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Benefits and Barriers to and Desired Outcomes with
Exercise in Patients with ESKD
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Deborah Zimmerman3,4

Abstract
Background and objectives Patients with ESKD are sedentary. When patient-identified barriers to exercise are
addressed, recruitment and retention in exercise trials remain low, suggesting that the trial design may not
resonate with them. Therefore, we conducted a survey of patients on dialysis to assess perceived benefits and
barriers to exercise anddiscoverpreferredoutcomesandexercise typebydialysismodality andage in anticipation
of designing future randomized, controlled trials.

Design, setting, participants, & measurements English- and French-speaking patients with ESKD treated with
hemodialysis or peritoneal dialysis were recruited from two tertiary care hospitals in Ottawa and Montreal,
Canada. Summary descriptive statistics were used to describe patient responses; then, they were separated by
dialysis modality and age category.

Results The survey was completed by 423 participants. Current activity levels were similar across modalities
(P=0.35); 78%ofyoungerpatientswalkedat least 10minutesat a timeon3ormoredayscomparedwithonly58%of
older patients (P=0.001). The two most desired benefits of exercise were improved energy (18%) and strength
(14%). The third priority differed, such that improved sleep, maintenance of independence, and longevity were
selectedbypatients onperitonealdialysis, patients on in-centerhemodialysis, andpatients onhomehemodialysis,
respectively. Older patients were most interested in improvements in energy, strength, and maintenance of
independence, whereas younger patients were interested in improving energy, longevity, and transplant
candidacy. Only 25% of patients were able to exercise without difficulty; the major barriers for the remaining
patients were feeling patients were feeling too tired (55%), short of breath (50%), and too weak (49%). If patients
were to exercise, they wanted to exercise at home (73%) using a combination of aerobic and resistance training
(41%), regardless of modality or age category.

Conclusions The majority of patients undergoing maintenance dialysis in two tertiary hospitals in Ottawa and
Montreal report similar desired outcomes and barriers, with greater differences by age category than modality.
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Introduction
ESKD is a major health problem, with .25,000
Canadians and 450,000 Americans receiving dialysis
(1,2). Patients with ESKD have an unacceptably high
mortality rate and poor quality of life (3,4). In Canada,
1.1% of the health care budget is spent on 0.06% of the
population; in the United States, 6.7% of the total
Medicare budget is spent on ,1% of the population
(1,5,6). Although much of the cost is related to the
dialysis treatment, approximately 20% is secondary to
hospitalization (1). Because of increasing functional
impairment that begins soon after dialysis initiation
(7), patients with ESKD experience 1.6–2.8 falls per
person-year, which are associated with 4.4 and 2.5
times greater risks of hip fracture and mortality,
respectively, than patients not on dialysis (8–10).

Several factors are responsible for the poor quality
of life and marked functional impairment in patients
on dialysis, including high burden of comorbid

disease and dialysis-related side effects. In other
chronic disease populations, increasing physical ac-
tivity through exercise has been reported to improve
quality of life, improve physical function, and reduce
hospitalization (11,12). Despite the potential physical
and psychologic benefits associated with exercise,
patients with ESKD are sedentary (13). A number of
barriers to exercise were identified in a study of
patients on hemodialysis (HD) in the United States,
including fatigue on dialysis and nondialysis days
and shortness of breath (14). Patients on HD also
identified a lack of time on dialysis days, a lack of
places to exercise, and costs associated with the use of
fitness facilities and public transportation as barriers
to exercise (15). Even when many of the barriers are
removed, recruitment, adherence to protocol, and
retention in exercise trials remain low, suggesting
that the trial design may not resonate with patients
(16,17). To our knowledge, patients with ESKD have
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not had an opportunity to participate in exercise trial
design. We, therefore, conducted a survey of patients on
dialysis to assess their perceived benefits and barriers to
exercise as well as preferred outcomes and exercise pro-
gram type by treatment modality and age; we anticipated
differences in responses by these broad patient categories
that might affect exercise trial design for patients with
ESKD.

