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ABSTRACT

Introduction Kidney transplant candidates (KTCs) need
to be in optimal physical and psychological condition prior
to surgery. However, KTCs often experience compromised
functional capacity which can be characterised as frailty.
Prehabilitation, the enhancement of a person’s functional
capacity, may be an effective intervention to improve the
health status of KTCs. The PREhabilitation of CAndidates
for REnal Transplantation (PreCareTx) study aims to
examine the effectiveness of a multimodal prehabilitation
programme on the health status of KTCs, and to explore
the potential of implementation of prehabilitation in daily
clinical practice.

Methods and analysis This study uses a single centre,
effectiveness-implementation hybrid type | study design,
comprised of a randomised controlled trial and a mixed-
methods study. Adult patients who are currently on the
transplant waiting list or are waitlisted during the study
period, at a university medical centre in The Netherlands, will
be randomly assigned to either prehabilitation (n=64) or care
as usual (n=64) groups. The prehabilitation group will undergo
a 12-week home-based, tailored prehabilitation programme
consisting of physical and/or nutritional and/or psychosocial
interventions depending on the participant’s deficits. This
programme will be followed by a 12-week maintenance
programme in order to enhance the incorporation of the
interventions into daily life. The primary endpoint of this
study is a change in frailty status as a proxy for health status.
Secondary endpoints include changes in physical fitness,
nutritional status, psychological well-being, quality of life

and clinical outcomes. Tertiary endpoints include the safety,
feasibility and acceptability of the prehabilitation programme,
and the barriers and facilitators for further implementation.
Ethics and dissemination Medical ethical approval

was granted by the Medical Ethics Committee Groningen,
Netherlands (M22.421). Written informed consent will be
obtained from all participants. The results will be disseminated
at international conferences and in peer-reviewed journals.
Trial registration number ClinicalTrials.gov,
NCT05489432.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The intervention was developed in co-creation with
kidney transplant candidates and recipients, their
significant others and healthcare providers involved
in kidney transplant care.

= A randomised controlled trial will provide a high-
quality assessment of the effect of a multimodal,
tailor-made prehabilitation programme on frailty
and other important patient-centred outcomes re-
garding physical fitness, nutritional status and psy-
chosocial well-being.

= A mixed-methods study will provide insight into the
feasibility and acceptability of prehabilitation in a
real-world setting by analysing the barriers and fa-
cilitators associated with this intervention.

= This study is being conducted at a single centre and
only includes kidney transplant candidates.

= The study is not double-blinded due to the nature of
the intervention.

INTRODUCTION

Kidney transplant candidates (KTGCs) may
have a compromised health status due to
disease progression, comorbidities and the
adverse effects of dialysis. This may lead
to impaired physical fitness, lower quality
of life and an increased risk of developing
psychological ~problems."” Poor health
status is related to a low level of physical
activity, eliciting a cycle of deteriorating
physical fitness in which multiple factors are
involved, including muscle wasting, malnutri-
tion, inflammation and fatigue.* Data from
the TransplantLines Biobank and Cohort
study’® at our centre, the University Medical
Center Groningen (UMCG), showed that of
424 KTCs, 87% had one or more problems
related to physical or psychological fitness
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prior to transplantation. Regarding physical fitness,
55% of KTCs had problems related to decreased muscle
strength and/or walking ability and 45% had a subop-
timal nutritional status. Concerning psychological well-
being, 36% showed high symptom levels of anxiety and/
or depression. In addition, 58% of the KTCs experienced
severe fatigue and 19% experienced moderate fatigue.
These findings show that KTCs are a vulnerable patient
population and exhibit signs of frailty. Frailty is a multidi-
mensional syndrome and captures the multiple domains
involved in the health status of KTCs. It is a physiological
condition caused by declines across physical, cognitive
and physiological reserves.”” Among KTCs, frailty is asso-
ciated with an increased inflammatory state, hospitalisa-
tions and waitlist mortality."*™"* It is estimated that one
in six kidney transplant (KT) recipients is frail prior to
transplantation."

