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ABSTRACT

There is increasing evidence showing the health benefits of physical activity, such as better survival and possibly even a
slower decline in kidney function, in people with chronic kidney disease (CKD). There is convincing evidence that exercise
training improves physical function measured as aerobic capacity, muscle endurance strength and balance at all ages and
all stages of CKD. In fact, long-term adherence to well-designed and adequately monitored exercise training programmes is
high. In general, patients express interest in exercise training and are motivated to improve their physical function and
health. A growing number of nephrologists regard physical activity and exercise training as beneficial to patients with CKD.
However, many feel that they do not have the knowledge to prescribe exercise training and suppose that patients are not
interested. Patients state that support from healthcare professionals is crucial to motivate them to participate in exercise
training programmes and overcome medical, physical and psychological barriers such as frailty, fatigue, anxiety and fear.
Equally important is the provision of funding by healthcare providers to ensure adequate prescription and follow-up by
trained exercise physiologists for this important non-pharmacological treatment.

Keywords: adherence, barriers, chronic kidney disease, dialysis, exercise training, GFR, physical activity, physical function,
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INTRODUCTION

A growing number of nephrologists around the world regard
physical activity and exercise training as an integral part of the
care of patients with chronic kidney disease (CKD). The Kidney
Disease: Improving Global Outcomes (KDIGO) 2012 Clinical
Practice Guideline for the Management of CKD recommends
that ‘people with CKD be encouraged to undertake physical ac-
tivity compatible with cardiovascular health and tolerance (1D)’
[1]. For clinicians, level 1 means that ‘most patients should re-
ceive the recommended course of action’, for policymakers it

means that ‘the recommendation can be evaluated as a candi-
date for developing a policy or performance measure’ and for
patients it means ‘most people in your situation would want
the recommended course of action and only a small proportion
would not’. However, the evidence rating was D, which is very
low, implying ‘the estimate of effect is very uncertain, and often
will be far from the truth’.

Now, nearly 10 years later, there is more evidence, including
several larger randomized controlled clinical trials and a num-
ber of meta-analyses. This overview will describe the effects of
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exercise training on factors such as mortality, morbidity, pro-
gression of kidney disease and physical function in patients
with CKD Stages 3–5D. It will also discuss adherence to exercise
training programmes and facilitators and barriers that affect
motivation.

MORTALITY AND SELF-REPORTED PHYSICAL
ACTIVITY

Physical activity affects survival and health in the general popu-
lation. There is similar evidence from observational studies in
patients with CKD. Generally, people with CKD Stage �3 have
lower levels of physical activity than their healthy counterparts
[2]. In a recent systematic review studying non-dialysis-
dependent (NDD) patients with CKD ranging from Stage 1 to 5
as well as renal transplant recipients, reduced physical activity
was associated with higher mortality [3]. Observational studies
comprising people with CKD at any stage have shown that
higher levels of physical activity are associated with lower mor-
tality [2, 4, 5]. In the Dialysis Outcomes and Practice Patterns
Study, an exercise frequency of more than one session per week
was associated with lower mortality risk [6].

MORTALITY AND MEASURED PHYSICAL
FUNCTION

Recently a systematic review in NDD patients with CKD found
that aerobic capacity and muscle endurance in the lower ex-
tremities, notably gait speed and ability to stand up from a
chair, were associated with increased all-cause mortality [3].
Several studies have reported an association between lower gait
speed and decreased muscular endurance in the legs and higher
mortality in people with CKD Stages 2–5D [7, 8]. In one study in
patients on haemodialysis (HD), the peak volume of oxygen
(VO2) was found to be a strong predictor of survival [9].

PHYSICAL FUNCTION AND PHYSICAL
ACTIVITY DETERIORATE AS GLOMERULAR
FILTRATION RATE (GFR) DECLINES

As GFR declines, physical function deteriorates. This relation-
ship is consistent whichever measure of physical function is
used. Several cross-sectional studies found significant negative
relationships between GFR and maximal exercise capacity [10],
walking distance [11], strength, balance and fine motor skills
[12]. A recent large cross-sectional study in patients with CKD
ranging from Stage 1 to 5D showed that self-reported physical
inactivity is highly prevalent across all stages of CKD, with 66%
reporting insufficient physical activity in Stages 1 and 2 to >90%
of patients on dialysis [13].

