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Abstract
Physical activity (PA) and exercise are fundamental to optimizing and maintaining health. The evidence on the benefits of
PA and exercise in people with CKD is well-established. Yet patients remain inactive, partly driven by a lack of knowledge
and confidence from the healthcare providers involved in their management. A potential key element in improving PA in
CKD includes better provisions around education, tools, and training resources among nephrology healthcare providers on
PA recommendations, counseling, prescription, and referral to appropriate professionals for assessment, implementation,
and monitoring. Much like other pharmacologic therapies, an effective prescription should be prescribed at the correct
dose, strength, and frequency to the individual, titrated (and progressed) to optimize adherence and safety, and reviewed
regularly to ensure maximum effectiveness. Aside from a formal prescription of exercise, many people would benefit from
modest improvements in daily PA, and an emphasis on reducing sedentary behavior is likely to confer beneficial effects on
outcomes. The purpose of this article is to outline the key components of successful PA and exercise prescriptions,
including understanding the barriers and facilitators individuals may have, taking a PA history, and how to tailor exercise
“dose” to each patient with the ultimate goal of increasing accessibility of PA for all people living with CKD. To do this, we
will use worked examples to demonstrate what an exercise prescription may consist of across each of the major CKD
stages.
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Introduction

Physical activity (PA) and exercise are fundamental to
optimizing and maintaining health. The evidence on the
benefits of PA and exercise in people with CKD is well-
established, and the reader is encouraged to read around
the excess of meta-analyses and reviews in the area.'™
PA and exercise are widely recommended and have been
adopted by clinical practice guidelines (Table 1) because
of the potency of their effect on health-related outcomes;
nonetheless, despite the plethora of evidence gleaned
over 30 years, PA levels remain extremely poor,7-8 and
although most nephrology healthcare providers (HCPs)
consider PA counseling within their scope of practice

and beneficial, they often do not regularly advise
patients.®10 Key contributions to this include inadequate
knowledge of specific exercise prescriptions and a per-
ception that patients know they lack expertise in exer-
cise.? Consequently, crucial elements to improving PA in
patients include better provisions around education,
tools, and training resources among nephrology HCPs
on PA recommendations, counseling, prescription, and
referral to appropriate professionals for assessment, im-
plementation, and monitoring.°-12

The purpose of this review article is to outline the key
components of successful PA and exercise prescriptions,
including understanding the barriers and facilitators
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Table 1. Exercise and physical activity-specific clinical guidelines, statements, and recommendations
Title Location Stage Year
The role of exercise training on cardiovascular risk factors and heart disease in patients ~ Europe NDD, 202434
with CKD G3-G5 and G5D: a clinical consensus statement of the European Asso- hemodialysis
ciation of Preventive Cardiology of the ESC and the European Association of
Rehabilitation in CKD
PA and exercise in PD: International Society for PD and the GREX practice rec- International  PD 2022%
ommendations
UKKA clinical practice guideline exercise and lifestyle in CKD the United NDD, hemo- 202210
Kingdom dialysis, KTR
PA and exercise recommendations for people receiving dialysis: a scoping review International ~ PD 2022%
Clinical practice guideline for renal rehabilitation: systematic reviews and recom- Japan NDD, hemo- 2019%7
mendations of exercise therapies in patients with kidney diseases dialysis, KTR
Exercise and Sports Science Australia (ESSA) position statement on exercise and CKD  Australia Hemodialysis 2013%3
Physical exercise programs in CKD: lights, shades and perspectives: a position paper of  Italy All 201577
the “physical exercise in CKD study group” of the Italian Society of Nephrology
(updated in 2024, see below)
PA and exercise in CKD: consensus statements from the physical exercise working Italy All 20247%
group of the Italian Society of Nephrology
ESC, European Society of Cardiology; ESSA, Exercise and Sports Science Australia; GREX, Global Renal Exercise Network; KTR,
kidney transplant recipient; NDD, non-dialysis dependent; PA, physical activity; PD, peritoneal dialysis; UKKA, UK Kidney
Association.

individuals may have, taking a PA history, and how to
tailor exercise “dose” to each patient with the ultimate goal
of increasing accessibility of PA for all people living with
CKD. To do this, we will use worked examples to dem-
onstrate what an exercise prescription may consist of
across each of the major CKD stages. Although this guide
is primarily aimed at clinical HCPs, it is hoped that people
with CKD may also find it beneficial.

Taking the First Steps: Initiating the Discussion
around Exercise
PA versus Exercise: What is the Difference?

Although often used interchangeably, misinterpretation
around PA and exercise can have important implications
for how HCPs speak to patients about promoting PA314;
we may ask how much “exercise” someone does, but what
we really want to assess is their overall PA. Patients may
also not consider everyday tasks (e.g., household chores) as
PA.'5 PA refers to any bodily movement by skeletal mus-
cles that requires energy expenditure; this includes all
movement, be it gardening, occupational activity, or exer-
cise. Exercise is a subtype of PA that is planned, structured,
and repetitive to improve or maintain physical and health-
related fitness.!416 Light-intensity PA is between 1.5 and 3
metabolic equivalents of task (METs) and includes activ-
ities of daily living or those just above resting energy
expenditures. By contrast, moderate-to-vigorous intensity
PA (MVPA) is >3 METs and activities range from brisk
walking to running or other activities that involve heavy
breathing and perspiration.!” All exercise is PA, but not all
PA is exercise. In this review, we will mostly use the term
“PA” but acknowledge that this may involve exercise
to achieve PA.

