E.g., Strength, Balance, 
Energy) (n=5*) 
 

[For] one patient in particular, walking steadiness improved. Some 
appeared stronger.  

Increased mobility [and] range of motion.  

Gain exercise skills. Strength improved.  

Better circulation and helpful in walking, etc.  

Patients appear more energized.  

Accomplishment (n=2) They [the participants] appeared to have a sense of accomplishing 
something.  

Just noticed that patients came in early, specifically to participate in 
exercise program. Seemed to enjoy participating and no pressure to 
those who chose not to participate for the day.  

*2 staff members reported benefits that were included in the totals of two different categories and counted twice (i.e., 1 
staff member reported benefits in mobility, range of motion, and increased good vibe/mood, and 1 staff member 
reported improvements in walking steadiness and strength, and brightened moods). An additional 8 CDU staff 
members indicated that the participants had experienced benefits (“Strongly Agree”/“Agree”), but they did not specify 
details by providing comments on the benefits. N=10 CDU staff members were “Neutral” and n=2 indicated “Disagree” 
on whether patients experienced benefits. 1 CDU staff member left this question blank.   

In addition to their responses on the post-program Feedback Surveys, in their 

post-class notes, instructors and volunteers regularly documented comments about 

additional benefits and improvements that the participants experienced. Themes were 

created from the numerous accounts of benefits in the post-class notes and the 

Feedback Surveys (Table 7). 
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Table 7  Benefits of the Exercise Program Reported by Instructors and 
Volunteers 

Theme Sample Comments from Exercise Program Instructor and Volunteer 
Feedback Surveys and Post-Class Notes 

Accomplishment A sense of accomplishment. They became stronger and more confident 
with exercises. They looked forward to us coming.(Instructor) 

During my experience with the exercise program, I noticed a lot of the 
participants improve in attitude and their ability to perform each 
movement. In the beginning the participants were nervous in performing 
the exercises, but by the end of the 12 weeks I noticed their confidence 
and improvements in form and balance. After a couple weeks they were 
more enthusiastic to come and workout. One participant said he tried to 
come earlier just to come and workout. (Volunteer)                      

Mental Health/Mood I think psychologically he [a participant] benefitted….He benefitted on 
both sides, psychologically especially. (Instructor) 

Mental wellness improved. (More laughing and smiling) (Instructor) 

I cannot get over the step by step improvements that occurred in the 3 
months that they participated in. Not only in the physical abilities, but their 
positive attitudes as well. The nurses started to comment on how relaxed 
and happy their patients seem to be after exercise. (I will leave it to the 
powers that be to confirm this observation). (Instructor) 

Over time their mood was better. They were more motivated to 
participate. They were physically more capable. (Volunteer) 

 
 
Physical Improvements 
(e.g., Strength, Balance, 
Pain Reduction) 

Vast improvement in balance and overall strength. (Instructor) 

[One participant] was able to spend longer- balance better, walk longer. 
She did exercises at home too. A lot of improvements. She wanted me to 
share this with [the research team] too.  (Instructor) 

They found that walking and getting in and out of chairs improved. One 
participant felt his hip issues were helped with the exercises. (Instructor) 

It was great to see huge improvement on one participant’s balance during 
the exercise today. He could notice the difference! (Volunteer) 

Reduction in tremors, reduction of pain from chronic injury, increased 
mobility and decreased reliance on walker. (Volunteer) 

Many of the patients I worked with were telling me that they felt they had 
more energy and more strength in their walking and completing other 
daily tasks. (Volunteer) 

Increased flexibility and the ability to do normal activities in daily life that 
were not easy beforehand (standing up from sitting, walking faster, going 
up stairs, walking backwards). (Volunteer) 

Improved Atmosphere at 
Unit 

More people chatting among each other. (Instructor) 

I had a great experience working with the participants. They were positive 
and enthusiastic.  It was always a calm atmosphere filled with laughter 
and energy. (Instructor) 

Great last class. Lots of effort from participants. People were laughing 
and having a good time. Noticeable improvements from consistent 
participants from the start of the trial. (Volunteer) 

Although not identified as a major theme, and the impact of the exercise program 

on dialysis-related measures was not a focus of this study, two people also noted 
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dialysis-related benefits from the exercise program (e.g., one volunteer noted: “one 

participant says dialysis goes more smoothly after exercises!”). 

A potential limitation of our study is that we did not ask non-participant patients at 

the CDUs about their experiences with the exercise program. One instructor remarked 

on an additional benefit of the exercise program that may not be captured in our 

research data:  

I had a brief conversation with a non-participant and he said he’s 

doing the exercises at home. Perhaps interviewing non-participants 

after the program that have seen the exercise being done would be 

beneficial as they may be doing them at home.  

A volunteer also commented that “other patients not in the program enjoyed 

watching and it gave them something to do”. 

3.5.3. Challenges with Implementation of the Exercise Program 

Implementing an exercise program into 5 busy CDUs has the potential to 

encounter challenges and barriers. To support the pragmatic nature of this research 

study, our research team tried not to change the normal functioning of the unit in order to 

maximize the chances that a similar program could potentially be implemented into the 

daily CDU routine after the research. The Feedback Surveys explored potential 

challenges with implementing the exercise program, including disturbances to the unit 

and barriers to participation.     

3.5.3.1 Disturbances to Unit 

To collect information on potential disruptions to the functioning of the unit, staff 

were asked the question “did this exercise program cause any disturbances to the unit?” 

on the Feedback Survey (Figure 9). Reported disturbances (i.e., disruptions to the 

normal functioning of the CDU) varied by unit, from the lowest at TCDU where 1 out of 

the 4 respondents (25%) indicated disturbances, to the highest at PCDU where half 

(50%) of the 10 staff respondents reported disturbances. PCDU, in particular, had space 

issues in the waiting area.   
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Figure 9  CDU Staff Feedback on Disturbances to Unit 

Staff-reported disturbances fit into one of two themes: space, and timing of the 

initiation of dialysis (Table 8). Some exercise instructors and volunteers also made 

comments that supported the staff-reported themes, and their thoughts are included in 

the summary table. 

