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Introduction: Defining the role of exercise in chronic kidney disease (CKD) is a top research priority for

people with CKD. We aimed to achieve consensus on specific research priorities in exercise and CKD

among an international panel of stakeholders.

Methods: Using the Delphi method, patients/caregivers, researchers, clinicians, and policymakers sub-

mitted their top research priorities in round 1 and ranked their importance in rounds 2 and 3 using a 9-

point Likert scale. The mean, median, and proportion of scores ranked 7 to 9 were calculated.

Consensus was defined as priorities that scored above the overall mean and median score within each

stakeholder panel. Qualitative description was used to understand participants’ rankings.

Results: Seventy participants (78% response) completed round 1: 15 (21.4%) clinicians, 33 (47.1%) re-

searchers, 13 (18.6%) policymakers, and 9 (12.9%) patients; (85.7%) completed round 3. The top research

priorities were defining exercise-related outcomes meaningful to patients, identifying patients’ motivation

and perspective towards exercise, understanding the effect of exercise on the risk of institutionalization,

mortality, and mobility, and understanding the effect of pre- and post-transplant exercise on postoperative

recovery. Themes from the qualitative analysis were individualization, personal experience, and holistic

approach to exercise (patients), the need to address common clinical problems (clinicians), developing

targeted interventions (researchers), and the importance of evidence-based development versus imple-

mentation (policymakers).

Conclusions: Preventing physical disability was a common priority. Policymakers emphasized that more

efficacy studies were needed. Other panels expressed the need for holistic and targeted exercise in-

terventions and for outcomes that address common clinical problems.
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C
hronic kidney disease (CKD) is associated with
high rates of morbidity and mortality.1 Although

the factors contributing to poor health outcomes for
people with CKD are multifactorial and complex,
sedentary behavior and low physical activity are
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associated with higher risks of all-cause mortality and
CKD progression and with a lower quality of life.2 In
other chronic conditions, such as cardiovascular and
pulmonary disease, exercise has been shown to
improve disease-specific health outcomes and has been
incorporated into routine clinical care.3 However, the
role of exercise in the management of CKD has not been
clearly defined and the availability of renal exercise
programs remains limited.

Several factors may explain the limited uptake of
exercise in CKD care. From systematic reviews of ran-
domized controlled trials, exercise is effective for
improving strength, physical fitness, physical func-
tion, and quality of life for people with CKD.4
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However, knowledge gaps in key areas of CKD man-
agement have been identified, such as understanding
the effect of exercise on cardiovascular risk, symptom
burden (e.g., restless legs, cramping, and fatigue), and
the safety of exercise in certain subpopulations.5,6 In
addition, exercise counseling by kidney health care
professionals is low,7 suggesting either a lack of
agreement with the evidence base, failure of evidence
translation, or a lack of knowledge and confidence in
exercise counseling.

Despite its limited uptake, there is growing interest in
the role of exercise in CKD. This interest is in part driven
by the research priorities and preferences of patients. In
several research priority setting studies, exercise was
identified as a top research priority for people with CKD,
from the perspectives of understanding the effect of ex-
ercise on the health of patients undergoing dialysis and
the role of lifestyle factors in delaying the progression of
CKD.8,9 However, specific research questions related to
exercise have not been prioritized in the CKD population.
Therefore, this study sought to identify a range of
exercise-related research priorities including but not
limited to specific interventions, target populations, out-
comes, implementation, and/or scientific understanding.
Identifying research priorities has the potential to guide
allocation of research resources and support funding
initiatives to promote relevant research in this area.

In this study, we aimed to gain consensus on the top
research priorities for exercise in people in all stages of
CKD (e.g., transplant, dialysis or CKD not requiring
dialysis). To increase the relevance of our findings, we
included an international panel of stakeholders that
included patients and their caregivers, policymakers,
researchers, and clinicians.

METHODS

The Delphi method is a structured process of iterative
surveys or “rounds” that includes providing feedback
to participants on their responses to achieve
consensus.10 The advantage of the Delphi method is
that participants over a broad geographic area can
participate and anonymity is maintained, thus mini-
mizing influence of dominant participants.10

Participant Selection, Recruitment, and Survey

Distribution

Adults (>18 years of age) were purposively sampled
according to geographic location and expertise or
experience with CKD to construct 4 stakeholder panels.
These panels were patients and caregivers, policy-
makers, researchers, and clinicians. Peoplewith personal
experience with CKD self-identified as either patients or
caregivers. A policymaker was defined as a member of a
national or international CKD guideline committee or
658
granting agency, renal program director, or health sys-
tem payor. Researchers were defined as those who were
involved in exercise research in CKD andwere identified
through a search of PubMed and Embase. Individuals
with >1 publication related to exercise in CKD within
the past 5 years and an available e-mail address were
invited to participate. Clinicians were defined as ne-
phrologists, CKD nurses, or exercise specialists (e.g.,
kinesiologists, physiotherapists, and exercise physiolo-
gists). The Health Ethics Board at the University of
Alberta approved the study (Pro00088558).

