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Chapter 1

Introduction 

Background 
Solid organ transplantation is a life-saving intervention for people with end stage organ 
failure. After the first successful kidney transplantation in 1954, the first liver 
transplantation in 1963, the first heart transplantation in 1967, and the first (isolated) lung 
transplantation in 1983, major improvements have been made in outcomes, and the 
number that has been performed has increased. In 2014, a total of 7,741 solid organ 
transplants were performed in the EuroTransplant region of which 1,321 were in the 
Netherlands.1 These numbers translate to 46.8 transplants per million persons in the 
EuroTransplant region and 46.6 transplants per million persons in the Netherlands.1 
Initially, significant improvements in short-term survival were made due to the 
development and evolution of immunosuppressive medication, improved organ 
preservation, and surgical techniques. The survival curves per era of transplantation have 
been running rather parallel in the past decades as indicated for liver transplant recipients 
in Figure 1.2,3 Improved overall survival appears to be mainly a consequence of improved 
short-term survival. To further increase overall survival after transplantation, focus is 
shifting towards improvement of long-term outcomes. Sustaining or improving quality of 
life and physical functioning as well as reducing morbidity from cardiovascular diseases are 
the primary goals currently being addressed.  
 Improved physical functioning or functional recovery after transplantation is a goal 
that is being addressed due to the fact that functional recovery after transplantation is not 
as good as might be expected. Overall, very few transplant recipients have a maximal rate of 
oxygen consumption (VO2peak) within the normal range, and this reduction in VO2peak is 
present despite the restoration of near normal organ function after transplantation.4 
Furthermore, maximal exercise capacity is limited and the level of daily activity has shown 
to be reduced after transplantation.5–7  
 Reducing mortality from cardiovascular disease is indicated as an important goal in 
improving long-term survival. Cardiovascular diseases are currently the primary 
noncommunicable disease in the general population and accounts for the majority of the 
63% of all deaths worldwide that are accounted for by these diseases.8 The World Health 
Organization identified the six risk factors associated with noncommunicable diseases as 
the leading risk factors for death as being: high blood pressure, tobacco use, high blood 
glucose levels, overweight or obesity, high cholesterol levels, and inactivity. These factors 
collectively contribute to a large proportion (~42%) of the deaths from cardiovascular 
disease.9  
 Within the renal transplant population, the incidence of cardiovascular diseases is 
reported to be three to five times higher when compared to age-matched controls.10,11 
Although most studies have been performed in renal transplant populations, there are 
indications that the increased risk is present in the other transplant populations as well.12,13 
It is likely that these life-style related secondary diseases that are of influence on 
cardiovascular disease are of major importance to the long-term survival in the transplant 

population.14–17 The prevalence of noncommunicable diseases caused by the earlier 
mentioned life-style related factors is likely further increased in the transplant population 
with the use of immunosuppressive medication. For instance, the use of corticosteroids is 
associated with muscle myopathy, and the use of calcineurin inhibitors has affected 
mitochondrial respiration and muscle degeneration in animal models.18,19 The use of 
immunosuppressive medication is thereby associated with a prolonged reduced exercise 
capacity after transplantation and inactivity. However, as this medication is required to 
prevent the rejection of the new organ, all other resources to prevent the noncommunicable 
diseases and its negative effects on survival should be addressed. 

Figure 1. Long term patient survival after first elective liver transplantation in adults (DBD donors) per 
transplant period. Figure based on Watson CJE and Dark JH, original copyright 2012.2 