Taking an Effective PA History

The first step toward designing any personalized PA
intervention is to obtain an effective PA history, which
can be achieved through a combination of structured/

subjective interviews and physical function assessments.!#
Considering that prior medical clearance has been ob-
tained, patient demographics and CKD/health information
available from medical records (e.g., etiology of kidney
condition, other comorbidities and risk factors, recent
hospitalizations/procedures, relevant medications, recent
blood analysis, and current BP, heart rate, and blood
glucose) can be used to understand any contraindications
to exercise (see below for more detail). Questionnaires,
such as the PA Readiness Questionnaire, can be used to
identify individuals who are at higher risk of adverse
outcomes related to exercise.!®

Current PA behavior can be measured subjectively by
self-reported questionnaires!® and objectively by acceler-
ometers?® or smart watches; even simple questions can be
useful (e.g., “How many days do you engage in moderate
or vigorous PA?”).2! Past PA should explore the individ-
ual's previous sports/exercise participation, changes in PA
over time (particularly concerning CKD progression or
treatment but also other health conditions or life events),
and any previous experience with exercise programs or
interventions. It is important to determine the home envi-
ronment and available resources, including available exer-
cise equipment.

Identifying perceived barriers (discussed later) that may
hinder PA participation can help develop an appropriate
prescription later; in particular, discussing the individual's
PA goals/motivations and exploring preferences for types
of activities, social settings (e.g., group activities), locations
(indoor versus outdoor), and times of day for exercise/PA
is key. Determining baseline physical function and fitness
is essential for an effective exercise prescription. The gold
standard methods for assessing cardiorespiratory or mus-
culoskeletal fitness require expensive equipment, are time
consuming, and are challenging for the patients. However,
simple physical function tests (e.g., sit-to-stand test and gait
speed) have been widely used in CKD research and clinical
practice?? and will allow the identification of what areas to
target when formulating a PA and exercise prescription.
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Contraindications

General contraindications for people living with CKD
include (1) decompensated heart failure; (2) recent changes
to electrocardiogram, especially symptomatic tachy or brady
arrhythmias; (3) electrolyte abnormalities (e.g., hypo/
hyperkalaemia); (4) pulmonary congestion; (5) unstable
angina; (6) peripheral edema; (7) uncontrolled hyperten-
sion and/or systolic BP >200 mm Hg or diastolic
BP >110 mm Hg (in the nonfistula arm); and (8) un-
controlled diabetes and/or blood glucose levels >13.9
or <5.5 mmol/L.?2®> Known cardiovascular disease is
not an absolute contraindication to exercise, particularly
for individuals with diabetes or hypertension, unless un-
controlled (e.g., decompensated heart failure).?* Specifi-
cally for people receiving dialysis, excess interdialytic
weight gain (>4 kg since last dialysis or exercise session),
instability on dialysis treatment, anemia, and infection at
the access site are contraindications while activities that
may cause physical/traumatic damage to the catheter,
fistula, or transplanted kidney site should be
avoided.'®**** Considerations must be made for addi-
tional comorbidities; therefore, risk assessment and pre-
screening must be performed on an individual basis to
determine the appropriate PA to commence.

Barriers and Facilitators

People with CKD face several physical, psychologic,
personal, and environmental barriers to PA (summarized
in Figure 1). The most consistently reported physical bar-
riers include symptom exacerbation and muscle weak-
ness.26 Cardiovascular and musculoskeletal limitations,
anemia, fluid retention, and comorbidities further compli-
cate exercise efforts.?® Psychologically, depression, anxiety,
and fear of injury are identified as key barriers.26-28 Aside

BARRIERS.

Physical barriers

Symptom exacerbation (e.g. fatigue), muscle

weakness, and reduced energy due to the
condition and, if applicable, dialysis treatments,
cardiovascular and musculoskeletal  limitations,

anaemia, fluid retention, and comorbidities

Psychological barriers

Depression, anxiety, fear of injury/falling,
lack of motivation, dislike of exercise, stress,
disease acceptance

Environmental barriers

Lack of time, lack of access, weather, air
quality, employment, crime, lack of green/blue

spaces, equipment

Personal barriers

Lack of money, lack of company, lack of understanding/confidence

Barriers
and
facilitators
to physical
activity in
CKD

from these, other barriers such as lack of time, access,
adequate built environment (e.g., transport, green space,
and safety), finances, and social support can reduce PA
engagement.26:2930

Key motivators for people to engage in PA include the
perceptions of improved health outcomes and enhanced
quality of life (QoL) gained.3! Patients generally acknowl-
edge that regular PA can reduce fatigue and improve
cardiovascular and muscular strength.?” Psychologic fac-
tors, such as reduced feelings of anxiety, depression, and
stress, also drive motivation, along with the sense of ac-
complishment from setting and achieving health goals.?83!
Support from HCPs, family, and peers further encourages
participation, while the potential for better disease man-
agement and slower progression of CKD are identified as
long-term incentives.3?