Studies have shown that physical fitness and psycho-
logical well-being can be improved by the means of
prehabilitation.'*™® Prehabilitation is an intervention
aimed at optimising the patient’s overall fitness before
an operation to enhance recovery after the surgery and
improve outcomes. Prehabilitation may also be effective
in improving the overall health status of KTCs prior to
the KT. It focuses on implementing lifestyle changes in
order to enable patients to withstand the stress of surgery,
reduce the risk of postoperative complications, unplanned
readmissions and to enhance recovery.'” Prehabilita-
tion comprises physical training, dietary management
and psychosocial interventions.' The waiting-list period
before the KT provides a window of opportunity to
improve the overall fitness of KTCs by prehabilitation. In
The Netherlands, the duration of the waiting-list period
ranges from less than 3 months for those who receive
a kidney from a living donor to over 3years in case of
deceased donor kidney transplantation. Especially for the
latter, the duration of the waiting-list period is unpredict-
able. By offering a prehabilitation programme tailored to
the needs and possibilities of KT'Cs prior to transplanta-
tion, patients may be more likely to adopt a sustainable,
healthy lifestyle.

Studies have shown that prehabilitation during
the waiting-list period in transplant candidates is
feasible.”” ' **** Three studies showed that prehabili-
tation significantly improved physical activity, fatigue,
walking time and grip strength during the waitlist period
in KTCs."***' However, these studies had a small sample
size, and the interventions were not provided in a multi-
modal approach. As KTCs experience deficits across
multiple reserves, a multimodal approach is essential.
Additionally, complex interactions between the physical
and psychological health of a patient are addressed when
multimodal interventions are implemented.23 Therefore,
the effectiveness of a multimodal tailored prehabilitation
programme in KTCs still needs to be determined.

The primary objective of this study is to measure the
effect of a 12-week home-based, tailor-made multimodal
prehabilitation programme on changes in frailty status

between TO (screening for modifiable problems) and T1
(13 weeks after start of the prehabilitation programme).
Furthermore, changes in physical functioning, nutri-
tional status, psychological well-being, quality of life and
clinical outcomes between TO and T1 will be measured.

The secondary objectives are to determine the sustain-
ability of the results regarding frailty status and changes
in physical functioning, nutritional status, psychological
well-being and quality of life at 6 months after the start
of the study.

The tertiary objective of this study is to explore the
potential for further implementation of prehabilitation
in a daily clinical practice. This will be done by examining
the safety, feasibility and acceptability of the prehabilita-
tion programme and barriers and facilitators for further
implementation.

METHODS AND ANALYSIS

Trial design

The PreCareTx study uses a single centre, effectiveness-
implementation hybrid type I study design, consisting of
arandomised controlled trial and a mixed-methods study.
An overview of the study is given in figure 1. The dura-
tion of the study will be 3years, starting in January 2023.
The study is reported in accordance with the Standard
Protocol Items: Recommendations for Interventional
Trials statement (online supplemental material 1).** The
study has been registered on ClinicalTrials.gov.

Study setting

The intervention will be conducted in the KTCs’ home
environment, depending on their needs and preferences.
Study visits will be conducted at the UMCG in The Neth-
erlands at the following time points: baseline (T0), and
at week 13 (T1) and week 26 (T2) after randomisation.

Recruitment

Patients on the UMCG waiting list for kidney transplan-
tation or waitlisted during the inclusion period, will be
recruited by their treating physician and receive an infor-
mation letter about the risks and benefits of the study.
Written informed consent will be obtained from the
patient (online supplemental material 2). Patient recruit-
ment will start in January 2023 and end in June 2025.

Eligibility criteria

In order to be eligible to participate in this study, poten-

tial participants must meet all the following inclusion

criteria:

1. Adult KTC (=18 years).

2. Listed for kidney transplantation on the UMCG KT
waiting list at the start of the study or waitlisted during
the inclusion period (January 2023 to June 2025).

The exclusion criteria include:

1. Inability to read and/or speak the Dutch language.

2. Combined organ transplantation (eg, kidney+pancre-
as, kidney+liver).
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Figure 1

Overview PreCareTx study.

3. In case of living donor KT: a transplantation planned
within 3 months.
4. Involved in a lifestyle intervention study.

Participant screening and assessment

After informed consent, participants will be screened for
problems regarding physical activity, nutritional status or
psychological well-being in an assessment.