Inactivity 
Most of the noncommunicable diseases in the general population are (partly) preventable 
though interventions directed at a healthy lifestyle.8 Physical inactivity is an important 
contributor to the development of noncommunicable diseases20 and is reported to be the 
fourth leading cause of death worldwide.21 With the elimination of physical inactivity, the 
life expectancy of the world’s population might be expected to increase with 0.68 years, 
which is comparable to the elimination of the risk factors of smoking and obesity.22  
 It is suggested that 31% of the general population does not meet the minimum 
recommended amount of physical activity.23 Although the number of studies performed in 
the transplant population is limited, the general impression is that the majority of these 
recipients also do not meet the recommended amount and type of physical activity. A more 
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sedentary and inactive lifestyle is reported when compared to the general population.6,24–30 
Whether there are differences in activity levels between the several organ transplant groups 
is difficult to assess because no studies have been performed in which all groups of solid 
organ transplantation are assessed at the same time with the same instrument. 
 As indicated, the elimination of inactivity in the general population by increasing 
physical activity levels and exercise and reducing sedentary time could result in substantial 
health improvements and decreased mortality.22 A sufficient amount of physical activity in 
the general population is associated with a reduction in all-cause mortality, coronary heart 
disease, high blood pressure, stroke, metabolic syndrome, type 2 diabetes, breast cancer, 
colon cancer, depression, and falling.22,31 There is also strong evidence for physical activity 
resulting in increased cardiorespiratory and muscular fitness, a healthier body mass and 
composition, improved bone health, increased functional health, and improved cognitive 
function.22 In the transplant population, the level of physical activity is, furthermore, 
positively associated to the capacity to perform activities of daily life32, the experienced 
quality of life33–36, and survival.37–39 

Definitions and guidelines on physical activity and exercise 
In order to further discuss the role of physical activity and exercise in improving health, it is 
important to clarify definitions of these terms. Physical activity and exercise are different 
concepts but are often used interchangeably or confused with each other 40 while, already in 
1985, distinct definitions were introduced to distinguish them. Physical activity is defined 
as ‘any bodily movement produced by skeletal muscles that results in energy expenditure’.40 
Physical activity in daily life concerns all physical activities during the day and can be 
categorized into occupational, sports, conditioning, household, and other activities. 
Exercise, in its turn, is defined as ‘a subset of physical activity that is planned, structured 
and repetitive and has a final or intermediate objective to improve or maintain physical 
fitness’.40  
 The amount of physical activity to promote or maintain health for adults is 
indicated in national and international guidelines. The recommendations from the 
American College of Sports Medicine and the American Heart Association41, which are 
also used in the Netherlands as the Dutch Norm for Health-enhancing Physical Activity42 
(Nederlandse Norm Gezond Bewegen), are presented in Box 1. 

Factors associated with inactivity of transplant recipients 
As previously stated, the reported levels of physical activity after transplantation are 
limited. It is not fully clear why solid organ transplant recipients do not regain normal 
levels of exercise and functional capacity as physical activity is determined by many 
individual and environmental factors. Several physical factors specific to transplantation are 
likely to be associated with the decreased physical activity levels. From a behavioral 
perspective, recipients are expected to experience several barriers to and facilitators of 
physical activity which are primarily unexplored in this population.  

 As indicated, reduced exercise capacity is determined across organ transplantation 
groups despite restoration of a nearly normal organ function of the initially failing organ 
after transplantation.4 Functional recovery, therefore, lags behind that which would be 
expected for the organ function. Exercise capacity in this population is already affected in 
the pre-transplantation phase by the direct effect of the failing organ (i.e., cardiopulmonary 
limitations in end-stage lung disease) and secondary effects of the disease (i.e., anemia in 
chronic kidney disease).4 These exercise limitations are aggravated by disuse and nutritional 
depletion in the end-stage disease phase leading to a catabolic state with deconditioning 
and muscle weakness. After transplantation, the recipients exercise tolerance is further 
influenced by the extended hospital and intensive care stay, prolonged sedentary time, 
episodes of rejection, and the use of immunosuppressive medication.43,44 The use of 
immunosuppressants is associated with muscle myopathy,18,45,46 and the use of calcineurin 
inhibitors has been shown to affect mitochondrial respiration and muscle degeneration.47 
Furthermore, corticosteroids can induce weight gain and osteoporosis which can 
subsequently limit exercise performance. Mycophenolate mofetil, azathioprine, and 
sirolimus can lead to bone-marrow suppression causing anemia and fatigue.48 A study in 
lung transplant recipients indicated that the occurrence of an early and pathologic lactate 
threshold and peripheral muscle weakness contributed to the limitation of maximal 
exercise capacity.49 As a result of the higher sedentary time and periods of immobilization, 
a muscle fiber type change is seen after transplantation, especially after lung 
transplantation. A shift occurs from Type I (oxidative, fatigue resistant) to Type II fibers 