RELATIONSHIP BETWEEN PHYSICAL
FUNCTION, PHYSICAL ACTIVITY AND KIDNEY
FUNCTION

Not only does physical function deteriorate as CKD progresses,
but low physical function might also affect the rate of progres-
sion. One meta-analysis studied the effects of exercise training
on GFR and found that exercise training improved estimated
GFR (eGFR) by 2.16 mL/min/1.73 m2 [14]. However, this improve-
ment was driven by three studies comprising 8–14 patients
exercising for 3–12 months; there were no within-group effects.
Another meta-analysis showed that exercise increased eGFR by

2.62 mL/min/1.73 m2; however, this increase was only found in
studies with an observation period <3 months. In studies with
an observation period of 3–12 months, there was no group effect
of exercise training on eGFR [15]. The largest study included in
the meta-analysis is the Landmark study, a randomized con-
trolled trial (RCT) comprising 72 patients who completed the 12-
month study period with unchanged eGFR in both the exercise
and control arms [16]. The Renal Exercise (RENEXC) trial, a RCT
with two active arms comprising 112 patients who completed
12 months of exercise training, reported a decline in measured
GFR of 1.8 mL/min/1.73 m2 in both groups with no between-
group difference. Interestingly, the endurance and resistance
group showed a significant reduction in the urine albumin:crea-
tinine ratio compared with the endurance and balance group;
there was a between-group difference [17].

Observational studies have found an association between
higher levels of self-reported physical activity and a slower rate
of eGFR decline [4, 18] as well as a dose-dependent relationship
between the level of physical activity and loss of eGFR. A level
of physical activity >150 min/week was related with the slowest
decline in eGFR, while the highest degree of inactivity was re-
lated with the fastest decline [4, 18]. Measured physical function
has also been found to be associated with a decline in eGFR. A
higher fitness level in US veterans was associated with a lower
risk of acquiring CKD [19]; handgrip strength (HGS) and the 1-
min step test in the upper 50th percentile were associated with
a slower progression to end-stage kidney disease (ESKD) [20].

To summarize, there are indications that exercise training
slows the progression of GFR. However, for conclusive evidence,
longitudinal prospective studies need to be performed.
Moreover, GFR should be measured rather than estimated in or-
der to eliminate a confounding effect of increased muscle mass.
On the one hand, exercise can increase muscle mass, as has
been shown in NDD CKD patients at Stages 3A–5 [21]; on the
other hand, in observational studies, highly active people will
have a higher muscle mass and may falsely be classified as hav-
ing CKD based on eGFR. Finally, an observation period of at least
12 months is recommended.

EFFICACY OF SUPERVISED EXERCISE TRAINING

Characteristics of the meta-analyses referred to and an over-
view of the reported effects of different exercise training
regimes on various measures of physical function are given in
Tables 1 and 2. The reviews comprise studies with in-centre
group training, intradialytic (ID) training, home- or gym-based
training, aerobic training only, resistance training only and a
combination of both.

NDD CKD

We found three meta-analyses including NDD patients with
CKD. Two of the reviews provided the number of patients in
each study, comprising a total of 357 and 354 patients, respec-
tively [14, 23]. All meta-analyses showed positive effects of exer-
cise training on aerobic capacity measured as peak VO2. One
review analysed the effect of exercise training on the 6-min
walk test (6MWT) and found no effect [22]. Two reviews showed
positive effects on leg muscle strength [14, 22].

To date there are three larger RCTs comprising a total of 330
patients. The Landmark study, with a total of 72 patients
exercising for 12 months [33], the study by Rossi et al., with 107
patients exercising for 12 weeks, and the RENEXC trial, with 151
patients exercising for 12 months [17]. The Landmark study and
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Table 1. Descriptive data of recent systematic reviews and meta-analyses of the effects of exercise training in patients with NDD CKD and
ESKD

Meta-analyses
Studies,

n
Participants,

n (men/women)

