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Abstract: Physical inactivity is highly prevalent after solid organ transplantation and leads to un-
favourable outcomes. This review aimed to understand posttransplant physical activity behaviour
and propose physical activity interventions. Michie’s Behavioural Change Wheel was applied,
in which the Context and Implementation of Complex Interventions framework, the Capability-
Opportunity-Motivation and Behaviour model, and the Theoretical Domains Framework were em-
bedded. Various contextual factors were found to modulate physical activity behaviour. Promising
strategies to promote long-term physical activity included (i) tailoring of physical activity pro-
grams to patients’ abilities and preferences; (ii) incitement of intrinsic and autonomous motiva-
tion to change; (iii) SMART goals setting (e.g., Specific, Measurable, Achievable, Realistic, Time-
bound), (iv) autonomy-supportive co-design of action plans; (v) foster new habit formation; (vi) self-
monitoring of physical activity; (vii) follow-up opportunities for evaluation and adjustment; (viii)
education of transplant recipients, healthcare providers, and the patients’ social network; (iv) im-
provement of self-efficacy through incremental successes, verbal persuasion, peer modelling, and
awareness of exercise-related bodily signals; (x) providing physical activity opportunity within
patients’ social and environmental setting; (xi) encouragement and support from patients’ social
network and healthcare providers; and (xii) governmental action that alleviates financial barriers
and restructures the physical environment to promote physical activity. These new insights may
contribute to physical activity program development for transplantation recipients.

Keywords: physical activity; solid organ transplantation; context; barriers; motivators; behaviour;
behaviour change

1. Introduction

Solid organ transplantation is a life-saving treatment for patients with end-stage solid
organ disease. The past two decades, technical and pharmacological advancements substan-
tially improved short-term survival after solid organ transplantation [1] but their benefits on
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long-term outcome have been somewhat disappointing [2]. Poor uptake of healthy lifestyle
practices (i.e., diet, physical activity) undoubtably affects long-term posttransplant physical
and mental well-being. This review aims to summarize factors modulating physical activity
behaviour in adult solid organ transplant recipients and to subsequently propose promising
interventions for the posttransplant adoption of physical active behaviour. Our approach
was guided by a combination of theoretical frameworks embedded in Michie’s Behaviour
Change Wheel (BCW) theory (Figure 1) [3]. Thus, the present study first aimed to un-
derstand posttransplant physical activity behaviour (BCW stage 1, steps 1–3) by defining
the problem in behavioural terms, and by selecting and specifying the target behaviour.
Next, a literature search was conducted to identify contextual factors of physical activity
behaviour after transplantation, including patient-reported barriers and motivators for
participation in physical activity and exercise-based rehabilitation (BCW stage 1, step 4).
Finally, intervention functions, policy changes, and behaviour change techniques were
identified (BCW stage 2 and 3, steps 5–7) [3].
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retical Domains Framework.

2. Methods

Steps 1–7 of Michie’s BCW were used to approach our goals in a systematic and
iterative way [3]. Steps 1–3 were based on a narrative review of the literature, step 4
was addressed by a systematic literature review. Within the BCW, we embedded the
context dimension of the ‘Context and Implementation of Complex Interventions’ (CICI)
framework [4], as well as the Capability-Opportunity-Motivation and Behaviour (COM-B)
system [5], and the Theoretical Domains Framework (TDF) version 2 [6].

First, the initial three steps of BCW stage 1 were addressed. In these steps the low
participation rate in posttransplant physical activity (including exercise and exercise-based
rehabilitation), the target behaviour, and its consequences were described.

Next, step 4 of BCW stage 1 was conducted to identify the needs in behaviour change.
Contextual factors related to posttransplant physical activity behaviour were synthesized
using the context dimension of the CICI framework. This context dimension comprises the
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following seven domains: geographical, epidemiological, socio-cultural, socio-economic,
ethical, legal, and political. This framework was embedded in the BCW to facilitate iden-
tification and classification of contextual modulators of physical activity beyond patient-
reported barriers and motivators. Two independent reviewers (SL and MV) screened the
literature for barriers and motivators using the following entry terms in PubMed: ((liver OR
kidney OR lung OR heart OR pancreas OR organ) AND (Transplantation OR Recipient*))
AND (physical activity OR exercise OR rehabilitation) AND (facilitat* OR motivat* OR
benefit* OR barrier* OR modulat* OR determinant*). Only studies in adult transplant
recipients were considered. Identified barriers and motivators were classified according to
the COM-B system combined with TDF.

Last, in steps 5–7 of the BCW stage 2 and 3, intervention functions, policy changes,
and behaviour change techniques were proposed based on the data obtained in step 4 and
subsequently discussed per CICI context dimension domain.

3. Results
3.1. Physical Inactivity after Organ Transplantation: Prevalence, Consequences, and Target
Behaviour: BCW Steps 1–3

Many solid organ transplant recipients lead a sedentary, physically inactive life [7–11].
Sedentary behaviour refers to “any waking behaviour characterized by an energy expen-
diture of ≤1.5 metabolic equivalents, while in a sitting, reclining, or lying posture” [12].
Physical inactivity refers to an “insufficient physical activity level to meet present physical
activity recommendations” [12]. The 2020 World Health Organization (WHO) Guidelines
on Physical Activity and Sedentary Behaviour recommend that adults suffering from
chronic conditions regularly engage in moderate- and/or vigorous-intensity aerobic activi-
ties during respectively ≥150–300 or ≥75–150 min per week, or an equivalent combination
of both [13]. Muscle strengthening activities are recommended at least twice a week.
Three times a week, one is recommended to engage in multicomponent physical activities
targeting not only aerobic or strength components but also functional balance. Importantly,
the WHO guidelines also emphasize the benefits of engaging in any physical activity, even if
the aforementioned target range is out of reach. Light-intensity activities (1.5–3.0 metabolic
equivalents) are promoted to alternate with or substitute periods of sedentary time.

Current recommendations for transplant recipients either refer to general guidelines
of physical activity [14] or specifically recommend exercise training [15–18]. General
recommendations to lead an active life do not provide an adequate description of how
frequent, how long, how intense, and what type of physical activity one should engage in.
Exercise training is defined as a “subcategory of physical activity that is planned, structured,
repetitive, and purposeful in the sense that the improvement or maintenance of one or
more components of physical fitness is the objective” [13]. Whereas exercise training is a
stronger stimulus for the induction of health benefits than physical activity, its long-term
implementation in daily life is far more challenging. In this respect, exercise interventions
have emerged as an essential component of the posttransplant recovery phase to improve
patients’ physical fitness and thus the capacity to engage in physical activity. But once a
certain level of physical fitness has been established, the further lifelong engagement in
regular physical activity likely requires well-selected behavioural interventions. As for now,
the 2020 WHO physical activity recommendations for patients with chronic conditions
can be considered the physical activity target behaviour for patients with a solid organ
transplantation [13].

In a Dutch cohort of 592 stable transplant recipients, van Adrichem et al. reported that
56% of patients adhered to aerobic physical activity guidelines, with a median time spent on
moderate-to vigorous-intensity physical activity of 720 (270–1460) minutes per week. This is
considerably less than the general population, of which, on average, 72% meet the physical
activity guidelines [8]. Median sedentary time in this cohort was 360 (IQR—Interquartile
Range, 240–480) min per day, which was slightly higher compared to the general Dutch
population (342 min per day). Similarly, Kallwitz et al. showed that, in an American
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cohort of 204 liver transplant recipients, only 24% engaged in ≥ 150 min of physical
activity per week relative to 51% of the overall adult population in the United States [10].
Similar observations have been reported in cohorts of kidney, heart, and lung transplant
recipients, with studies consistently indicating lower physical activity levels that do not
meet physical activity recommendations [11,16,19–22]. Although weekly engagement in
muscle strengthening and multicomponent physical activities is recommended, to the
best of our knowledge, no such observational data is available in transplant recipients.
The problematically low levels of posttransplant physical activity behaviour and the target
behaviour are further refined in Tables 1–3.

Both physical activity and physical fitness have repeatedly been shown to predict
posttransplant outcome and survival [19,23–28]. Low levels of physical activity cause poor
cardiorespiratory, muscle, and motor fitness, which in turn may promote physical inactivity.
Physical inactivity synergizes with the deleterious effects of immunosuppressive therapy
on metabolic and cardiovascular health. Compared to the general population, kidney trans-
plant recipients are three-to-five-fold more likely to develop cardiovascular disease [29].
After liver transplantation, the incidence of major cardiovascular events increases from 11%
at one year, to 14–21% at five years, and 30% at eight years posttransplant [30,31]. The inci-
dence of new-onset diabetes after transplantation ranges from 12–45% [32] and negatively
correlates with moderate to vigorous physical activity levels [33]. Both in the general and
the transplant population, physical activity and physical fitness are established risk factors
for cardiovascular disease [10,28,34–38], which currently represents one of the leading
causes of death following transplantation [30,33,39,40]. Observational studies in kidney
transplant recipients have suggested that physical activity may contribute to preservation
of graft function [9,41], although intervention studies still need to confirm such findings.
Lastly, in the general population, regular engagement in physical activity enhances im-
munosurveillance against pathogens [42] and adverse outcome following SARS-CoV-2
infection [43]. However, these findings need to be confirmed in the immunosuppressed
transplant population.

Physical activity, and in particular exercise training, not only brings physical, but also
social and mental health benefits [44–46]. Exercise training has been shown to improve
symptoms of fatigue [47], reduce levels of anxiety and depression [48], and result in
improved health-related quality of life in transplant recipients [18]. Furthermore, exercise-
based rehabilitation facilitates return to work after transplantation [49], presumably in part
as a result of reduced posttransplant fatigue and increased physical functioning [50–53].

It thus becomes clear that a lack of sufficient physical activity is unfavourable for
transplant recipients’ physical, mental, and social well-being. A better understanding
of the contextual factors, implicated in this behaviour is required to develop thoughtful
interventions that promote the uptake of a life-long physically active behaviour.

Table 1. Definition of the problem.

Leading Question Possible Answer

What is the
problem/behaviour

The majority of transplant recipients do not meet physical activity guidelines and are less physically
active compared to the general population [8,54]. Most studies evaluating adherence to physical
activity recommendations evaluate participation in aerobic physical activity (150 min/week at
moderate intensity, 75 min/week at vigorous intensity, or an equivalent of both). However, physical
activity guidelines additionally include recommendations on muscle strengthening activities
(≥2×/week) and multicomponent physical activities targeting postural balance during aerobic
and/or muscle strengthening activities (≥3×/week), such as for instance dancing, yoga, gardening,
and sports [13]. Nowadays, recommendations increasingly emphasize the need to replace sedentary
behaviour with light physical activity [13,55–57].
Exercise and exercise-based physical rehabilitation are subsets of physical activity. For the sake of
simplicity, low participation rates to posttransplant exercise-based rehabilitation are acknowledged,
but in the present manuscript not discussed as the primary focus.
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Table 1. Cont.

Leading Question Possible Answer

Where does it occur

Physical activity can be performed as incidental physical activity (e.g., housework,
transportation-related physical activity), occupation-related physical activity, or as activities
performed for enjoyment or to improve or maintain physical and mental well-being. Physical activity
can be performed everywhere: indoors, outdoors, at home, at work, in sports centres,
at rehabilitation centres, etc.

Who is involved?

Transplant recipients’ family members, friends, peers, health care providers (e.g., general
practitioners, transplant physicians, transplant nurses, care assistants, physiotherapists,
psychologists, social assistants, occupational therapists, dieticians) as well as patient organisations
and policy makers (e.g., national policy makers, middle and top management of transplant centres)
may modulate patient’s engagement in physical activity.

Table 2. List of possible target behaviours.

Possible
Target Behaviour Impact of Behaviour Change Likelihood

of Change
Spillover

Effect Measurement

Reduction of
sedentary behaviour

Mortality: + [58]
CV health: + [59,60]

Physical fitness: + [61]
HRQOL: + [62]

++ +
++ (e.g., accelerometers
such as ActivPal
and Actigraph)

Aerobic activity:
150 min at moderate
intensity, 75 min at
vigorous intensity,
or an equivalent
combination of both

Mortality: ++ [63,64]
CV health: ++ [63,65,66]

Physical fitness (cardiorespiratory
fitness): ++ [18,65]

HRQOL: + [65]

+ ++ ++ (e.g., Heart monitor,
training diary)

Muscle strengthening
activity: ≥2×/week

Mortality: + [63,64]
CV health: + [18,63]

Physical fitness (muscle fitness): ++
[18,67]

HRQOL: + [68]

+ ++ ++ (e.g., training diary)

Participation in WHO
recommended volume
and intensity of aerobic,
muscle strengthening,
and multicomponent
physical activities

Mortality: ++ [64]
CV health: ++ [63]

Physical fitness (cardiorespiratory,
muscle, and motor fitness): ++ [18]

HRQOL: + [18,60]

+ ++ ++ (e.g., accelerometers,
training diary)

CV: cardiovascular; HRQOL: Health related quality of life; ++, very promising; +, promising; ±, not promising
but worth considering; −, unacceptable.