Right Exercise at the Right Dose: Fundamentals of
Effective Exercise Prescription
General PA Recommendations: Every Little Bit Helps
Currently, the World Health Organization recommends
that all adults should undertake 150-300 minutes of
MVPA, or 75-150 minutes of vigorous-intensity PA, or
some equivalent combination, per week. This should be
combined with regular muscle-strengthening activity on
two or more days.3® While broad, these recommendations
are consistent with kidney-specific clinical guidelines in-
cluding the “United Kingdom Kidney Association Clinical
Practice Guidelines for Exercise and Lifestyle”!® and oth-
ers.3* Although 150-300 minutes of PA may sound over-
whelming, explaining that most of this can be achieved
within their daily routine may make it more realizable.
Evidence shows that even small amounts of light PA

FACILITATORS

Improved health outcomes and enhanced
quality of life, reduced fatigue, and improved

Physical benefits

cardiovascular  and  muscular

strength,
postpones decline in body function, improves

symptoms, and helps control body weight

Psychological benefits

Reduced feelings of anxiety, depression,
and stress, enhances self-care abilities,

and helps achieve a sense of

accomplishment  from setting and

achieving health goals

Personal facilitators

Internal motivation and enjoyment, family and
social support, goal setting, accountability and
feedback, support, trust, and guidance of
healthcare professionals

Figure 1. Figure summarizes the major barriers and facilitators to PA and exercise in people living with CKD stratified into physical,
psychologic, environmental, and personal factors. PA, physical activity; 1RM, one-repetition maximum; RPE, rating of per-

ceived exertion.
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(e.g., >4000 steps per day) have beneficial effects on out-
comes, including cardiovascular disease risk factors
and QoL, in people with CKD.3436

Sit Less to Move More? The Role of Sedentary Behavior

Sedentary behavior is any activity performed in a seated
or reclined posture that requires low energy expenditure
(<1.5 METs).3337 Sedentary behavior is distinct from phys-
ical inactivity, as it is possible to engage in recommended
PA and still accrue a high volume of sedentary time.!”
Sedentary behavior, independent of PA, is associated with
adverse outcomes in CKD,3%3% and even high levels of PA
may not fully mitigate its risk.“® For people with CKD,
engaging in MVPA may not be attainable, and as such,
initially placing a greater emphasis on reducing sedentary
behavior could be a more realistic, strategic, and tailored
pathway to increasing PA.173441 This could involve simple
changes such as parking the car further away to encourage
walking, taking the stairs over the lift, or standing while
undertaking meetings at home.!4

Exercise Prescription 101: The Basic Principles

An exercise prescription is much like any other phar-
macologic therapy; it should be of the right class, the
benefits should outweigh the risks, and it should be
prescribed by the appropriate exercise professional®?
at the correct dose, strength, and frequency; titrated
(or progressed) to optimize compliance; and reviewed
regularly. Importantly, any prescription should aim to
integrate PA back into the individual's daily life so that
it becomes a habit, rather than an inconvenience. The
American College of Sports Medicine*"*> recommends
some basic principles, known as the Frequency, Inten-
sity, Time, Type, Volume, and Progression acronym, to
help formulate an effective exercise prescription. Table 2
summarizes these principles, providing examples of
practical applicability and additional considerations
for people with CKD.

Other Considerations

Along with aerobic and resistance activities, flexibility
exercises that develop a range of motion in the major
muscle-tendon groups are also beneficial in improving
postural stability and balance and reducing fall risk. Flex-
ibility exercises can be static (e.g., bending over to touch
your toes) or dynamic (e.g., high knees). Flexibility exer-
cises should be encouraged at least 2-3 times a week, and
the stretch should be held to the point of feeling tightness
or slight discomfort for 10-30 seconds is recommended for
most adults. In older persons, holding a stretch for 30-60
seconds may confer greater benefit. Repeating each flexi-
bility exercise two to four times is recommended and is
most effective when the muscle is warmed through light to
moderate aerobic activity.*3

Using Existing Resources to Help Facilitate PA

Access to targeted PA interventions remains undersup-
ported because of limited funding and specialized staff.
Digital health interventions (DHIs) may address some of
these factors and thus are gaining increasing attention
because of the ability to deliver PA information and

Prescribing Physical Activity and Exercise in CKD, Wilkinson et al.

support to a larger audience/population in a potentially
equitable and cost-effective way.** Moreover, these re-
sources are not dependent on high levels of specialized
workforce. Although there are a variety of generic online
resources available that could be shown to patients, two
such theory-based and evidence-based DHIs designed for
people with CKD include Kidney Beam*> and My Kidneys
and Me,*47 both designed to provide education and sup-
port for people with CKD to help improve PA and exercise
behaviors. A multicenter trial demonstrated that Kidney
Beam is clinically effective and cost-effective for improving
mental health-related QoL and self-management behavior
for people with CKD.#548 The platform provides both live
and on-demand sessions, coupled with education and
motivational features such as real-time feedback, re-
minders, and scheduling features. My Kidneys and Me
provides PA and exercise educational information presen-
ted in a multiformat and interactive way, alongside action
sessions, underpinned by behavior change techniques, de-
signed to put learning into action. My Kidneys and Me also
provides exercise trackers (including strength training),
social support, and goal-setting functions to support the
initiation and maintenance of PA behaviors. Both Kidney
Beam and My Kidneys and Me have demonstrated pos-
itive effects on patient outcomes.*>4749 Interestingly, the
effect of DHIs ability to increase PA is limited and likely
due to the use of self-reported tools.** It is important to
consider the use of DHIs in some groups, and in some
cases, DHIs may not be the most appropriate means to
support PA behavior change.