Age
(years),
rangea

ESKD
Interdialytic exercise

ESKD ID
exercise

NDD CKD
exercise Duration

(months),
rangebAt home In-centre At home In-centre

Vanden Wyngaert et al. [14] 11 362 51–72 NA NA NA Yes Yes 3–12
Heiwe and Jacobson [22] 41 NA 36–71 Yes Yes Yes Yes Yes 2–18
Barcellos et al. [23] 59 2665 NA Yes Yes Yes Yes Yes 2–12
Andrade et al. [24] 7 243 (153/90) NA NA NA Yes NA NA 3–12
Bogataj et al. [25] 33 1274 40–70 Yes Yes Yes NA NA 2–10
Clarkson et al. [26] 27 1156 36–70 Yes Yes Yes NA NA 2–6
Ferrari et al. [27] 50 2062 NA NA NA Yes NA NA NA
Huang et al. [28] 20 677 30–70 Yes Yes Yes NA NA 2–12
Lu et al. [29] 21 898 (382/516) 45–71 Yes Yes Yes NA NA NA
Pu et al. [30] 27 1215 (723/492) 53 NA NA Yes NA NA 2–12
Scapini et al. [31] 31 1251 NA NA Yes Yes NA NA 2–12
Young et al. [32] 8 354 41–70 NA NA Yes NA NA 3.5

aAge, given as range, of participants in the individual studies of the meta-analysis (except in the review by Pu [30] where mean age was given). bDuration of exercise in-

tervention in the individual studies of the meta-analysis (except in the review by Young et al. [32], where the mean duration of the exercise intervention was given).

Interdialytic exercise: exercise on non-dialysis days; ID exercise: exercise during HD; NA: no data available or not studied.

Table 2. Overview of effects of exercise training in patients with NDD CKD and patients with ESKD (comprises HD and PD) from recent system-
atic reviews and meta-analyses

Meta-analyses Type of exercise

Aerobic capacity Muscular
endurance

STS
ESKD

Muscle strength

Peak VO2 6MWT Leg HGS

NDD CKD ESKD ESKD NDD CKD ESKD ESKD

Vanden Wyngaert et al. [14] Aerobic
Combined

Increase
Increase

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Heiwe and Jacobson [22] Aerobic
Combined
Resistance

Increase
Increase
Increase

Increase
Increase
Increase

¼
¼
¼

NA
NA
NA

Increase
Increase
Increase

Increase
Increase
Increase

NA
NA
NA

Barcellos et al. [23] Aerobic
Combined
Resistance

Increase
Increase
Increase

Increase
Increase
Increase

NA
NA
NA

NA
NA
NA

Increase
Increase
Increase

Increase
Increase
Increase

NA
NA
NA

Andrade et al. [24] Aerobic
Combined

NA
NA

Increase
Increase

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

Bogataj et al. [25] Aerobic
Combined

NA
NA

Increase
Increase

Increase
Increase

Increase
Increase

NA
NA

NA
NA

NA
NA

Clarkson et al. [26] Aerobic
Combined
Resistance

NA
NA
NA

NA
NA
NA

Increase
¼

Increase

Increase
Increase
Increase

NA
NA
NA

NA
NA
NA

Increase
NA
NA

Ferrari et al. [27] Aerobic
Combined
Resistance

NA
NA
NA

Increase
Increase

NA

Increase
¼

Increase

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Huang et al. [28] Aerobic
Combined
Resistance

NA
NA
NA

Increase
NA

Increase

Increase
¼
¼

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Lu et al. [29] Aerobic
Combined
Resistance

NA
NA
NA

NA
NA
NA

Increase
¼

Increase

Increase
Increase
Increase

NA
NA
NA

¼
¼

Increase

Increase
¼

Increase
Pu et al. [30] Aerobic

Combined
Resistance

NA
NA
NA

Increase
Increase
Increase

Increase
Increase
Increase

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Scapini et al. [31] Aerobic
Combined
Resistance

NA
NA
NA

Increase
¼

Increase

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Young et al. [32] Aerobic NA ¼ Increase NA NA NA NA

Increase: statistically significant effect of exercise training; =: no effect of exercise training, NA: no data available or not studied.

In NDD CKD, there were no data available for aerobic capacity measured as 6MWT, except in Heiwe and Jacoobson’s [22] review, where no effect was reported.

In NDD CKD, there were no data available for muscular endurance measured as STS, strength measured as HGS or balance.