Table 3. Specification of target behaviours.

Target Behaviour Physical Activity Participation

Who Solid organ transplant recipients

What

Any bodily movement produced by the skeletal muscles that requires increased energy expenditure
above resting requirements and involves household tasks, leisure time activity, and structured
physical activity (including exercise and exercise-based rehabilitation) [13]. Physical activity
dimensions include frequency, intensity, time/duration, and type.

When

After solid organ transplantation:

- During acute hospitalization after transplantation: exercise-based rehabilitation
- Early (1–6 months) after transplantation: exercise-based rehabilitation and physical activity
- Long-term (>6–12 months) after transplantation: physical activity
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Table 3. Cont.

Target Behaviour Physical Activity Participation

Where Engagement in physical activity can be performed everywhere: at home, at work, indoors, outdoors,
in sports and health care centres, etc.

How

A plethora of physical activity types exists. E.g.,

- Incidental activity (e.g., household tasks, transport)
- Leisure activities
- Planned and structured activity and exercise
- Sports (either or not competitive)
- Exercise-based rehabilitation: mobility, aerobic, strength, balance, flexibility, and

functional exercises

How often Any reduction in sedentary behaviour and any increase in physical activity is believed beneficial for
patients’ health, though specific physical activity goals have been reported as well (cf. Table 2.)

With whom

Physical activity can be performed with:

- Alone or in group
- Friends
- Family
- Peers
- Colleagues
- Pet(s)
- Health care providers

3.2. Contextual Factors Implicated in Posttransplant Participation in Physical Activity: BCW Step 4

To better understand the discrepancy between the ongoing versus target behaviour
and to identify the needed change (step 4 of the BCW), the context and modulating factors
of physical activity behaviour (including exercise-based rehabilitation) need to be taken
into account. According to the CICI framework, “context reflects a set of characteristics
and circumstances that consist of active and unique factors, within which the implemen-
tation is embedded” [4]. The context dimension of the CICI framework consists of seven
domains that classify factors that may interact with, influence, modify, facilitate, or con-
strain physical activity behaviour, physical activity interventions, and their intervention
implementation in solid organ transplant recipients [4]. The use of CICI’s context dimen-
sion facilitated classification and discussion of contextual factors that modulate physical
activity beyond patient-reported barriers and motivators. Nonetheless, our primary focus
concerned patient-reported barriers and motivators to physical activity (including exercise
and exercise-based rehabilitation), for which a systematic review was performed.

Our literature search on patient-reported barriers and motivators identified 19 eligible
records from 17 independent studies (Figure 2). The barriers and motivators were classified
according to COM-B and TDF (Table 4) and subsequently embedded and discussed below
according to the context dimension of CICI. The identified barriers and motivators were
related to participation in physical activity and/or exercise [8,11,54,69–79], exercise-based
rehabilitation [80–83], or participation in the World Transplant Games [84]. The terms
physical activity and exercise were often used interchangeably, making it impossible to
make a clear distinction between these variables. E.g., studies evaluating barriers and
motivators for physical activity asked patients whether ‘exercise or sports gave them
unpleasant bodily signals’ [69] and whether ‘negative attitudes towards exercise’ [79] were
considered barriers to participating in physical activity.
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Table 4. Identified barriers and motivators to physical activity classified according to TDF embedded in COM-B.

COM-B TDF What Needs to Happen for
Target Behaviour To Occur? Barriers Motivators

Physical
Capability

Physical
skills

Being physically able to be
physically active

Evaluated in 12/19 records
General health and symptoms [69,71,80] (K/Li/M)
Kidney disease [69] (K)
Comorbidities that interfere with physical activity [11,80,82] (K/M)
Physical limitations in relation to transplantation [11,82] or slow recovery after
transplantation [71] (K/Li/M)
Feeling too fatigued or low energy levels [11,69,73,82,83] (K/Lu/H/M)
Feeling too sick to exercise [79] (K)
Physical pain [70,83] (K/H)
Having open incision [79] (K)
Shortness of breath [69,83] (K/H)
Inadequate strength to perform activities [11,72] (M)
Side effects of immunosuppressant’s [11,72] or medication [81] (M)
Being overweight [11] (M)
Avoiding direct sunlight due to higher risk of skin cancer when taking
immunosuppressant’s [79] (K)
Restrictions towards exercise (lifting and contact sports) [74] (K)

Evaluated in 11/19 records
Perceiving feelings of health and benefits from physical
activity [72,81,82] Feel healthier and generally
better [71,74,81,83] (K/Li/H/M)
Reduce specific health risks [74] (K)
Increase energy [69,83] (K/H)
Decrease pain [69] (K)
Increase mobility [74] and muscle strength [11,69] (K/M)
Manage weight [11,69,81] (K/M)
Improve endurance [73] (Lu)
Consequences of inactivity [11,82] (K/M)
Longevity of the transplanted kidney [74] (K)
Improvements in body and transplant conditions and feeling
the transplant becoming stronger [83] (H)
Recognition that PA is essential for prolonging their lives and
maintain the quality of their health [77] (M)

Psychological
Capability

Knowledge Patients (and health care
providers) require the
knowledge about why, how,
when, how often, and with who
to be physically activity in a
safe way

Evaluated in 9/19 records
Lack of knowledge about the benefits of physical activity [11,69] (K/M)
Lack of knowledge about appropriate exercise [74] or unsure how to exercise
safely [81] (K/M)
Health care providers’ lack of expertise, lack of medical clearance, lack of
specific advice, and conflicting or vague advice [11,71,74,77,84] (K/Li/M)
Health care providers not recommending or advising against physical
activity [79,80] (K/M)
Health care providers not providing answers on questions about exercise
limitations [74] (K)
Desire for (currently lacking) exercise guidelines [74] (K)Desire to three
different types of guidance: (i) standardized guidance, (ii) prescriptive
(individualized) guidance, and (iii) supervised guidance/sessions both
individual and in group [74] (K)
Exercise advice and guidance not priority of the National Health Service
(UK) [74] (K)

Evaluated in 7/19 records
Knowing the value and benefits of increased PA [69,79] (K)
Having knowledge about PA [72] (M)
Receiving information on how to exercise [69] (K)
Expertise of personnel [11] (M)
Physician recommendations to PA [72,80] (M)
Individualized timely advice consistent across the
multidisciplinary team [71] (Li)
Accessible and comprehensive rehabilitation as a potential
source for guidelines around proper exercise and transplant
appropriate milestones [77] (M)

Emotion and
behavioural
regulation

Apply the knowledge about
correct physical activity
frequency, intensity, type,
and duration.
Development of coping
strategies for barriers

Evaluated in 2/19 records
A previous routine without physical activity [11,82] (K/M)
Post-transplantation life events [11] (M)

Evaluated in 5/19 records
Coping [11,82] (K/M)
Physical activity as routine habit [11,79,82] (K/M)
Exploration of new capabilities and refine their
understanding of their trans liminal, transplanted
body-self [54] (N)
Self-determination [71] (Li)
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Table 4. Cont.

COM-B TDF What Needs to Happen for
Target Behaviour To Occur? Barriers Motivators

Memory,
attention &
decision
processing

Notice and remember to be
physically active during
daily life

Evaluated in 1/19 records
Not remembering to be physically active [79] (K)

Evaluated in 0/19 records

Physical
Opportunity

Environmental
context
and resources

Availability and accessibility of
physical activity facilities
and opportunities.
Financial resources and
insurances to be
physically active

Evaluated in 8/19 records
Lack of access to (safe) physical activity facilities [69,74,77,79,81] and a lack of
opportunities to participate in a physical activity program [80] (K/M)
Costs of physical activity [74,81] costs of fitness/rehabilitation
centres [72,79,80], and limited financial resources [11,69] (K/M)
Bad weather [11,69,74,79,81] (K/M)
No private insurance [70,72] (K/M)
No transportation to a gym [79] (K)
Far distance from rehabilitation centre [80] (M)
No place to sit down while exercising outside [69] (K)
Poor sidewalks [69] (K)

Evaluated in 6/19 records
Having financial resources [69] and having private
insurance [70] (K)
Proximity to an exercise facility [72] and environmental
opportunity to be physically active [71] (Li/M)
Outdoor activities (views and fresh air) and walking
(preferred activity as it could be easily fitted into daily
life) [74] (K)
Exercise classes (structured and motivational) and individual
exercise preferences (especially influencing continued
exercise behaviour) [74] (K)
Workable and constructive exercise program [83] Taking
precautions when training outdoors and adjusting the way of
exercise to fit themselves [83] (H)

Social
Opportunity

Social influence An encouraging and supporting
social network

Evaluated in 4/19 records
Lack of general encouragement, lack of support from family and friends [69],
and lack of support from physicians [81] (K/M)
Low expectations from family, friends, and health-care providers [69] (K)
Negative social influence [71] (Li)
Not knowing other kidney transplant recipients who are physically
active [74] (K)
Expectations of others that kidney transplant recipients should not
exercise [74] (K)

Evaluated in 9/19 records
Having support and encouragement from family, friends,
peers (peer modeling), and others [11,69,71,72,79,81,83]
(K/Li/H/M)
Physical activities with others [69,79], friends/family [74],
and in group [11,81] (K/M)
Making new friends by physical activity [74] (K)
Encouragement, support, and empathy from healthcare
providers [69,71,83] (K/Li/H)
High expectations from family, friends and healthcare
providers [69] (K)
Having a supportive exercise leader [69] (K)
Exercising on the job [74,79] (K)
Not wanting to let people down if they had planned to
exercise together [74] (K)
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Table 4. Cont.

COM-B TDF What Needs to Happen for
Target Behaviour To Occur? Barriers Motivators

Automatic
motivation

Emotion Positive emotions related to
physical activity

Evaluated in 11/19 records
General anxiety [73,82], anxiety about physical activity [69], and fear of
movement [75] (K/Lu)
Fear of damaging the transplanted organ [11,81,83], increasing pain or
injury [69,81]; negative effects [69,81]; infection [81]; rejection [73]; making
health worse [69], and falling [69] (K/Lu/H/M)
General fear of activities outdoors [83], or fear of outdoor activities due to fear
for crime [69] or fear of being affected by a certain disease [83] (K/H)
Depression [69] and low health-related quality of life [72] (K/M)
Heightened sense of self-awareness during exercise and heightened awareness
of normal exercise effects (i.e., increased blood pressure, heart rate) [74],
insecurity with the body and body signals [11,77], and unpleasant sensations
associated with exercise [69] (K/M)
Greatened awareness of normal exercise effects, such as dehydration [74];
concerns exercise will make you too thirsty [69] (K)
Being cautious about doing too much, feeling fatigued and not wanting to
become more fatigued [69,74] (K)
Self-consciousness about appearance [69] (K)
Emotional trauma, most often as a direct result of transplant experience,
including illness, the transplant procedure itself, and post-transplant
recovery [77] (M)

Evaluated in 10/19 records
Wanting to decrease depression and anxiety [69] (K)
Perceived health related quality of life, well-being and
benefits [77,81–83] (K/H/M)
Encourage a return to leisurely and meaningful
activities [81] (M)
Sense of duty to enact health, self-care, and donor-directed
gratitude [11,54,74,77] and moral imperative to move [77]
(K/N/M)
Physical activity as a way of connecting to their donor as
means of keeping part of their donor ‘alive’ for the sake of
their respective donor families [77] (M)
Transplant specific distress relates to feelings of ‘needing to’
participate in physical activity in order to avoid negative
feelings such as guilt or shame [78] (M)
Feeling better and giving ‘mental clarity’ [74] (K)
Becoming more optimistic and outspoken by physical
activity [83] (H)
Stress relief and ‘take their mind off their transplant and
related worries’ [74] (K)
Frustration, stress, and guilt for missing exercise
sessions [74] (K)
Feeling favourable towards exercise [79] (K)
Positive psychological growth (also correlates with
autonomous self-regulation) [78] (M)
Enjoying new physical experiences and sensations [77] (M)
Managing emotional and physical trauma [77] (M)

Reinforcement Strategies for possible problems Evaluated in 0/19 records Evaluated in 0/19 records
Reflective
motivation

Intentions Have willingness to be
physically activeHave a plan on
physical activity

Evaluated in 6/19 records
Lack of motivation [54,69,71,74,79,81] (K/Li/N/M)
Lack of interest in physical activity [69] (K)
Dislike exercise [79] (K)
Being lazy [79] (K)

Evaluated in 4/19 records
Being motivated to be physically active [11,82] or internal
need to exercise [74] (K/M)
High level of motivation or a desire to stay healthy [72] (M)

Beliefs about
consequence

Correct beliefs of resulting
consequences of
physical inactivity

Evaluated in 3/19 records
Not believing the advice that is given [71] (Li)
Perceiving only few health benefits by physical activity [11,80] (M)

Evaluated in 2/19 records
The belief that implementing advice would be
beneficial [71] (Li)
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Table 4. Cont.