Special Populations and Their Considerations

Patients with CKD stages 3-5 not requiring KRTs have
been shown to benefit from standard PA and exercise
prescriptions for the general population, so long as indi-
viduals are screened properly and progress gradually. This
group will likely tolerate greater intensity and volume of
exercise®’; however, every patient must be considered in-
dividually (Figure 2, case study 1).

When prescribing exercise for patients on dialysis (Fig-
ure 2, case study 2), it is important to appreciate that
multiple barriers to exercise may exist. These include fa-
tigue, treatment burden, and adaptation of lifestyles to low
function. Although demonstrating somewhat modest
efficacy,®-53 intradialytic exercise (IDE) is recommended
for hemodialysis patients® as it is relatively safe, con-
venient, and time efficient.5? IDE is generally advised
within the first 2 hours of dialysis to reduce the risk of
hypotension.>1555 Although a role exists for both intra-
dialytic and interdialytic (out-of-center) exercise,>°> ad-
herence tends to be greater in the former due to increased
supervision.®” Yet, IDE, often in the form of continuous
mandated recumbent cycling, inhibits the type, volume,
intensity (and enjoyment) of exercise that can be per-
formed,>?> and the overall benefits of intradialytic and
interdialytic exercise are comparable.3>? In patients on
hemodialysis, IDE programs should combine endurance
and resistance exercises.3*>3 Of additional note, in many
patients, heart rate prescriptions are often inaccurate and
the use of rating of perceived exertion is recommended.>®
One-repetition maximum testing for strength is not
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Table 2.

Principle and Definition

Prescription and Applicability to CKD

Aerobic

Resistance/Strength

Exercise training principles (frequency, intensity, time, type, volume, and progression) for aerobic and resistance activities, their prescription, and their application to CKD

Considerations

Frequency

How often a patient will exercise.
Typically refers to the number of
days/sessions per week

Intensity

How much effort a patient requires for
the exercise. This could be
objectively or subjectively measured
depending on available resources

Time

How long is the duration of each bout/
session of exercise. The prescribed
time could be performed
continuously (i.e., one session) or
intermittently

Atleast 3 d/wk, but for deconditioned patients
or beginners, 1-2 sessions/wk
are encouraged

Objective measures

VOypear: the maximal oxygen uptake
estimated by graded exercise tests; HRpax":
the maximum HR estimated by graded
exercise tests or predicted by equations
(220—age or 208—[0.7><age])79; in both
VOomax and HRpay, a relative % is usually
adopted for prescription; RPM: the
repetitions per minute during a cyclic
exercise, for walking, a step count per
minute can be used

Subjective measures

RPE: How hard the exercise feels to the
patient; typically scale ranges from little
exertion to maximal effort (e.g., CR10 scale)

General recommendations

Light intensity: 37%—45% VOzmax; HRmax:
57%—63%; RPE 1-2.5 (CR10 scale)

Moderate intensity: 46%—63% VOzmax; HRmax:
64%—-76%; RPE 3-4 (CR10 scale)

Vigorous intensity: 64%-90% VOzmax; HRmax:
77%-95%; RPE 5-9 (CR10 scale)

Engage in 20-60 min of continuous activity;
however, if this is not tolerable, 3-5 min
bouts of intermittent exercise with the goal
of accumulating 20-60 min are encouraged

Each major muscle group should be trained at
least 2-3 d/wk, but for deconditioned pa-
tients or beginners, 1-2 sessions/wk
are encouraged

If the session is combined
(aerobic+resistance), caution should be
taken in the choice of the major muscle
group (e.g., avoid quadriceps exercises
when cycling) to minimize excessive
muscle soreness

Objective measures

RMP: the maximum weight lifted for one or
multiple repetitions; a relative % is usually
adopted; however, the application is
commonly unfeasible

Repetition-range intensity zone® 8: each
exercise session can be performed in a
repetition-range zone (e.g., min 8 and max
12 repetitions) that avoids going to failure
or until volitional fatigue, depending on the
patient’s level (beginner or intermediate)

Subjective measures

RPE: How hard the exercise feels to the
patient, typically scale ranges from little
exertion to maximal effort (e.g., CR10 scale)

General recommendations

It is recommended that novice to intermediate
individuals train with loads corresponding
to 60%-70% of 1RM (for 8-12 repetitions)
and advanced individuals cycle training
loads of =80% of 1RM to maximize
muscular strength.**8! For older adults/
sedentary people, 40%-50% 1RM (light
intensity) may be beneficial*®

Usually not applied for resistance exercises, but
the time under tension”” (i.e., the sum of the
tempos—seconds—for the concentric, iso-
metric, and eccentric phases) has been re-
cently recommended for monitoring

Rest intervals of 2-3 min between each set of
repetitions are effective

Weekly frequency should be progressively in-
creased based on patients' availability and
preference. In patients undergoing in-center
IDE programs, non-dialysis days can be
used to optimize a higher frequency

Exercise below a minimum intensity will not
promote sufficient physiological
adaptations

Intensity should be progressively increased to
minimize injury risks and excessive muscle
soreness that may cause loss of interest and
low adherence/compliance

A relative measure of intensity (%) may be
more appropriate for deconditioned
patients

When objective metrics are unavailable, the
prescriber should be aware of the potential
underestimation of the proposed intensity

To reach the recommended time of aerobic PA,
short bouts (i.e., exercise snacks) on the
same day may be agpropriate, even if
shorter than 10 min'

Time for short intermittent exercise with
intervals should follow a 1:1 work-to-rest
ratio (i.e., 1 min of exercise and 1 min
of rest)