Three PCDU and 2 NCDU participants also commented on space challenges 

and reflected that they would like a less crowded, more private space to do the 

exercises, while a fourth PCDU participant commented that they were fine with having 

the class in the waiting room. A fifth PCDU participant reported having “lots of room in 

the waiting room” at the time they arrived, which suggests that the waiting areas were 

less crowded at certain times. A final PCDU participant connected both opinions when 

suggesting that the “waiting room was a great place, except when it was busy with lots of 

people watching.”    
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Table 8  Disturbances to Unit from the Exercise Program Reported by CDU 
Staff, Exercise Instructors and Volunteers 

Theme Description Sample Comments from CDU Staff, Volunteer and 
Instructor Feedback Surveys 

Space Some of the CDUs 
(particularly PCDU) had 
small waiting areas. If 
several patients were 
exercising at one time, 
space was sometimes 
an issue. PCDU 
resolved this issue by 
using the hallway as an 
exercise area, when 
needed.  

At first [it was] too crowded in waiting room. Was better 
when moved to hall if needed and when we put more chairs 
in hallway to accommodate for more seating space. (PCDU 
staff member) 

Ran out of chairs for patients to sit. (PCDU staff member) 

Too many patients in waiting area. Unsafe to hold exercise 
there. (PCDU staff member) 

Space for lateral movements was limited for those that need 
support. (RCCDU Instructor) 

It is too bad that the only available space was the lounge. 
(ACDU staff member) 

I would have preferred an area separate from where we had 
a mix of people waiting to go in, while I am shouting 4321! 
(TCDU Instructor) 

Sometimes no space for other not exercising patients in the 
waiting room to sit. (TCDU Volunteer) 

Timing/ 
Initiation of 
HD 

HD chairs for the 
afternoon and evening 
sessions are ready 
whenever the previous 
patient has finished HD, 
which can vary. Staff 
call patients into the 
treatment area when 
their chairs are ready, 
which can sometimes 
occur ahead of 
schedule. If patients 
chose to do more 
exercises after being 
informed that their 
chairs were ready, they 
would finish HD later 
than if they went to the 
chair right away. 

Sometimes delay HD hook-up. (PCDU staff member) 

If all patients exercising are in the same team, there would 
be a sudden influx of clients wanting to be on [HD] 
immediately. Some might have to wait longer. Some patients 
begin to rush to start dialysis; Some cut their treatment times 
to catch HandyDART. (NCDU staff member) 

It interfered with the hook-up times. (ACDU staff member) 

Delayed the HD and unit operation. (ACDU staff member) 

Some nurses had to wait to ask patients to come to their 
chair. (NCDU Volunteer) 
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3.5.3.2 Barriers to Participation 

While implementing the exercise program in the CDU environment, the exercise 

program staff found that the variability of different factors from one class to the next 

created barriers or facilitators to participation (Table 9). For example, with the majority of 

participants relying on a form of transportation that they could not control the timing of 

(e.g., HandyDART), participants could not reliably choose when they would arrive at the 

unit. At NCDU, the HandyDART was often late for the evening group, which created a 

barrier to participation by limiting or removing the opportunity to exercise. The primary 

focus for participants was completion of their HD treatment. Therefore, if their HD chairs 

were available early, participants often chose to go straight to their chairs without 

exercising. However, arrival times and availability of chairs varied from day to day. Post-

class notes from two NCDU volunteers at two consecutive classes succinctly summarize 

this challenge: 

Volunteer Post-Class Notes for Class # 32:  

Mostly everyone's chairs were ready as soon as they got here. Short 

exercises for the ones who exercised.  

Volunteer Post-Class Notes for the Next Class (Class # 33):  

Everyone participated well today. No one went straight to chair.  

Variability of health also emerged as a common barrier to participation. Several 

participants were temporarily hospitalized during the research period or were present at 

the unit during some classes but reported not feeling well enough to exercise. Weather 

(from the extremes of snow, to hot, smoky summer days) was also reported as a barrier 

to participation. The following instructor post-class note captures the dynamic nature of 

the participants and the CDU unit, and the impact on exercise participation:  

One participant did not exercise (not well enough). One exercised, no 

weights (swelling in limbs). One participant went right in to chair.  Two 

participants completed all exercises. One other participant went 

straight in. (NCDU Instructor, Instructor post-class notes) 
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Table 9  Barriers to Participation Reported by Instructors and Volunteers 

Theme Sample Comments from Exercise Program Instructor and Volunteer 
Feedback Surveys and Post-Class Notes 

Reliance on HandyDART 
Transportation and 
Variability of Arrival Times 
 

Great class. Some participants came late due to HandyDART [and were] 
only able to exercise for 10 min. (NCDU Volunteer)  

The participants who participated did well. Some participants came right 
at 5:00pm because HandyDART was late, but still exercised. (NCDU 
Volunteer) 

HandyDART came late at 4:55pm, but some still exercised. Great class! 
Lots of improvement and progression was seen today. (NCDU Volunteer) 

Participants arrived [at] different times. Exercise got good quality of time. 
Participants were well motivated. Happy :) (NCDU Instructor) 

HandyDART was late (did not show up by 5pm), which prevented 
participants from attending. (NCDU Volunteer) 

Variability of Health Few participants absent due to hospital/feeling sick. Good participation 
from the ones who exercised. (NCDU Volunteer) 

Those who regularly participate continue to challenge themselves, 
however, still some absent/not feeling well (seems to be a pattern). 
(NCDU Volunteer) 

Loved the group! Very energetic some days, not much other days. Only 2 
people and one of them missed a lot of classes due to illness so his 
progression wasn't as noticeable. The other did very well, always tried 
hard and enjoyed it. [He/she] could have much more and benefited from it 
further. There were some days when [he/she] was too tired to participate. 
(TCDU Instructor) 

Focus on Going to  Chairs/ 
Variability of Chairs Being 
Ready for Treatment 

Most participants were called straight to chair or not feeling well. Those 
who participated found exercises helpful so far. (NCDU Volunteer) 

It’s been difficult to do any more than one set [of exercises] because 
chairs become open and people are eager to sit down. (RCCDU 
Instructor) 

Weather In my case, in the first two months, the participation was good but as the 
weather became hotter and the air filled with smoke, the participation fell 
off significantly. I think there would have been better participation during 
cooler months. (RCCDU Instructor) 

Heat seems to have influenced energy levels. (RCCDU Instructor) 

It was hot so they got tired faster. One participant said he really enjoyed 
these exercises and could feel his legs getting stronger.(TCDU Volunteer) 

Snow (weather) did cause some lates and absences. (NCDU Volunteer) 

Adding further support to the themes identified by the exercise instructors and 

volunteers, the CDU participants also reported fatigue or health-related issues as the 

most common barrier to participation, followed by an inability to arrive at the unit early 

(due to transportation restrictions or other commitments), and chairs being available 

upon arrival at the CDU. 
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3.5.4. Feedback on Suitability of Exercise Program 

Through the Feedback Surveys for the participants and instructors, our research 

team also explored whether the exercise program was suitable for the CDU patients. 