COM-B TDF What Needs to Happen for
Target Behaviour To Occur? Barriers Motivators

Beliefs about
capabilities

Correct beliefs about capabilities
to be physical activity

Evaluated in 9/19 records
Low exercise self-efficacy [8,11,70,75] (K/M)
Low expectations by self [8,69] (K/M)
Low self-confidence [8,69,71,74,79,80] (K/Li/M)

Evaluated in 8/19 records
Beliefs in one’s ability to be physically active [69] (K)
Having confidence about physical activity [72,80] and
becoming more confident by physical activity [83]
(H/M)High self-efficacy [8,11,75] (K)
Self-management [74] (K)

Goals Correct beliefs of own
responsibility for outcome and
priority setting

Evaluated in 6/19 records
Having other priorities [11,69] and other commitments [73] (K/Lu/M)
Lack of time [69,73,79,81] or time commitment [80] (K/Lu/M)

Evaluated in 4/19 records
Setting and wanting to achieve goals, goal progress, and
priorities [11,82] (K/M)
Structured approach [74] (K)
Building toward more challenging and ambitious physical
activity while realizing new capabilities [54] (N)

Social/
professional
role and
identity

Compatible set of behaviours
with professional identity

Evaluated in 3/19 records
Feeling if they are required to fulfil a social role (i.e., caretaker in their
family) [11] (M)
Work and family responsibilities [80] (M)
Physically demanding job [69] (K)

Evaluated in 6/19 records
Doing house chores and moving around at home [79] (K)
Walking with the dog/walking to the bakery [79] (K)
Self-identity shifting from ill, abnormal, and deficient body to
a healthy body capable of physical performance and feelings
as they have a ‘new’ body [54,77] (N/M)
Feeling of normality [74] or come back to real life again [83]
(K/H)

K: Kidney transplant cohort; Li: Liver transplant cohort; Lu: Lung transplant cohort; H: Heart transplant cohort; M: Mixed transplant cohort; N: cohort not specified.
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Five studies (six records) focused solely on kidney transplant recipients
(n = 741) [69,70,74,75,79,82], one study on liver transplant recipients (n = 13) [71], one study
on heart transplant recipients (n = 8) [83], one study on lung transplant recipients (n = 111) [73],
and one study did not specify the transplant population (n = 13) [54]. Eight indepen-
dent studies (nine records) evaluated barriers and motivators in cohorts of various organ
transplant recipients, i.e., 531 kidney transplant recipients, 250 liver transplant recipients,
148 lung transplant recipients, 114 heart transplant recipients, and four multi-organ trans-
plant recipients [8,11,72,76–78,80,81,84]. Based on limited literature data, there are no dif-
ferences in barriers and motivators between different solid organ transplant groups [11,76].
Various methods were used, with the majority of studies applying semi-structured inter-
views [11,70,71,74,79,81,83] and others using web-based questionnaires [72,73,80,84] or
standardized questionnaires, such as Barriers and Motivators Questionnaire [8,69], the Ex-
ercise Benefits/Barriers Scale [82], Tampa Score of Kinesophobia [75], Inventory of Physical
Activity Objectives questionnaire [76], Behavioural Regulation in Exercise Questionnaire-
2 [78], Perceived Physical Activity Scale (sub-scale of the Physical Self- Efficacy Scale) [75],
or Exercise Self-Efficacy Scale [8].

3.2.1. Geographical Context

According to the CICI framework the geographical context refers to “the broader
physical environment, landscapes and resources, both natural and transformed by humans
(e.g., infrastructure), available in a given setting” [4].

Environmental Context and Resources (TDF)

As demonstrated in transplant recipients [69,74,79,81] and other patient popula-
tions [85–88], the ease of access and proximity to exercise or physical rehabilitation centres
influences a patients’ inclination to make use of it. Environmental factors such as the
lack or poor quality of sidewalks, lack of safe exercise grounds, and lack of places to rest
during outdoor physical activity withhold transplant recipients from engaging in physical
activity [69]. Additionally, poor or inclement weather is frequently reported as an environ-
mental barrier [11,69,74,79,81]. Low volume of patients in centralized regions discourages
transplant centres from organizing outpatient exercise-based rehabilitation programs [89].
Some cardiologists reported feeling hesitant referring patients to a cardiac rehabilitation
facility that is not part of their own health system, out of concern that referred patients
may seek treatment elsewhere afterwards [86]. It is not unlikely that transplant physicians
from smaller centres experience similar hesitancy towards referral of patients to physical
rehabilitation programs in larger transplant centres.

Some insights from the general population should be taken into account. In middle-
and high-income countries, attributes of an urban environment such as high residential
density, good public transport service, proximity to recreational parks, and mixed land use
may substantially increase physical activity [90,91]. An international cross-sectional study
in 6822 adults cited rates of 68–69 min per week [91]. In low- and middle-income countries,
however, residents of urban regions demonstrate lower physical activity than those of
rural areas [91]. Sedentary behaviour shows a weaker association with neighbourhood
environmental attributes [92], but people living in urban versus rural areas tend to be less
sedentary, probably because of better access to various day-to-day destinations such as
shops, parks, and public transport [92].

3.2.2. Epidemiological Context

According to the CICI framework the epidemiological context refers to “the distribu-
tion of diseases or conditions, the attributable burden of disease, as well as determinants of
needs in populations, including demographics” [4].
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Sex, Age, and Transplant Type

The majority of transplant recipients are men (65%) [93], while the age distribution
amongst patients receiving a transplant shows that 4% is 0–14 years, 44% is 16–55 years,
30% is 56–64 years, and 22% is >65 years old (https://www.eurotransplant.org/statistics/
annual-report/, accessed on 10 January 2022). Some studies have indicated that older [11,28]
and female [8] transplant recipients tend to be less physically active, but, interestingly,
reported no significant differences in physical activity levels [8,76] or barriers and motiva-
tors [11,76] between the different organ transplant recipient groups. One study documented
that lung and heart transplant recipients participated more in high levels of physical activ-
ity [72], while another study did not identify such differences [8]. The above-mentioned
observations corroborate findings in the general population, in which female sex, older age,
overweight, smoking, and poor self-rated health are associated with lower adherence to
physical activity recommendations [94,95].

COVID-19 Pandemic

The ongoing COVID-19 pandemic has emerged as an additional barrier for transplant
recipients to engage in physical activity [96,97]. Due to immunosuppressive therapy,
vaccination efficacy is often compromised and patients are at a higher risk for severe
complications of SARS-CoV-2 infection [98]. Transplant recipients are likely to experience
greater fear for COVID-19 and, accordingly, display behaviours to minimize infection
risks (e.g., avoiding crowds, social distancing, masking) [99]. The COVID-19 pandemic
therefore strengthens the already existing barriers such as lack of community, exercise
facilities, equipment, and space [97]. Transplant recipients are also hesitant to attend
hospital-based physical rehabilitation programs because of the increased risk for viral and
bacterial infections (personal observation). Despite the COVID-19 pandemic, engaging
in physical activities remains feasible, and include activities such as walking, household
chores, caring of children and pets, gardening, and do-it-yourself activities, which some
transplant recipients mentioned as their preferred physical activities [74,84].

Physical Skills and Limitations (TDF)

Various comorbidities originating from pre-existing organ disease, immunosuppressive
therapy, and a history of physical inactivity cause transplant recipients to experience physical
barriers to engage in physical activity or attending an exercise-based rehabilitation program.
These include impaired physical fitness, shortness of breath, fatigue, low strength, side-effects
of medication (including immunosuppressants), and overweight [8,11,69,71–74,80,81]. While
pharmacological immunosuppression may hinder physical activity engagement due to its
exerted effects on physical fitness, body composition, and cardiovascular health, it may also
discourage participation in physical activities taking place in the water (e.g., swimming
pool, lake, sea) and/or direct sunlight given patient’s predisposition to bacterial infections
and skin cancer, respectively.

3.2.3. Socio-Cultural Context

Socio-cultural constructs that may influence the uptake of a physically active lifestyle
include behaviour patterns, attitudes, values, knowledge, beliefs, and social roles shared
among members of a community [4].

Ethnicity and Culture

Cultural, religious, and traditional gender role beliefs may impact physical activity.
Some cultures, for instance, expect women to fulfil the role of main care provider at home
(e.g., maintaining the household, providing care for the family), which may limit their
participation in physical activity due to time constraints or the expectation that dedicated
personal time should not be prioritized [100]. A qualitative study in 10 Omani public
health managers indicated that socio-cultural norms restricted women’s participation in
outdoor physical activity [101]. An Omani women walking by herself in the streets is not

https://www.eurotransplant.org/statistics/annual-report/
https://www.eurotransplant.org/statistics/annual-report/
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considered socially acceptable behaviour. Also, using public transportation rather than
private vehicles is culturally frowned upon. Besides these stigmas, physical activity is seen
as an unimportant part of life in the Omani culture. Muslim women may experience further
barriers because of gender segregation and clothing requirements [102,103].

The racial and ethnic diversity of patients on today’s transplant waiting lists reflects
the multicultural society. In the United Kingdom, 31% of patients on the transplant waiting
list are from Black, Asian, or ethnic minority communities [104]. Little is known on the
impact of ethnicity on physical activity behaviour among patients following transplanta-
tion. A training study in kidney transplant recipients reported that patients from ethnic
minorities were more likely to prematurely end their participation to an exercise interven-
tion [100]. Participants reported challenges related to exercise in a mixed gender group,
where cultural appropriate clothing was essential. From other populations such as cardiac
disease patients, it is known that the referral rate, enrolment, and completion of cardiac
rehabilitation programs are lower for racial/ethnic minorities [88].

Knowledge (TDF)

Transplant recipients’ knowledge on ‘the why’ (benefits) and ‘the how’ (frequency,
intensity, time, and type) to safely participate in physical activity is most likely to modulate
their behaviour [69,71,72]. A ‘movement’ culture in the transplant health care manage-
ment, characterized by a care team who acknowledges, assesses, counsels, promotes, and
organizes physical activity and exercise-based rehabilitation is expected to have consider-
able impact on its patients’ knowledge, motivation, and willingness to become physically
active. Physicians who fail to recommend physical activity is perceived as a major bar-
rier to lead an active lifestyle [69,79,80]. Along this line, the lack of expertise in physical
activity of health care providers as perceived by the patients acts as barrier to become
physically active [11,69,71]. To date, consensus is poor among transplant professionals
about the patients’ need for physical activity counselling and exercise-based rehabilitation
(personal observations). Furthermore, the optimal mode of physical activity and volume of
exercise-based rehabilitation and long-term physical activity engagement still remains to be
established. It is likely that a lack of knowledge on this topic causes transplant professionals
to underestimate the health benefits of physical activity and hence limit their referral and
counselling rates [105]. This is accompanied by the perceived urgent need for physical
activity and exercise guidelines for the transplant population [74].

Social Influences; Social/Professional Role, and Identity (TDF)

Outside the transplant setting, only 25% to 50% of physicians counsel their patients to
engage in physical activity or exercise [106]. This behaviour pattern is hindered by lack of
time [107,108], high professional workload [109], lack of skills [109], lack of knowledge, lack
of confidence [110,111], lack of training [105], perceived lack of guidelines about physical
activity counselling [107], and judicious estimate of a patient’s lack of willingness to change
physical activity behaviour [112]. The health care providers’ behaviour patterns with regard
to physical activity and exercise-based rehabilitation counselling and prescription varies
widely between transplant centres and types of transplant recipients [89]. Physicians active
in the transplant setting reported similar barriers to physical activity counselling; with
lack of time (56%), lack of exercise guidelines (53%) and lack of confidence (24%) as main
barriers [113].