To evaluate physical functioning, participants will
complete several questionnaires, including the Duke
Activity Status Index (DASI), the physical subscale of the
Short Form 36 (SF-36) and the Short QUestionnaire to
ASsess Health-enhancing physical activity (SQUASH).
Additionally, participants will wear an activity tracker for
3 days and their handgrip, biceps and quadriceps strength
will be measured. Furthermore, the Short Physical Perfor-
mance Battery (SPPB) and the steep ramp test (SRT) will
be performed.

To assess nutritional status, participants will complete
the Patient-Generated Subjective Global Assessment
Short Form (PG-SGA SF) and maintain a food diary for
3days. In addition, the participant’s hip-waist ratio and
their body mass index (BMI) will be measured. Lastly, a
bioimpedance analysis (BIA) will be conducted.

For the evaluation of psychological functioning,
participants will be asked to complete the following
questionnaires: State-Trait Anxiety Inventory (STAI6),
Patient Health Questionnaire 9 (PHQ-9) and Checklist

12 week
prehabilitation|
program

Weekly
counseling

Evaluation Implementation factors

12 week
maintenance)
program +
Bi-weekly
counseling

Monthly
counseling
until Tx
or end of
study

Questionnaires
+ physical tests
T2

Questionnaires
+ physical tests
T1

Individual Strength: subjective fatigue (CIS8R). Finally,
the Montreal Cognitive Assessment (MoCA) will be
administered.

To assess frailty status and health-related quality of life
(HRQoL), each participant will complete the Tilburg
Frailty Indicator (TFI) and the SF-36, respectively.

The details of the assessment are described in table 1
and under outcome measurements. Participants who present
with one or more modifiable problem(s) will be eligible
to take part in the intervention study. In this study, a
modifiable problem is defined as a problem that can be
altered by the means of prehabilitation.

Randomisation and allocation concealment

All participants who present with at least one modifiable
problem, as determined during the assessment at the
baseline study visit, will be randomised to the intervention
or control group on a 1:1 ratio using block randomisa-
tion after stratification for sex and pre-emptive/non-pre-
emptive transplantation. This study will not be blinded as
it is not possible to blind the participant, or healthcare
professionals involved in the intervention. Randomisa-
tion will take place using ALEA (www.aleaclinical.eu).
The randomisation will be performed by an independent
researcher who is not involved in screening, recruitment,
clinical care or data collection.
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Table 1 Overview of questionnaires and measurements at various measurement points

Baseline (T0) Week 13 (T1) Week 26 (T2)
Measurements at home
Food diary (3days) X X X
Activity tracker (3 days) X X X
Questionnaires (online or paper-and-pencil)
Physical activity
Duke Activity Status Index (DASI) X X X
Nutritional status
Patient-Generated Subjective Global assessment X X X
Psychological fitness
State-Trait Anxiety Inventory X X X
Patient Health Questionnaire X X X
Checklist Individual Strength X X X
Outcomes
HRQoL-SF-36 X X X
Questionnaires Com-B model
Capability
Psychological Capability
Health literacy (SBSQ-D) X
Physical Capability
Physical sub scale SF-36 X)
DASI X)
Opportunity
Social influences
Social support (SSL-I) X
Environmental context and resources
Barriers and motivators questionnaire X
Health-smart behaviour inventory X
Motivation
Beliefs about capabilities
Self-efficacy (SE-MCDS) X
Personal control (Mastery Scale) X
Goals and planning
Action planning and control planning questionnaire X
Tests and questionnaires during study visit
Physical activity
Handgrip strength X X X
Biceps strength X X X
Quadriceps strength X X X
Short Physical Performance Battery X X X
Steep ramp test X X X
Short QUestionnaire to ASsess Health-enhancing physical activity X X X
Nutritional status
Bioimpedance analysis X X X
BMI (height and weight measurement) X X X
Hip-waist ratio X X X
Continued
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Table 1 Continued
Baseline (TO) Week 13 (T1) Week 26 (T2)
Cognitive ability
Montreal Cognitive Assessment X
Outcomes
Tilburg Frailty Indicator X X X

BMI, body mass index; HRQoL, health-related quality of life; SBSQ, Set of Brief Screening Questions; SE-MCDS, Self-Efficacy to Manage
Chronic Disease Scale; SF-36, Short Form 36; SSL-|, Social Support List-Interactions.