Materials and Methods
Survey Design
We modified a survey that was used in a study of

American patients on dialysis that evaluated physical
function and barriers to exercise (14). A question was
added regarding dialysis modality, because the original
study was only in patients treated with HD. We removed
several of the questions on physical activity and function
and expanded the section on demographic data to include
the Charlson Comorbidity Index in lay terms (18). Ques-
tions were embedded within the survey to allow for
calculation of each patient’s frailty score (19).
Finally, we also expanded the exercise section to in-

clude questions about what type of exercise patients
would prefer (aerobic, resistance, or combined), location
where they would prefer to exercise (home, dialysis unit,
etc.), potential outcomes of an exercise program, and
whether they would be willing to participate in a future
exercise trial.
After the first draft of the survey was completed, a copy

was sent to the Patient and Family Advisory Council of the
Champlain Local Health Integration Network Regional
Renal Program. Members of the council made several
recommendations that were incorporated into the next
version of the survey, which was then reviewed by one
patient treated with HD and one patient treated with
peritoneal dialysis (PD). Additional modifications were
made to the survey on the basis of their input to develop the
final version of the survey (Supplemental Appendix).
We obtained research ethics board approval at both

centers (Board of Record: Ottawa Health Science Network
Research Ethics Board), and the trial adhered to the
Declaration of Helsinki. Return of the survey was consid-
ered implicit consent to participate.

Study Population
Patients were recruited from two tertiary care hospitals

in Ottawa and Montreal (Ottawa Hospital and Centre
Hospitalier de l’Universite de Montreal, respectively), from
August to November 2017. We invited all adult English-
or French-speaking patients who had been treated with
HD or PD for at least 3 months to participate in the
survey. Patients with significant cognitive or visual im-
pairment that would prevent completion of the survey,
patients who could not read, and patients with significant
physical limitation that would prevent participation in an
exercise trial were excluded. There were approximately
1000 patients on HD and 250 patients on PD in the two
hospitals, of which we estimated approximately 70%
would be eligible.
Surveys were distributed to patients on PD and patients

on home HD during their regular home dialysis clinic visit.

Patients with ESKD treated with in-center HD were
approached during their regular HD sessions. The num-
ber/type of illnesses andweight loss over the last year were
determined from the patient’s electronic medical record
(EMR). The type of illness was used to verify the accuracy
of the patient-completed Charlson Comorbidity Index; the
number of illnesses (more than five) and weight loss (.5%
in 1 year) were used in addition to the embedded survey
data (too tired to exercise [for fatigue], able to walk one
block, and able to climb on flight of stairs) in the calculation
of the FRAIL scale score (Ottawa only). A score of three or
greater of five indicates frailty.

Statistical Analyses
The number of patients screened, reasons for exclusion,

and the number of patients who declined to participate
were documented.
Summary descriptive statistics were used to describe

patient responses to each question (mean and SD, median
and interquartile range, or percentage) and then separated
by dialysis treatment modality. In addition to dialysis
modality, we explored response by age ,65 versus $65
years old using chi-squared or Fisher exact tests as
appropriate. Statistical analysis was done with Microsoft
Excel (2016; Microsoft Inc., Redmond, WA) and JMP
(version 8.0; SAS Inc., Cary, NC).

Results
Study Population
A total of 607 patients were approached to participate in

the study (419 patients on in-center HD, 29 patients on
home HD, and 159 patients on PD); 423 completed and
returned the exercise survey (280 patients on in-center HD,
26 patients on home HD, and 117 patients on PD) (Figure
1). The average age of patients was 63615 years old, with
the patients on home HD being younger than the in-center
HD or PD populations (Table 1). The patients on home HD
were more likely to be employed, be married, and have a
higher income than the PD and in-center HD populations.
Only 10% and 15% of the in-center HD and PD population,
respectively, were working full time, about one half were
retired, and about 20% were on disability. The Charlson
Comorbidity Index and frailty scores were similar across
the modalities (Charlson Comorbidity Index from EMR
reported due to differences between EMR and patient-
reported illnesses).
Patients $65 years old compared with those ,65 years

old differed by employment, marital status, education,
income, and Charlson Comorbidity Index score but not by
frailty (Table 1).