The participants and instructors were asked to rate the intensity and length of the 

exercise sessions (Figure 10). While the majority of participants (59%) rated the intensity 

of the exercises as “just right”, 17 of the 44 participants (39%) felt the exercises were 

“easy”, and 1 participant reported that the exercises were “hard”. Three of the exercise 

instructors reported that the exercises were “easy” for participants, 1 instructor 

suggested that the exercises were “easy” for some and “just right” for others, and the 

rest of the instructors who responded to this question (60%) reported that the exercise 

intensity was “just right”. The majority of the participants and the exercise instructors 

(89% and 70%, respectively) reported that the length of the exercise sessions was “just 

right”.    

Some participants also suggested that the intensity varied:   

I found that the intensity of the exercises was geared to each person. 

Some days it was moderate for me, and some days it was light. I even 

broke a sweat a few times.  

The exercises started off hard [and] became just right due to practice.  

Sometimes the exercise was hard, but sometimes it was easy.  

In their post-class notes and Feedback Surveys, instructors talked about 

progressing the intensity of the exercise program as participants wanted “to progress 

and do more exercises and higher intensity” exercises. Several instructors documented 

comments about progressing some of the participants with heavier weights, more 

repetitions, and more challenging exercises: 

Using the ankle weights was a great way to increase the intensity of 

the program and suited the exercise very well. (Instructor, Instructor 

Feedback Survey) 

I had to make the exercises a little harder in the last few weeks of the 

program by adding more weights, reps or including a few exercises for 

challenges. (Instructor, Instructor Feedback Survey) 
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Figure 10  Participant- and Instructor-Reported Exercise Intensity and Length 

On the other end of the ability spectrum, one exercise instructor also discussed 

adapting the exercises to a lower level for a participant who had restrictions: 

I had to add some exercises outside the format for a participant who 

was restricted in what she could do as per the nurses’ 

recommendations. (Instructor, Instructor Feedback Survey) 

The comments about progressions, along with the discussion of adapting the 

exercise program for participants who had limitations, highlighted the variability of the 

CDU population. Due to the pragmatic nature of our study, our inclusion criteria were 

fairly non-restrictive and we recruited participants with a variety of different functional 

levels. The exercise instructors added support to this concept by reflecting that although 
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some of the participants felt the exercises were too easy, others felt the exercises were 

appropriate:  

I feel the exercises were appropriate for the participants. (Instructor, 

Instructor Feedback Survey) 

A few clients felt exercises [were] too easy. (Instructor, Instructor 

Feedback Survey) 

Furthermore, a volunteer also documented an interesting insight, which suggests 

that the exercises may have been more challenging for some participants than they 

realized:   

I noticed that when I asked patients how hard the exercises were, they 

always said light, but sometimes they would be sweating and be out of 

breath. I think they were thinking compared to other exercises other 

people do, not for themselves. (Volunteer, Volunteer Feedback 

Survey) 

In summary, the exercise instructors concluded that the CDU population requires 

an exercise program that can be adapted and supplemented with progressions, 

especially if the program continues for a longer period. After completing the feasibility 

study and determining that the exercises were too easy and did not allow for 

progressions, the Otago Exercise Program was selected for this study to provide more 

opportunities for progressing patients. A CDU staff member commented that the 

instructors appeared to offer the opportunity to adapt the exercises, and the “patients 

seemed to really enjoy the individualized and focussed workouts”. Some participants 

progressed quickly, and the instructors suggested implementing more exercises to 

continually challenge and progress participants:       

Excellent starting exercises. If program was much longer we would 

need more progressions. (Instructor, Instructor Feedback Survey) 

They seemed to be able to advance beyond these exercises in my 

opinion. Other falls prevention exercises could be progressed towards. 

(Instructor, Instructor Feedback Survey) 

I think the program is worthwhile, and the exercises well-suited to the 

candidates. When considering the exercises, I believe the basic 

exercise format was well-suited to most of the fitness levels and if not, 

a capable personal trainer would have enough flexibility with the 

programs to add some variations and progressions. (Instructor, 

Instructor Feedback Survey) 
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3.5.5. Recommendations for Implementing an Exercise Program at 
the CDUs 

On the topic of continuing an exercise program at the CDUs, the exercise 

instructors and volunteers, CDU staff, and exercise participants were asked to provide 

suggestions for improvement. Their responses to this question, along with their 

additional comments, were analyzed to develop recommendations for future 

implementation. Three themes emerged from the data: consider other space options, 

increase inclusion of and support from CDU staff (e.g., education regarding exercise and 

involvement in the promotion of the program), and introduce more progressions and 

variety in the exercises (Table 10). The themes were reported from all four groups of 

respondents: exercise instructors, volunteers, participants, and CDU staff.   

Even though the instructors, participants, and volunteers highlighted the need for 

more progressions, one instructor, who taught at RCCDU, the unit with the lowest 

attendance, also expressed the challenge with being able to progress participants at 

RCCDU:  

 [I] have no issues with the exercise selections, I only wish I had a 

chance to "progress" the participants to more difficult exercises and/or 

more "sets". There was some progression but nothing significant 

because of the aforementioned drop in participation. (RCCDU 

Instructor, Instructor Feedback Survey) 

Although not repeated frequently enough to emerge as a theme, one instructor 

suggested that creating a set time for the exercises may offer the opportunity to offer a 

more thorough exercise program, which was also supported by the previously 

documented participant quote that also mentioned arriving at a specific time to ensure 

time to complete all exercises: 

[Would like a] better set time (e.g., sometimes [participants would 

exercise for] 2 mins, sometimes 20). Could do proper program if there 

was a set time. Set time = time for proper program with all muscles. 