In ESKD, there were no data available for balance except in Clarkson et al.’s [26] review, where no effect was reported.
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Rossi et al. compared exercise training with standard care. The
RENEXC trial had two active arms of intervention: endurance
and resistance training or endurance and balance training. The
study by Rossi et al. and the RENEXC trial were not included in
the most recent meta-analysis by Vanden Wyngaert et al. [14].
The participants in these three studies had CKD Stages 3–5,
with a mean age of 60–69 years. Only one study, the RENEXC
trial, specified using intention-to-treat (ITT) analysis [17]. In the
Landmark trial, the patients had 8 weeks of in-centre supervised
training for 150 min/week, after which they were given individ-
ually adapted home-based programmes and were contacted
regularly to monitor progress. In Rossi et al.’s study, patients
had supervised in-centre exercise training twice a week. The
RENEXC trial prescribed individually tailored gym- or home-
based training for 150 min/week with regular telephone follow-
up by the study physiotherapist every week for the first
3 months and every other week for the remaining study period.
All studies showed an increase in the 6MWT. Rossi et al. and the
RENEXC trial showed an improvement in the sit-to-stand (STS)
test. The RENEXC trial showed improved muscle strength and
endurance in the leg muscles, improved balance and improved
fine motor skills, but no improvement in HGS. The Landmark
trial showed an increase in metabolic equivalents (METs).

To summarize, exercise training is effective in increasing
aerobic capacity and muscle endurance and strength in the
lower extremities. However, there are few large long-term stud-
ies. Few studies have employed ITT to evaluate their results.

Maintenance dialysis

We found 11 meta-analyses comprising 11 438 patients with
ESKD; most of the patients were on HD, but some studies in-
cluded patients on peritoneal dialysis (PD). It is important to
note that many reviews include the same studies in their analy-
sis, so the actual number of patients who have participated in
exercise training studies is considerably less. All meta-analyses
reviewed ID training, i.e. during HD, and seven reviews also in-
cluded interdialytic training, i.e. on non-dialysis days.

All found that exercise training increased aerobic capacity,
measured with peak VO2 in eight reviews and the 6MWT in
seven reviews. Three reviews reported positive effects of aero-
bic training only or combined training on peak VO2 [27, 28, 31];
one review found no effect of resistance training only on peak
VO2 [31]. Three reviews found positive effects of aerobic only or
resistance training only on the 6MWT [26, 27, 29]. Four reviews
found no effect of combined training on the 6MWT [26–29].
Three reviews reported that all described exercise training mo-
dalities had a positive effect on muscle endurance measured
with the STS test [25, 26, 29]. Two reviews reported an increase
in leg muscle strength with all types of exercise training [22, 23],
while one review found that only resistance training increased
leg muscle strength [29].

Eighteen of the studies included in the meta-analyses com-
prised between 50 and 100 patients. We found four studies com-
prising >100 patients: Van Vilsteren et al. [35] with 103, Tao et al.
[36] with 113, Manfredini et al. [37] with 296 and Bennett et al.
[38] with 228. Van Vilsteren et al. [35] randomized 103 patients to
strength training before the dialysis session followed by ID cy-
cling two to three times a week for 12 weeks. Each patient also
received four sessions of individual exercise counselling. They
found significant improvements in muscle endurance mea-
sured with the STS test and leg muscle strength, but not in peak
VO2. Tao et al. [36] conducted a nurse-supervised case manage-
ment programme with person-to-person counselling. A total of

113 patients were randomized to 6 weeks of biweekly exercise
training before dialysis, followed by a 6-week observation pe-
riod or 6 weeks of biweekly exercise training before dialysis and
weekly health and exercise counselling for the first 6 weeks fol-
lowed by 6 weeks of biweekly counselling. The patients in the
counselling group improved their general endurance, measured
as gait speed, and their muscle endurance, measured with the
STS test. There was a significant group effect for gait speed.
Results were analysed using ITT. Bennett et al. [38] randomized
228 patients in clinic clusters using a step-wedged design in
which patients were their own controls. They were prescribed
12–36 weeks of individualized resistance training during HD
three times a week, of which one session each week was super-
vised. Patients improved their muscle endurance as measured
with the STS test and the timed-up-and-go test.

The hitherto largest study is the EXerCise Introduction To
Enhance Performance in Dialysis (EXCITE) trial comprising 296
patients on either HD or PD. Patients were randomized to usual
care or 6 months of a home-based exercise (HBE) training pro-
gramme consisting of walking a predefined number of steps per
minute as determined by a metronome, which was increased
regularly according to each patient’s capacity. Dialysis nurses
were in daily contact with the patients to motivate them. The
exercise group showed significant improvements in the 6MWT
and STS test [37]. Results were analysed using ITT.