Current Physical Activity
Over two thirds (68%) of patients walked at least 10

minutes at a time on at least 3 of the last 7 days. Over one
third (34%) participated in moderate physical activity, and
12% participated in vigorous physical activity. These
proportions did not differ by modality, but they were
significantly higher for younger versus older patients
(Tables 2 and 3). Eighty percent of patients reported being
able to climb one flight of stairs, and 76% could walk one
block.
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Benefits of Exercise
On a Likert scale from one (strongly disagree) to five

(strongly agree), the majority of patients (74%) believed
that exercise would be beneficial for them, and 57% either
agreed or strongly agreed that they would exercise if
advised to do so by their physician. These percentages were
higher in younger versus older patients and patients on
home HD (Figure 2).
When all modalities were analyzed together, the top two

desired benefits of exercise were improved energy and
strength. The third priority differed by modality, such
that improved sleep, maintenance of independence,
and longevity were selected by patients on PD, patients
on in-center HD, and patients on home HD, respectively
(Figure 3).
When the desired benefits of exercise were analyzed by

age, older patients were more interested in improvements
in energy and strength and maintenance of independence,
whereas younger patients were most interested in improv-
ing their energy, increasing longevity, and improving
transplant candidacy (Supplemental Figure 1).

Barriers to Exercise
When asked about ability and desire to exercise, only 8%

of patients indicated that they were not interested in
exercise. Of the remainder, 25% of patients reported no
difficulty with exercise, whereas 29% and 37% reported a
desire to exercise but either had difficulty with exercise or
were unable to exercise, respectively. For those patients
who stated that exercise was difficult or impossible, the
most commonly cited reasons of 13 possibilities were
feeling too tired, too weak, or short of breath (Figure 4).
Notably, almost 90% of patients on home HD listed
weakness as a barrier to exercise compared with approx-
imately 50% of patients on in-center HD and patients on
PD. Inability to design a good exercise program, lack of

knowledge about safe exercises, and cost were ranked
fourth, fifth, and sixth. There were no significant differ-
ences in desire or ability to exercise between patients
treated with different dialysis modalities, with the excep-
tion that none of the patients on home HD indicated that
they did not want to exercise.
Results were very similar when assessed by older ($65

years old) and younger (,65 years old) patients, except that
older patients were more concerned about their ability to
develop a good exercise program (ranked this as the third
highest barrier) (Supplemental Figure 2).

Location and Type of Exercise Program
When patients were asked where they would prefer to

exercise, they listed their home (73%) as their preferred
exercise location followed by their neighborhood (33%), the
gym (30%), and lastly, the HD unit (23%). The home was
favored by every dialysis modality and by older and
younger patients (Tables 2 and 3). Patients on in-center HD,
patients on home HD, and patients $65 years old ranked
the neighborhood second, whereas patients on PD and
patients ,65 years old ranked the gym above their
neighborhood.
The majority of patients indicated that they would prefer

an exercise program that consisted of both aerobic and
resistance training (41%) versus either (22% aerobic only
and 21% resistance only) or neither (17%). Although the
results by modality were not different statistically, the
patients on home HD seemed to be the most interested in
an exercise program that included resistance training
(Table 2). Combined aerobic and resistance training was
preferred, regardless of age (Table 3).
Approximately one half of the surveyed patients in-

dicated that they would be interested in participating in a
future exercise trial (48% of patients on in-center HD, 52%
of patients on PD, and 72% of patients on home HD). When

607 Patients on Dialysis Screened 

       • 419 Patients on iHD

       • 159 Patients on PD

       • 29 Patients on Home HD

102 patients did not receive a survey

       • 33 – cognitive impairment

       • 18 – mobility impairment

       • 1 – amputation

       • 4 – visual impairment

       • 42 – language barrier

       • 4 – too unwell to complete

82 patients declined

423 Patients on Dialysis Participated

       • 280 Patients on iHD

       • 117 Patients on PD

       • 26 Patients on Home HD

Figure 1. | Participant flow diagram. Seventy percent of screen participants completed a survey. iHD, in-center hemodialysis; PD, peritoneal
dialysis.
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evaluated by age, 46% of older patients were interested in
participating in an exercise trial compared with 58% of
younger patients.