Health care providers’ behaviour patterns are of great importance for transplant recipi-
ents. Expectations, encouragement and support from health care providers are major modula-
tors of their engagement in physical activity or exercise-based rehabilitation [54,70,73,79,109].
The same is seen for expectations, encouragement and support from family, friends, and
peers [11,69,71,72,79].

The transplant recipient’s perception of their requirement to fulfil social or professional
roles, e.g., caretaking of family members or work/family responsibilities, may receive
priority over engagement in physical activity [11,80]. This barrier may have substantial
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consequences in cultures where involvement of family members in healthcare is evident
and intergenerational support for individuals with long-term health conditions is obvious,
e.g., the South Asian culture. Importantly, South Asian chronic kidney disease patients
identified themselves as having a role within the home as the main care provider, which
placed challenges on time and access to exercise services in the community [100]. Other
activities in the social context, such as house chores and running errands, however, may
promote physical activity [79].

Goals; Intentions; Emotional/Behavioural Regulation (TDF)

The lack of time and the lack of time commitment, which are frequently mentioned
barriers [69,79–81], are likely related to a lack of interest [69], having other priorities [11,69],
and lack of motivation [70,74,84,96]. The absence of physical activity habits as part of
daily routine obviously decreases transplant recipients’ likeliness to engage in physical
activity [11,82].

Emotions; Beliefs about Capabilities; Beliefs about Consequences (TDF)

Transplant recipients may want to or may feel obligated to show gratitude to their
donor, by engaging in physical activity and to lead a healthy lifestyle [54,114]. Some
may initiate physical activity to avoid feelings of guilt or shame. However, motivation
originating from such negative feelings is unlikely to lead to long-term physical activity
behaviour change [78]. Participation in physical activity and sports may also serve to gain
a sense of normalcy in daily life, a sense of being healthy, and a sense of achievement and
improved mental well-being [54,69].

Transplant recipients commonly report insecurities about their body and the body sig-
nals during exercise, which may hinder engagement in physical activity [11,69,74]. Anxiety,
which probably relates to this insecurity, is also reported as a major barrier to engagement
in physical activity. This anxiety refers to both general anxiety [73] and anxiety about
physical activity [41,70,108], as well as more specific fears of damaging the transplanted
organ [11,74,81], increasing pain or injury [11,70], infection [81], rejection [73], damaging
health [69], and falling [69]. Accordingly, fear of movement [75] is an important modulat-
ing factor to engage in physical activity, together with the closely related modulator phys-
ical activity self-efficacy [8,11,75,79]. Along the same line, self-confidence [8,69,71,73,74,80],
expectations from self [8,69], self-efficacy [8,11,70], self-consciousness about appearance [69],
and the trust patients place in their health provider’s advice [71] modulate physical activ-
ity behaviour.

3.2.4. Socio-Economic Context

According to the CICI framework, the socio-economic context “comprises the so-
cial and economic resources of a community and the access of a population to these
resources” [4].

Convincing evidence shows that in the general population, an individual’s or a group’s
higher social standing, measured as a combination of education, income, and professional
occupation positively correlate with physical activity [115]. The likelihood of meeting
physical activity guidelines decreases with decreasing socio-economic status [94].

Education Level of Transplant Recipients

Kidney transplant recipients who have a higher educational background are more
likely to participate in physical activity [116]. Conversely, transplant recipients with higher
educational background often lead a more sedentary lifestyle, presumably consequent to
their sedentary profession [8].

Environmental Context and Resources (TDF)

Chronic organ disease and transplantation may lead to financial vulnerability [86],
and this in turn may impact physical activity behaviour [69]. The employment rate in
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recently transplanted individuals is lower than that of an age-matched general population,
with the majority of transplant recipients not establishing gainful employment after trans-
plantation [51,52,117,118]. Data from one study suggests that patients who are not actively
working are less physically active [8]. Whether or not insurance covers the costs associated
with exercise-based rehabilitation, physical activity counselling, and membership of a
sports club can impact the likelihood of transplant recipients to engage in such activi-
ties [72,83,89]. Of note, low employment rates are in part due to physical disabilities [50,51]
which may be overcome by an exercise-based rehabilitation [49].

Transplant recipients may benefit from a disability income that, depending on the
country, is either regulated by a public health care system and/or private health insurance.
In the United States kidney transplant recipients who have private primary insurance
(rather than Medicare/Medicaid) are more likely to engage in physical activity [70], pre-
sumably reflecting a higher socio-economic status.

3.2.5. Ethical Context

The ethical context comprises “reflections of morality, which encompasses norms,
rules, standards of conduct and principles that guide the decisions and behaviour of
individuals and institutions” [4].

Transplant recipients may want to express their gratitude to the donors’ ‘gift of life’ by
leading a healthy lifestyle. Alternatively, by doing so, they may also want to demonstrate
to society their worthiness of receiving the graft [114]. By exploiting the recipients’ feelings,
health care professionals may use the ‘gift of life’ metaphor to influence a transplant recipients’
attitude towards physical activity, but this comes at the potential cost of causing distress, and
of reducing the self-perceived identity to a status of ‘transplant recipient’ [119,120].

3.2.6. Political Context

According to the CICI, the political context “focuses on the distribution of power, as-
sets and interests within a population, as well as the range of organizations involved, their
interests and the formal and informal rules that govern interactions between them. The do-
main also comprises the health care system and its accessibility (e.g., delivery of services,
leadership and governance, health information, human resources and financing)” [4].

Parties involved in policies related to physical activity and exercise-based rehabil-
itation include the middle and upper management of transplant centres, regional and
national policy makers, and health care insurance companies. Nonetheless, in many coun-
tries, the main responsibility for developing and implementing policies related to physical
activity in the general population primarily rests at the regional and local levels [121].

Policymakers of transplant centres report considerable barriers to the organization of
posttransplant exercise-based rehabilitation programs, including the costs of supervised
exercise programs, the lack of space, and the lack of standardized rehabilitation protocols
and guidelines [89]. Additionally, specific expertise and dedicated time, with the associated
financial resources are required. As such, it is striking to observe that posttransplant
exercise-based rehabilitation programs after abdominal organ transplantation are virtually
non-existent, while exercise-based rehabilitation after heart or lung transplantation are
part of usual care in many centres and countries [89]. As all types of transplant recipients
experience clinical benefits from posttransplant rehabilitation, this discrepancy highlights
the fact that the field of exercise-based rehabilitation in abdominal organ transplantation
lags behind, both at the research and clinical level.

Unfortunately, in today’s climate of rising health care costs, medical interventions
require a certain degree of cost-effectiveness [122]. The balance between the cost of imple-
menting physical activity and exercise-based rehabilitation programs versus the clinical
and economic gains from e.g., lowered productivity losses and reduced need for hospi-
talizations and medication remains to be evaluated in transplant recipients. However,
exercise-based rehabilitation has been shown to be cost-effective in many other chronic
disease populations [123,124].
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3.2.7. Legal Context

According to CICI, the legal context is “concerned with the rules and regulations that
have been established to protect a population’s rights and societal interests. Formally, these
have to be passed by a competent legislative body like a parliament. Legal norms can
mostly be enforced with order and compulsion, which distinguishes them from ethical and
social norms” [4].

Reimbursement of physical therapy varies by country, state, type of insurance plan
(public or private), type of exercise-based rehabilitation (e.g., inpatient vs. outpatient), and
type of organ transplantation. The variable and uncertain insurance coverage of physical
activity or exercise-based rehabilitation programs hinder their implementation by health
care providers in cancer survivors [125]. Similarly, lack of private insurance coverage in
transplant recipients negatively influences the level of physical activity engagement [70,72].

3.3. Physical Activity Intervention Development: BCW Steps 5–7

The notion that a general and unidirectional recommendation from the health care
providers is considered sufficiently motivating for transplant recipients to engage in
exercise-based rehabilitation and a long-term physical active lifestyle is manifestly outdated.
Interventions that aim to achieve long-term behaviour changes should consider using of a
combination of promising behaviour change techniques [126], also regarded as the smallest
‘active ingredient’ of an intervention. Recent developments in the field of behaviour change
have led to the definition of 93 internationally agreed and validated behaviour change
techniques: the Behaviour Change Technique Taxonomy version1 (BCTTv1) [126]. In the
present study, according to steps 5–7 of the BCW, intervention functions, policy changes,
and behaviour change techniques (BCTTv1) were proposed per TDF domain (Table 5).
The following section first briefly summarises important evidence- and theory-based in-
sights from other populations, and subsequently discusses the identified intervention
functions embedded in the seven context domains of CICI.
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Table 5. Proposed behaviour change techniques per TDF domain.

TDF
COM-B Target Intervention Function Policy Category Potential BCT

Physical skillsPhysical
Capability Being physically able to engage in physical

activity within a wide range of intensities,
volumes, and types.

Enablement: Assessment and follow-up of physical fitness, co-morbidities, weight
and medication. Manage fatigue and pain to improve patients’ ability to be
physically active.
Training: Create a personalized physical activity program and demonstrate
exercises that get around physical limitations.

Service regulation 8.1 Behavioural rehearsal/practice
6.1 Demonstration of the behaviour
4.1 Instructions on how to perform
the behaviour
1.2 Problem solving

KnowledgePsychological Capability
Increase knowledge of patients, health care
providers, and patients’ social network about
why, when, how, and how often transplant
recipients should participate in
physical activity.
Development of transplant-specific physical
activity recommendations and guidelines.

Education: Provide education to transplant recipients and health care providers to
increase knowledge and awareness of the why, how, when, and how often
transplant recipients should be physically active. Patients’ social network should
accordingly be educated on these topics.
Environmental restructuring: Development of uniform transplant-specific physical
activity guidelines and recommendations.
Environmental restructuring: Provision of physical activity and exercise
information booklets to share with transplant recipients’ social network.

Communication
Guidelines

5.1 Information about health consequences
5.3 Information about social and
environmental consequences
2.2 Feedback on behaviour
4.1 Instructions on how to perform
the behaviour

Environmental context and resourcesPhysical Opportunity
Creating access and opportunities to
participate in physical activity and
rehabilitation.Reduce costs of physical
activity/rehabilitation.

Training: health care providers should provide training in problem-solving
thinking to reduce patients’ environmental barriers.
Environmental restructuring: Provision of home-based exercise programs and/or
governmental action to create opportunities to be physically active in the
community (e.g., sidewalks, mixed land use, transport, parks, etc.).
Environmental restructuring: Provide financial solutions/support for financial
vulnerable transplant recipients.
Environmental restructuring: Restructuring social environment/network in
transplant unit to build a “movement culture”.

Service Provision
Environmental/social
planning
Fiscal

1.2 Problem solving
12.1 Restructuring the physical environment
12.5 Adding objects to the environment

Social influences Social—professional role
and identity

Social Opportunity

Creation of an encouraging and supporting
environment to participate in physical
activity.Integrate physical activity in to
social/professional role and identity.

Environmental restructuring: Provision of physical activity and exercise
information booklets to share with transplant recipients’ social
environment/network.
Environmental restructuring: Provision of in group physical activity and
exercise programs.
Persuasion: Creating a social environment in which family, friends, and health care
providers actively encourage and support patients to engage in physical activity.
Modelling: Using champions (individuals who act as “the face” of an
implementation effort) and encouraging ‘social comparison’ to increase perceptions
of feasibility, safety, and acceptability of physical activity.
Environmental restructuring: Integrate incidental physical activities in patients’
social roles, e.g., active transport to work or the store, gardening, housework,
playing with the (grand)kids.

Environmental/social
planning
Regulation
Service provision

2.2 Feedback on behaviour
2.1 Monitoring of behaviour by others
3.1–3.3 Social support
(general–practical–emotional)
6.2 Social comparison
10.4 Social reward
12.2 Restructuring the social environment

Emotions
Beliefs about consequences
Beliefs about capabilities

Automatic and
reflective motivation

Reduce anxiety towards physical activity,
promoting self-efficacy and confidence.

Persuasion: Verbal persuasion from trusted health care providers that transplant
recipient is fit to exercise safely.
Education: Provide education about the safety and benefits of physical activity and
in this way increase self-efficacy.
Education/training: Provide education about the normal physiological effects of
physical activity and provide training to recognize and familiarize bodily signals.
Modelling: Identify experienced physically active transplant recipients to act as
champions and role models to help build self-efficacy among other transplant
recipients through vicarious learning.
Training: Graded physical activity program to increase transplant recipients’
feelings of self-efficacy through mastery experiences. Focus on small goals and
past successes.