To summarize, most studies compared various forms of ex-
ercise training (in-centre or home-based, intra- or interdialytic)
to a usual care control group. The meta-analyses report a posi-
tive effect of exercise training on aerobic capacity, muscle en-
durance and strength. There are a number of small studies with
<20 participants and at least 16 studies with 50–80 patients. We
found four studies with >100 patients. All studies showed posi-
tive effects on aerobic capacity irrespective of the test used. The
largest studies measured muscle endurance and strength and
found positive effects. Some studies analysed their data using
ITT analysis, but most did not.

EFFICACY OF COUNSELLING

Several studies integrated some degree of counselling into their
programmes. Tao et al. [36] showed significant effects of an inte-
grated exercise prescription and counselling programme. An
early study showed that patients with NDD CKD and ESKD in-
creased their physical function with regular counselling by
weekly telephone calls [39]. Both the RENEXC and EXCITE trials
incorporated regular motivational contact by dedicated staff
[17, 37].

EXERCISE TRAINING IN THE ELDERLY

One meta-analysis studied the effects of exercise training in
people >60 years of age on dialysis, with inconclusive results
[40]. An early study compared 12 weeks of in-centre individual-
ized exercise training in patients with CKD Stages 4–5 and in
healthy subjects with their respective sedentary counterparts;
the average age was 75 years. Both the patients and the healthy
subjects showed a similar increase in walking distance, muscle
strength and endurance [41]. In a secondary analysis of the
EXCITE trial comprising patients >65 years of age, 6 months of
home-based walking improved the 6MWT and STS tests [42].

To summarize, older people with CKD Stages 4–5D benefit
from individualized exercise training. In fact, for this group, exer-
cise training can be especially important in order to preserve and
increase functional ability and maintain personal autonomy.
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EXERCISE TRAINING AND DIALYSIS EFFICACY

One meta-analysis showed increased dialysis efficacy as mea-
sured by Kt/Vurea after ID exercise [30]; another meta-analysis
found this effect was specifically due to aerobic training [31].

WHERE AND WHEN TO EXERCISE?

To date, there are a large number of studies from around the
world and from countries on every continent. For patients with
NDD CKD, in-centre supervised exercise training has often been
used initially to get patients accustomed to the training regime,
after which individually tailored home-based training has been
recommended. For patients with ESKD, ID training is most com-
monly prescribed, although interdialytic training, either in-
centre or home based, is also recommended. There are several
studies comprising 46–60 patients comparing ID with interdia-
lytic in-centre or home-based training, with observation periods
ranging from 4 to 6 months. Two of the studies found positive
effects of exercise training on aerobic capacity in all groups [43,
44]; one study found no effect [45].

TYPE OF EXERCISE

The most common form of exercise training is aerobic training,
such as cycling, walking and swimming. There are a few studies
prescribing resistance training only, but many advocate a com-
bination of endurance and resistance training using machines,
weights or therabands. Balance in combination with aerobic
training has been shown to be equally effective as a combina-
tion of resistance and aerobic training [17, 46]. Complemetary
and alternative exercise for enhancing physical well-being has
also been successfully employed in patients on HD. A RCT com-
prising 31 patients found that 12 weeks of yoga resulted in a
non-significant improvement in self-assessed physical function
[47]. A non-RCT comprising 172 patients found significantly less
fatigue in the group practicing qigong compared with the con-
trol group after 6 months [48]. A systematic review studied the
effects of inspiratory muscle training for a duration of 6–
24 weeks in 134 patients and reported a significant improve-
ment in the 6MWT [49].

DURATION AND DOSE OF EXERCISE

Most studies prescribed 20–60 min of exercise training two to
three times a week. Some studies following the World Health
Organization’s recommendations prescribed a weekly exercise
dose of 150 min of moderate-intensity activity with muscle-
strengthening activities involving major muscle groups at least
twice a week [50].

When prescribing exercise dose and intensity it is important
to acknowledge that many patients with CKD, both NDD and
ESKD, can be severely deconditioned, weak and frail and might
only be able to manage short sessions of physical activity con-
sisting of up to 10 min/day to begin with. However, it is impor-
tant to emphasize that even small doses of physical activity
confer significant health benefits and that even 40 or 90 min of
physical activity per week has been shown to reduce all-cause
mortality in people with chronic conditions [51]. Moreover, inac-
tive people can have the greatest benefit from low- to
moderate-intensity physical activity [51]. Thus it is important to
encourage patients to be physically active, but the dose and in-
tensity of activity must be adjusted to their level of functional
ability and physical function.