(NCDU Instructor, Instructor Feedback Survey) 
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Table 10  Recommendations for CDU Exercise Program Implementation 

Theme Sample Comments from Instructor, Participant and Staff Feedback 
Surveys 

Consider Other Space 
Options 

Bigger space separate from patient’s waiting area. (PCDU staff member) 

Provide space [dedicated to the exercises]. (PCDU/NCDU Instructor, 
Instructor Feedback Survey) 

Just getting more space for the class to take place in would be perfect. 
Perhaps an unused office or empty meeting space would be sufficient. 
For example, the meeting room at the Panorama unit was almost always 
empty. (PCDU Volunteer) 

Space is tight. I think a certain area should have been blocked off just for 
this program. (NCDU participant) 

Inclusion of CDU Staff/ 
Increased CDU Staff 
Support of Program 

Getting support from unit was very important and needed. I would 
suggest for more support from staff of the unit. (PCDU/NCDU Instructor) 

Slight communication issue (e.g., staff saying they are ready early, etc.). 
Staff that didn't know. Consider presenting to staff ahead of time (more 
so?). Increase knowledge of leading staff. I would like more emphasis on 
exercise side of things from professionals (doctors, staff, etc.). More 
emphasis on importance. Should be one of the priorities. (ACDU 
Instructor) 

There should have been a motivational speech at the beginning of the 
program that explained the importance of exercise and benefits of the 
program to the patients. I also think it would be important to hear it from 
the doctor about the importance of exercise. If the doctor recommended 
it, then we would have had more participants. (NCDU participant) 

Provide more education about exercise to motivate the people who did 
not exercise. (NCDU participant) 

More education to the Renal Staff on the benefits of exercise. If more staff 
believed in the benefits of exercise, then it could have been better 
promoted. The disruption to the unit may have been more accepted. 
(ACDU staff member) 

Increase Exercise Variety 
and Progression Options 

Also add stretching/yoga/tubing/stretch bands. (TCDU Instructor) 

I would like there to be exercises even for disabled people so even they 
can participate (e.g., lots of sitting exercises) and then you could 
advertise to them that you have exercises just for them. I think it could be 
a mandatory program. (PCDU participant) 

Adding one or two new exercises to challenge participants once they 
have learned good technique and focus on safety. (PCDU Instructor) 

[Add] more kinds of exercises, perhaps even walking around the building. 
NCDU participant) 

Change up the exercises. Not always the same exercises. (NCDU 
participant) 
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Figure 11  Participant-reported Likelihood to Participate in Exercise Program 
Again 

Overall, 89% of the participants reported that they would participate in the 

program again (Figure 11). One person reported “maybe” and 4 people reported that it 

was “very unlikely” that they would participate in this program again.  

The feedback on the exercise program was predominantly positive. During the 

final classes, instructors reported that participants were sad that the program was 

ending, and that they wanted it to come back. Many participants reported that they would 

like the exercise program to become permanent at the CDUs. An ACDU staff member 

also suggested “that it would be better received in a second round, now that others have 

observed.” Some participants reported that they would continue to do the exercises at 

home. One exercise instructor captured the sentiments of many of the numerous 

positive feedback comments by stating in the Instructor Feedback Survey:  

It is my deep hope that we can continue to teach a program of this 

nature for the patients. I know that these exercises and instructions 

help improve physical health as well as mental health and well-being, 

which is so needed by these patients. I would be happy to participate 

in future programs of this nature. Please do not hesitate to contact me 

for further information and participation.  
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Chapter 4. Integrated Discussion 

4.1. Interpretation of Results 

4.1.1. Summary of Results 

Our study was one of the first research studies focussing primarily on 

investigating the efficacy of, and patient and staff experiences with, a pragmatically-

designed exercise program (delivered immediately prior to dialysis) on physical 

performance, quality of life, and mental and emotional well-being. The results showed 

that mean pre- and post-test SPPB scores remained the same for the control group 

(5.40 (2.78) to 5.40 (2.74)) and increased slightly for the intervention group (6.22 (2.70) 

to 6.29 (3.00)) after 12 weeks, although not significantly. For the individual components 

of SPPB, the mean SPPB balance and sit-to-stand scores improved for the intervention 

group, while the mean sit-to-stand score stayed the same and the balance score 

increased slightly for the control group; however, these results did not reach statistical 

significance. When study exercises were included in the post-test PASE scores, the 

within group difference from baseline to 12 weeks was significantly higher (more 

physical activity) for the intervention group. The within group and between group 

differences for gait speed, grip strength, EQ-5D-5L VAS, and CESD-R were not 

significantly different between the intervention and control groups. The change in EQ-

5D-5L Index Value was significantly greater for the intervention group compared to the 

control group (adjusted between group difference, control minus intervention: -0.053 

(0.027), p=0.048). For the secondary outcomes, the majority of participants, CDU staff, 

and exercise instructors and volunteers provided positive feedback, and reported 

benefits from the exercise intervention.        

4.1.2. Population Demographics 

The HD patients in our study population had worse physical function than 

patients in previous studies. Compared with an assessment of 1111 patients with 

chronic kidney disease, our study population had lower SPPB scores, indicating lower 

levels of physical functioning (published mean SPPB of 8.3 (2.4) compared to our 

baseline score 5.6 (2.8))127. Nineteen percent of participants in this study by Reese et al. 
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had an SPPB score less than 7, and 34% had an SPPB score equal to or greater than 

10; in contrast, 62% of our participants had an SPPB score less than 7, and only 7.5% 

had a score greater than or equal to 10. In Kaysen et al.’s study, 22% of their 375 

participants had SPPB scores below 7, and 42% had scores equal to or greater than 

10125. Interestingly, Kaysen et al. report that their participants scored lower on the SPPB 

than other comparison studies; however, our distribution of SPPB scores was still 

remarkably lower than even similarly aged renal failure, heart failure, chronic obstructive 

pulmonary disorder, and high cardiovascular risk populations125. This highlights the low 

functional status of our study population, which may be partially due to the pragmatic 

nature of our study and the relatively non-restrictive inclusion criteria. Jung et al. suggest 

that some studies focus on dialysis patients who are relatively healthy, young, and 

active, without serious comorbidities”79. Our study population was also considerably less 

active (PASE median (IQR): 34.8 (12.9, 65.0)), than both published norms of PASE data 

for a population of older adults (mean (SD): 102.9 (64.1))123, and even dialysis patients 

(mean (SD): 90.3 (76.8)).  

4.1.3. Exercise Attendance 

In a Cochrane systematic review on “Exercise training for adults with chronic 

kidney disease”, only 15 of the 45 included studies reported on adherence to the 

intervention16. All 15 studies with reported adherence had “high compliance” to the 

exercise interventions (reported as greater than 70% for 12 of the studies) or a 

combination of “moderate” and “high compliance” (between 50 to 70% for the remaining 

3 studies). In our study, our average exercise attendance for all CDUs combined was 

48% (30.4) (49.7% (29.8) when only possible classes are considered for participants 

attending HD less than thrice weekly), which is lower than any of the studies included in 

the review. Although the Cochrane review only considered randomized controlled trials, 

other studies and reviews report similarly high exercise adherence/compliance17,62,139. 