Intervention

The home-based, multimodal, tailor-made programme
will focus on three domains (physical activity, nutri-
tional advice and psychosocial support) depending on
the preferences and needs of the participant. For each
domain, interventions have been developed based on
the behavioural change wheel method."” ' A context
analysis was performed to gain insight into the problems
KTCs face, and the factors (ie, preferences, barriers,
limitations and facilitating factors) that are important to
them for the creation and implementation of a preha-
bilitation programme. Two certified lifestyle coaches, a
physiotherapist and a dietitian, will be involved in the
intervention. The lifestyle coach, together with the
participant and their significant other, will compose a
personalised, goal-directed prehabilitation programme
that can be incorporated into the daily life of the partic-
ipant. During the intervention, the lifestyle coach will
provide (bi)weekly counselling sessions with the partic-
ipant. In these sessions, the progress of the partici-
pant, including their goals, facilitators and barriers,
will be discussed. Participants will be offered monthly
counselling sessions after completing the maintenance
programme. Counselling ends when the participant

* Exercises at least 2 times a week (e.g.,
single leg raises, walking the line,
walking heel to toe)

* 1 set of 3 repetitions

Balance

training

- Resistance
training

* Exercises at least 2 times a week (e.g., arm
raises, arm curls, leg extensions, leg curls, calf
raises, squats)

e Start: 1 set of 10-15 repetitions, increase in
frequency (3 sets of 10-15 repetitions) and intensity
(adding stretch band or weights)

chooses not to make use of the counselling sessions,
when they undergo kidney transplant, or at the end of
study (September 2025).

Physical activity

The aim of the physical activity interventions will be
to improve the strength and endurance of KTCs. The
criteria of The Nederlandse Norm Gezond Bewegen (in
English: Dutch Healthy Physical Activity Guidelines),
which includes: (1) performing activities that are moder-
ately intense in nature for at least 30 min a day,/5 days per
week, and (2) performing activities to increase muscle
strength for 20min a day/ 2-3days a week, will serve as
guidance.” The intervention will differ per participant
depending on his/her baseline fitness level, preferences
and whether they are on dialysis.*® Participants will receive
a bag of weights (1-4 kg) and resistance bands (very light,
light, medium, heavy), in order to perform lightweight
and bodyweight exercises at home. Additionally, partic-
ipants will be offered to participate in activities such as
swimming, walking and cycling. Figure 2 shows the various
components which will be considered while creating the
tailor-made intervention for each participant.

* Exercises at least 2 times a week
(e.g., range of motion exercises,
standing stretches, floor stretches)

* Hold for 30-60 seconds

Flexibility

training

Aerobic
exercise

* Perform activities such as walking, jogging,
swimming, cycling at least 5 times a week, 30
minutes a day

e Gradually increase time of activity and decrease
resting time in between (e.g., start with 3 x 10
minutes, build to 30 minutes in each session /

I

Figure 2 Components of the physical activity intervention and examples of possible activities.
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Nutritional advice

Nutritional interventions will focus on improving nutri-
tional status and body composition by supporting partici-
pants to engage in healthy and sustainable dietary habits.
If participants already receive guidance from a dietician
in the context of regular care, the nutritional advice will
be coordinated with his/her dietician. The interven-
tion will be tailored to the nutritional problems and/
or dietary restrictions of each individual participant and
focus on optimising and preventing shortages or imbal-
ances of energy, protein and/or other nutrients for all
participants.

Psychosocial support

Psychosocial interventions will consist of individual
coaching by a certified lifestyle coach during (bi)weekly
counselling sessions. The sessions will focus on the use of
effective coping strategies, stress and energy management
and promoting social support. Significant others may take
part in these sessions if the participant wishes that they
do. In addition, interventions aimed at relaxation such as
sleep hygiene and relaxation interventions (eg, progres-
sive muscle relaxation techniques, visual and auditory
stimulation, breathing techniques) will be offered. Partic-
ipants with clinically relevant scores regarding anxiety
(STAI6 212) or depression (PHQ-9 >10) will be referred
to a social worker at their local hospital for further eval-
uation, treatment and/or referral to a psychologist.27 8