PARTICIPATION AND ADHERENCE

In order to be effective, an exercise training programme must at-
tract a majority of available participants and must be constructed
so that they are motivated to persevere. In this section, exercise
training studies will be evaluated according to (i) the proportion
of the total number of patients treated in the facility willing to
participate; (ii) adherence to therapy, described as the number of
possible sessions performed according to prescribed duration
and intensity; and (iii) adherence to the programme, described as
the number of patients who dropped out due to ‘lack of interest’.
An overview of these results is presented in Table 3 for patients
with NDD CKD and Table 4 for patients with ESKD.

Proportion of patients willing to participate

There is a considerable range in the literature between the per-
centage of randomized patients and the number of patients
screened or the source population (i.e. all CKD patients treated
in the study facility; see Tables 3 and 4). The source population
and number of screened patients are either equal [35, 44, 57],
differ substantially [36, 37, 53] or the numbers are not provided.
Moreover, whether patients who did not meet the inclusion/ex-
clusion criteria were excluded before or after the screening pro-
cedure differs from study to study. In studies in dialysis
patients, the proportion of randomized patients in the source
population ranged from 15% [36] to 40% [37] to 80% [35]; when
the entire source population was invited to participate, 48–80%
agreed [35, 44, 57]. In studies screening patients with NDD CKD,
the differences regarding participation are even more pro-
nounced, ranging from 5% [63] to 16% [56] to 70% [17] to >90%
[53]. In the studies with low participation rates, there is either a
pre-selection of patients due to strict inclusion/exclusion crite-
ria or a high percentage of patients who were not interested. In
some studies, the number of screening failures, defined as
patients declining participation due to a lack of interest, equals
or exceeds the number of randomized patients [54–56, 58, 60].
However, there are a considerable number of studies with
patients on dialysis as well as with NDD CKD characterized
by a relatively high percentage of randomized patients com-
pared with screened patients/source population and a low
number of screening failures [17, 34, 35, 37, 38, 43, 44, 52, 53, 57,
61, 64, 65].

Adherence to prescribed therapy

The attendance rate to the prescribed exercise sessions and the
quality of exercise, defined as being performed according to the
prescribed duration and intensity, are important for the sus-
tainability of an exercise programme. The percentage of possi-
ble training sessions completed in the studies is shown in
Tables 3 and 4. Most long-term studies (>6 months) showed at-
tendance rates of >60% [17, 33, 37, 57, 58].

The quality of exercise was rarely reported. In some studies
it was self-reported using patient questionnaires. In centre-
based training, objective measurements such as weekly training
volume for strength training [55] or mean power per session for
aerobic training [57] were reported; in home-based training,
metronomes and/or pedometers were used [37, 66].

Adherence to the programme

Interestingly, the dropout rates were relatively low, especially if
non-motivational dropouts due to death, transplantation (TX)
or illness were excluded. In the latter case, adherence was often
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>80% (>60% without any exclusions), even for studies running
>6 months [17, 33, 45, 57, 58, 67]. The EXCITE trial, which had
broad inclusion criteria for HBE in patients on dialysis, reported
an adherence of 89% (77% without exclusions) [37]. In short-
term studies in patients on dialysis there was a tendency to-
wards higher dropout rates with exercise on non-dialysis days
for home-based as well as for centre-based training [44, 60]. In
NDD CKD patients, however, both home-based training and a
mixture of home- and centre-based exercise [17, 33] showed
high adherence rates.

The proportion of men in the studies was higher than
women, ranging from 65% to 85%, as seen in Tables 3 and 4 [17,
60]. The studies screened in the present review did not present
data enabling an analysis of whether the study participants’ sex
influenced the impact of and adherence to exercise training.

BARRIERS AND FACILITATORS TO EXERCISE
TRAINING

Already in 1991 investigators described a high adherence rate to
self-care and medical management, as well as having a support
group encouraging exercise, as important factors for high ad-
herence to exercise training in patients with ESKD. Negative fac-
tors were long-term inactivity and weakness due to old age,
coupled with a belief that exercise would not help [68]. Figure 1
depicts barriers and facilitators of exercise training.