We used multiple recruitment strategies: direct invi-
tation via e-mail through existing professional networks
(the Global Renal Exercise Network),11 including clinical
leads of established exercise programs for people with
CKD, advertisements with kidney care organizations,
and snowball sampling. Patients and caregivers were
recruited by participating investigators at respective
sites and by patient advisory boards within kidney
research networks in Canada, Australia, and the United
States. Clinicians and policymakers were emailed an in-
formation letter that contained a hyperlink to the sur-
vey. Patients and caregivers were instructed to contact
the investigators via email to receive an invitation with
the survey link. For all participants, completing the
survey implied consent. Participants were also provided
with an opt-out link with each survey invitation.

Sample Size

The Delphi process does not depend on statistical po-
wer but rather group dynamics for arriving at
consensus. The number of panel participants varies
widely, and the optimal panel size is not established.12

We aimed for 15 to 20 participants per panel with a
total of 60 to 80 participants.

Data Collection

Three online surveys were administered via Qualtrics
(Qualtrics Software, Provo, Utah) between April and
October 2019. Each round was open for approximately
4 weeks with 3 reminders sent during each round.
Before distribution, the survey was pretested for
clarity among the research team and 2 patients.

Round 1

Participants provided demographic information and
submitted #3 research questions they viewed as a top
priority on exercise for people with CKD. To encourage
consistency and specificity, respondents were given
examples of how to structure the question, i.e.,
defining the study population (e.g., transplantation,
dialysis, or CKD not requiring dialysis) and the
outcomes to be studied (e.g., blood pressure, restless
legs, or strength) and were asked to explain their
selections.
Kidney International Reports (2021) 6, 657–668
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Round 2

Nonrespondents from round 1 could participate in
round 2. Participants were presented with the list of
condensed questions from round 1 and were asked to
rank the questions using the Grading of Recommen-
dations Assessment, Development, and Evaluation
process (a 9-point Likert scale).13 A score of 1 to 3 ranks
the question as not important, 4 to 6 as important but
not critical, and 7 to 9 as critically important. Partici-
pants could abstain from scoring a question by select-
ing “unsure.” Participants were asked to explain their
rankings and could submit additional research ques-
tions. If a question ranked below the overall median
score across all 4 panels, it was not carried forward.
Round 3

Only respondents who completed round 2 were invited
to participate in round 3. For each question, participants
were presented with their own score, the median score
from each of the 4 panels (displayed in a bar graph), the
overall score, and comments made from panel members.
Participants were asked to re-rank the questions using
the same system as described in round 2.
Table 1. Participant characteristics
Characteristic Round 1, n (%)

Surveys sent, n 90

Total respondents 70 (77.8)

Participant type

Researchers 33 (47.1)

Expertise

CKD 7(21.2)

ESRD 23 (69.7)

CKD/ESRD 3 (9.1)

Policymakers 13 (18.6)

Patients 9 (12.9)

Clinicians 15 (21.4)

Exercise specialist 7 (46.7)

Nephrologist 5 (33.3)

Nurse 2 (13.3)

Other health care provider 1 (6.7)

Age, yr

<35 12 (17.1)

36–50 28 (40.0)

51–65 27 (38.6)

>65 3 (4.3)

Gender

Female 35 (50.0)

Male 35 (50.0)

Declined to answer 0 (0)

Continent

Asia 1 (1.4)

Europe 19 (27.1)

North America 42 (60.0)

Oceania 7 (10.0)

South America 1 (1.4)

CKD, chronic kidney disease; ESRD, end-stage renal disease.

Kidney International Reports (2021) 6, 657–668
Analysis
Categorizing Research Priorities From Round 1

The research questions submitted by participants in
round 1 were independently reviewed by 2 authors
(ML and ST). The questions were categorized induc-
tively based on outcome (e.g., cardiovascular, patient-
reported) and/or key concept (e.g., safety, counseling)
and condensed by omitting redundancies, expanding
questions to incorporate concepts with the same
meaning, and removing questions outside the scope of
exercise in CKD. To ensure credibility, the revised list
of questions was compared with the initial list by
members of the research team (KW, CB, PB, JM, and
SM). Any disagreements were resolved by consensus.