Communication
Environmental/social
planning
Regulation
Service provision

5.6 Emotional consequences
11.2 Regulate negative emotions
11.3 Conserving mental resources
8.7 Graded tasks
2.6 Biofeedback
15.1 Verbal persuasion to boost self-efficacy
15.2 Mental rehearsal of successful
performance
15.4 Self-talk
15.3 Focus on past success
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Table 5. Cont.

TDF
COM-B Target Intervention Function Policy Category Potential BCT

Intentions
Goals
Emotion and behavioural regulation
Changing priorities and time management
towards physical activity.
Increase intrinsic motivation.Goal setting in a
specific, measurable, achievable, realistic, and
timely way.Routine formation.

Enablement: Physical activity action planning according to SMART goal setting.
Persuasion: Discuss with patients’ activities and exercise that may be enjoyable
to them.
Persuasion: Discuss with patients how to overcome barriers to engage in physical
activity and exercise.
Persuasion: Increase intrinsic motivation by means of motivation
interviewing techniques.
Incentivizing: Incentivize transplant recipients’ physical activity by
self-monitoring of physical activity behaviour (reaching goal) or holding individual
or team-based play and competitions.
Coercion: Creating awareness of association between low physical activity and
health care costs.
Enablement: Habit formation.

Communication
Environmental/social
planning
Regulation
Service provision

1.2 Goal setting
1.4 Action planning (including
implementation intentions)
1.6 Discrepancy between current behaviour
and goal
1.7 Review outcome goals
2.3 Self-monitoring of behaviour
10.9 Self-reward
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Meta-analyses have indicated the following behaviour change techniques to be ef-
fective in (overweight) non-transplanted individuals seeking to adopt and maintain a
physically active lifestyle: action planning, self-monitoring of behaviour, instruction on
how to perform the behaviour, prompts/cues, behaviour practice/rehearsal, graded tasks,
and self-reward [127–129]. Additionally, these studies showed that by inciting an intrinsic
and autonomous motivation to change, patient-centred and autonomy-supportive com-
munication methods such as motivational interviewing are helpful to achieve long-term
changes in physical activity behaviour [128]. These findings are in line with behaviour
change maintenance theories, which highlight the value of sustained maintenance moti-
vators (e.g., enjoyment from and satisfaction with the outcomes from physical activity),
self-regulation of physical activity (e.g., monitoring of and overcoming barriers to physical
activity), abundant resources and opportunities to be physically active, habit formation,
and social support [130].

Research data on how behaviour change techniques may stimulate transplant re-
cipients to participate in a long-term physically active lifestyle are scarce. Intervention
functions, policy changes, and behaviour change techniques were proposed per TDF do-
main (Table 5). Intervention functions are embedded and discussed per CICI context
dimension domain below.

3.3.1. Geographical Context—Interventions
Environmental Context and Resources (TDF)

Healthcare professionals are well placed to assist patients in problem-solving around
the environmental barriers [71]. For instance, barriers originating from medical confinement
measures, bad weather, or commute to the transplant rehabilitation centre can at least
partially be overcome by remotely-mediated home-based programs using teleconference
and pre-recorded training videos [131–133]. Transplant recipients have expressed the
need for affordable digital health care tools that preferentially include a reward system,
integration of multiple functions, and the ability to selectively share information with peers
and health care providers [77].

Next, governmental support in the (re-)design of urban environments could promote
physical activity by developing safe and highly connected neighbourhoods that allow and
promote walking (e.g., high-quality sidewalks, nearby parks, nearby benches to take a rest,
mixed land use), cycling (e.g., interconnected and safe cycling lanes), and other activity
forms [91,134].

3.3.2. Epidemiological Context—Interventions
COVID-19 Pandemic

The COVID-19 pandemic has prompted several transplant centres to transition from
centre-based outpatient programs to remote exercise programs, and this was found to show
promise in regard to feasibility and effectiveness [77,135].

Although the effects of physical activity and exercise in immunosuppressed transplant
recipients remain to be established, it is not unlikely that—in line with observations in the
general population—such would improve immunosurveillance [42]. While not objectively
documented, heart transplant recipients reported feeling more resilient to infections after a
10–week period of aerobic treadmill training and feeling more confident to engage in social
interactions [83].

Physical Skills and Limitations (TDF)

Health care providers should not discount the importance of health-related barriers
to a patient’s physical activity behaviour. These may include fatigue, poor strength, poor
cardiorespiratory fitness, poor postural balance, shortness of breath, pain, overweight,
comorbidities, and side effects of medication. A thorough review of the patient’s medical
history and if possible and/or indicated a physical assessment are recommended at baseline,
to allow for personalized recommendations to get around and/or treat physical limitations.
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In selected patients, exercise training may be part of the solution to physical limitations
(e.g., fatigue, low cardiorespiratory and muscular fitness, and poor postural balance) which
in turn will reinforce maintenance behaviour of physical activity [11,69,73,79,83].

3.3.3. Socio-Cultural Context—Interventions
Ethnicity and Culture

Tailoring physical activity programs to the patient’s preferences may prove important
to overcome ethnic-specific barriers to physical activity. Initiating or reinforcing group
activities in which the patient finds a sense of belonging and connectedness may be impor-
tant in this regard. In one study, South-Asian women with chronic kidney disease reported
identifying themselves as the main care provider in the home [100]. Focusing on increasing
incidental physical activity in these patients may be a suitable strategy that respects time
constraints associated with their social role. Nonetheless, in this particular study, these
patients preferred to use dedicated protected time for physical activity outside the home in
the local community [100].

Knowledge (TDF)

It is self-evident that transplant recipients and their contacts should have adequate
knowledge about why, how, and how often to engage in physical activity, exercise,
or exercise-based rehabilitation [11,69,70,72]. Knowledge transfer by health care providers,
information from patients leaflets or online resources, and communication with knowledge-
able peers, peer-modelling and patient champions are warranted. Transplant recipients
specifically value advice and information from those with expertise in both transplantation
and physical activity/exercise [11,69,70,72].

In this regard, exercise professionals who are unfamiliar with organ transplantation
would benefit from education on transplant procedures, the transplant recovery process,
common medication side-effects, and the psychological and physiological impact of un-
derlying disease and transplantation. Transplant physicians should acquire adequate
knowledge on the benefits and strategic implementation of physical activity, exercise, and
exercise-based rehabilitation [11,69,70,72]. In a 2014 report, transplant physicians almost
unanimously acknowledge the value of posttransplant physical activity, but report that
they feel insufficiently confident in physical activity counselling [113]. Although this
may indicate that continuing education is insufficient, these data reflect the situation in
2014 and may to some extent be outdated. Online resources are increasingly available
(e.g., https://canrestore.wordpress.com/healthcare-professionals/, accessed on 17 Jan-
uary 2022) as are opportunities to participate in international scientific symposia (e.g.,
https://transplantoux-symposium.org/, accessed on 17 January 2022).

Social Influences; Social—Professional Identity (TDF)

For physically inactive transplant recipients to truly start engaging in physical activity
and move away from procrastinating behaviour, guidance and support by an external
social structure seems imperative [136]. Physical activity behaviour is widely influenced
by social aspects [137], but living with a chronic disease can be an isolating process [138].
After transplantation, patients may need to rebuild social networks to reintegrate in society;
physical activity initiation in group settings may provide such opportunities. Co-creation
of physical activity programs should attempt to include the patient’s current social network
while taking advantage of new network opportunities such as local patient organisations,
walking groups, or other physical activity initiatives. Involvement of a community that
provides not only opportunity to physical activity engagement, but also support, cama-
raderie, and accountability is likely to enhance adherence to physical activity and should
therefore be part of physical activity interventions [11,69,71,72,74,79,83]. The availability of
exercise partners (e.g., from group sessions), transplant-specific sport organisations (e.g.,
Transplantoux [139]), role models, and, most importantly, encouragement and support from
health care providers, family members, and friends are pivotal in this regard [69,71,72].

https://canrestore.wordpress.com/healthcare-professionals/
https://transplantoux-symposium.org/
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The patient’s family and friends may be insufficiently knowledgeable about the health issue
and therefore be more reluctant to support engagement in physical activity. Education
of the patient’s social network on the benefits of physical activity could be important in
this regard.

Over the last decades, the traditional generic advice from health care providers ‘to
try and be active’ is being replaced with patient-centered and autonomy-supportive com-
munication methods. Physical activity interventions are no longer standard programs
consisting of predetermined volume, intensity, frequency, type, and timing of physical
activity anymore. Instead, programs are highly adapted to the context, preferences, and
abilities of the adequately informed patient and are therefore the result of a co-creation
process involving careful interaction, mutual respect, and shared decision making. Though
initially more time consuming and requiring broader expertise of the health care provider,
the proven short—and long-term effectiveness of this approach far outweighs these draw-
backs [127–129].

Transplant recipients expressed the preference to be able to participate in physical
activity along with other transplant recipients [81]. This environment is expected to provide
social support in the form of sharing and learning, accountability, a sense of normalcy,
and inclusion [81]. In the older age group of the general population, the perception of
commonality and feelings of cohesion and connectedness can predict short- and long-term
physical activity adherence [137]. A peer-support system could be a useful intervention
strategy for physical activity behaviour change and merits further investigation [71].

Incidental physical activities can be integrated in the patient’s social roles, such as
active commuting for work and errands, gardening, household chores, playing with the
(grand)kids or pets. These types of activities do not require the dedicated time, conscious
planning, and physical effort typical of exercise training and may therefore be more easily
implemented in daily life.

Goals; Intentions; Emotional/Behavioural Regulation (TDF)

Incidental physical activity may help overcome barriers such as a lack of time, costs,
equipment, lack of skills, or poor fitness [140]. Furthermore, when embedded in daily
routine, incidental activities require no external motivation to maintain this behaviour in
the long term. An alternative to increasing incidental physical activity is the ‘snacktivity’
approach [141] which promotes the implementation of short (2–5 min) but frequent bouts
of physical activity throughout the day. Snacktivity can easily be organized around daily
life or work activities: walking during conversations, substituting the stairs for the elevator,
or performing simple lower body exercises such as squats and lunges while brushing teeth,
vacuuming the house or waiting for the kettle to boil. This approach may be preferred over
longer bouts of physical activity, as each ‘exercise snack’ only requires a small time commit-
ment, no planning, and less effort. Furthermore, in line with incidental physical activity, the
snacktivity approach does not require a change of clothes, exercise equipment, or dedicated
work out space. The concept also allows to ‘start small’ and celebrate small successes, which
promotes self-efficacy and new habit formation. Lastly, sporadic high-intensity ‘exercise
snacks’ performed either during incidental physical activity (e.g., vigorous cycling during
a commute) [140] or as planned exercise snacks (e.g., vigorously ascending a three-flight
stairwell several times a day) [142] may serve as a potent intervention to improve and
maintain physical health. However, the majority of transplant recipients do not enjoy high-
intensity physical activities because of the accompanying bodily signals and discomforts.
For these patients, a stepwise approach of reducing sedentary behaviour, and progressively
increasing moderate-intensity physical activity may be more appropriate [55].

Whatever the type, intensity, and frequency of physical activity is intended, clear goal
setting and a plan of action should be developed. Goals setting typically uses the Specific,
Measurable, Achievable, Realistic, and Time bound (SMART) principle [143]. As part
of the co-design of the physical activity program, goals should be tailored to patients’
abilities, preferences, and perceived barriers or motivators. Goal setting using the SMART
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acronym has, however, been subjected to critique, among other reasons for not being
based on scientific theory [144]. As an example, the process of goal setting in line with the
goal-setting theory of Locke and Latham [145] requires initial assessment of commitment,
knowledge, resources, and abilities. If present, specific, challenging performance goals (e.g.,
reach 7500 steps per day) could be set. However, if any of the aforementioned moderators
are not present, then specific, challenging learning goals (e.g., identify and implement
five ways to increase your daily step count) should be set prior to setting performance
goals [144]. Follow-up moments are essential for feedback and adjustment of goals and
strategies if so required. In this regard, prompts and cues by means of text-messages or
phone calls, are proven to be effective [146–148]. Moreover, today’s technology offers
patients a wide range of physical activity monitors that allow for self-monitoring and that
facilitate evaluation during follow-up, factors known to promote maintenance of physical
activity [129].