Discussion
Patients with ESKD are sedentary in spite of all of the

potential benefits of exercise in this patient population. In
the few randomized, controlled trials that have been
published about patients on in-center HD, the recruitment
and retention rates are low. Almost nothing is known about
patients on PD or patients on home HD. For this reason, we
undertook this multicenter survey of patients with ESKD
treated with PD, in-center HD, or home HD in anticipation

of designing future patient-oriented exercise trials. We
identified several barriers to exercise in this population—
predominately fatigue, shortness of breath, and weakness.
In addition, patients are primarily interested in exercise as a
mechanism to improve quality of life as opposed to reduce
heart disease and hospitalization. Results across modalities
are fairly similar; greater differences of opinion were seen
when assessed by age.
More than 30% of the patients who completed our survey

had not walked at least 10 minutes at a time on three
occasions over the last week; very few engaged in vigorous
physical activity. Our results are in agreement with several
other studies. Fatigue has been described as a primary
barrier to exercise participation in patients with ESKD

Table 1. Demographic and comorbidity data of study participants

Variable
All Patients,

423
In-Center HD,

280
PD, 117

Home HD,
26

$65 yr,
211

,65 yr,
201

Age, yr 63615 63615 64615 53612a 7467 51611b

Men, no. (%) 254 (61) 163 (59) 76 (66) 15 (58) 132 (63) 120 (59)
Race, no. (%)
White 257 (61) 165 (59) 73 (64) 19 (73) 147 (70) 108 (54)
Black 43 (10) 33 (12) 10 (9) 0 (0) 17 (8) 23 (11)
Other 123 (29) 81 (29) 34 (29) 7 (27) 47 (22) 70 (35)

Employment status, %
Full time 51 (12) 26 (9) 17 (15) 7 (31)a 3 (1) 48 (24)b

Part time 27 (6) 17 (6) 7 (6) 3 (12) 8 (4) 18 (9)
Disability 94 (23) 67 (24) 20 (18) 7 (27) 11 (5) 80 (40)
Unemployed, L 3 (1) 2 (1) 1 (1) 0 (0) 0 (0) 2 (1)
Unemployed, NL 7 (2) 5 (2) 2 (2) 0 (0) 2 (1) 5 (3)
Student 5 (1) 3 (1) 1 (1) 1 (0) 0 (0) 5 (3)
Retired 207 (50) 136 (49) 65 (57) 6 (23) 182 (87) 22 (11)
Not in paid work 11 (3) 9 (3) 1 (1) 1 (0) 1 (10) 10 (5)
Prefer Not to Answer 9 (2) 9 (3) 0 (0) 0 (0) 1 (10) 8 (4)
No response 2 (1) 2 (1) 0 (0) 0 (0) 1 (10) 1 (1)

Household income,
Canadian $ (%)

,$10,000 43 (11) 34 (12) 7 (6) 2 (8)a 10 (5) 30 (16)b

$10,000–$24,999 99(24) 75 (28) 22 (20) 2 (8) 48 (23) 51 (26)
$25,000–$74,999 113 (28) 65 (24) 37 (33) 11 (42) 65 (32) 46 (24)
.$75,000 57 (14) 28 (10) 22 (20) 7 (22) 28 (14) 29 (15)
PNA 90 (21) 65 (24) 21 (19) 4 (16) 50 (24) 37 (19)
No response 6 (2) 4 (2) 2 (2) 4 (15) 5 (2) 1 (1)

Marital status, %
Single 97 (23) 67 (22) 25 (22) 5 (19)a 23 (11) 73 (37)b

Married/common law 215 (51) 122 (44) 74 (64) 19 (73) 122 (58) 90 (45)
Separated/divorced 45 (11) 39 (14) 5 (4) 1 (4) 22 (11) 21 (10)
Widowed 40 (10) 31 (11) 8 (7) 1 (4) 34 (16) 5 (2)
PNA 17 (4) 15 (5) 2 (2) 0 (0) 6 (3) 10 (5)
No response 3 (1) 2 (1) 1 (1) 0 (0) 2 (3) 1 (1)

Education, %
Elementary or less 49 (12) 30 (11) 16 (14) 3 (12) 34 (16) 14 (7)b

High school 110 (26) 71 (26) 33 (29) 6 (23) 48 (22) 60 (30)
Trade certificate 31 (7) 21 (8) 10 (9) 0 (0) 19 (9) 10 (5)
College 86 (21) 54 (20) 25 (22) 7 (27) 34 (16) 51 (26)
University 61 (15) 43 (16) 11 (10) 7 (27) 31 (15) 30 (15)
Postgraduate 37 (9) 22 (8) 12 (10) 3 (12) 20 (10) 16 (8)
Prefer not to answer 36 (9) 29 (11) 7 (1) 0 (0) 18 (9) 17 (9)
No response 8 (2) 7 (3) 1 (1) 0 (0) 6 (3) 2 (1)