Quantitative Analysis

Descriptive results are reported as counts and per-
centages. Missing responses were excluded from the
calculation of percentages. We calculated the mean,
median, and the proportion of scores ranked 7 to 9
(critically important) and 1 to 3 (not important) overall
and for each of the 4 panels. Differences in rankings
across the 4 panels were evaluated using the Kruskal-
Wallis test. P < 0.05 was considered statistically
Round 2, n (%) Round 3, n (%)

90 68

68 (75.6) 60 (88.2)

29 (42.6) 28 (46.7)

7 (24.1) 7 (25.0)

20 (69.0) 19 (67.9)

2 (6.9) 2 (7.1)

13 (19.1) 11 (18.3)

11 (16.2) 7 (11.7)

15 (22.1) 14 (23.3)

9 (60.0) 9 (64.3)

4 (26.7) 3 (21.4)

2 (13.3) 2 (14.3)

0 (0) 0 (0)

12 (17.6) 12 (20.0)

25 (36.8) 21 (35.0)

28 (41.2) 24 (40.0)

3 (4.4) 3 (5.0)

34 (50.0) 30 (50.0)

33 (48.5) 30 (50.0)

1 (1.5) 0 (0)

1 (1.5) 1 (1.7)

16 (23.5) 14 (23.3)

44 (64.7) 38 (63.3)

6 (8.8) 6 (10.0)

1 (1.5) 1 (1.7)
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Round 1

• 70 respondents

• 253 questions submitted

• 9 questions removed

• 70 questions in 11 categories at the end of round 1

Round 2

• 68 respondents

• 11 questions differed in importance between panels

• 54 out of 70 questions ranked critically important

• 16 questions lower than the median (7) for each panel  

were omitted

Round 3

• 60 respondents

• 4 questions differed in importance between panels

• 28 out of 54 questions ranked critically important  

(≥70% scored 7-9, and ≤15% scored 1-3)

• 7 questions ranked critically important using the cut  

off criteria (mean score ≥7.13 and median score ≥7 for  

each panel)

Figure 1. Process of developing and prioritizing questions.
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significant. Statistical analysis was done using Stata MP
software (version 15.1; StataCorp LP, College Station,
TX, www.stata.com).

Definition of Consensus

As the distribution of the rankings was not known a
priori and participation within each stakeholder panel
varied, we defined consensus for critically important
questions as a score above the overall mean and median
score for all questions within each of the 4 panels. As a
secondary outcome, questions that were critically
important were defined as those for which >70% of
the scores ranked 7 to 9 and<15% of scores ranked 1
to 3. Questions that were not important were defined as
those for which >70% of scores ranked 1 to 3
and <15% scores ranked 7 to 9.

Qualitative Analysis

Comments from participants were imported into a
Microsoft Word document for qualitative analysis. To
better understand participants’ rankings and per-
spectives on the research questions, we used qualita-
tive description.14 The data were coded independently
by ST using a broad-based coding scheme and
grouped into common themes first within and then
across panels. The themes were reviewed with the
members of the research team (ML, KW, CB, PB, JM,
and SM).

RESULTS

Participant Characteristics

The participant characteristics are shown in Table 1. In
the first round, 70 people (78% response rate) from 15
countries participated; 15 (21.4%) were clinicians, 33
(47.1%) were researchers, 13 (18.6%) were policymakers,
and 9 (12.9%) were patients. In all rounds, most partic-
ipants were 36 to 65 years of age, with equal participation
by gender. Respondents were primarily from North
America and Europe (Supplementary Table S1).

Priorities and Consensus
Round 1

An overview of the Delphi process and results is shown
in Figure 1. Respondents submitted 253 research
questions, of which 7 questions outside the scope of
exercise and CKD were omitted (Supplementary
Table S2). The remaining questions were synthesized
as described above to yield 70 questions grouped into
11 categories (Supplementary Table S3): patient-
reported outcome measures (13%), health outcomes
(21%), exercise prescription (10%), cost (3%), imple-
mentation (13%), counseling and adherence (13%),
safety and risks (4%), nutrition (3%), mechanistic
science (4%), dialysis-specific (6%), and transplant-
specific (10%).
660
Round 2

The highest ranked questions per panel are shown in
Table 2. Respondents ranked 54 of 70 questions as
critically important. The overall median score for
round 2 was 7 (interquartile range [IQR] 7–8). Overall,
the highest ranked questions in round 2 were: defining
exercise-related outcomes that are meaningful to pa-
tients (median 8 [IQR 7–9]), understanding the effect of
exercise on mobility at all stages of CKD (median 8 [IQR
7–9]), understanding whether exercise decreases fa-
tigue in nondialysis patients (median 8 [IQR 7–9]), and
whether exercise improves quality of life in nondialysis
(median 8 [IQR 7–9]) and dialysis patients (median 8
[IQR 7–9]). Sixteen questions were not carried forward
(median <7). No new questions were suggested by
participants.