Box 1. Guidelines on physical activity to promote or maintain health in adults: 
Aerobic activities 
- 30 minutes or more of moderate-intensity physical activity on at least five days a week (150 min./

week). This is also referred to as the Dutch Norm for Health-enhancing Physical Activity. For 
adults, (18-55) physical activity is moderate-intense when a metabolic equivalent task (MET) 
between 4.0 and 6.5 MET is reached (think of brisk walking [5 km/h] or cycling at a pace of 16 
km/h). For the elderly (>55 years), activities between 3.0 and 5.0 MET (walking 4km/h, cycling 10 
km/h) are indicted as moderate-intense. Activities should be performed in bouts of at least ten 
minutes. 
OR  

- 20 minutes or more of vigorous-intensity exercise on at least three days a week (75 min./week). This 
is also referred to as the Fitnorm. Performed in bouts of at least ten minutes. 
OR  

- a combination of moderate-intensity and vigorous-intensity physical activity to meet this criteria. 

AND 

Muscle strengthening activities 
- muscle strength and endurance activities of major muscle groups are recommended on two or more 

non-consecutive days per week. It is recommended to perform eight to ten exercises with eight to 12 
repetitions for each exercise. 
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(glycolytic, fatiguable) resulting in reduced muscle oxidative functioning and elevated blood 
lactate during exercise.50,51 The peripheral muscle dysfunction pre- and post-
transplantation appear to be the primary factor accountable for the impaired aerobic 
capacity that is demonstrated pre-operatively and post transplantation when compared to 
age-matched normative values.4  
 Besides the (patho)physiological barriers to physical activity, several other barriers 
to and facilitators of physical activity are likely to play a role in the physical activity level of 
the transplant population. Barriers refer to perceived obstacles that hinder the performance 
of physical activity, and facilitators refer to factors increasing the likelihood of performing 
physical activity.52 Diverse barriers to and facilitators of physical activity have been 
indicated in end-stage kidney, liver, lung, and heart disease, however, only limited studies 
have been performed on this issue in transplant recipients. Insight into these issues within 
the transplant population could provide insight into key elements needing to be addressed 
in intervention development. 

Interventions or intervention development  
Increasing participation in activities of daily life might be beneficial for improving exercise 
capacity and reducing the risk of developing noncommunicable diseases and negative side 
effects of immunosuppressive medication.44 A meta-analysis on the effects of exercise 
training in solid organ transplant recipients indicated that exercise training is promising 
but still not proven to be effective in reducing cardiovascular risk factors.53 The available 
studies are limited in number, the number of participants included, and follow up.53 
Furthermore, the reported outcome measures are inconsistent and are often surrogate 
outcomes; studies report on exercise capacity and cardiopulmonary parameters but do not 
report on cardiovascular related events, graft survival, and cardiovascular and all-cause 
mortality.53 The most optimal type of rehabilitation and its key components are also not yet 
identified. Thus far, it is also not clear if a different approach to rehabilitation is required for 
recipients with the different organ types that are received. The recommendations after 
transplantation currently differ per organ group. Where rehabilitation after heart 
transplantation is considered as standard care54, this is not the case for the other solid organ 
transplantation groups. Clinical experience and the performance of transplant recipients at, 
for instance, the World Transplant Games demonstrates that the range of physical 
performance after transplantation is very wide.55 The question is raised on why one 
recipient can be or is physically active while another is not. Understanding why recipients 
are physically active or inactive and the identification of associated factors of physical 
activity can contribute to the development of interventions. 
 As stated in a recent expert meeting report on exercise for recipients of a solid 
organ transplantation, exercise and physical activity after transplantation are an element of 
a long-term commitment that may lead to sustained improvements in physical functioning, 
quality of life, and potentially improved survival.43 In this aspect, physical activity and 
exercise can potentially contribute to improving long-term outcomes and healthy aging 
after transplantation.  