Some studies also report excluding patients from the analysis if they drop below a 

certain adherence to the exercise intervention, which leads to inflated reported 

adherence data9,69. Primarily, HD exercise research literature lacks frequent reporting of 

adherence to interventions, which leads to a lack of clarity on the appropriate dose of 

exercise required to impact the intended outcomes, and limited ability to compare 

adherence between interventions103.      
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A more suitable comparison for our study may be Bohm et al.’s pragmatically 

designed study investigating the effects of an intra-dialytic cycling program compared to 

a home-based pedometry intervention103. Bohm et al. suggest that although their 

adherence rates of 53 and 52% may seem low, their rates are similar to or higher than 

published exercise program adherence rates for both the general population and chronic 

disease populations. Our pragmatic study is similar to this range. Moreover, the majority 

of the studies listed above, including Bohm et al.’s pragmatic study, had small sample 

sizes and single-unit interventions, which would serve to enhance exercise adherence. 

Our study demonstrates that a more complex, multi-unit pragmatic exercise program 

with a larger sample size can be successfully incorporated into busy clinical practice 

environments and still achieve reasonable exercise adherence. Additionally, we were 

able to increase the amount of time spent exercising per session compared to the 

feasibility portion of our study, which involved a shorter set of non-progressive exercises 

(designed to last approximately 10 minutes). Further changes to the exercise 

intervention, including more staff support and patient involvement in the design of the 

program, may further increase the attendance and amount of time spent exercising.             

4.1.4. Primary Outcomes 

Health-related quality of life (measured by the EQ-5D-5L Index Value) improved 

significantly in the intervention group relative to the control group. This result was 

consistent with the secondary outcome (feedback) results; participants directly reported 

4 out of the 5 domains of health-related quality of life from the EQ-5D-5L questionnaire 

as benefits in their qualitative feedback (i.e., improvements with mobility, pain, 

anxiety/depression (mood), and usual activities). This improvement in health-related 

quality of life may not be due completely to the effect of the exercises alone. Our 

exercise classes introduced other potentially important non-exercise-related 

psychosocial components, such as social interactions with the exercise staff and other 

participants. Therefore, the significant change in health-related quality of life should be 

interpreted within the context of the entire exercise program, which included the social 

interactions with the exercise instructors, volunteers, and other participants. 

Interventions that target biological factors, as well as psychosocial factors, have been 

identified as important for improving quality of life for dialysis patients49. None of the 

other primary outcomes changed significantly in response to the exercise intervention.  
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Although much of the published HD exercise literature has demonstrated 

changes in the primary outcomes following an exercise intervention, there are several 

possible reasons why our study did not produce similar results. First, the number of pre- 

and post-test assessments we conducted may have influenced our ability to detect 

exercise-induced improvements in the majority of the primary outcome measures. 

Specifically, we conducted assessments once prior to, and once after, the 12 weeks of 

exercise. Since the health of HD patients can vary from day to day, it is possible that 

these single assessments did not accurately capture the changes experienced by the 

patients over the course of the exercise program. Participant scores were visibly 

impacted by their health on the assessment day, which created a source of variability in 

the data. De Villar et al. demonstrated high test-retest reliability of the SPPB for their 

population of HD patients; however, they also suggested that the younger age of the 

participants in their study may have increased the consistency of their testing results140. 

They also identified that even in their younger participant group, despite the high test-

retest reliability, individual performance varied significantly between sessions.  

Second, most of the previous HD exercise studies were explanatory trials 

focused on determining the efficacy of the exercise interventions under ideal conditions. 

There is a lack of pragmatic research exploring the effect of exercise on outcomes within 

a real-world clinical environment, where exercise dose and intensity are naturally more 

variable than in efficacy-based studies. In their pragmatically-designed study, Bohm et 

al. explained that the majority of published studies do not adequately report information 

on the intensity or dose of exercise received in the studies in order to impact the 

outcomes103. Greenwood et al. reiterated that there is a deficiency in the literature of 

complete reports on the applied exercise dose106. Our study focussed on low-intensity 

exercises, which although they have the potential to impact the outcomes, may take a 

longer time (volume per session and number of sessions) to realize a significant 

change141. Similarly, Bohm et al.’s pragmatically-designed study, which reported on low-

intensity exercise, experienced similar challenges and did not demonstrate significant 

changes in the majority of their outcomes103. However, they concluded that “even low 

intensity exercise can provide benefits and that such programs are feasible within the 

confines of a regularly functioning hemodialysis unit without the need for significant 

additional resources”.        
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Third, the amount of exercise completed by participants in our study may have 

been too little to lead to changes in the primary study outcomes. In Heiwe et al.’s 

Cochrane systematic review on exercise for adults with chronic kidney disease, only 5 of 

34 (14.7%) studies reported a duration of less than 30 minutes per exercise session, 

with no studies reporting times less than 20 minutes16. Our average exercise minutes 

per session was slightly lower at 17 (6) minutes across all CDUs. Interestingly, the 

majority of our participants (88.6%) and instructors (70%) reported that the length of the 

exercise sessions was “just right”. Moreover, the intervention period for our exercise 

program (12 weeks) was also relatively short. The majority of the studies in the 

Cochrane review reported a duration of 4 months or longer. During the feasibility portion 

of our study, the Research Assistant acknowledged that it took, “3 weeks or so to really 

get the participants on board”. With the 12-week intervention, a quarter of the 

intervention period may have passed before participants settled into a routine. Some 

participants also experienced erratic attendance patterns. For example, some 

participants experienced periods of hospitalization during the intervention period and 

returned to exercising after being away. In other research studies, if participants left for 

health-related reasons, the participants were deemed lost to follow-up. In our study, if 

participants returned to the unit, they were invited to restart exercising, if appropriate. 

Therefore, even participants with gaps in participation were included in the analysis. It is 

also important to note that our sample size calculations determined that we may not be 

able to detect a difference of clinical importance in SPPB with our current sample size. 

4.1.5. Patient and Staff Feedback (Secondary Outcomes) 

The secondary outcome feedback data provides support for implementation of an 

exercise program at the CDUs. The majority of participants (91%), CDU staff (58%), 

exercise instructors (91%), and volunteers (100%) reported benefits for the patients, 

many of which may not have been able to be captured by the primary outcome 

assessments. This underscores the importance of collecting qualitative data to support 

primary outcome assessments. The feedback about the exercise program from the 

participants, and the exercise instructors and volunteers was generally very positive, 

whereas feedback from the CDU staff was more impartial. This impartiality is not unique 

to the staff in our study. Other studies report that HD staff may deem patients “too old”3, 

and “too unwell”, or “uninterested”91 in exercise, and that staff opinions can be a “strong 
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demotivating factor for exercise”106. Therefore, increasing staff involvement in the design 

of exercise programs, and increasing education on the benefits of exercise are important 

to the future success of exercise interventions in HD units.           