Round 3

The highest ranked questions per panel are shown in
Table 2. The median score and proportion of partici-
pants scoring outcomes as 7 to 9 (critically important)
are shown in Supplementary Table S4. The overall
median score for round 3 was 7 (IQR 7–8).
Kidney International Reports (2021) 6, 657–668
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Table 2. Highest ranked questions in each panel, round 2 and round 3
Round 2 Round 3

Question
Median
(IQR) Question

Median
(IQR)

Patients

Can exercise reduce changes in blood pressure in patients at all stages
of CKD, including dialysis?

8 (7.5–9) What factors must be taken into consideration when deciding which patients are
safe to start and continue an exercise program (e.g., age, frailty, cardiovascular
comorbidities, etc.)?

9 (8–9)

Does increased physical activity affect the occurrence of major adverse
cardiac events (e.g., heart attacks, strokes) in patients at all stages of
CKD, including dialysis?

9 (7–9) What is the effect of exercise on mortality among the transplant population? 8.5 (8–9)

What are the patients’ perspectives on exercise and what factors would
motivate patients at all stages of CKD to exercise?

8 (7–9) What exercise programs are feasible and sustainable for dialysis patients,
allowing a high level of adherence in the long term (i.e., the role of guidance
and accountability on adherence and patient encouragement)?

8.5 (7–9)

Policymakers

Does exercise improve quality of life in patients who require dialysis? 9 (8–9) Does exercise improve quality of life in patients who require dialysis? 8 (8–9)

What exercise-related outcomes are meaningful to patients? 8 (8–9) Does increased physical activity affect the occurrence of major adverse cardiac
events (e.g., heart attacks, strokes) in patients at all stages of CKD, including
dialysis?

8 (7–9)

Does exercise decrease fatigue in nondialysis CKD patients? 8 (7.5–9) How can exercise reduce the risk of institutionalization in patients at all stages
of CKD, including dialysis?

8 (7–9)

Researchers

How can we make exercise a standard component of care for patients at
all stages of CKD, including dialysis?

9 (7–9) How can we make exercise a standard component of care for patients at all
stages of CKD, including dialysis?

9.0 (8–9)

What exercise-related outcomes are meaningful to patients? 8 (7–9) Does exercise improve quality of life in patients who require dialysis? 8.0 (8–9)

To what extent can exercise impact the likelihood of falls in patients at all
stages of CKD, including dialysis?

8 (7–9) How can we implement exercise in a dialysis unit setting in a cost-efficient way
(e.g., medical insurance coverage, funding, etc.)?

8.5 (8–9)

Clinicians

Does regular exercise within the CKD population save health care dollars
(e.g., hospital admissions, length of stay, re-admissions, etc.)?

9 (8–9) Does regular exercise within the CKD population save health care dollars
(e.g., hospital admissions, length of stay, readmissions, etc.)?

9 (8–9)

Can early introduction of exercise in CKD patients delay initiation of
dialysis/slow GFR decline?

9 (7–9) Can early introduction of exercise in CKD patients delay initiation of dialysis/
slow GFR decline?

9 (8–9)

How can we implement exercise in a dialysis unit setting in a cost-
efficient way (e.g., medical insurance coverage, funding, etc.)?

9 (7–9) How can we implement exercise in a dialysis unit setting in a cost-efficient way
(e.g., medical insurance coverage, funding, etc.)?

9 (7–9)

CKD, chronic kidney disease; GFR, glomerular filtration rate; IQR, interquartile range.
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Consensus

Seven questions met consensus criteria as critically
important (Table 3). These were: defining exercise-
related outcomes that are meaningful to patients (me-
dian 8 [IQR 7–9]), identifying patients’ motivation and
perspective toward exercise (median 7.5 [IQR 7–8]),
understanding the effect of exercise on the risk of
institutionalization (median 8 [IQR 7–9]), mortality
(median 8 [IQR 7–9]), and mobility (median 8 [IQR 7–
9]), as well as understanding the effect of pretransplant
(median 8 [IQR 7–9]) and post-transplant (median 8
[IQR 7–8]) exercise interventions on postoperative re-
covery. Using the secondary outcome for consensus, 28
questions were deemed critically important
(Supplementary Table S5). Three of the top 5 of these
priorities were the same as those identified by the
primary consensus criteria: understanding the effect of
exercise on the risk of institutionalization, defining
exercise-related outcomes that are meaningful to pa-
tients, and understanding the effect of pretransplant
exercise interventions on postoperative recovery. Un-
derstanding the effect of exercise on the loss of muscle
and strength and adverse cardiac events were 2 addi-
tional priorities.
Kidney International Reports (2021) 6, 657–668
Differences Between Stakeholder Groups