Control group

The control group will receive care as usual. Standard
medical care for KTCs consists of a consultation with a
nephrologist and/or nurse practitioner at their local
hospital every 3months approximately. In addition, a
consultation with a dietician is scheduled if laboratory
values are not consistent with expected results from dietary
restrictions for chronic kidney disease or on demand of
the KTC. Depending on the needs of the KTC a social
worker can be consulted. Physical therapy consults may
be advised by a nephrologist and/or nurse practitioner
for those KTCs who experience declines in their fitness
levels. The contents of the physical therapy session will
depend on the fitness level of the KTC. Data on the use
of allied healthcare will be collected. Regarding measure-
ments, the same time intervals will be used in between
assessments. A study visit at the UMCG will be planned at
week 13 (T1) and week 26 (T2) after randomisation.

Participant withdrawal

Participants may always withdraw from the study, without
any consequences. The investigator can decide to with-
draw a subject from the study for urgent medical reasons.
Participants will be withdrawn if they get transplanted
during the study.

If participants withdraw from the study prior to
measurement point T1, new participants will be included
to ensure sufficient power of the study. Participants who
have withdrawn from the study after T1 but indicate that

their data may be used in the follow-up studies (eg, on
the effect of prehabilitation on outcomes after transplan-
tation) will be followed according to the specifications of
the patient.

Outcome measurements

All outcome measurements are summarised in table 1.
The primary, secondary and clinical outcomes will be
measured at three time points: TO (baseline assessment),
T1 (week 13) and T2 (week 26). If a participant is unable
to make it to the study visit at week 13 or week 26, a study
visit will be planned within a 1week time frame of these
time points.

Primary outcome

The primary outcome will be change in frailty status
between TO and T1 as measured by the TFL* This vali-
dated tool has been chosen as it covers multiple compo-
nents of frailty. In addition, the sustainability of the
intervention will be examined by change in frailty status
between T1 and T2. The TFI is a multidimensional,
validated questionnaire for measuring frailty among
community dwelling older adults.”” It consists of 15 items
reflecting the different components of frailty: physical
frailty (8 items), psychological frailty (4 items) and social
frailty (3 items). The total TFI score ranges between 0 and
15. A score >5 is used as a cut-off point for frailty.

Secondary outcomes

Secondary endpoints include changes in physical func-

tioning, nutritional status, psychological well-being and

quality of life. To measure these changes, a set of ques-
tionnaires will be filled out prior to the study visits (T0/

T1/T2) in the UMCG using an online survey. Participants

who prefer a pen-and-paper survey, will receive one via

mail. Physical tests will be done during the study visit at
the UMCG.

Physical functioning will be measured by two question-

naires and five performance tests.

» The SQUASH will be used to gain insight into engage-
ment in physical activities in one’s daily life.”

» The DASIwill be used to measure functional capacity.”

» An activity tracker will be used to measure the number
of steps taken by the participant. Participants will be
asked to wear the activity tracker for 3 days and note
the steps per day in their food diary (see nutritional
assessment).

» Handgrip strength will be assessed using the Jamar
Hydraulic Hand Dynamometer (Patterson Medical
JAMAR 5030]1, Warrenville, Canada).*

» Quadriceps and biceps strength will be measured with
a hand-held dynamometer CITEC CT 3002/30 hand-
held dynamometer (Haren, Netherlands).***

» The SPPB will be used to measure physical perfor-
mance regarding balance, gait speed and leg muscle
strength.” The SPPB consists of a balance test, a
4-metre walking test and the 5 Times Sit-To-Stand test.
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» The SRT will be performed on an electronically
braked cycle ergometer to measure one’s aerobic
capacity. During the SRT, the resistive load is acceler-
ated in a fast schedule (25 W/10s) until exhaustion of
the participant.*

Nutritional status will be assessed by a questionnaire, a

food diary and three body measurements.

» The PG-SGA SF will be used to assess nutritional
status across various domains: changes in body weight,
changes in nutritional intake, symptoms which nega-
tively influence intake, absorption and usage of nutri-
ents and level of activities and function.”

» Participants will be asked to complete a food diary
throughout consecutive 3days, including 1weekend
day, to gather information on fat, protein and energy
intake.

» BMI will be calculated as follows: weight (in kg)
divided by height (m) squared (kg/m?).

» Hip and waist circumference will be measured in
centimetres to calculate a waist-hip ratio.