4.1.6. Recommendations for Exercise Program Implementation 

The inclusion of staff in recommending exercises and supporting exercise 

programs is frequently reported as a critical component for the implementation and 

sustainability of an exercise program. Several sources, including the American National 

Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) clinical 

practice guidelines, suggest that all nephrology health professionals should provide 

advice and encouragement to help patients to participate in physical activity, as an 

integral component of patient care142,143. Although many sources report that renal staff, 

including nephrologists and frontline HD staff, believe their patients would benefit from 

increasing physical activity and exercise87,144, barriers to healthcare providers providing 

exercise counseling for their patients are also prevalent92,145. Some staff report that a 

major barrier is the realization that exercise has not been incorporated as a priority in 

dialysis care92.  

Additionally, other studies report a widespread lack of healthcare provider 

awareness on the benefits of exercise and what to recommend to their patients98. 

However, in addition to educating healthcare providers on effective and appropriate 

exercise recommendations for HD patients, personal beliefs also need to be addressed. 

Some studies report barriers related to healthcare provider beliefs, such as believing that 

it is not their role to conduct exercise interventions146, that patients would not be willing 

to discuss exercise144, and that patients lack the motivation to exercise147. Remarkably, 

one study determined that a large majority (93%) of patients report that they may do 

more exercise if a health care professional provided guidance91. Therefore, if these 

barriers can be addressed, renal staff support can strengthen the implementation and 

sustainability of exercise programs for HD patients. It is also important to note that 

although nephrologists have an important role in the promotion of exercise and physical 

activity for their patients, involving frontline dialysis staff in any interventions is also very 

important since they have the most frequent contact with patients86,91,144. In our study, a 

lead staff member wrote in an email communication with our team, “in terms of 

happiness (QOL), those that were participating really seem to enjoy it, and that is 
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important as much as getting treatment”. Including key staff members, such as this 

individual, who are passionate about incorporating exercise into the HD unit environment 

is an important part of implementing and sustaining an exercise program.       

Lessons can also be learned from organizations that successfully maintain 

ongoing clinical exercise programs, such as the Manitoba Renal Program148. 

Jagannathan et al. are currently conducting a pragmatic clinical trial using the “Exercise 

is Medicine” framework to try and address the barriers and challenges faced by chronic 

kidney disease patients related to exercise149. The Southern Alberta Renal Program 

(SARP) offers intra-dialytic cycling at 5 HD units and 1 pediatric unit, along with an inter-

dialytic exercise program for patients in all stages of kidney disease76,88. Based on the 

success of their ongoing programs, Parker has published many recommendations, 

including employing exercise professionals as an integral part of the HD unit and 

ensuring that the exercise interventions can be maintained and supported by the unit 

staff88. To lower costs and resource needs and promote sustainability, ensuring that the 

program requires minimal equipment and monitoring is also important. Our exercise 

program aimed to reduce the barrier of equipment resource needs by making use of the 

patient waiting area, ankle weights, and fistula grip balls, all readily available or low-cost 

components.  

4.2. Limitations 

A potential limitation and source of variability in our study came from the use of 

multiple instructors. Since there were 10 different exercise programs offered thrice 

weekly at 5 different CDUs, it was impossible to have the same instructor teach all of the 

classes. We designed the pre-study instructor training session to provide the same 

information to all of the instructors and provide some consistency in the exercise 

prescription and progression protocol. However, one of the volunteers who attended 

exercise sessions with different instructors noted that instructors had their own styles of 

motivating the patients and implementing the exercise program. The effect of the 

instructor on the participants, which likely varied in our study, is a limitation. For the sake 

of the research, we asked the instructors to remain consistent with the offered exercises 

in an attempt to ensure that we were comparing the effects of the same exercise 

program across the different sites. Although the study attempted to be pragmatic in 

nature, and some instructors tried to adapt the program to meet the needs and abilities 
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of some participants, the limited ability to adapt or expand to other exercises, which 

would be common in a real-world exercise program, was limited in our research study, in 

exchange for consistency for evaluative purposes. Providing additional ongoing support 

and training for instructors in a continuing clinical exercise program could help maintain 

program fidelity, while also expanding opportunities to explore further adaptations and 

progressions of the exercises.  

Blinding of the Research Assistant and participants was not possible in this 

study. The use of unblinded assessors is common in HD exercise literature. Unblinded 

assessors may introduce bias in their assessments of outcome measures, particularly if 

the measures include subjective components. In our study, the primary and secondary 

outcome measures were either objective assessments (i.e., SPPB and grip strength), or 

participant-reported outcome measures (i.e., EQ-5D-5L, CESD-R, PASE, and feedback 

surveys). Therefore, the Research Assistant’s knowledge of the participants’ group 

assignments was not expected to significantly impact the results. To further reduce the 

possible impact of bias from an unblinded assessor, we employed a single Research 

Assistant to complete all testing, for consistency, and the Research Assistant followed 

the standardized testing protocols. The participants’ knowledge of whether or not they 

received the exercise intervention could have impacted participant responses to the self-

reported outcome measures. For example, an exercise intervention participant may have 

been more likely to report improvements based on an expectation that the exercises 

would lead to improvements. However, with the wide range of exercise attendance, the 

impact of positive reporting bias was not expected to significantly impact the results that 

were analyzed from an intention-to-treat perspective, which also included participants 

with no or low attendance. For instance, some intervention group participants even 

reported in the qualitative feedback that they felt they did not participate enough to have 

led to positive changes.  

The selection of the SPPB as the primary assessment also introduced limitations. 

Since the exercises were primarily targeted to improve strength and balance, a more 

refined balance test with a continuous measure would have been preferable to compare 

small but clinically meaningful changes in balance. We selected the SPPB for the 

minimal amount of time required to complete it, since assessments were done prior to 

HD appointments and participants often arrived at the same time. The sit-to-stand 

portion of the SPPB was also a limitation. Although it had a continuous measure of time, 
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unlike the balance test, since many of the participants were unable to complete 5 times 

of the sit-to-stand (36% of participants during pre-tests), the time for 5 times sit-to-stand 

did not provide a useful measure that we could compare for all participants. Moreover, 

as previously mentioned, with only a single pre- and post-test, the test results were 

impacted by the health of the participants on the assessment day, which varied greatly.     