Frail score median (IQR), n=285 1 (0–2) 1 (0–2) 1 (0–2) 1 (0–1.5) 1 (0–2) 1 (0–2)
Charlson Comorbidity Index

median (IQR), n=291
4 (2–6) 4 (2–6) 4 (3–6) 3 (2–6) 5 (3–6) 3 (2–5)b

HD, hemodialysis; PD, peritoneal dialysis; L, looking; NL, not looking; IQR, interquartile range.
aStatistically different between modalities.
bStatistically different by age.

Clin J Am Soc Nephrol 14: 268–276, February, 2019 Exercise in ESKD, Moorman et al. 271



(14,20). Our results also suggest that fatigue is the main
barrier to exercise for Canadian patients on HD and
Canadian patients on PD. Although fatigue was one of

the top three barriers to exercise in our patients on home
HD, they reported weakness as the primary barrier to
exercise more often than those patients treated with

Table 2. Current levels of physical activity and exercise preferences by modality

Variable All Patients, 423 In-Center HD, 280 PD, 117 Home HD, 26 P Value

Current physical activityc

Walk 10 min 287/423 (68%) 198/280 (71%) 71/117 (61%) 18/26 (69%) 0.35
Moderate 143/423 (34%) 90/280 (32%) 40/117 (34%) 13/26 (50%) 0.37
Vigorous 49/423 (12%) 34/280 (12%) 11/117 (9%) 4/26 (15%) 0.47

Desire to exercise
No difficulty 105/416 (25%) 70/275 (25%) 29/116 (25%) 7 (28%) 0.29
Difficult 120/416 (29%) 80/275 (29%) 33/116 (28%) 7 (29%)
Cannot 152/416 (36%) 103/275 (37%) 38/116 (33%) 11 (44%)
Do not want to 34/416 (8) 19/275 (7%) 15/116 (13%) 0 (0%)
No response 7/423 (1%) 5/280 (1) 1/117 (1%) 1 (0%)

Type of exercisea

Resistance 76/370 (21%) 49/246 (20%) 19/99 (19%) 8/25 (31%) 0.37
Aerobic 80/370 (22%) 56/246 (23%) 23/99 (23%) 1/25 (4%) 0.04
Both 150/370 (41%) 94/246 (38%) 42/99 (42%) 14/25 (58%) 0.21
Neither 64/370 (17%) 47/246 (19%) 15/99 (15%) 2/25 (8%) 0.26

Place of exerciseb

Home 276/377 (73%) 174/252 (69%) 87/100 (81%) 20/25 (80%) 0.03
Neighborhood 123/377 (33%) 83/252 (33%) 29/100 (27%) 13/25 (52%) 0.07
HD unit 82/377 (22%) 68/252 (27%) 7/100 (7%) 7/25 (28%) 0.001
Gym 111/377 (29%) 66/252 (26%) 32/100 (32%) 13/25 (52%) 0.03

HD, hemodialysis; PD, peritoneal dialysis.
aDoes not include patients who did not want to exercise (n=34, 19, 15, and 0, respectively) or did not respond (n=19, 15, 3, and 1,
respectively) across each category.
bDoesnot includepatientswhodidnotwant toexercise (n=34,19,15,and0, respectively)ordidnotanswer (n=12,9, 2, and1, respectively)
across each category; patients could pick multiple response categories.
cPercentage of all patients for each category of physical activity.