Disease acceptance and positive expectations

Recent studies confirm that patients with high levels of disease
acceptance and higher expectations concerning the outcome of
exercise were more prone to adhere to the prescription of physi-
cal activity [69, 70]. One qualitative study reported that a major-
ity of patients with CKD felt that exercise would make them feel

better and have a positive impact on their health [71]. These
findings were corroborated in a large quantitative study com-
prising patients on HD and PD in which the top two desired ben-
efits from exercise training were improved energy and strength
[72]. Older patients’ top priority was maintaining independence,
while longevity and transplant candidacy were the most impor-
tant motivators for younger patients [72]. A recent study in
patients with ESKD participating in a pedometer intervention
showed improved physical function was their prime motivator
[73].

Support

Support from family, friends, peers and from healthcare profes-
sionals has been identified as a main motivating factor [74–76].
In facilities providing an exercise physiologist, she/he is per-
ceived as a primary source of support. Patients’ sense of physi-
cal ability, body confidence and self-esteem was enhanced by
the technical competence, caring and esteem conveyed by the
exercise physiologist [77]. Of great importance is that a lack of
advice and support from the nephrologist, as well as from the
dialysis nurses, is experienced as a major barrier [74, 77]. This
experience is corroborated by attitudes expressed by nephrolo-
gists and dialysis nurses stating that they did not have time to
discuss exercise with patients, did not believe that it was their
role to provide advice on exercise training, did not have the
knowledge to prescribe exercise or did not believe that exercise
was important [77–80]. Some expressed a firm belief that
patients lacked interest in exercise and that their compliance to
exercise would be low [78, 80]. These attitudes resulted in the
healthcare professionals not even asking patients about their
exercise patterns [79].

Interestingly, the physicians’ and nursing staff’s own pat-
terns of physical activity affect whether they recommend

• Lack of support from family
• Lack of support from
  nephrologist and nursing staff
• Multiple comorbidities
• Fatigue
• Weakness
• Frailty

Barriers
• Inactivity
• Low energy levels
• Anxiety
• Depression
• Shortness of breath
• Chest pain
• No time Motivators and facilitators

• Support from family and friends
• Support from nephrologist and nursing staff
• Exercise prescription by exercise physiologist
• High level of disease acceptance
• High degree of self-care
• Perceived and desired benefits of exercise
• Increasing energy and strength
  - Maintaining independence
  - Achieving longevity
  - Transplant candidacy

FIGURE 1: Barriers, facilitators and motivators affecting interest and willingness to engage in exercise training.
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exercise to their patients. One study reported a highly signifi-
cant relationship between CKD primary care physicians’ own
level of physical activity and their readiness to recommend ex-
ercise training to their patients [81].

Medical, physical, psychological and temporal barriers

Many patients experience having too many medical problems
as a barrier to physical activity [72, 74, 78, 79]. Predominant
physical barriers comprise fatigue, tiredness, low energy levels,
weakness, shortness of breath and chest pain [72, 74, 78, 79].
Frailty and a low level of physical function, often in combina-
tion with old age, are also perceived to be significant barriers.
These patients risk being housebound and thus are physically
inactive [69]. External conditions such as cold weather, hot
weather and unsafe neighbourhoods are other barriers [74, 82].
Psychological and existential barriers are lack of motivation,
sadness, depression, anxiety, feeling of helplessness and a fear
of getting hurt [78–80, 83]. Another important barrier is the time
consumed by maintenance dialysis [78].

PREFERRED TYPE OF EXERCISE AND LOCATION

One study reported that patients, irrespective of age or dialysis
modality, preferred a combination of aerobic and strength exer-
cises [72]. Despite the focus on ID exercise in most studies, a re-
cent study found that 73% of the patients stated that their
preferred exercise location was their home, followed by their
neighbourhood or the gym. Less than one in four preferred to
exercise at their HD unit [72]. Being able to exercise close to
home was identified as a facilitator in another study [75].

CONCLUSION

There is growing and convincing evidence that physical activity
affects mortality and that exercise training improves physical
function in patients with CKD. Many studies show a high adher-
ence rate to exercise training programmes. Patients are increas-
ingly aware of the beneficial effects of exercise training but

express the need for support. This safe and efficacious non-
pharmacological treatment modality requires the involvement
of nephrologists and nurses. The structural support of health-
care providers is necessary in order to provide on-site exercise
physiologists to prescribe and monitor individualized exercise
training programmes.
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