Differences in median scores between all stakeholder
groups are shown in Figure 2 (round 2) and Figure 3
(round 3). In round 2, 11 questions differed signifi-
cantly in ranking between the stakeholder groups. Pa-
tients ranked questions regarding health outcomes as
well as counseling and adherence higher than the other
panels. Questions related to the cost effectiveness of
exercise were ranked highest by researchers and clini-
cians. In general, policymakers ranked the importance
of the questions lower than the other panels, most
notably regarding implementation, patient counseling,
and adherence. In round 3, 4 questions differed signif-
icantly in ranking between the stakeholder groups.
Similar to round 2, cost and implementation questions
were scored highest by clinicians and researchers, while
exercise prescription was scored highest by researchers.

Changes in Scores From Rounds 2 to 3

Changes in the overall median scores between rounds 2
and 3 are shown in Figure 4. Of the 7 research ques-
tions that fulfilled the primary consensus criteria, 6
questions remained the same and only the median score
for identifying patients’ perspective and motivation to
661
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exercise increased. Changes in median scores within
the stakeholder groups for all questions are shown in
Supplementary Figures S1–S5.
Qualitative Findings

Overall, 24 participants provided comments in the
survey in round 2. Themes identified from the com-
ments are shown in Box 1. Three themes emerged
from the patient/caregiver panel comments: individ-
ualization, personal experience, and holistic integra-
tion of exercise. With respect to individualization,
participants expressed that differences in their
physical abilities, medical conditions, and prefer-
ences necessitated an individualized approach to ex-
ercise prescription, and that this may differ from a
conventional “exercise” prescription. Several patients
also related their rankings to their own experience,
particularly with respect to the loss of muscle and
strength. The need for holistic approaches to exercise
addressed the importance of also addressing nutrition
and including other team members, such as di-
eticians, nurses, and physicians in the promotion of
exercise.

Clinicians identified priority populations and com-
mon clinical problems as key themes. Several clini-
cians indicated that knowledge from the general
population may be transferable to those at earlier
stages of kidney disease, suggesting that priorities for
this group may have been of lower priority for some
Delphi participants. Although clinician respondents
prioritized a range of outcomes, the comments
emphasized addressing common clinical problems,
frequently those reported by patients, such as
cramping and well-being.

The theme from the researcher panel of “what is
already known” explained the view that particular
topics, such as barriers and facilitators to exercise in
CKD, were known or “established” and could explain
why these questions were ranked lower. A few par-
ticipants expressed the importance of addressing
knowledge gaps on “outcomes” because of the
perception that these types of data were necessary to
persuade physicians to use exercise in clinical care.
Targeted interventions related to the need to design an
intervention according to the population and the
desired outcome. One researcher suggested that safety
profiles for exercise should be based on population
characteristics rather than modality alone.

The development of a strong evidence base was a
key theme for policymakers. Several policymakers
expressed the need for future studies to address
knowledge gaps on the safety and efficacy of exercise
before research on its implementation is considered.
Kidney International Reports (2021) 6, 657–668



Median

Questions with variability between panels 1 2 3 4 5 6 7 8 9 P value

Clinical outcomes

Can exercise reduce changes in blood pressure in patients at all stages of CKD,  
including dialysis?

0.02

Exercise prescription

What is the optimal exercise prescription (intensity, type) that is both safe and  
effective for patients at all stages of CKD, including dialysis?

0.03

Cost

Does regular exercise within the CKD population save health care dollars?  
(e.g. hospital admissions, length of stay, re-admissions, etc.)

0.04

How can we implement exercise in a dialysis unit setting in a cost-efficient way?  
(e.g. medical insurance coverage, funding, etc.)

0.01

Implementation

How can we make exercise a standard component of care for patients at all stages of  
CKD, including dialysis?

0.02

Counselling and adherence

What is the best way to educate CKD patients about the importance of exercise?  
(e.g. how-to council patients, improve patient access to information, etc.)

0.01

How often do lifestyle and exercise get addressed by doctors during consultations  
with CKD patients? How can we prioritize lifestyle counselling at the system level?