Table 3. Current levels of physical activity and exercise preferences by age

Variable $65 yr, 211 ,65 yr, 201 P Value

Current physical activityc

Walk 10 min 123/211 (58%) 156/201 (78%) 0.001
Moderate 58/211 (28%) 80/201 (40%) 0.01
Vigorous 14/211 (7%) 33/201 (16%) ,0.01

Desire to exercise
No difficulty 47/208 (23%) 55/198 (28%) 0.24
Difficult 56/208 (27%) 62/198 (31%)
Cannot 81/208 (39%) 69/198 (39%)
Do not want to 22/208 (11%) 11/198 (6%)
No response 3/211 (1%) 3/201 (1%)

Type of exercisea

Resistance 42/178 (22%) 35/185 (18%) 0.40
Aerobic 42/178 (23%) 37/185 (20%) 0.48
Both 56/178 (30%) 98/185 (51%) ,0.001
Neither 39/178 (25%) 18/185 (6%) ,0.001

Place of exerciseb

Home 141/184 (77%) 133/187 (71%) 0.13
Neighborhood 51/184 (28%) 71/187 (38%) 0.04
HD unit 41/184 (22%) 39/187 (21%) 0.72
Gym 28/184 (15%) 80/187 (43%) ,0.001

HD, hemodialysis; PD, peritoneal dialysis.
aDoesnot includepatientswhodidnotwant toexercise (n=22and11, respectively)ordidnot respond (n=11and5, respectively)byagecategory.
bDoes not include patients who did not want to exercise (n=22 and 11, respectively) or did not respond (n=5 and 3, respectively) by age
category; patients could pick multiple response categories.
cPercentage of all patients for each category of physical activity.
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in-center HD or PD. It is unclear why such a large
proportion of patients treated with home HD reported
weakness as their primary barrier to exercise, especially

given their younger age compared with other patients on
dialysis. Our patients on home HD dialyze 3–5 d/wk,
mostly on a nocturnal schedule. The additional workload

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Exercise is beneficial

Exercise is as important

as BP/diet/fluids

All Patients

In-Center HD

PD

Home HD

Age >65

Age <65

I would exercise if

advised to do so

Figure 2. | Exercise is important to dialysis patients regardless of modality. HD, hemodialysis; PD, peritoneal dialysis.

All Patients In-Center HD PD Home HD

0% 5% 10% 15% 20% 25% 30%

Improve Your Energy

Improve Transplant Candidacy

Improve Your Strength

Increase the Length of

Your Life

Improve Your Sleep

Help You Stay Independent

 Decrease Your Weight

Decrease Your Risk of Falls

Decrease Your Blood Pressure

Decrease Your Blood Sugar

  Improve Your Mood

  Decrease Complications of

Heart Disease

Decrease Your Risk of

Being Hospitalized

  Increase Self Esteem

Decrease Your Cholesterol

Other

 Make New Friends

Decrease Your Risk of

Heart Disease

Decrease Restless Legs

Figure 3. | Quality of life benefits are the most important exercise related outcomes for dialysis patients regardless of modality. HD,
hemodialysis; PD, peritoneal dialysis.

Clin J Am Soc Nephrol 14: 268–276, February, 2019 Exercise in ESKD, Moorman et al. 273



associated with machine setup/take down may lead to the
perception of weakness. Alternatively, it is possible that the
longer and/or more frequent dialysis sessions may result in
enhanced removal of molecules, such as carnitine, that are
important for muscle function, but this is speculative.
One of the major difficulties with exercise research in the

dialysis population has been recruiting and retaining
patients in studies. There are several potential reasons
for this. There may be a disconnect between researcher and
patient priorities in terms of location and objectives. There
seems to be an increasing interest in evaluating the role of
intradialytic cycling exercise programs as a way to increase
physical activity in the population of patients on HD
(21,22). However, in our study, the HD unit seems to be the
least preferred location in which to exercise. This observa-
tion is supported by several other studies. Patients on HD
had concerns about the burden created by intradialytic
exercise programs on already busy staff (23). The staff
similarly has concerns about the feasibility of maintaining
an intradialytic exercise program (23,24). Patients also
expressed concerns about the safety of intradialytic exercise
and did not want other patients or staff to watch them
exercise (23). The problem does not seem to be the cycling
intervention, because an intradialytic low-intensity
strength training pilot feasibility trial also had about one
third of eligible patients decline to participate on the basis
of a lack of interest (25). Designing an intervention that
takes place in the HD unit also excludes a large proportion