Time under tension may be an alternative for
monitoring training load when objective
metrics for intensity are unavailable
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Table 2. (Continued)

Principle and Definition

Prescription and Applicability to CKD

Aerobic

Resistance/Strength

Considerations

Type
Mode or kind of exercise chosen for
the session

Volume
Total amount of exercise. It is the

product of the frequency, intensity,

and time of the exercise session. It
could be calculated per session,
weekly, or monthly

Progression

Exercise advancement. Progression of
principles throughout the course of

the training intervention,
especially volume

Prolonged endurance and rhythmic activities
involving large muscle groups (e.g., walk-
ing, cycling, swimming); or recreational
sports (e.g., racquet sports and soccer)

General recommendations are to accumulate
150 min/wk of moderate-intensity; or 75
min/wk of vigorous-intensity; or an
equivalent combination of moderate and
vigorous intensity to attain the recom-
mended volume

Includes adjustments to frequency, intensity,
and time (duration)

May also include more complex components
within the sessions, such as high/moderate
intensity interval training, i.e., intermittent
exercise with higher intensity

Machines, free weights, body weight, or bands

Include types that target major muscle groups
through multijoint movements, (e.g., chest
press, shoulder press, pulldown, rows,
squats, and lunges)

Resistance training performed at fast
movement velocities (i.e., =1 s concentric:
=1 s eccentric) using moderate intensities
may be superior for muscular strength
gains as compared to moderate-slow
resistance training®?

A minimum of 1 set of 8-12 or 10-15 repeti-
tions, with a goal in most patients to
achieve multiple sets (2-3)

Choose 8-10 different exercises targeting the
major muscle groups

Includes an increase in repetitions per set,
greater load (e.g., weight or band), or
higher frequency

An initial increase in the number of repetitions
if recommended before increasing the load

For example, when the patient can
comfortably achieve the upper limit of the
repetition-range intensity zone (e.g., 8-12),
weight may be increased by 5% so that no
more than 12 repetitions are completed,
with or without volitional fatigue,
depending on the patient's level (beginner
or intermediate)

Physiologic adaptations are specific to the type
of exercise performed, e.g., if the patient
needs to increase strength in the legs,
then lower-limb resistance exercises
should be preferable (e.g., squats and
leg extension)

Recreational sports with trauma risk should
be avoided in patients with vascular access
to dialysis

For patients undergoing IDEs, new devices
incorporated into the dialysis bed/chair
have been recently proposed

Exercise volume in aerobic sessions may be
used to calculate an index of energy ex-
penditure, i.e., METs

Resistance exercise volume may be calculated
by multiplying setsXrepetitionsXintensity.
Multiple methods are available depending
on the adopted metrics®

Progression should be gradual to allow for
adaptations to the increased volume, with
the potential to lower the risk of injury and
promote adequate adherence

The rate at which a program is progressed
should be individualized based on the
patient's responses to training and
clinical goals

Progression may consist of increasing any of
the components of the basic FITT principles

1RM, one-repetition maximum; FITT, frequency, intensity, time, type; FITT-VP, frequency, intensity, time, type, volume, and progression; HR, heart rate; HR,.x, maximal heart rate;

HRR, heart rate reserve; IDE, intradialytic exercise; MET, metabolic equivalents of task; PA, physical activity;

per minute; VO;peak/max Maximal/peak oxygen consumption.
Many patients may take anti-hypertensive drugs that affect heart rate; this should be carefully taken into consideration.
POne-repetition maximum testing may be of injury risk in some patients and should be avoided.

“In deconditioned patients or beginners, the repetition-range intensity zone should avoid volitional failure to reduce joint stress and muscle soreness.
¥Mostly recommended for intermediate or advanced practitioners, preferably in different day shifts (e.g., morning and evening).

RM, repetition maximum; RPE, rating of perceived exertion; RPM, repetitions
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A Case study 1

u Non-dialysis

Mrs C is a 54-year-old
person living with CKD
stage 3a. Her eGFR has
been clinically stable for the
last 5 years. She has
recently retired from an
active job and never
exercised regularly before.
She has put on significant
weight over the last few
years since her retirement,
and her goal is to lose
weight so she can go
walking with her friends and
play with her grandchildren.
She has access to her local
park and lives near a sports
centre, which she has used
a little in the past. She has
some elastic resistance
bands to use at home.

You recommend an 8-week
programme for Mrs C with a
focus on building aerobic
capacity through a range of
moderate-intensity
activities

oo~ Case study 2
Hemodialysis

Mr W is a 72-year-old
retired bus driver with a
history of diabetic
neuropathy undergoing
hemodialysis for the past 12
years. He has weakness,
poor balance, a fear of
falling, and poor exercise
capacity which means when
he goes home he is
sedentary and struggles
with  walking. He is
interested in cycling whilst
having his dialysis at the

Weeks 1-4

* Begin aerobic exercise 2x week
@' « Begin flexibility exercises 1-2 days per week
Frequency « Encourage a reduction in sedentary behaviour

K2

Intensity

« Any activity should be performed at a moderate
intensity: a RPE (on the CR10) of 3 to 4 or 64 to
76% of maximum heart rate (HRmax)

« Aiming for 30 minutes, using intervals to help build
up to this duration if needed