Aims and outline of this thesis  
As indicated, there is promising but minimal evidence on the benefits of physical activity in 
recipients of solid organ transplantation. Additionally, the amount of knowledge on the 
physical activity level of this population is limited. Associated factors of the level of 
physical activity and the barriers to and facilitators of it are largely unexplored in this 
specific population. This thesis aims to increase the knowledge on the physical activity level 
in recipients of solid organ transplantation, the barriers to and facilitators of it, and the 
determinants and/or correlates of it after transplantation. An overview of associated factors 
of physical activity being addressed is schematically provided in Figure 1. The indication of 
barriers to and facilitators of it and the determinants and/or correlates can be used in 
intervention development to target the level of physical activity after solid organ 
transplantation. 

Figure 1. Schematic representation of associated factors of physical activity in recipients of kidney, liver, lung, 
and heart transplantation. 

 In an earlier study28, it was shown that there is an association between lower levels 
of physical activity and increased mortality in kidney transplant recipients. However, as 
previously indicated, the incidence of cardiovascular disease is three to five times higher in 
kidney transplant recipients, and cardiac dysfunction and heart failure are highly prevalent. 
This potentially limits the ability to be physically active, and cardiac dysfunction, therefore, 
could potentially influence the indicated association between physical activity and 
mortality. Chapter 2 is aimed to further investigate the relationship and to study the 
possible interference of cardiac function in the association between physical activity and 
mortality. 
 Where a number of studies have been performed into the associated factors of 
exercise capacity after solid organ transplantation, these studies all focused on maximal 
exercise capacity. It is expected that similar physiological processes underlie exercise 
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(glycolytic, fatiguable) resulting in reduced muscle oxidative functioning and elevated blood 
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 As stated in a recent expert meeting report on exercise for recipients of a solid 
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a long-term commitment that may lead to sustained improvements in physical functioning, 
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exercise can potentially contribute to improving long-term outcomes and healthy aging 
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previously indicated, the incidence of cardiovascular disease is three to five times higher in 
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This potentially limits the ability to be physically active, and cardiac dysfunction, therefore, 
could potentially influence the indicated association between physical activity and 
mortality. Chapter 2 is aimed to further investigate the relationship and to study the 
possible interference of cardiac function in the association between physical activity and 
mortality. 
 Where a number of studies have been performed into the associated factors of 
exercise capacity after solid organ transplantation, these studies all focused on maximal 
exercise capacity. It is expected that similar physiological processes underlie exercise 
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limitations in submaximal or functional exercise, however, it is not clear to what extent. 
Furthermore, the knowledge regarding the course of submaximal exercise capacity in lung 
transplant recipients is restricted. In Chapter 3, we aimed to analyze the longitudinal 
development of submaximal exercise capacity in recipients of lung transplantation and 
explore the factors that predict this development. Results of this study can provide insight 
into intervention targets and timing of interventions in order to increase functional exercise 
capacity in recipients of lung transplantation.  
To obtain additional knowledge on why someone is or is not physically active after 
transplantation, the qualitative study described in Chapter 4 is aimed at generating 
understanding of the experienced barriers to and facilitators of physical activity in 
recipients of solid organ transplantation. 
 Chapter 5 is aimed at studying the potential underlying dimensions of a 
questionnaire into the barriers to and facilitators of physical activity in solid organ 
transplant recipients. The identification of different dimensions can potentially facilitate the 
application of the questionnaire in research and the utilization in intervention development 
in clinical settings.  
 The majority of previous studies into the physical activity level in solid organ 
transplant recipients suffer from a limited sample size and are focused on a specific group 
of recipients. The use of different assessment methods makes comparability between studies 
and between organ transplantation groups difficult. The study described in Chapter 6 is 
aimed at identifying the number of recipients fulfilling the physical activity guidelines and 
the level of physical activity and sedentary time in a substantial number of recipients out of 
several groups of individuals who have received solid organ transplantation. Furthermore, 
the associated factors of the time spent on moderate to vigorous physical activity and 
sedentary time are studied. The barrier and facilitator components derived from the 
questionnaire described in Chapter 6 are employed in this study. 
  The clinical experience and results from previous studies on physical activity levels 
after transplantation shows us that the average level of physical activity after 
transplantation is limited but also that there is a wide variety in physical performance. The 
aim of the study described in Chapter 7 is to study the tolerance to strenuous physical 
activity in recipients adhering to a healthy lifestyle. An expedition to Mount Kilimanjaro 
was used to study the response and tolerance to strenuous physical activity of recipients of 
various types of organ transplantation.  
 Finally, the general discussion of the primary findings of all of the chapters taken 
together is described in Chapter 8 where methodological considerations and future 
directions for healthcare and research are also discussed.  
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limitations in submaximal or functional exercise, however, it is not clear to what extent. 
Furthermore, the knowledge regarding the course of submaximal exercise capacity in lung 
transplant recipients is restricted. In Chapter 3, we aimed to analyze the longitudinal 
development of submaximal exercise capacity in recipients of lung transplantation and 
explore the factors that predict this development. Results of this study can provide insight 
into intervention targets and timing of interventions in order to increase functional exercise 
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To obtain additional knowledge on why someone is or is not physically active after 
transplantation, the qualitative study described in Chapter 4 is aimed at generating 
understanding of the experienced barriers to and facilitators of physical activity in 
recipients of solid organ transplantation. 
 Chapter 5 is aimed at studying the potential underlying dimensions of a 
questionnaire into the barriers to and facilitators of physical activity in solid organ 
transplant recipients. The identification of different dimensions can potentially facilitate the 
application of the questionnaire in research and the utilization in intervention development 
in clinical settings.  
 The majority of previous studies into the physical activity level in solid organ 
transplant recipients suffer from a limited sample size and are focused on a specific group 
of recipients. The use of different assessment methods makes comparability between studies 
and between organ transplantation groups difficult. The study described in Chapter 6 is 
aimed at identifying the number of recipients fulfilling the physical activity guidelines and 
the level of physical activity and sedentary time in a substantial number of recipients out of 
several groups of individuals who have received solid organ transplantation. Furthermore, 
the associated factors of the time spent on moderate to vigorous physical activity and 
sedentary time are studied. The barrier and facilitator components derived from the 
questionnaire described in Chapter 6 are employed in this study. 
  The clinical experience and results from previous studies on physical activity levels 
after transplantation shows us that the average level of physical activity after 
transplantation is limited but also that there is a wide variety in physical performance. The 
aim of the study described in Chapter 7 is to study the tolerance to strenuous physical 
activity in recipients adhering to a healthy lifestyle. An expedition to Mount Kilimanjaro 
was used to study the response and tolerance to strenuous physical activity of recipients of 
various types of organ transplantation.  
 Finally, the general discussion of the primary findings of all of the chapters taken 
together is described in Chapter 8 where methodological considerations and future 
directions for healthcare and research are also discussed.  
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Abstract 