0.01

What type of pre-habilitation should be considered in order to improve exercise  
participation among patients at all stages of CKD, including dialysis?
(e.g. depression counselling, nutrition counselling, physical therapy, etc.)

0.02

Nutrition

How can we leverage nutritional interventions to enhance the beneficial effects of  
exercise in patients at all stages of CKD, including dialysis?
(e.g. protein intake on muscle maintenance, reducing inflammation nutritionally, etc.)

0.02

How does exercise affect nutrition status of CKD patients?
0.01

How does exercise affect renal bone disease and bone metabolism in patients at all  
stages of CKD, including dialysis?
(e.g. the effect of exercise on phosphorus levels)

0.03

1 2 3 4 5 6 7 8 9Clinicians  
Researchers  
Patients  
Policymakers

Figure 2. Differences in median scores between stakeholder groups in round 2.
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DISCUSSION

This is the first study to report consensus on research
priorities for exercise in CKD among all major stake-
holder groups, notably patients, policymakers, re-
searchers, and clinicians and the first study to elicit
patients’ opinions in priority setting within this topic.
The 7 research priorities included defining exercise-
related outcomes that are meaningful to patients, un-
derstanding patients’ perspectives on exercise and
identifying factors to increase motivation, examining
the effect of exercise on the risk of institutionalization,
mortality, and mobility for patients at all stages of CKD,
and understanding the effect of pre– and post–kidney
transplant exercise interventions on postoperative re-
covery. Questions regarding transplant patients were
Kidney International Reports (2021) 6, 657–668
top priorities, presumably because this group is at a
higher risk for low physical function15 and may
experience differential effects.

Several of the research priorities elicited reflect
the importance of preventing physical disability
(e.g., institutionalization and improving mobility
and rehabilitation post-transplantation). Although
CKD is an independent risk factor for disability, and
the fear of dependence and the anticipation of
further disability with disease progression has been
reported by other studies,16–18 the role of exercise to
address this issue has not been previously identified
in other priority-setting studies.19–21 There are no
established interventions to mitigate functional
decline in this population, but evidence suggests
that regular exercise has beneficial effects on health-
663



Median
Questions with variability between panels 1 2 3 4 5 6 7 8 9 P value
Exercise Prescription

What is the optimal exercise prescription (intensity, type) that is  
both safe and effective for patients at all stages of CKD, including  
dialysis?

0.03

Cost

How can we implement exercise in a dialysis unit setting in a cost-
efficient way? (E.g. medical insurance coverage, funding, etc.)

0.01

Implementation

How can we make exercise a standard component of care for  
patients at all stages of CKD, including dialysis?

0.02

How can we create an international database on exercise in CKD?
0.02

1 2 3 4 5 6 7 8 9
Clinicians  
Researchers  
Patients  
Policymakers

Figure 3. Differences in median scores between stakeholder groups in round 3.
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related quality of life, walking capacity and self-
reported physical functioning,22,23 and lowers mor-
tality risk.23
Quality of life (dia

F
Outcomes meaningful to de

Physical function measures to assess programs
Outcomes meaningful to clinicians

Cardiovascular risk (post-transplant)
Feasible exercise programs

Sleep (dialysis)
Individualized programs

Factors for safety determination

Criteria for determining an exercise prescription

Patient education

Targeted exercise program (non-dialysis)

Hemodynamic stability

Participation in supervised exercise programs

Muscle metabolism

Chronic pain management (dialysis)

Identifying barriers

Blood pressure maintenance

Motivating patients from different backgrounds

Preserving cognitive function

Nutrition status

Insulin resistance (post-transplant)

Creating an international database
Lifestyle counselling

Restless legs (dialysis)
Pre-habilitation to improve participation

Staff training

Leg cramping (dialysis)

2

3

4

5

6

7

8

9

Round 2
Outcome
PROM

Exercise prescription
Cost

Implementation
Counselling and 

Figure 4. Change in overall median scores between rounds 2 and 3.
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Although understanding the effects of exercise on
transplant outcomes is a priority, published exercise
studies in this population remains inadequate. The
lysis)
Major adverse cardiovascular events

Implementation as routine care
Outcomes meaningful to patients

Delaying GFR decline
Institutionalization

Cost efficient implementation
Health care dollars

Mortality

Strength

Quality of life (non-dialysis)

Programs to promote adherence

Mobility

Pre-transplant exercise on post-operation recovery

Falls

Fatigue (dialysis)

Symptom management (dialysis)

Mortality (transplant)

Safe exercise prescription

Suitability for transplantation

Cardiovascular risk
Anxiety/depression

Implementation and low burden on clinic staff
Patients' perspective and motivation