4.3. Future Plans 

Overall, there was a positive reception for exercise offered at the CDUs. In order 

to maximize the impact, suitability, and sustainability of the exercise program within the 

regular clinical environment, an exercise program needs to be accepted by the people 

who are directly impacted by the program (i.e., patients, families, and staff). Although our 

research team consulted with team leaders and social workers from the CDUs while 

designing the exercise program, there was no involvement from patients or other 

frontline CDU staff members in the development of the exercise intervention. Our 

research team has received a new patient-oriented planning grant to create an 

implementation plan for a patient-designed exercise program based on the needs and 

desires of the CDU HD patients. The results of this current study and the relationships 

and collaborations formed during the research, will form the basis for the planning 

process. This study was a first step in implementing a sustainable, ongoing exercise 

program in the CDU environment.  

4.4. Conclusion 

The literature indicates that HD patients can benefit from increasing exercise and 

physical activity. Studies have demonstrated numerous benefits from a wide range of 

interventions that increase exercise and/or physical activity either during dialysis or 

during non-dialysis periods. Despite the strong support for the positive effects of 

exercise for HD patients, the pragmatic knowledge base on clinical-based ongoing 

exercise programs is limited. This study determined the effects of a pragmatically-

designed, 12-week, thrice-weekly exercise program prior to dialysis on the physical 

performance, mental and emotional well-being, and quality of life of HD patients, and 

patient and staff experiences with the exercise program. In this thesis, I provided 

evidence that a pragmatically-designed exercise program offered prior to dialysis may 
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improve the health-related quality of life for HD patients. Moreover, patients and staff 

have a desire for exercise to be offered at the CDUs. The results from this study will 

inform the future planning process for implementing an ongoing, patient-designed 

exercise program based on the needs and desires of the CDU HD patients.    
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Appendix A.   
 
The Adapted Otago Exercise Program for CDUs 

Strengthening Exercises 

Exercise Name Description Exercise Image 

Front Knee 
Strengthening 
Exercise 

Seated exercise extending the leg to 
straight and lowering it (with an ankle 
weight, if appropriate) 

 

 

   
 

  

Back Knee 
Strengthening 
Exercise 

A standing exercise bringing the foot 
towards the bottom (with an ankle weight, if 
appropriate) 

 

 

 

 

Side Hip 
Strengthening 
Exercise 

A standing exercise lifting the leg out to the 
side  (with an ankle weight, if appropriate) 

 

 

 

 

 

Calf Raises (holding 
support) 

A standing exercise lifting the heels to 
come on to toes 

 

 

 

 

 

Toe Raises (holding 
support) 

A standing exercise lifting the toes to come 
on to heels 
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Fistula Exercises 

Exercise Name Description Exercise Image 

Lower Arm Fistula 
Exercise 

A hand squeezing exercise (with a hand 
exercise ball) 

 

 

 

 

Upper Arm Fistula 
Exercise 

An arm exercise lifting the hand and 
bending at the elbow while holding a hand 
weight 

 

 

 

Initial Balance Exercises 

Exercise Name Description Exercise Image 

Sit to Stand (two 
hand support, one 
hand support, or 
without hand support 
depending on level) 

An exercise of slowly rising from the chair 
to a standing position and slowly returning 
to a sitting position in the chair 

             

One Leg Stand 
(holding support) 

A standing exercise balancing on one leg 
at a time 

 

 

 

 

 

Knee Bends (holding 
support) 

A standing exercise bending the knees to a 
mini squat 

 

 

 

 

 

Sideways Walking 
(holding support) 

A standing exercise taking steps sideways 
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Heel Toe Standing 
(holding support) 

Progression: 

Heel Toe Walking 
(holding support) 

A standing exercise standing in tandem 
stance (feet heel to toe) 

Progression: 

A standing exercise walking in tandem 
steps (feet heel to toe) 

 

 

Modified Stair 
Walking (Marching 
on the Spot with 
Raising the Knees 
High) 

A standing exercise marching on the spot 
and lifting knees high  

If stairs/steps are available, walk up and 
down the steps 

 

 

 

 

 
 

More Challenging Balance Exercises (Added to Progress Participants, As Appropriate) 

Exercise Name Description Exercise Image 

Heel Walking 
(holding support) 

A standing exercise walking on heels (with 
toes lifted) 

 

 

 
 

 
 

 
 

  

Toe Walking 
(holding support) 

A standing exercise walking on toes (with 
heels lifted) 

 

 

 

 

 
 

 

Backwards Walking 
(holding support) 

A standing exercise taking steps 
backwards 
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Heel Toe Walking 
Backwards 

A standing exercise walking backwards in 
tandem steps (feet heel to toe) 
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Appendix B.   
 
Exercise Program Attendance Form  

Class Date:________________ 

 
Research 

ID 

 
Time 

In 

 
Time 
Out 

How many 
minutes did you 

spend doing these 
exercises at home 

since the last 
session? 

Any new/ 
unusual 

symptoms 
related to 

last 
exercise 
session? 

 

How do you 
feel after 
today’s 
exercise 
session?              
1 (Very Poor)                
2 (Poor)                 
3 (Fair)                  
4 (Good)                  
5 (Very Good) 

Did Not Attend: List 
Reason  
Examples:  
A – Absent 
L – Late 
S – Sick 
O – Other(Explain) 

 
RPE 

(1-10) 
 

 
Notes 

         

         

         

         

 



85 

Appendix C.   
 
Research Participant Intake Form 

1.) Sex:  Male  Female 2.) Age:____  3.) Length of Time on Dialysis (Months): _   __ 

4.) Height: ________ 5.) Weight: _       _ 6.) BMI: _       ____ 

7.) What is your usual dialysis schedule (days and times):_____________________ 
 

8.) How do you get to your dialysis appointments: 

 Family/Friend Drive   Drive Self   Transit   HandyDart   Taxi  Walk 
 

9.) Do you live:  

 In your own house/apartment      In a seniors residence/assisted living 

 In residential care         Other, please explain ______________ 
 

10.) Do you use any mobility aids: 

 Cane         Walker     Wheelchair     None    Other ___________ 

Notes:__________________________________________________ 
 

11.) How many times have you fallen in the last 12 months?  

 0        1       2       3       4       5 or more 
 

12.) Is English your first language?  

 Yes  No (If no, what is your first language? _______   ___) 
 

13.) What is your ethnic background? 

 Caucasian      Chinese    Fijian        South Asian       

   Filipino          African    Arab         Other ___________ 
 

14.) Do you suffer from any of the following health problems?  