Emotions; Beliefs about Capabilities; Beliefs about Consequences (TDF)

Transplant recipients may feel overprotective over their transplant organ because they
are unaware of the benefits of physical activity after transplantation. Such insecurity may
lead to low physical self-efficacy and fear of movement, giving rise to a vicious cycle of
physical inactivity [75]. Ample evidence supports the importance of physical self-efficacy in
lifestyle interventions [75]. Performance accomplishments are the first and most powerful
source of self-efficacy. In this regard, ‘action planning’ and ‘focus on small incremental
successes may help achieve physical activity goals and increase mastery experience. Second,
‘verbal persuasion about patients’ ability’ can be used by health care providers and peers to
increase self-efficacy. Third, ‘social comparison’, where transplant recipients observe peers
succeeding, may increase a patients’ confidence to perform the same task. Lastly, moods
and emotions, such as anxiety or insecurity perceived as signals of harm (e.g., discomfort,
dehydration, or fatigue), may influence how a patient feels about their ability to engage in
physical activity and exercise. Exercise-based rehabilitation shortly after transplantation in
a safe and supported environment increases the ability to participate in physical activity
not only by improving physical fitness, but also by reassuring patients that experienced
body signals during exercise are neither harmful nor abnormal [11,75].

Transplant recipients are, however, at an increased risk for developing cardiovascular
disease, and should be taught the distinction between normal and abnormal body signals
during exercise. A baseline pre-participation medical screening is therefore highly recom-
mended [149]. Furthermore, medical clearance may further reassure transplant recipients
that physical activity along the entire spectrum of low to vigorous intensity is safe from a
cardiovascular point of view. However, pre-participation screening may also be conceived
as a cumbersome and costly barrier for initiation of physical activity [150]. Physical activity
programs within the light-to-moderate intensity range do not require pre-participation
screening [149].

3.3.4. Socio-Economic Context—Interventions
Environmental Context and Recourses (TDF)

Transplant recipients may experience financial hardship secondary to change in em-
ployment status and increased medical expenses [81]. Costs of physical activity [74,81],
costs of fitness/rehabilitation centres [72,79,80], and limited financial resources [11,69] are
known barriers to physical activity. The development of physical activity interventions
should take into account that participation in physical activity may (e.g., golf, fitness center
subscription) but by no means should (e.g., walking) be associated with high financial costs.
Nonetheless, reimbursement of physical activity and exercise-based rehabilitation may
be an important motivator. A recent pilot study in kidney and liver transplant recipients
showed that participants who received a wearable physical activity monitor, and who
were given health engagement questions and ‘loss-framed’ financial incentives, increased
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their daily steps more than those not receiving health engagement questions and financial
incentives [151].

3.3.5. Ethical Context—Interventions

The common desire of transplant recipients to play tribute to their donor motivates
many to engage in physical activity [77]. However, using the ‘gift of life’ metaphor to
motivate transplant recipients into physical activity participation is a morally questionable
strategy, because it exploits and potentially strengthens the sense of guilt, and causes
distress [119,120].

3.3.6. Political Context—Interventions

Most transplant physicians prioritize immediate medical care over counselling on
physical activity, and—at the most—refer their patients to specialists in the field (e.g., phys-
ical therapists). Despite the growing body of (in)direct evidence of the pleiotropic health
benefits of physical activity following solid organ transplantation, the promotion of coun-
selling and referral behaviour amongst physicians warrants the refinement of transplant
organ-specific recommendations and their implementation strategies [89,113]. Furthermore,
diligent cost-effectiveness analyses of physical activity and exercise-based rehabilitation
are required for political bodies to support financial reimbursement of such interven-
tions. Studies in the general and cardiac patient population have suggested favourable
cost-effectiveness of various physical activity interventions [152–154]. Exercise referral
programs that target populations at risk are more cost-effective, and population-level
interventions have a higher potential for high cost-effectiveness than individual-level
interventions do [152].

3.3.7. Legal Context—Interventions

Lack of resources of financial nature, space, expertise, and/or time, are known barriers
for policy makers from transplant centres to provide physical rehabilitation programs and
guidance [89]. Government support may be needed to help health care professionals to
endorse the promotion of physical activity after solid organ transplantation [108]. Insurance
coverage of physical activity programs is often insufficient and unclear [125]. Transparent
communication about insurance coverage, to patients and health care providers, could
overcome the uncertainty associated with cumbersome reimbursement procedures of
physical activity programs [125].

4. Limitations

In the present study, target behaviour focused on physical activity, which by definition
is an overarching term to denote bodily movement produced by skeletal muscles that
increases energy expenditure above 1.5 METs and hence also includes both ‘exercise’
and ‘exercise-based rehabilitation’. Most studies evaluating patient-reported barriers and
motivators did not differentiate between physical activity and exercise. However, it is not
unlikely that solid organ transplant recipients would ascribe barriers and motivators to
each of these three activity types, had they been explained the difference between them.
By consequence, promoting physical activity, exercise, and exercise-based rehabilitation
may require distinct behaviour change strategies, and further research to explore this
question is warranted.

Trials investigating implementation outcomes and strategies for long-term physical
activity engagement after transplantation are scarce. The research field is dominated
by exercise trials performed in controlled research settings and are therefore associated
with high selection bias and questionable potential for implementation [155]. The present
study systematically screened the literature for studies evaluating patient-reported barriers
and motivators for physical activity (step 4 of the BCW) based on which theory-driven
intervention functions, policy changes, and behavioural change techniques were identified
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(steps 5–7 of the BCW). However, we did not systematically review the literature for
evidence-based physical activity interventions.

The final step outlined by the BCW (step 8) includes the evaluation of proposed
interventions based on APEASE criteria (affordability, practicality, effectiveness/cost-
effectiveness, affordability, safety/side effects, and equity), which helps in selecting the
most suitable intervention strategies within a given context and setting. However, since
findings would vary between countries, regions, and the context of the local transplant
centre, [156], such would require a thorough analysis of the local setting by means of
multi-methods analysis, guided by e.g., the Chronic Care Model [157]. The present study
therefore may facilitate the development of physical activity interventions, but does not
provide a readily implementable physical activity program.

5. Conclusions and Take Home Messages

Ample scientific evidence indicates that physical inactivity is a major but modifiable
risk factor for adverse outcome after organ transplantation. Physical activity, exercise,
and exercise-based rehabilitation interventions are feasible and safe strategies to improve
clinical outcome. Unfortunately, in the real world, a major discrepancy exists between
the recommendations for physical activity and their application by patients. The present
study investigated contextual factors of posttransplant physical activity behaviour, in
which patients’ perceived barriers and motivators were embedded. Based on this analysis,
an array of behavioural change techniques were proposed (Table 5).

Kidney transplant recipients comprised the majority of included individuals
(n = 1272; 66%), followed by liver (n = 263; 14%), lung (n = 259; 13%), and heart (n = 122;
6%) transplant recipients. A few studies that included mixed groups of transplant patients
reported that no differences in barriers and motivators were apparent between different
solid organ transplant groups [11,76]. Below we present a set of selected physical activity
intervention strategies we consider most promising to promote patients’ long-term physical
activity behaviour.

Physical activity programs should be personalized to the patient’s abilities and prefer-
ences. The plan of action should work around physical limitations and patient-reported
barriers, whilst focusing on the patients’ motivators. SMART goals should be established,
applying a stepwise approach that aims for consecutive small success experiences and habit
formation. Habit formation may be facilitated by focussing on incidental physical activity,
the snacktivity concept, and inclusion of social relationships in recurrent physical activities.
Consecutive small success experiences may be facilitated by replacing sedentary behaviour
by light physical activity. Given that light physical activity is not or less accompanied by
pronounced bodily signals and discomforts, its long-term implementation may be more
likely and, at least for some, serve as a step up to long-term moderate- to vigorous-intensity
physical activity goals. Greater and more challenging goals settings may also be of value,
particularly when these are meaningful for the patient. Importantly, physical activity
interventions should be co-designed by the health care provider and the patient, in which
they collaborate as equal team members. The role of the health care player is to incite
intrinsic motivation, inform whenever necessary, and stimulate the patient to co-create the
intervention through shared decision making. Follow-up prompts that gradually taper over
time should be scheduled to enable program adjustments and reinforcement of physical
activity maintenance.

Solid organ transplant recipients as well as their social relationships (e.g., family
and friends) should be informed about the health benefits of posttransplant physical
activity participation. It is important for transplant recipients to know why, how, when,
and how often they should engage in physical activity. Furthermore, transplant patients
should become aware of what normal bodily signals are that occur in association with
physical activity, within a wide range of activity types and intensities. Education and
familiarization are useful in that regard. Appropriate knowledge on physical activity is
important, but physical activity participation solely out of duty may be insufficient to
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guarantee maintenance on the long-term. Participation out of interest (e.g., associated
social interactions) or habit will likely further promote physical activity on the long-term.

Opportunities to engage in physical activity should be abundant, and the creation of
new opportunities should be encouraged. The exploitation of incidental physical activ-
ity possibilities and the introduction of ‘exercise snacks’ may create such opportunities,
and so does involvement of the patient’s social network. Physical activity in group set-
tings, where patients find a sense of belonging and connectedness, may hold the key to
activate some of them. Activities with peers and patient ‘champions’ are great motiva-
tors, but such opportunities may not always be available for all. Environmental barriers
for physical activity and exercise-based rehabilitation can be at least partially resolved
through remotely-mediated home-based programs and through stimulating the patient’s
autonomous problem-solving thinking.

Although opportunities may be plentiful, often times, cues for physical activity en-
gagement are required to emphasize them. Cues can manifest in many forms. Smart
watches (e.g., commercially available activity trackers) are excellent tools to simultaneously
provide cues to engage in physical activity (e.g., buzzing or beeping upon long bouts of
sedentary time) and self-monitor physical activity behaviour.

Encouragement and support from the health care team’s and recipient’s social net-
works promote physical activity initiation and maintenance. Health care providers will
become more likely to support and prescribe physical activity after receiving adequate in-
formation on the health benefits of posttransplant physical activity and the specific physical
activity recommendations for their patients.

Finally, policymakers may promote physical activity by the thoughtful restructuring
of a patients living environment (e.g., sidewalks, mixed land use, interconnected public
transport, parks) and by foreseeing financial support to participation in physical activity,
particularly in financially vulnerable transplant recipients.
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82. Tığlı, A.; Soy, E.H.A.; Aytar, A.; Moray, G.; Haberal, M. Relationship between exercise perception with physical activity level, body
awareness, and illness cognition in renal transplant patients: A pilot study. Exp. Clin. Transplant. 2019, 17, 270–276. [CrossRef]

83. Jeng, C.; Rn, D.; Chu, F.-L. Empowering: The experiences of exercise among heart transplantation patients in Taiwan. J. Adv. Nurs.
2002, 40, 560–567. [CrossRef]

84. D’Ambrosio, A.; Toulouse, C.; Bélanger-Marceau, S.; Savary, S.; Mathur, S.; Segatto, B.; Hartell, D.; Janaudis-Ferreira, T.
Characteristics and motivation of solid organ transplant recipients attending the canadian transplant games. Transplant. Proc.
2021, 53, 581–589. [CrossRef]

85. Suaya, J.A.; Shepard, D.S.; Normand, S.L.T.; Ades, P.A.; Prottas, J.; Stason, W.B. Use of cardiac rehabilitation by medicare
beneficiaries after myocardial infarction or coronary bypass surgery. Circulation 2007, 116, 1653–1662. [CrossRef] [PubMed]

86. Mead, H.; Ramos, C.; Grantham, S.C. Drivers of racial and ethnic disparities in cardiac rehabilitation use: Patient and provider
perspectives. Med. Care Res. Rev. 2016, 73, 251–282. [CrossRef] [PubMed]

87. Shanmugasegaram, S.; Oh, P.; Reid, R.D.; McCumber, T.; Grace, S.L. Cardiac rehabilitation barriers by rurality and socioeconomic
status: A cross-sectional study. Int. J. Equity Health 2013, 12, 72. [CrossRef] [PubMed]

88. Mathews, L.; Brewer, L.C. A review of disparities in cardiac rehabilitation. J. Cardiopulm. Rehabil. Prev. 2021, 41, 375–382.
[CrossRef]

89. Trojetto, T.; Elliott, R.J.; Rashid, S.; Wong, S.; Dlugosz, K.; Helm, D.; Wickerson, L.; Brooks, D. Availability, characteristics, and
barriers of rehabilitation programs in organ transplant populations across Canada. Clin. Transplant. 2011, 25, 571–578. [CrossRef]

90. Gebel, K.; Bauman, A.E.; Petticrew, M. The physical environment and physical activity. A critical appraisal of review articles. Am.
J. Prev. Med. 2007, 32, 361–369. [CrossRef]