Background and objectives  
Low levels of physical activity (PA) in renal transplant recipients (RTR) are strongly 
associated with an increased risk of cardiovascular and all-cause mortality. Potentially, these 
associations are partly explained by pre-existing cardiac damage. We investigated whether 
the associations are influenced by markers of ventricular wall strain and cardiac ischemia.  

Design, setting, participants, and measurements  
This study is a post-hoc analysis of data from 540 RTR (age 51 ± 12 years, 54% male) who 
were included between 2001 and 2003. PA was assessed with questionnaires resulting in 
metabolic equivalents of task minutes per day (MET-min/d). Cardiac markers mid-
regional pro-atrial natriuretic peptide (MR-proANP), N-terminal-pro brain natriuretic 
peptide (NT-proBNP), and high sensitive troponin T (Hs-TnT) were determined. 
Mortality was recorded until May 2009. 

Results 
The average MET-min/d was 117.1[26.5; 294.3], and 52% of RTR complied with PA 
guidelines. Cardiac markers were inversely associated with PA level. During follow-up after 
6.9[6.2-7.2] years, 117 (22%) patients had deceased with 63 deaths being cardiovascular in 
origin. In Cox regression analyses, MR-proANP (HR=1.62[1.42; 1.83]), NT-proBNP 
(HR=1.51[1.36; 1.68]), and Hs-TnT (HR=1.36[1.21; 1.53]) were associated with 
cardiovascular mortality. Similar associations were ascertained for all-cause mortality. 
Lower PA levels were strongly associated with cardiovascular and all-cause mortality and 
the associations were independent of potential confounders including cardiac markers 
(HR=0.87[0.79; 0.95] and 0.92[0.86; 0.98], respectively). The markers were significant 
mediators of the association between PA and cardiovascular mortality with proportions 
mediated ranging from 21% to 33%. 