Post-kidney transplant rehabilitation
Optimizing safety

atigue (non-dialysis)
cision makers

Round 3

adherence
Scientific
Transplant specific

Safety
Nutrition
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Box 1 . Themes and selected exemplar quotes

Patients/caregivers
Individualization
“I think there will need to be a broad gradient from severely deconditioned people to the more active people. So ‘exercise’ could be more functional-based, so the person is

standing, dressing, sitting on the edge of the bed, trying shoes, etc., which would differ from an actual exercise program. I also feel that the patient experience is essential to really
hearing how activity affects recovery, health, and wellness. Input from support persons can also provide more than a survey could about the benefits of activity and exercise.”
“I think the key to having CKD patients want to adhere to exercise ‘programs’ is to individualize the ‘program’ for each patient. The patient must identify what would make them

want to exercise/move for the rest of their lives in some form. If it is fun and enjoyable, I think people are more likely to keep it going.”
“One cannot force an exercise on a patient. Often patients are fatigued due to dialysis and have metabolic issues; one has to leave it to the patient.”

Personal experience
“Exercise is very important part of dealing with CKD. Although, I did not have the energy to exercise and now I am struggling as I am in remission and trying to gain strength and

muscle back.so hard as dealing with CKD is hard enough.”
“Anything that would maintain or build muscle back up without many adverse drug reactions would be great (growth hormones, testosterone).”
“For many elderly people on dialysis, they would definitely benefit from basic exercise programs individualized to build muscle mass and function to the point of having the ability

to carry out their activities of daily living and better their mobility and strength. Keeping fit by any manner (e.g., weights, resistance bands, machines, etc.) promotes health.”
“Dialysis erodes the muscles; it is a crusade to maintain them. Build muscles and dialysis erodes them!”

Holistic approaches
“Not sure how to leverage nutritional interventions as many supplement or healthy optimal foods are not covered and are costly for many. In order to track the impact of these

interventions everyone would need access to the same nutritional interventions/supplements. How much does Replavite do for oxidative stress and inflammation? Exercise for me
makes my appetite better and I feel well enough to plan optimal meals.”
“I think it is important to ensure the patient understands that “exercise" can mean many things and that movement is the main theme. The biggest sell I see, is promoting it early

and constantly as something that is just as important as their dialysis treatments, that maintains their independence."
“This is more about teamwork...including the physicians and having the staff needed to support.”
“I’d like to see dietitians involved as this is about the whole person.”
“It has been my experience that RNs usually talk about exercise, not the doctors. Prioritizing exercising/lifestyle should ideally be part of the intake assessment and history.

Probing the patient’s knowledge and understanding of the benefits of exercise to their quality of life is important.”
Clinicians
Priority populations
“Predialysis patient research is limited but translation of known information for the general population may be applied up to a point in the progression of CKD.”
“Kidney transplant should be a separate survey.”

Common clinical problems
“Exercise-related outcomes are important to all exercise specialists, patients, and caregivers e.g., improvement in overall function, increased energy and overall feeling of well-

being.”
“Regarding ‘Does exercise reduce leg cramping in patients who require dialysis?,’ it would be interesting to know the minimum intradialytic exercise dose and resistance required

to elicit a reduction in restless legs.”
“Does exercise reduce complications such as intradialytic hypotension, falls, and amputations?”

Researchers
What is already known
“I have rated the barriers as lower because several studies have assessed barriers already.”
“Motivators to exercise is already well described. The key is how we can target these motivators to influence outcomes.”
“The questions about barriers to exercise participation has been exhausted and there are multiple qualitative and quantitative studies that adequately address this issue already.”
“It is important to try and get doctors on board but having results showing outcomes should be a higher initial priority. This will help motivate doctors.”

Targeted interventions
“I rated the question about the optimal exercise prescription very low because it seems to imply to me that one size fits all. I think we do need to figure out what is best, but it may

be for different populations or targeting different outcomes.”
“We need to focus not only on the safety of specific populations of patients but tailoring to the patient group rather than mode of therapy delivery.”

Policymakers
Evidence base development
“The knowledge creation questions should take priority over the knowledge translation and implementation science questions.”
“The reason implementation is of lower priority is that there needs to be evidence that exercise is effective and safe before learning how to implement.”