91. Sallis, J.F.; Cerin, E.; Conway, T.L.; Adams, M.A.; Frank, L.D.; Pratt, M.; Salvo, D.; Schipperijn, J.; Smith, G.; Cain, K.; et al. Physical
activity in relation to urban environments in 14 cities worldwide: A cross-sectional study. Lancet 2016, 387, 2207–2217. [CrossRef]

92. Koohsari, M.J.; Sugiyama, T.; Sahlqvist, S.; Mavoa, S.; Hadgraft, N.; Owen, N. Neighborhood environmental attributes and adults’
sedentary behaviors: Review and research agenda. Prev. Med. 2015, 77, 141–149. [CrossRef]

93. Puoti, F.; Ricci, A.; Nanni-Costa, A.; Ricciardi, W.; Malorni, W.; Ortona, E. Organ transplantation and gender differences:
A paradigmatic example of intertwining between biological and sociocultural determinants. Biol. Sex Differ. 2016, 7, 35. [CrossRef]

94. Bennie, J.A.; de Cocker, K.; Tittlbach, S. The epidemiology of muscle-strengthening and aerobic physical activity guideline
adherence among 24, 016 German adults. Scand. J. Med. Sci. Sports 2021, 31, 1096–1104. [CrossRef]

95. Bennie, J.A.; Teychenne, M.J.; de Cocker, K.; Biddle, S.J.H. Associations between aerobic and muscle-strengthening exercise with
depressive symptom severity among 17,839 U.S. adults. Prev. Med. 2019, 121, 121–127. [CrossRef]

96. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

97. Farah, B.Q.; do Prado, W.L.; Malik, N.; Lofrano-Prado, M.C.; de Melo, P.H.; Botero, J.P.; Cucato, G.; de Almeida Correia, M.;
Ritti-Dias, R. Barriers to physical activity during the COVID-19 pandemic in adults: A cross-sectional study. Sport Sci. Health
2021, 17, 441–447. [CrossRef]

98. Caillard, S.; Thaunat, O. COVID-19 vaccination in kidney transplant recipients. Nat. Rev. Nephrol. 2021, 17, 785–787. [CrossRef]
99. Weber, S.; Rek, S.; Eser-Valeri, D.; Padberg, F.; Reiter, F.P.; de Toni, E.; Hohenester, S.; Zimny, S.; Rehm, M.; Guba, M.; et al.

The psychosocial burden on liver transplant recipients during the COVID-19 pandemic. Visc. Med. 2021, 37, 542–549. [CrossRef]
100. Mayes, J.; Castle, E.M.; Greenwood, J.; Ormandy, P.; Howe, P.D.; Greenwood, S.A. Cultural influences on physical activity

and exercise beliefs in patients with chronic kidney disease: ‘The Culture-CKD Study’—A qualitative study. BMJ Open 2022,
12, e046950. [CrossRef]

101. Mabry, R.M.; Al-Busaidi, Z.Q.; Reeves, M.M.; Owen, N.; Eakin, E.G. Addressing physical inactivity in Omani adults: Perceptions
of public health managers. Public Health Nutr. 2014, 17, 674–681. [CrossRef]

102. Aljayyousi, G.F.; Abu Munshar, M.; Al-Salim, F.; Osman, E.R. Addressing context to understand physical activity among Muslim
university students: The role of gender, family, and culture. BMC Public Health 2019, 19, 1452. [CrossRef]

103. Abbasi, I.N. Socio-cultural barriers to attaining recommended levels of physical activity among gemales: A review of literature.
Quest 2014, 66, 448–467. [CrossRef]

104. NHS Blood and Transplant. Organ Donation and Transplantation Data for Black, Asian and Minority Ethnic (BamE) Communities:
Report for 2018/2019 (1 April 2013–31 March 2018). 2019. Available online: https://nhsbtdbe.blob.core.windows.net/umbraco-
assets-corp/17496/organ-donation-and-transplantation-bame-activity-report-2018-2019.pdf (accessed on 20 March 2022).

105. Persson, G.; Brorsson, A.; Ekvall Hansson, E.; Troein, M.; Strandberg, E.L. Physical activity on prescription (PAP) from the general
practitioner’s perspective—A qualitative study. BMC Fam. Pract. 2013, 14, 128. [CrossRef]

106. Wee, C.C.; McCarthy, E.P.; Davis, R.B.; Phillips, R.S. Physician counseling about exercise. J. Am. Med. Assoc. 1999, 282, 1583–1588.
[CrossRef]

107. Kennedy, M.F.; Meeuwisse, W.H. Exercise counselling by family physicians in Canada. Prev. Med. 2003, 37, 226–232. [CrossRef]

http://doi.org/10.26443/mjm.v19i1.218
http://doi.org/10.6002/ect.MESOT2018.P123
http://doi.org/10.1046/j.1365-2648.2002.02414.x
http://doi.org/10.1016/j.transproceed.2020.06.041
http://doi.org/10.1161/CIRCULATIONAHA.107.701466
http://www.ncbi.nlm.nih.gov/pubmed/17893274
http://doi.org/10.1177/1077558715606261
http://www.ncbi.nlm.nih.gov/pubmed/26400868
http://doi.org/10.1186/1475-9276-12-72
http://www.ncbi.nlm.nih.gov/pubmed/23985017
http://doi.org/10.1097/HCR.0000000000000659
http://doi.org/10.1111/j.1399-0012.2011.01501.x
http://doi.org/10.1016/j.amepre.2007.01.020
http://doi.org/10.1016/S0140-6736(15)01284-2
http://doi.org/10.1016/j.ypmed.2015.05.027
http://doi.org/10.1186/s13293-016-0088-4
http://doi.org/10.1111/sms.13922
http://doi.org/10.1016/j.ypmed.2019.02.022
http://doi.org/10.1136/bmjsem-2020-000960
http://doi.org/10.1007/s11332-020-00724-5
http://doi.org/10.1038/s41581-021-00491-7
http://doi.org/10.1159/000517158
http://doi.org/10.1136/bmjopen-2020-046950
http://doi.org/10.1017/S1368980012005678
http://doi.org/10.1186/s12889-019-7670-8
http://doi.org/10.1080/00336297.2014.955118
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/17496/organ-donation-and-transplantation-bame-activity-report-2018-2019.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/17496/organ-donation-and-transplantation-bame-activity-report-2018-2019.pdf
http://doi.org/10.1186/1471-2296-14-128
http://doi.org/10.1001/jama.282.16.1583
http://doi.org/10.1016/S0091-7435(03)00118-X


Kidney Dial. 2022, 2 328

108. Graham, R.C.; Dugdill, L.; Cable, N.T. Health professionals’ perspectives in exercise referral: Implications for the referral process.
Ergonomics 2005, 48, 1411–1422. [CrossRef]

109. Albert, F.A.; Crowe, M.J.; Malau-Aduli, A.E.O.; Malau-Aduli, B.S. Physical activity promotion: A systematic review of the
perceptions of healthcare professionals. Int. J. Environ. Res. Public Health 2020, 17, 4358. [CrossRef]

110. Regolisti, G.; Maggiore, U.; Sabatino, A.; Gandolfini, I.; Pioli, S.; Torino, C.; Aucella, F.; Cupisti, A.; Pistolesi, V.; Capitanini,
A.; et al. Interaction of healthcare staff’s attitude with barriers to physical activity in hemodialysis patients: A quantitative
assessment. PLoS ONE 2018, 13, e0196313.

111. Delgado, C.; Johansen, K.L. Deficient counseling on physical activity among nephrologists. Nephron Clin. Pract. 2010, 116,
c330–c336. [CrossRef]

112. Elwell, L.; Povey, R.; Grogan, S.; Allen, C.; Prestwich, A. Patients’ and practitioners’ views on health behaviour change:
A qualitative study. Psychol. Health 2013, 28, 653–674. [CrossRef]

113. Pang, A.; Lingham, S.; Zhao, W.; Leduc, S.; Räkel, A.; Sapir-Pichhadze, R.; Mathur, S.; Janaudis-Ferreira, T. Physician practice
patterns and barriers to counselling on physical activity in solid organ transplant recipients. Ann. Transplant. 2018, 23, 345–359.
[CrossRef] [PubMed]

114. O’Brien, G.M.; Donaghue, N.; Walker, I.; Wood, C.A. Deservingness and gratitude in the context of heart transplantation. Qual.
Health Res. 2014, 24, 1635–1647. [CrossRef] [PubMed]

115. O’Donoghue, G.; Kennedy, A.; Puggina, A.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Ciarapica, D.; Colotto, M.;
et al. Socio-economic determinants of physical activity across the life course: A “DEterminants of DIet and Physical ACtivity”
(DEDIPAC) umbrella literature review. PLoS ONE 2018, 13, e0190737. [CrossRef] [PubMed]

116. Van der Mei, S.; van Sonderen, E.; van Son, W.; de Jong, P.; Groothoff, J.W.; van den Heuvel, W.J.A. Social participation after
successful kidney transplantation. Disabil. Rehabil. 2007, 29, 473–483. [CrossRef]

117. De Baere, C.; Delva, D.; Kloeck, A.; Remans, K.; Vanrenterghem, Y.; Verleden, G.; Vanhaecke, J.; Nevens, F.; Dobbels, F. Return to
work and social participation: Does type of organ transplantation matter? Transplantation 2010, 89, 1009–1015. [CrossRef]

118. Danuser, B.; Simcox, A.; Studer, R.; Koller, M.; Wild, P. Employment 12 months after kidney transplantation: An in-depth
bio-psycho-social analysis of the Swiss Transplant Cohort. PLoS ONE 2017, 12, e0175161. [CrossRef]

119. Siminoff, L.A.; Chillag, K. The fallacy of the “gift of life.” The Hastings Center Report. JSTOR 1999, 29, 34.
120. Lauritzen, P.; McClure, M.; Smith, M.L.; Trew, A. The gift of life and the common good: The need for a communal approach to

organ procurement. Hastings Cent. Rep. 2001, 31, 29–35. [CrossRef]
121. Rütten, A.; Abu-Omar, K.; Gelius, P.; Schow, D. Physical inactivity as a policy problem: Applying a concept from policy analysis

to a public health issue. Health Res. Policy Syst. 2013, 11, 9. [CrossRef]
122. Chang, C.F.; Winsett, R.P.; Gaber, A.O.; Hathaway, D.K. Cost-effectiveness of post-transplantation quality of life intervention

among kidney recipients. Clin. Transplant. 2004, 18, 407–414. [CrossRef]
123. Briffa, T.G.; Eckermann, S.D.; Griffiths, A.D.; Keech, A.C.; Harris, P.J.; Heath, M.R.; Freedman, S.; Donaldson, L.; Briffa, N.

Cost-effectiveness of rehabilitation after an acute coronary event: A randomised controlled trial. Med. J. Aust. 2005, 183, 450–455.
[CrossRef]

124. Tam, A.; Mac, S.; Isaranuwatchai, W.; Bayley, M. Cost-effectiveness of a high-intensity rapid access outpatient stroke rehabilitation
program. Int. J. Rehabil. Res. 2019, 42, 56–62. [CrossRef]

125. IJsbrandy, C.; van Harten, W.H.; Gerritsen, W.R.; Hermens, R.P.M.G.; Ottevanger, P.B. Healthcare professionals’ perspectives of
barriers and facilitators in implementing physical activity programmes delivered to cancer survivors in a shared-care model:
A qualitative study. Supportive Care Cancer 2020, 28, 3429–3440. [CrossRef]

126. Michie, S.; Richardson, M.; Johnston, M.; Abraham, C.; Francis, J.; Hardeman, W.; Eccles, M.; Cane, J.; Wood, C. The behavior
change technique taxonomy (v1) of 93 hierarchically clustered techniques: Building an international consensus for the reporting
of behavior change interventions. Ann. Behav. Med. 2013, 46, 81–95. [CrossRef]

127. Howlett, N.; Trivedi, D.; Troop, N.A.; Chater, A.M. Are physical activity interventions for healthy inactive adults effective in
promoting behavior change and maintenance, and which behavior change techniques are effective? A systematic review and
meta-analysis. Transl. Behav. Med. 2019, 9, 147–157. [CrossRef]

128. Samdal, G.B.; Eide, G.E.; Barth, T.; Williams, G.; Meland, E. Effective behaviour change techniques for physical activity and
healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int. J. Behav. Nutr. Phys. Act.
2017, 14, 42. [CrossRef]

129. Murray, J.M.; Brennan, S.F.; French, D.P.; Patterson, C.C.; Kee, F.; Hunter, R.F. Effectiveness of physical activity interventions in
achieving behaviour change maintenance in young and middle aged adults: A systematic review and meta-analysis. Soc. Sci.
Med. 2017, 192, 125–133. [CrossRef]