of patients with ESKD who dialyze at home. Although it
may be necessary to design modality-specific exercise
protocols, our study suggests that the two patient pop-
ulations seem to have similar barriers to exercise and desire
similar outcomes. Even when the exercise intervention
seems to be in the right location on the basis of our survey,
recruitment of patients and maintenance of high levels of
participation remain challenging. The Exercise Introduc-
tion to Enhance Performance in Dialysis Patients trial
included a simple walking intervention in the home to
determine whether exercise could improve physical func-
tion and measures of quality of life (16). Almost 40% of
eligible patients declined. Of the participants who were
randomized to the intervention exercise arm, level of
adherence to the program was low in 47%, and twice as
many patients in the exercise group did not complete the
study compared with the control group. For patients
burdened with fatigue and weakness, anything beyond
maintenance of activities of daily living may be over-
whelming. This is consistent with almost 70% of our
patients stating that they walked .10 minutes at a time
on at least 3 days in the last week, but only 25% of our
participants said that they could exercise without difficulty.
Perhaps if the walking program had been incorporated into
activities, such as walking into the dialysis unit or going
shopping, the retention rates would have been greater.
Additional patient motivators, such as pedometers or
enrollment in social networks, may also be necessary to

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Too Tired

Too Weak

Shortness of Breath

Don't Know How to
Make A Good Program

Don't Know What
Exercises Are Safe

Can't Afford It

Don't Have Anyone to
Exercise With

Can't Travel

Arthritis Pain

No Time

Chest Pain

Don't Want Anyone
To See Me

Too Depressed

All Patients In-Center HD PD Home HD

Figure 4. | Barriers to exercise exist for many dialysis patients regardless of modality. HD, hemodialysis; PD, peritoneal dialysis.
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help patients remain motivated in future exercise trials
(26,27). It is also unclear if the patients understood the
implications of improvements in the Kidney Disease
Quality of Life, Short Form and the five sit-stand test as
measures of quality of life and strength, which would have
been logical outcomes on the basis of our study results.
A few additional issues were highlighted in our study

that have implications for future trials. Cost still remains a
barrier to exercise and must be considered in trial design.
The most popular exercise program desired by patients on
dialysis included a combination of aerobic and resistance
exercises. This is consistent with the results of the study
conducted by Cho et al. (22), in which the combination
exercise group had the lowest dropout due to loss of
interest. This study, however, had a limited sample size,
and larger studies will be needed to confirm these findings.
Age seemed to have a greater effect on opinions about
exercise than dialysis modality. Patients with ESKD over
the age of 65 years old appeared to be less active than their
younger counterparts. The primary desired benefit of
exercise—improvement in fatigue—did not differ by age.
However, there were notable differences in other desired
outcomes, with improvement in strength and maintenance
of independence being critical to older patients compared
with longevity and transplant candidacy for younger
patients. This has important implications in trial design
and messaging for recruitment into exercise trials. Al-
though the majority of patients felt that exercise would be
beneficial for them, only 57% either agreed or strongly
agreed that they would exercise if advised to do so by their
physician. About the same percentage stated that they
would be willing to participate in an exercise trial. This will
be important to consider in sample size calculations and
also, study design, in which interventions that contribute to
maintenance of behavior modification will be vital to the
success of the trial.
Our study has a number of limitations. We excluded

patients who were unable to read in English or French,
potentially excluding ethnic minorities who may have
different opinions about exercise. We also excluded indi-
viduals who were unlikely to be able to participate in a
future exercise trial, such as patients with amputation of
one or both lower limbs. These individuals may also benefit
from exercise, but we did not collect information about
their perceptions of exercise. We are also unable to
comment on differences by frailty, because very few of
our patients were classified as frail by the FRAIL scale. This
may be secondary to the performance characteristics of the
scale or our exclusion criteria. Lastly, we did not approach
patients in our satellite dialysis units for logistical reasons,
limiting our conclusions to the patient populations living
within the cities of Ottawa and Montreal, and our study
may not reflect the opinions of patients in our more rural
communities.
In conclusion, the majority of patients on dialysis in-

cluded in this study, regardless of modality, believe that
exercise would be beneficial, but they report several
barriers to participating in an exercise program that will
need to be addressed in any future trials. The fatigue and
weakness experienced by patients may mandate an exer-
cise program that can be incorporated into their activities of
daily living at home or in the neighborhood. Patients are

predominantly interested in improvements in quality of life
(fatigue, weakness, and sleep) as their desired exercise
outcomes such that these need to be highlighted in trial
design, which may enhance recruitment and retention
rates.
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