Conclusion 

In RTR, low PA and high levels of MR-proANP, NT-proBNP, and Hs-TnT are strongly 
associated with increased mortality. The cardiac markers had a significant mediation effect 
on the association between PA and outcome, implicating pre-existing cardiac damage as 
intermediate step of the causal pathway. RTR with high levels of PA had lower levels of 
cardiac markers and a lower mortality risk. 

Introduction 
Renal transplantation is the optimal treatment for end-stage renal disease.1 However, rates 
of mortality in renal transplant recipients (RTR) remain much higher than in the general 
population.2 Cardiovascular disease (CVD) is an important driver of this difference in 
survival rates with the incidence of the disease being three to five times higher in RTR 
than in the age-matched general population.3,4 At least half of the deaths following a 
transplantation are directly attributable to CVD.5,6 Therefore, the reduction of 
cardiovascular (CV) risk in RTR is of primary importance.  
 Both CV and all-cause mortality in RTR are strongly associated with low levels of 
physical activity (PA).7 As the level of PA in RTR is significantly lower than in healthy 
subjects, many RTR do not meet the recommended levels of PA.7–9 These associations in 
combination with the known benefits of PA in the general population suggest that survival 
in RTR could be improved by the promotion of PA. However, it is plausible that these 
associations are partially explained by pre-existing CVD. Heart failure (HF) and coronary 
artery disease (CAD) are highly prevalent in RTR, and both are inextricably linked to 
exercise intolerance.10–13 It is currently unknown whether comorbidities such as HF and 
CAD influence the association between PA and mortality in RTR.  
 Cardiac biomarkers may contribute to establishing the presence and severity of HF 
and CAD.14 HF severity can be identified with markers of ventricular wall strain such as 
mid-regional pro-atrial natriuretic peptide (MR-proANP) and N-terminal-pro brain 
natriuretic peptide (NT-proBNP).15,16 High sensitive troponin T (Hs-TnT), a marker of 
cardiac ischemia, is closely related to the severity of CAD.17,18 These markers are highly 
predictive of mortality in the general population19–21 and offer a practical method for 
assessing the relationships between PA, mortality, and pre-existent HF and CAD. 
Unfortunately, the number of studies validating the predictive value of these cardiac 
markers in RTR is limited.2,22  
 This post-hoc study aims to (i) substantiate the association between MR-proANP, 
NT-proBNP, Hs-TnT and CV- and all-cause mortality in RTR, and (ii) use these cardiac 
markers to investigate the potential role of antecedent heart failure and ischemia in the 
association between PA and CV and all-cause mortality.  

Materials and methods 

Design and study population 
This study is a post-hoc analysis of a prospective cohort study (TransplantLines Insulin 
resistance and Inflammation Biobank and Cohort study) of which the study design23 and 
the primary outcomes have been previously published.7 All adult RTR with a functional 
graft (>1year) who visited the outpatient clinic of the University Medical Center 
Groningen (UMCG) between August 2001 and July 2003 were invited to participate. 
Recipients with overt congestive heart failure or who had been diagnosed with cancer 
(other than cured skin cancer) were not considered eligible. Data on PA was available for 
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547 recipients. Seven recipients with an amputation were excluded. The Institutional 
Review Board approved the study protocol (METc 2001/039), and the reported clinical 
and research activities are consistent with the Principles of the Declaration of Istanbul as 
outlined in the Declaration of Istanbul on Organ Trafficking and Transplant Tourism. 
Recipient characteristics 
A pre-existing database containing information on all RTR treated at the UMCG since 
1968 was used to obtain relevant transplant characteristics. CVD history (myocardial 
infarction, transient ischemic attack, or cerebrovascular accident) and smoking status were 
obtained using a self-report questionnaire. Standard immunosuppressive treatment was 
previously described.23 