Arthritis    Yes  No  Unsure   

Osteoporosis  Yes  No  Unsure  

Liver Disease  Yes  No  Unsure   
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High Blood Pressure  Yes  No  Unsure   

Lung Disease  Yes  No  Unsure   

If yes, please list (eg. Asthma, COPD, Emphysema, 
Chronic Bronchitis, etc.): 

Heart Problems/ 
Cardiovascular 
Disease 

 Yes  No  Unsure   

If yes, please list (Coronary artery disease, Congestive 
heart failure, etc.): 

Stroke  Yes  No  Unsure   

Peripheral Vascular 
Disease 

 Yes  No  Unsure   

Diabetes Type 
      1 

Type 
      2 

 No   

Parkinson’s Disease  Yes  No  Unsure   

Cancer  Yes  No  Unsure  Location: 

 

15.) List any past joint replacement surgeries (or amputations):  

_________________________________________________________________ 
 

16.) Have you lost 10 or more pounds unintentionally in the past year? 

 Yes      No      Unsure ___________________________ 
 

17.) What is your employment status: 

 Employed      Unemployed      Retired 
 

18.) What is your marital status: 

 Single      Married      Widowed      

 Other:(Common law, separated, divorced)__________________________ 
 

19.) Which of the following best describes your education level: 

 Elementary school or less     
 Some high school      
 High school graduate  
 Some college/university   

 College diploma 
 University degree 
 Post graduate 
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Appendix D.   
 
Instructor Feedback Survey 

Please take a few minutes to fill out this confidential survey and express your opinions 
about the Dialysis Exercise Study. Your feedback is important and it will help us 
understand how we can improve this exercise program. For each question, please place 
a check mark () in the most appropriate box. 

How would you rate the 
following: 

Strongly 
Agree  

Agree Neutral Disagree 
Strongly 
Disagree 

1. Participants were generally 
motivated to participate in the 
exercise program.  

     

2. I would recommend holding this 
exercise program on this 
dialysis unit again.   

     

3. The sequence of the exercises 
was appropriate for the 
participants. 

     

4. This exercise program was well 
implemented. 

     

5. The exercises were well 
received by the participants.  

     

6. I would recommend holding the 
exercises before dialysis 
treatments. 

     

7. a) Participants experienced 
benefits from the exercise 
program. 

     

    b) If applicable, please describe any benefits you felt that the participants 
experienced:  
 

7. How would you rate the intensity of the exercises for the participants? 
 

 Too easy         Easy        Just right         Hard         Too hard 
 

8. How would you rate the length of the exercise sessions? 
 

 Too short         Short        Just right         Long         Too Long 
 

9. Please provide any additional comments around the selection of the exercises. 
 

10. Please provide any suggestions for improvements or comments for this exercise program. 
 
11. Please provide a summary of your experiences with the exercise program and this research 
study. Please include any comments or feedback that would like to express about the exercise 
program and your experiences. 
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Appendix E.   
 
CDU Staff Feedback Survey 

Please take a few minutes to fill out this confidential survey and express your opinions 
about the Dialysis Exercise Study. Your feedback is important and will help us understand 
how we can improve this exercise program. For each question, please place a check mark 
() in the most appropriate box. 

How would you rate the 
following: 

Strongly 
Agree  

Agree Neutral Disagree 
Strongly 
Disagree 

1. This exercise program was well 
received by the patients.  

     

2. I would recommend hosting this 
exercise program on this 
dialysis unit again.   

     

3. This exercise program was well 
implemented. 

     

4. Patients were generally 
motivated to participate in the 
exercise program.  

     

5. I would recommend holding the 
exercises before dialysis 
treatments. 

     

6. a) Patients experienced benefits 
from the exercise program. 

     

    b) If applicable, please describe any benefits that your patients experienced:  
 
 

 
7. Did this exercise program cause any disturbances to the unit? 
 

 Yes            Somewhat            No 
 
Please elaborate on the disturbances to this unit caused by the exercise program. 
 

   8. Please provide any suggestions for improvements or comments for this exercise program. 
 

   9. Please write any additional comments or feedback that would like to express about the   
   exercise program and your experiences.  
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Appendix F.   
 
Participant Feedback Survey 

Please take a few minutes to fill out this confidential survey and express your opinions 
about the Dialysis Exercise Study. Your feedback will help us understand how we can 
improve this exercise program. For each question, please place a check mark () in the 
most appropriate box. 
 

1. How would you rate this exercise program? 
 

 Excellent       Very Good        Good        Fair         Poor 
 

2. How convenient was it to hold the exercise program before your dialysis treatments? 
 

 Completely    Very              Somewhat       Not very         Not at all                          
      Convenient       Convenient        Convenient          Convenient        Convenient 
 

3. How did you find the intensity of the exercises? 
 

 Too easy         Easy        Just right         Hard         Too hard 
 

4. How would you rate the length of the exercise sessions? 
 

 Too short         Short        Just right         Long         Too Long 
 

5. How likely are you to participate in this program again? 
 

 Very Likely         Likely        Maybe        Unlikely        Very unlikely 
 

6. Did you make any lifestyle changes as a result of participating in this exercise program 
(exercise at home, etc)? 

 
   Yes                        What are these changes:  
 
   Somewhat  
          
   No 
 

7. Did participation in this program benefit you?  
 

   Yes                       What are the benefits you experienced:  
 
   Somewhat       
 
   No 

 
8. Please provide any suggestions for improvements (what did you like, not like, etc.)  
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Appendix G.   
 
Volunteer Feedback Survey 

Please take a few minutes to fill out this confidential survey and express your opinions 
about the Dialysis Exercise Study. Your feedback is important and will help us understand 
how we can improve this exercise program. For each question, please place a check mark 
() in the most appropriate box. 

How would you rate the 
following: 

Strongly 
Agree  

Agree Neutral Disagree 
Strongly 
Disagree 

1. This exercise program was well 
received by the patients.  

     

2. I would recommend hosting this 
exercise program on this 
dialysis unit again.   

     

3. This exercise program was well 
implemented. 

     

4. Patients were generally 
motivated to participate in the 
exercise program.  

     

5. I would recommend holding the 
exercises before dialysis 
treatments. 

     

6. a) Patients experienced benefits 
from the exercise program. 

     

    b) If applicable, please describe any benefits that your patients experienced:  
 
 

 
7. Did this exercise program cause any disturbances to the unit? 
 

 Yes            Somewhat            No 
 
Please elaborate on the disturbances to this unit caused by the exercise program. 
 

   8. Please provide any suggestions for improvements or comments for this exercise program. 
 
   9. Please provide a summary of your experiences with the exercise program and this research  
   study. Please include any comments or feedback that would like to express about the  
   exercise program and your experiences.  