» BIA will be conducted to non-invasively measure body
composition (eg, lean tissue index, fat tissue index,
extracellular and intracellular volume) by using the
InBody S10.

Psychosocial — well-being  will

questionnaires.

» Symptoms of anxiety will be measured using the short-
form of the STAI6.”

» Symptoms of depression will be measured using the
PHQ-9.%

» Fatigue will be measured using the CISSR.*

be measured by three

Health-related quality of life

To assess HRQoL, the SF-36 health survey will be used.
It is a 36-item, self-reported questionnaire that captures
participants’ perceptions of their own health and well-
being. Based on the item scores, a Physical Component
Score and a Mental Component Score will be calcu-
lated. """

Clinical outcomes

Clinical outcomes, including waitlist mortality, delisting
and the number of hospital admissions, will be assessed
by medical record review until time of transplantation
and recorded on a case record form.

Other measures

To gain insight into the capability, opportunity and moti-

vation of participants to engage in behaviour change the

following questionnaires and test will be administered at

TO.

» Health literacy will be measured using the Dutch
version of the Set of Brief Screening Questions.* **

» Barriers and motivators regarding physical activity
will be measured using the Barriers and Motivators
Questionnaire.**

» Barriers and motivators regarding nutritional intake
will be measured using a subset of the Motivators

and Barriers to Health-Smart Behaviours Inventory
regarding health food and healthy drinks.*

» Barriers and motivators regarding social support will
be measured using the short version of the Social
Support List-Interaction (SSL-T) o

» The Self-Efficacy to Manage Chronic Disease Scale
will be used to gain insight into the confidence of a
person in the ability to successfully perform a specific
task or behaviour related to one’s health in various
situations.*” 8

» Personal control will be measured using the Pearlin-
Schooler Mastery Scale.*' **

» To gain insight into goal directedness and action
planning skills of participants, the Action and Coping
planning questionnaire developed by Sniehotta et al
will be used.*’

» MoCA will be used a screening tool for cognitive
deterioration.”

Tertiary outcomes

Data regarding feasibility and acceptability of the preha-

bilitation programme will be collected throughout the

study period. To assess feasibility the following data will

be collected:

» Enrolment (number of eligible participants, consent
rate, reasons for refusal (if known)).

» Attrition (percentage of completion of the
programme, reasons for dropout).

» Fidelity (adherence to the programme, barriers and
facilitators; adjustments to the programme).

» Safety (number of adverse events).

» Logistical problems.

The acceptability of the prehabilitation programme
will be assessed among participants using the Treatment
Acceptability and Preference questionnaire and among
involved healthcare professionals using the Normalisa-
tion MeAsure Development (NoMAD) questionnaire.” ™
In addition, satisfaction, feedback regarding the
programme, barriers and facilitators for further imple-
mentation will be obtained by six focus group meetings
with participants of the intervention group and involved
healthcare providers at the end of the study period. The
focus group meetings will be led by an experienced senior
researcher.

Demographic and patient characteristics will be
recorded throughout the study.

Sample size calculation

An a priori sample size calculation was performed based
on an effect size of 0.5, which is generally found across
outcomes and across populations as indicative of a
minimal clinically important difference. To find a statisti-
cally significant difference between the control and inter-
vention groups in the change of frailty at the end of the
prehabilitation programme (T1) with a medium effect
size (0.5), alpha value of 0.05 (two-sided) and a power
of 0.80 at least 128 participants are needed in the study,
n=64 in each group. Based on a dropout rate of 15%, 148
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KTCs will be needed for randomisation. Given the esti-
mated exclusion after the assessment of participants with
no problems of 15%, 176 KTCs need to be included for
assessment.

Based on a conservative estimation of 50% regarding
response rate to the invitation to participate in the study,
and an initial exclusion of 10% of the target population
(eg, because of a language barrier), a total of 388 KTCs
(2x176 needed for assessment+10% exclusion) will be
needed as potential eligible participants.

Statistical analysis

All analyses will be performed using Statistical Package
for the Social Sciences (IBM SPSS Statistics for Windows,
V.28.0. IBM, Armonk, New York, USA). The analyses will
be based on the intention-to-treat principle. A two-sided
p value of <0.05will be considered to indicate statistical
significance for all analyses.