Physical Activity 
The level of PA of the participants during the 12 months prior to the study was estimated 
using the validated Tecumseh Occupational Activity Questionnaire (TOAQ) and the 
Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ).24–26 Trained 
research assistants administered these questionnaires face-to-face. The TOAQ measures 
frequency, intensity, and duration of three occupational related activities including 
commuting. The MLTPAQ measures leisure time PA including household activities, stair 
climbing, and conditioning activities. The results of both questionnaires were combined by 
employing the metabolic equivalents of tasks (MET), a measure of energy expenditure 
using the equivalent of the energy expended by an individual while seated at rest.25 
Consequently, an activity with a MET value of 5 requires five times the energy that is 
expended at rest. To account for differences in duration, PA was reported as MET-minutes 
per day (MET-min/d). A score of 0 MET-min/day indicates that no notable PA was 
performed over resting energy expenditure. The PA assessment has been previously 
described in further detail.7 In addition, it was assessed how many RTRs fulfilled the PA 
guideline.27 According to this guideline, adults should perform 30 minutes of moderate-to-
vigorous PA per day at least five days per week, resulting in 150 MET-min/day.  

Measurements 
Upon inclusion in the study, blood was drawn after an overnight fasting period (8-12 
hours) and before any medication was taken. In these samples, MR-proANP (pmol/l) was 
measured with a sandwich immunoassay (MR-proANP LIA; B.R.A.H.M.S). NT-
proBNP (pg/ml) levels were determined by immunoassay on an ELECSYS 2010 
instrument (ELECSYS pro-BNP, Roche Diagnostics, Germany). Hs-TnT was measured 
on a Roche Modular E170 (Roche Diagnostics, Mannheim, Germany) with a lower 
detection limit of 0.003 µg/l. The estimated glomerular filtration rate (eGFR) was 
calculated with the Chronic Kidney Disease epidemiology collaboration (CKD-EPI) 
formula. Creatinine clearance was calculated using 24-hour urinary creatinine excretion 
and serum creatinine. 

Endpoints 
Cardiovascular and all-cause mortality were the primary endpoints of this study. With a 
continuous surveillance system, an adequate and up-to-date collection of patients’ data for 
events and mortality could be ensured. CV and all-cause mortality were recorded until May 
2009 without loss of follow-up. Cardiovascular death was defined as deaths in which the 
principal cause of death was cardiovascular in nature (ICD-410-447). 

Statistical analysis 
Data are presented as means and standard deviations (SD) or median and interquartile 
ranges (IQR) for skewed distributed variables. Proportions are shown for categorical data. 
The levels of cardiac markers were initially analyzed per tertile of PA level (stratified for 
gender). A linear trend analysis was performed on the differences in cardiac markers 
between groups. Log-transformation was applied for variables with a skewed distribution, 
and hazard ratios are reported with 95% confidence intervals (CI).  
 To investigate whether the cardiac markers were independently associated with CV 
and the all-cause mortality multivariable, Cox-regression analyses were performed and 
adjusted for potential confounders (age, gender, eGFR, and physical activity). For these 
analyses, cardiac markers were transformed into z-scores. Potential interaction effects 
between the cardiac markers and PA were tested in both crude and adjusted models.  
 Cox proportional hazards regression models were applied to study the association 
between PA and CV- and all-cause mortality. Assumptions for survival analyses were 
tested by interactions with a time covariate. Multivariate Cox regression analyses were 
adjusted for age, gender (Model 2), history of cardiovascular events (Model 3), eGFR, 
urinary protein excretion (Model 4), and MR-pro-ANP, NT-pro BNP, and Hs-TnT 
(Model 5). 
 Additional analyses were performed to examine the potential mediation effect of 
cardiac ischemia and heart failure on the association between PA and CV-mortality. The 
pathways by which cardiac markers could potentially mediate the effect of the level of PA 
on cardiovascular mortality are shown in Figure 1. The pathways were assessed with 
mediation analysis utilizing the Preacher and Hayes method.28,29 The total effect of PA on 
CV-mortality was estimated using regression analysis. The indirect effect of PA on CV-
mortality, through cardiac damage, was calculated by computing the product of two 
coefficients obtained with a regression analysis of the cardiac marker with PA and with 
CV-mortality, respectively. The significance of the indirect effect was tested with bias 
corrected bootstrap confidence intervals with 2000 repetitions. Finally, the proportion 
mediated was calculated by dividing the coefficient of the indirect effect by the total effect. 
The mediation analyses were additionally adjusted for gender, age, and eGFR. The 
significance of mediation was considered present with p<0.05 if zero was not between the 
lower and upper bound of the 95% confidence interval of the indirect effect. Two-sided 
significance tests were used (alpha <0.05), and analyses were performed with IBM SPSS 
statistical software version 23.0 (IBM SPSS, NY, USA) and STATA/SE 14.0 (StataCorp, 
TX, USA). 
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Figure 1. Mediation models of physical activity and cardiovascular mortality through cardiac ischemia (A) 
and heart failure (B). The indirect effect is quantified as path a times path b. The total effect is calculated as 
a*b+c’. 