» Exercises like walking, swimming, and gardening

Type

Weeks 1-4

« Begin intradialytic cycling 3x week
« Begin flexibility exercises 1-2 days per week
Encourage interdialytic physical
Frequet i
cquency walking) and a reduction in sedentary behaviour

« Cycling should be performed at a moderate
intensity: a RPE (on the CR10) of 3 to 4 or
64 to 76% of maximum heart rate (HRmax)

L2

Intensity

activity (e.g.,

Weeks 5-8

* Building up aerobic exercise to 3x a week and
flexibility exercises building up to 2-3 days per week

« Introduce resistance exercise 1-2x week on non-
consecutive days

« Walking/swimming should continue at a moderate
intensity

« Resistance exercise should be light to begin with
(40-50% of 1-repetition maximum); this can progress
towards 60-70% 1RM as strength improves

» Build up duration to 30-45 minutes per session; this
can still involve interval-based training

¢ 3 sets of 8-10 repetitions on 8-12 exercises
involving the major muscle groups should be
performed

= Each session of resistance exercise should involve a
combination of the major upper and lower body
muscle groups (legs, hips, chest, back, shoulders,
and arms)

« Patients are often fearful of overexertion; thus, gradual progression should be stressed

Weeks 5-8

« Continue intradialytic cycling 3x a week and
flexibility exercises building up to 3 days per week

« Introduce resistance exercise 1-2x week on non-
consecutive days, building up to 2-3x week

« Cycling should continue at a moderate intensity

« Resistance exercise should be light to begin with (40-
50% of 1-repetition maximum); this can progress
towars 60-70% 1RM as strength improves

« Begin with intervals of several minutes,
building up slowly in duration

« Build up duration to 20-30 minutes per session; this
can still involve interval-based training

hospital, having seen others
do the same. He is clinically
stable and safe to |

commence activity k

You recommend an 8-week Type
programme for Mr W with
the first 4 weeks focusing
on building some aerobic
capacity, before introducing
some strength components
in week 5 to help reduce
weakness

« Intradialytic cycling
* Walking

« 3 sets of 8-10 repetitions on 8-12 exercises involving
the major muscle groups should be performed

« Each session of resistance exercise should involve a
combination of the major upper and lower body
muscle groups (legs, hips, chest, back, abdomen,
shoulders, and arms)

« There are no contraindications to performing exercise in the last half of the treatment. However, you should
wait until the patient is stable on dialysis before commencing exercise

Figure 2. Example exercise prescription for someone with NDD CKD (case study 1) and someone on hemodialysis (case study 2). Each
prescription is stratified by the FITT principles along with other considerations that could be taken into account for the individual.
FITT, frequency, intensity, time, type; NDD, non-dialysis dependent.

recommended because of secondary hyperparathyroidism-
related bone and joint problems; however, submaximal
prediction equations can be used to estimate the one-
repetition maximum with minimal risk.>® There are no
known contraindications to moderate to heavy resistance
training in patients with mature vascular access, although
patients should avoid exercising the upper limb with tem-
porary or healing arterio-venous fistulas.>®

Patients with a peritoneal catheter should avoid full
sit-ups and activities that involve full flexion at the hip.
They can accomplish abdominal strengthening by per-
forming isometric contractions and partial sit-ups or
crunches. Swimming may be a challenge for those
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with peritoneal catheters because of infection risk, and
the catheter should be covered with protective tape and
cleaned after swimming. Patients perform exercise more
comfortably with abdominal cavities emptied of dialysis
fluid, reducing diaphragmatic pressure, breathlessness,
and chest discomfort?>->>>° (Figure 3, case study 3).
Those with a transplant (Figure 3, case study 4) are often
fearful of overexertion; thus, gradual progression should
be stressed. Exercise should be decreased in intensity and
duration during episodes of rejection, not eliminated. As
patients are immunosuppressed, effort must be made to
avoid infectious situations. Patients should avoid traumatic
damage to the transplanted kidney and participation in



Case study 3
Peritoneal dialysis

Mrs M is a 55-year-old
part-time accountant. She
has been on peritoneal
dialysis for over a decade
and is quite active in her
day-to-day life. She is a
regular walker but wishes to
add in more strength and
resistance exercises as she
feels this may help with her
outdoor walking. She has
access to a gym in her local
town which she would like
to use. She is concerned
about putting too much
stress on her abdominal
area and has avoided going
to the gym because she is
unsure what to do. She is

Frequency

L2

Intensity
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Weeks 1-4

« Perform aerobic exercise spread out at least 3 days
during the week, with no more than two consecutive
days between bouts of activity

« Any activity should be performed at a moderate
intensity: a RPE (on the CR10) of 3 to 4 or 64 to
76% of maximum heart rate (HRmax)

« Aiming for 30 minutes, using intervals to help build
up to this duration if needed

«In deconditioned patients unable to maintain
sustained exercise, intervals of several minutes
could be used

Weeks 5-8

« Undertake resistance exercise at least twice weekly
on non-consecutive days, but more ideally 2-3 times
a week, along with regular aerobic exercise as per
regular physical activity guidelines

* Walking/jogging/swimming should continue at a
moderate intensity

* Resistance exercise should be light to begin with
(40-50% of 1-repetition maximum); this can progress
towars 60-70% 1RM as strength improves

* Build up duration to 30-45 minutes per session; this
can still involve interval-based training

«3 sets of 8-10 repetitions on 8-12 exercises
involving the major muscle groups should be
performed

« Exercises like walking, swimming or cycling that do not
impose undue stress on the feet are some appropriate