130. Kwasnicka, D.; Dombrowski, S.U.; White, M.; Sniehotta, F. Theoretical explanations for maintenance of behaviour change:
A systematic review of behaviour theories. Health Psychol. Rev. 2016, 10, 277–296. [CrossRef]

131. Richardson, C.R.; Franklin, B.; Moy, M.L.; Jackson, E.A. Advances in rehabilitation for chronic diseases: Improving health
outcomes and function. BMJ 2019, 365, 12191. [CrossRef]

132. Fischer, M.J.; Scharloo, M.; Abbink, J.J.; Thijs-Van Nies, A.; Rudolphus, A.; Snoei, L.; Weinman, J.; Kaptein, A. Participation
and drop-out in pulmonary rehabilitation: A qualitative analysis of the patient’s perspective. Clin. Rehabil. 2007, 21, 212–221.
[CrossRef]

http://doi.org/10.1080/00140130500101064
http://doi.org/10.3390/ijerph17124358
http://doi.org/10.1159/000319593
http://doi.org/10.1080/08870446.2012.744008
http://doi.org/10.12659/AOT.908629
http://www.ncbi.nlm.nih.gov/pubmed/29784902
http://doi.org/10.1177/1049732314549018
http://www.ncbi.nlm.nih.gov/pubmed/25192762
http://doi.org/10.1371/journal.pone.0190737
http://www.ncbi.nlm.nih.gov/pubmed/29351286
http://doi.org/10.1080/09638280600841257
http://doi.org/10.1097/TP.0b013e3181ce77e5
http://doi.org/10.1371/journal.pone.0175161
http://doi.org/10.2307/3528731
http://doi.org/10.1186/1478-4505-11-9
http://doi.org/10.1111/j.1399-0012.2004.00181.x
http://doi.org/10.5694/j.1326-5377.2005.tb07121.x
http://doi.org/10.1097/MRR.0000000000000327
http://doi.org/10.1007/s00520-019-05108-1
http://doi.org/10.1007/s12160-013-9486-6
http://doi.org/10.1093/tbm/iby010
http://doi.org/10.1186/s12966-017-0494-y
http://doi.org/10.1016/j.socscimed.2017.09.021
http://doi.org/10.1080/17437199.2016.1151372
http://doi.org/10.1136/bmj.l2191
http://doi.org/10.1177/0269215506070783


Kidney Dial. 2022, 2 329

133. Beatty, A.L.; Fukuoka, Y.; Whooley, M.A. Using mobile technology for cardiac rehabilitation: A review and framework for
development and evaluation. J. Am. Heart Assoc. 2013, 2, e000568. [CrossRef]

134. Global Action Plan on Physical Activity 2018–2030: More Active People for a Healthier World; World Health Organization: Geneva,
Switzerland, 2018.

135. Wickerson, L.; Helm, D.; Gottesman, C.; Rozenberg, D.; Singer, L.G.; Keshavjee, S.; Sidhu, A. Telerehabilitation for lung transplant
candidates and recipients during the COVID-19 pandemic: Program evaluation. JMIR Mhealth Uhealth 2021, 9, e28708. [CrossRef]

136. Thorsen, I.K.; Kayser, L.; Teglgaard Lyk–Jensen, H.; Rossen, S.; Ried-Larsen, M.; Midtgaard, J. “I tried forcing myself to do It, but
then it becomes a boring chore”: Understanding (dis)engagement in physical activity among individuals with type 2 diabetes
using a practice theory approach. Qual. Health Res. 2021, 32, 520–530. [CrossRef]

137. Costello, E.; Kafchinski, M.; Vrazel, J.; Sullivan, P. Motivators, barriers, and beliefs regarding physical activity in an older adult
population. J. Geriatr. Phys. Ther. 2011, 34, 138–147. [CrossRef]

138. Holley, U.A. Social isolation: A practical guide for nurses assisting clients with chronic illness. Rehabil. Nurs. 2007, 32, 51–56.
[CrossRef]

139. Cappelle, M.; Masschelein, E.; de Smet, S.; Vos, R.; Vanbekbergen, J.; Gryp, S.; Van Craenenbroeck, A.; Cornelissen, V.; Verreydt, J.;
Van Belleghem, Y.; et al. Transplantoux. Beyond the successful climb of Mont Ventoux. Beyond road to sustained physical activity
in organ transplantation. Transplantation 2021, 105, 471–473. [CrossRef]

140. Stamatakis, E.; Johnson, N.A.; Powell, L.; Hamer, M.; Rangul, V.; Holtermann, A. Short and sporadic bouts in the 2018 US physical
activity guidelines: Is high-intensity incidental physical activity the new HIIT? Br. J. Sports Med. 2019, 53, 1137–1139. [CrossRef]

141. Sanders, J.P.; Biddle, S.J.H.; Gokal, K.; Sherar, L.B.; Skrybant, M.; Parretti, H.M.; Ives, N.; Yates, T.; Mutrie, N.; Daley, A.
‘SnacktivityTM’ to increase physical activity: Time to try something different? Prev. Med. 2021, 153, 106851. [CrossRef]

142. Jenkins, E.M.; Nairn, L.N.; Skelly, L.E.; Little, J.P.; Gibala, M.J. Do stair climbing exercise “snacks” improve cardiorespiratory
fitness? Appl. Physiol. Nutr. Metab. 2019, 44, 681–684. [CrossRef] [PubMed]

143. Bodenheimer, T.; Handley, M.A. Goal-setting for behavior change in primary care: An exploration and status report. Patient Educ.
Couns. 2009, 76, 174–180. [CrossRef] [PubMed]

144. Swann, C.; Jackman, P.C.; Lawrence, A.; Hawkins, R.M.; Goddard, S.G.; Williamson, O.; Schweickle, M.; Vella, S.; Rosenbaum, S.;
Ekkebkakis, P. The (over)use of SMART goals for physical activity promotion: A narrative review and critique. Health Psychol.
Rev. 2022, 1–16, Online ahead of print. [CrossRef] [PubMed]

145. Locke, E.A.; Latham, G.P. New Developments in Goal Setting and Task Performance; Routledge: Hove, UK; Taylor Fr.: New York, NY,
USA, 2013.

146. Greenwood, S.A.; Koufaki, P.; Mercer, T.H.; Rush, R.; O’Connor, E.; Tuffnell, R.; Lindup, H.; Haggis, L.; Dew, T.; Abdulnassir,
L.; et al. Aerobic or resistance training and pulse wave velocity in kidney transplant recipients: A 12-week pilot randomized
controlled trial (the Exercise in Renal Transplant [ExeRT] Trial). Am. J. Kidney Dis. 2015, 66, 689–698. [CrossRef] [PubMed]

147. Painter, P.L.; Hector, L.; Ray, K.; Lynes, L.; Paul, S.M.; Dodd, M.; Tomlanovich, S.; Ascher, N. Effects of exercise training on
coronary heart disease risk factors in renal transplant recipients. Am. J. Kidney Dis. 2003, 42, 362–369. [CrossRef]

148. Painter, P.L.; Hector, L.; Ray, K.; Lynes, L.; Dibble, S.; Paul, S.M.; Tomlanovich, S.; Ascher, N. A randomized trial of exercise
training after renal transplantation. Transplantation 2002, 74, 42–48. [CrossRef]

149. Pelliccia, A.; Sharma, S.; Gati, S.; Bäck, M.; Börjesson, M.; Caselli, S.; Collet, J.; Corrado, D.; Drezner, J.; Halle, M.; et al. 2020 ESC
Guidelines on sports cardiology and exercise in patients with cardiovascular disease. Eur. Heart J. 2021, 42, 17–96. [CrossRef]

150. Armstrong, M.; Paternostro-Bayles, M.; Conroy, M.B.; Franklin, B.A.; Richardson, C.; Kriska, A. Preparticipation screening prior
to physical activity in community lifestyle interventions. Transl. J. Am. Coll. Sports Med. 2018, 3, 176–180.

151. Serper, M.; Barankay, I.; Chadha, S.; Shults, J.; Jones, L.S.; Olthoff, K.M.; Reese, P. A randomized, controlled, behavioral
intervention to promote walking after abdominal organ transplantation: Results from the LIFT study. Transpl. Int. 2020, 33,
632–643. [CrossRef]

152. Abu-Omar, K.; Rütten, A.; Burlacu, I.; Schätzlein, V.; Messing, S.; Suhrcke, M. The cost-effectiveness of physical activity
interventions: A systematic review of reviews. Prev. Med. Rep. 2017, 8, 72–78. [CrossRef]

153. Werbrouck, A.; Schmidt, M.; Putman, K.; Seghers, J.; Simoens, S.; Verhaeghe, N.; Annemans, L. Cost-effectiveness of exercise
referral schemes: A systematic review of health economic studies. Eur. J. Public Health 2022, 32, 87–94. [CrossRef]

154. Edwards, K.; Jones, N.; Newton, J.; Foster, C.; Judge, A.; Jackson, K.; Arden, N.; Pinedo-Villanueva, R. The cost-effectiveness
of exercise-based cardiac rehabilitation: A systematic review of the characteristics and methodological quality of published
literature. Health Econ. Rev. 2017, 7, 37. [CrossRef]

155. De Smet, S.; van Craenenbroeck, A.H. Exercise training in patients after kidney transplantation. Clin. Kidney J. 2021, 14, ii15–ii24.
[CrossRef]

156. Clarke, A.L.; Jhamb, M.; Bennett, P.N. Barriers and facilitators for engagement and implementation of exercise in end-stage
kidney disease: Future theory-based interventions using the Behavior Change Wheel. Semin. Dial. 2019, 32, 308–319. [CrossRef]

157. Leppla, L.; Mielke, J.; Kunze, M.; Mauthner, O.; Teynor, A.; Valenta, S.; Vanhoof, J.; Dobbels, F.; Berben, L.; Zeiser, R.; et al. Clini-
cians and patients perspectives on follow-up care and eHealth support after allogeneic hematopoietic stem cell transplantation:
A mixed-methods contextual analysis as part of the SMILe study. Eur. J. Oncol. Nurs. 2020, 45, 101723. [CrossRef]

http://doi.org/10.1161/JAHA.113.000568
http://doi.org/10.2196/28708
http://doi.org/10.1177/10497323211064598
http://doi.org/10.1519/JPT.0b013e31820e0e71
http://doi.org/10.1002/j.2048-7940.2007.tb00152.x
http://doi.org/10.1097/TP.0000000000003564
http://doi.org/10.1136/bjsports-2018-100397
http://doi.org/10.1016/j.ypmed.2021.106851
http://doi.org/10.1139/apnm-2018-0675
http://www.ncbi.nlm.nih.gov/pubmed/30649897
http://doi.org/10.1016/j.pec.2009.06.001
http://www.ncbi.nlm.nih.gov/pubmed/19560895
http://doi.org/10.1080/17437199.2021.2023608
http://www.ncbi.nlm.nih.gov/pubmed/35094640
http://doi.org/10.1053/j.ajkd.2015.06.016
http://www.ncbi.nlm.nih.gov/pubmed/26209542
http://doi.org/10.1016/S0272-6386(03)00673-5
http://doi.org/10.1097/00007890-200207150-00008
http://doi.org/10.1093/eurheartj/ehaa605
http://doi.org/10.1111/tri.13570
http://doi.org/10.1016/j.pmedr.2017.08.006
http://doi.org/10.1093/eurpub/ckab189
http://doi.org/10.1186/s13561-017-0173-3
http://doi.org/10.1093/ckj/sfab022
http://doi.org/10.1111/sdi.12787
http://doi.org/10.1016/j.ejon.2020.101723

	Introduction 
	Methods 
	Results 
	Physical Inactivity after Organ Transplantation: Prevalence, Consequences, and Target Behaviour: BCW Steps 1–3 
	Contextual Factors Implicated in Posttransplant Participation in Physical Activity: BCW Step 4 
	Geographical Context 
	Epidemiological Context 
	Socio-Cultural Context 
	Socio-Economic Context 
	Ethical Context 
	Political Context 
	Legal Context 

	Physical Activity Intervention Development: BCW Steps 5–7 
	Geographical Context—Interventions 
	Epidemiological Context—Interventions 
	Socio-Cultural Context—Interventions 
	Socio-Economic Context—Interventions 
	Ethical Context—Interventions 
	Political Context—Interventions 
	Legal Context—Interventions 


	Limitations 
	Conclusions and Take Home Messages 
	References