An intention-to-treat analysis will be carried out to study
the difference in outcome measures between the inter-
vention and the control group. The primary outcome
will be the change in frailty status between TO and TI1.
Differences between groups will be performed using the
Student’s t-test or Mann-Whitney U test depending on
normality of data. Differences within groups will be tested
with a paired-samples t-test or Wilcoxon signed-rank test
depending on normality of data.

Regarding missing data, imputation by mean or modus
will be done if missing at random (MAR) is less than 5%.
If MAR>5%, multiple imputation will be used. Imputation
will not be performed if missing data are not random.

Explorative analysis will be performed to gain insight
into differences between the intervention and the control
group regarding changes in frailty status (T1-T2), phys-
ical functioning, nutritional status, psychosocial well-
being, quality of life and clinical outcomes at the various
measurement points. These changes will be analysed using
the appropriate tests based on measurement level and
distribution. Differences in proportions between groups
will be examined using y* tests. Differences between
groups will be performed using the Student’s t-test or
Mann-Whitney U test depending on normality of data.
Differences within groups will be tested with a paired-
samples t-test or Wilcoxon signed-rank test depending on
normality of data. Changes over time between T0 and T2
will be analysed using general linear models analysis with
groupxtime interaction.

Data regarding feasibility, acceptability and barriers
and facilitators for further implementation (eg, enrol-
ment, attrition, adherence, safety, logistical problems)
will be described using descriptive statistics.

Quualitative data from the focus group meetings will be
audio recorded and transcribed verbatim. Transcriptions
will be imported into ATLAS.ti 22 (Scientific Software
Development GmbH, Berlin, Germany). Data will be
iteratively analysed and discussed using six analysis steps:
familiarisation with the data, generation of initial codes,

searching for themes, reviewing themes, defining and
naming themes and writing the report.”**

Data management

Data will be handled in accordance with the General Data
Protection Regulation and the Dutch Act on Implementa-
tion of the General Data Protection Regulation. All partic-
ipant data will be pseudonymised. Data collection forms
will be stored in RoQua, a routine outcome measurement
system used in the UMCG, and REDCap, a secured web
application for building and managing online surveys
and databases. A key list (identification list) will be kept
to be able to link data of the electronic patient dossier to
a pseudonymised patient. This key list will be secured by
a password and saved on a locked research drive. Hard-
copy research data of the project will be stored in a locked
filing cabinet in the office of the principal investigator,
which will also be locked. The principal investigator will
have access to the final trial data set. After the completion
of the research project, as soon as all research data have
been analysed and processed, all hardcopy research docu-
ments will be sent to the central archive of the UMCG.

Data monitoring

The principal investigator has deemed the implemen-
tation of a data monitoring committee unnecessary due
to the low-risk nature of this study.

Remuneration

Participants will not receive remuneration for their
contribution to this study. However, they will receive
reimbursement for the cost of travel and parking costs.

Patient and public involvement

The patient advisory committee (PAC) of the UMCG
Transplant Center was involved in the process of devel-
opment of the study by exchanging ideas and giving
feedback on the research proposal. The patient council
of the Dutch Kidney Foundation contributed to the
acceptance of the grant that helped fund this study.
Also, a context analysis was performed to gain insight
into the problems that KTCs face and the help that they
receive prior to transplantation.

The project’s steering committee consists of patients,
including a representative of the PAC of the Trans-
plant Center, and professionals. This group discusses
the progress of the study quarterly. Patients will be
involved in further development of the prehabilitation
programme.

ETHICS AND DISSEMINATION

Medical ethical approval for this study has been granted
by the Institutional Review Board of the UMCG (regis-
tration no. METc 2022/421). The study will adhere to
institutional policies, local laws and the Declaration of
Helsinki. Written informed consent will be obtained
from all participants by their treating physician.
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Important protocol modifications will be communi-
cated to relevant parties.

Although the risk of injury during exercise is negli-
gible, this will be monitored weekly by a lifestyle coach.
All adverse events will be followed until they have
abated, or until a stable situation has been reached.

The results will be disseminated at international
conferences and in peer-reviewed journals.

Trial sponsor
University Medical Center Groningen.
P.O. Box 30 001 (FA 12), 9700 RB Groningen.
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