M Labib et al.: Research Priorities on Exercise for CKD CLINICAL RESEARCH
prioritization of mortality and graft function is
consistent with the findings of another Delphi survey
of patients/caregivers and health care providers on
priority outcomes in kidney transplantation trials.24

We extend these findings by identifying exercise,
specifically pre- and postoperative rehabilitation, as a
therapeutic strategy of interest to modify these out-
comes. So far, studies have demonstrated that pre-
transplant rehabilitation is a potential intervention for
increasing physical activity preoperatively and may
also decrease post-transplant length of stay.25 Reha-
bilitation post-transplantation has been associated with
improved quality of life, anxiety, and markers of car-
diovascular risk.26

Similar to a Canadian survey of patients undergoing
dialysis on preferred outcomes in exercise trials, patient
Kidney International Reports (2021) 6, 657–668
participants in ourDelphi survey discussed their personal
experience with CKD as it related to changes in strength
and muscle mass.27 However, in contrast to other studies
aimed at identifying research priorities in CKD, symptom
management and specifically fatigue did not reach
consensus as critically important in our study.28

Although understanding the effect of exercise on fa-
tigue was a priority for policymakers, it was not priori-
tized beyond the second round because of the low
rankings by the patient panel. Rather than implying that
addressing fatigue is not important to patients, we
recognize that fatigue is a commonly cited barrier to ex-
ercise across the spectrum of CKD.29–31 Therefore, its use
as an intervention may be perceived as counterintuitive
by patients.32 Furthermore, patient priorities are partly
influenced by modality or severity of CKD. For example,
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in a previous survey, longevity was a more important
exercise-related outcome among home hemodialysis pa-
tients than for those dialyzing in-center.27 Along these
same lines, the patient panel was the only stakeholder
group that did not prioritize any question pertaining to
quality of life but were the only group that prioritized a
question related to examining the effect of exercise on
mortality.

Comments from patient participants suggest that
incorporating an individualized and holistic approach to
promote exercise participation and enjoyment are crit-
ical components to include in exercise-related research.
This concept of individualization is also consistent with
comments received from the researcher panel. However,
researchers framed these questions as “targeting” exer-
cise interventions to suit characteristics of the popula-
tion with the purpose of enhancing efficacy. Although
researchers and policymakers both prioritized the role of
exercise on quality of life in round 3, these questions did
not meet the consensus criteria because of its relatively
lower ranking among clinicians. The reasons for this are
unclear, because comments from clinicians suggest that
well-being was viewed as an important issue. However,
given that most clinician respondents were exercise
specialists/kinesiologists, it is likely that they viewed
exercise as an efficacious intervention for improving
certain outcomes and therefore prioritized the funding
and implementation aspects of research within this field.
In contrast, policymakers did not prioritize any ques-
tions relating to implementation or cost and emphasized
the need to first demonstrate the efficacy of exercise.
This finding underscores the need to not only address
remaining knowledge gaps in this unique population
but also to include effective knowledge translation
strategies such that the evidence is accessible to all main
stakeholder groups.

Our study has several strengths. This is the first study
to further define research priorities on exercise in CKD
including all key stakeholders and representation from
15 countries. In addition, the retention rate between
rounds was high and we used qualitative data to help
explain our findings. However, our study also has lim-
itations. The patient panel was relatively smaller than
the other stakeholder groups. To address this imbalance,
we applied a consensus criterion that weighed each
panel’s response equally. In addition, we did not iden-
tify the specific modality or stage of CKD of the patient
panel, which could have been used to help explain the
panel’s rankings. In addition, the other 3 panels pro-
vided comparatively fewer comments than the patient
panel, which would have enhanced the richness of the
qualitative data. Althoughwe aimed to includemembers
from a broad geographic location, respondents were
primarily fromNorth America and Europe and therefore
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we are unable to conclude whether rankings may have
been influenced by geography as we acknowledge that
patients from different geographic locations and socio-
economic backgrounds may have different values and
priorities. Finally, the surveywas administered online in
English, which may have influenced the results.

In conclusion, we reached consensus on research
priorities for exercise in CKD relating to preventing
disability, understanding patients’ perspectives on
exercise-related outcomes and motivation, and
examining the role of exercise on improving kidney
transplant outcomes. These findings have implica-
tions for future research on exercise and CKD. Par-
ticipants’ desire for individualized or targeted
interventions suggests that pragmatic and adaptive
designs as well as more granular approaches to
characterizing the sample population are also needed
to design efficacious interventions. While the
importance of patient participation in research has
been increasingly recognized, mechanisms to facili-
tate the integration of this perspective more uni-
formly in the design of exercise studies are required.
Future studies with a large sample size of patients
that specify their stages of CKD are needed to ensure
the priorities identified are representative of the
population and to draw conclusions on the priorities
of unique subpopulations. Finally, in addition to
addressing knowledge gaps aligned with the prior-
ities of policymakers, ongoing engagement across all
stakeholder groups is needed to design effective
knowledge translation strategies.
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