« Each session of resistance exercise should involve a
combination of the major upper and lower body

choices

clinically stable and safe to
commence activity

You recommend an 8-week
programme for Mrs M

« Core strengthening exercises are recommended

muscle groups (legs, hips, chest, back, shoulders,
and arms)

« Patients with a peritoneal catheter should avoid full sit-ups and activities that involve full flexion at the hip. They
can accomplish abdominal strengthening by performing isometric contractions and partial sit-ups, or crunches
« Patients perform exercise more comfortably with abdominal cavities emptied of dialysis fluid, reducing

Weeks 5-8

* Building up aerobic exercise to 3x a week and
flexibility exercises building up to 2-3 days per week

focusing on building in Other
strength exercises diaphragmatic pressure, breathlessness and chest discomfort
throughout her usual
activity
Case study 4
Kidney transplant recipient Weeks 1-4
Mrs C is a 35-year-old * Begin aerobic exercise 2x week
kidney transplant recipient. \@ « Begin flexibility exercises 1-2 days per week

She had her transplant 6
months ago. She has
recently returned to work as

Frequency

* Encourage a reduction in sedentary behaviour

« Introduce resistance exercise 1-2x week on non-
consecutive days

a teacher full-time. She has
put on significant weight
following her transplant and
as a result of the medication
she now takes. Her goal is
to lose weight and return to
running; her  favourite
exercise as she has access
to her local park. She has
some elastic resistance
bands to use at home. She
is clinically stable and safe

£2,

Intensity

up to this duration if needed

to commence activity * Jogging
« Walking
You recommend an 8-week * Swimming

programme for Mrs C with a
focus on building aerobic

* Any activity should be performed at a moderate
intensity: a RPE (on the CR10) of 3 to 4 or 64 to
76% of maximum heart rate (HRmax)

« Aiming for 30 minutes, using intervals to help build

« Walking/jogging/swimming should continue at a
moderate intensity

* Resistance exercise should be light to begin with
(40-50% of 1-repetition maximum); this can progress
towars 60-70% 1RM as strength improves

« Build up duration to 30-45 minutes per session; this
can still involve interval-based training

« 3 sets of 8-10 repetitions on 8-12 exercises involving
the major muscle groups should be performed

 Each session of resistance exercise should involve a
combination of the major upper and lower body
muscle groups (legs, hips, chest, back, shoulders,
and arms)

capacity through a range of
moderate-intensity
activities

« Patients are often fearful of overexertion; thus, gradual progression should be stressed
« Patients should avoid traumatic damage to the transplanted kidney and participation in contact sports (e.g.,
rugby, American football, martial arts, ice hockey, boxing) and/or prolonged extreme exercise (e.g., marathons,

Ironman triathlons) must be considered carefully

Figure 3. Example exercise prescription for someone on PD (case study 3) and with a kidney transplant (case study 4). Prescription is
stratified by the FITT principles along with other considerations that could be taken into account for the individual. PD, peritoneal dialysis.

contact sports (e.g., American football, martial arts, and
boxing) or extreme sports (mountain biking) and/or pro-
longed extreme exercise (e.g., marathons) must be consid-
ered carefully.!®

Sticking with It: Promoting Adherence and
Maintenance of Exercise
Sustaining Motivation

Promoting adherence and maintenance of exercise in
people with CKD requires a multifaceted approach to
sustain long-term motivation. It is essential to provide

personalized exercise plans tailored to the patient's
physical capacity and health status and ensure that
activities are realistic and enjoyable. It is also imperative
that any prescribed routines are safe, manageable, and
will benefit cardiovascular and kidney health. Educating
patients about the benefits of regular PA, such as im-
proving cardiovascular health, reducing fatigue, and
enhancing overall QoL, can sustain engagement. Incor-
porating motivational tools such as goal setting, progress
tracking, and rewards can foster long-term engagement.
In addition, providing social support through group
exercise programs or virtual communities can help
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combat feelings of isolation and boost adherence. Mea-
sures to increase adherence to PA are advisable, such as
group or individual education, behavior change tech-
niques, wearable activity sensors, and telemedicine.3*
Furthermore, continuous feedback from HCPs or digital
resources, coupled with positive reinforcement and reg-
ular assessments of progress, helps reinforce the impor-
tance of exercise, making it a sustainable part of a person
living with CKD's routine.

Promoting Autonomy

As described, a limitation of most trials in CKD is that
they typically rely on simplistic, “one-size-fits-all” PA
prescriptions, such as IDE, cycling, walking, or strength
training that many find boring.85? Although prescrip-
tions like this often provide modest benefits in the short
term, long-term adherence is poor, so benefits are typ-
ically not maintained. An alternative approach is to
design interventions that allow patients more autonomy
to choose activities that are important to them. For
example, Tawney ef al. implemented an intervention
in which hemodialysis patients worked with counsellors
to develop strategies to accumulate at least 30 min/d of
self-selected lifestyle-type physical activities (e.g., house-
work and gardening) into their daily lives.®®© Holliday
et al. used a similar approach in a weight loss trial in
overweight women®! where participants earned “points”
for engaging in self-selected exercises on the basis of
the MET values associated with each activity.®? Provid-
ing participants with the autonomy to choose preferred
activities that meet intervention goals may result in
greater participation and more sustained changes in
patient's lifestyles.

Mind the Gap: Implementation into Practice
Role and Scope of Exercise Professionals

Despite decades of evidence documenting the health
benefits of exercise across the CKD stages, access to
dedicated PA/exercise programs remains outside the
realm of the standard of care for most kidney care pro-
grams across the globe.® To date, the most successful
strategy to ensure the delivery of safe, individualized,
and effective PA/exercise programs across a range of in-
center, community, and home-based settings has been the
policy to include exercise professionals in kidney pro-
grams (exercise physiologists, kinesiologists, physical
therapists, rehabilitation specialists, occupational thera-
pists, athletic trainers, personal trainers, student clinical
placements etc.).!! However, a recent scoping review
summarizing all the available evidence about how PA/
exercise is being prescribed for hemodialysis patients
highlighted that exercise professionals reportedly super-
vised only a few of the interventions, and less than half of
the exercise protocols described the progression and/or
modification of the training programs during the in-
terventions.®® Although simple PA programs can be
successfully implemented by the existing clinic staff,
long-term sustainability requires dedicated and qualified
exercise professionals.®* Besides their capacity to deliver
effective and individualized exercise assessment and
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prescription (using the principles discussed above), ex-
ercise professionals also play a vital role in educating
patients on the benefits of PA/exercise for their partic-
ular condition, and in providing motivational support to
help patients adhering to their routines as well as over-
coming barriers to PA.

Improving Implementation into Practice

Translating research findings into routine clinical prac-
tice is a slow and, in many cases, complex and difficult
endeavor.®> Many studies that have demonstrated effi-
cacy when it comes to exercise-based interventions have
been rarely translated into practice (so-called “research-
to-practice gap”). This is particularly evident in the field
of renal rehabilitation, where apart from pockets of
excellence,!1:6466,67 interventions are scarcely available®®
and remain incomparable to models in other conditions
(e.g., cardiac rehabilitation).®® The reasons behind this gap
are many, but notwithstanding the practical aspects of
implementation that necessitate services to allocate appro-
priate expertise, funding,”® and time to support the uptake
and continued use of exercise-based interventions,!! there
remains a lack of high-quality implementation-focused
research.805 A key element of this is that (often small-
numbered) efficacy studies in CKD include (poorly de-
scribed) exercise protocols that are impractical to replicate
in real-world practice,”! a lack of data on the optimal
“dose” of exercise, and a lack of technical expertise
and knowledge.

Although it is beyond the scope of the article to fully
address the role of “implementation science” in this area,
there is great scope to augment exercise interventions
into practice:

1. Improving the use of research designs that address nu-
ances associated with real-world services, e.g., con-
ducting pragmatic trials while simultaneously addressing
factors influencing implementation and considering the
contextual factors in which the intervention may work (or
not work).6>

2. Ensuring that the exercise prescription protocols are
detailed in standardized means,”?73 and how any in-
tervention may adapt throughout the study.®>

3. Evaluating implementation strategies, or combination of
strategies, that are most effective to improve the uptake of
exercise interventions. There are a multitude of im-
plementation strategies that researchers may wish to
explore, including the Consolidated Framework for Im-
plementation Research.”*

Pockets of successful cases of sustained implementation
of PA into practice can be found worldwide, including in
Portugal, Canada, Mexico, and Germany. Although these
programs differ in many regards, such as funding, loca-
tion, and management, a consistent theme is that they
each have substantial and committed support from the
entire clinic staff.* Implementation science may benefit in
expanding the research agenda, reducing research waste,
and increasing the relevance of exercise research in CKD.
Yet, without a larger focus on implementation research
and the factors in which interventions may work, the vast



amount of money, time, and resources that have been
spent trying to address the efficacy of exercise will be
squandered if we fail to apply this knowledge in real-
world clinical settings.

Conclusions

Based on a constant epidemiologic foundation and
numerous randomized controlled trials, the evidence
for PA and exercise in people with CKD is well-
recognized. Yet patients remain inactive, partly driven
by a lack of knowledge and confidence from the HCPs
involved in their management. Efforts to improve edu-
cation in this area are growing and include the recent
development of a free training program for healthcare
professions by the Global Renal Exercise Network
(GREX).”> Much like other pharmacologic therapies, an
effective prescription should be prescribed at the correct
dose, strength, and frequency to the individual, titrated
(and progressed) to optimize adherence and safety, and
reviewed regularly to ensure maximum effectiveness.
Aside from a formal prescription of exercise, many peo-
ple would benefit from modest improvements in daily
PA, and an emphasis on reducing sedentary behavior is
likely to confer beneficial effects on outcomes. Although
some exercise, such IDE, can be embedded into clinical
practice, it is likely that the biggest benefits will be
gleaned from increasing PA outside the grounds of a
hospital and integrating enjoyable PA back into the in-
dividual's daily life.

Although progress has been made, there is much to be
done. More interventions that target a reduction in sed-
entary behavior and its effect on long-term outcomes are
needed. There is also a need to transition away from using
exercise/PA as a stand-alone intervention. Instead, exer-
cise should be included as a component of a multifactorial
lifestyle modification strategy adhering to the principles
of “lifestyle medicine.””® There remains a need for closer
collaboration and shared decision making between pa-
tients, general practitioners, nephrologists, and kidney
physiotherapists/exercise physiologists, as exercise pre-
scription requires teamwork. Working together is crucial
to preventing exercise in nephrology from becoming an
empty narrative, a niche interest without any translation
to clinical practice and with no benefit to the health of
our patients.
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