Results 
A total of 540 RTR (mean ± SD age: 51.3 ± 12.2, 54% male) were studied. The baseline 
characteristics, transplantation history, and cardiac markers are presented in Table 1. The 
median (IQR) MET-min/day in the entire cohort was 117.1 (26.5; 294.3). RTR in the 
inactive tertile performed a median (IQR) of 3.7 MET-min/day (0.1; 28.5), and the 
moderate active and active tertile performed a median (IQR) of 117.1 MET-min/day 
(74.6; 226.1) and 381.8 MET-min/day (234.0; 541.5), respectively. A total of 52% of the 
participants complied to the PA guidelines. MR-proANP (r= -0.20, p<0.001), NT-
proBNP (r= -0.30, p<0.001), and Hs-TnT (r= -0.24, p<0.001) were all significantly 
correlated with the PA level. Concentrations of cardiac markers showed a significant and 
decreasing trend (p=<0.001) according to increasing tertiles of PA (Figure 2).  

Figure 2. Cardiac markers per physical activity group (inactive/ moderate active/ active). Data presented as 
median and interquartile range. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T. Tertiles of PA are stratified for 
gender. The dotted line represents the upper range of the normal value of the concerning marker. Data on 
MR-proANP was available in n=176, 168 and 169 per physical activity tertile, respectively. 

Cardiac markers and mortality 
In total, 117 RTR deceased (22%) of which 63 (54%) were due to CV causes. Univariate 
Cox regression analyses showed that MR-proANP, NT-proBNP, and Hs-TnT were all 
significantly associated with both CV- and all-cause mortality (Table 2). These associations 
remained significant in multivariable Cox regression models adjusted for age, gender, and 
eGFR. Further adjustment for PA level had only minimal influence on the association 
between cardiac biomarker levels and mortality. 

Physical activity and mortality 
Low levels of PA were significantly associated with both CV- and all-cause mortality in 
RTR independent of age and gender (Model 2), history of CV events (Model 3), and 

Table 1. Baseline characteristics (n=540)
min. max. range

General characteristics
   Age (yrs) 51.3 ± 12.2 21 80 59
   Gender male, n (%) 294 (54)
   Smoking, n (%) 217 (40)
Physical activity level [IQR]
   MET-min/day 117.1 [26.5; 294.3] 0.1 2139.4 2139.3
   Inactive tertile MET-min/day 3.7 [0.1; 28.5] 0.1 94.1 94.0
   Moderate active tertile MET-min/day 117.1 [74.6; 226.1] 23.7 330.0 306.3
   Active tertile MET-min/day 381.8 [234.0; 541.5] 124.5 2139.4 2015.0
   Compliant to PA guideline, n (%) 281 (52)
Cardiovascular disease
   Myocardial infarction, n (%) 43 (8)
   TIA / CVA, n (%) 29 (5)
Cardiac markers
   MR-pro-ANP (pmol/L) 162.0 [103.0; 268.0] 31.0 1440.0 1409.0
   NT-proBNP (pg/ml) 293.8 [131.4; 651.0] 19.4 15392.0 15372.6
   Hs-TnT (µg/L) 0.014 [0.007; 0.024] 3 206 203
Renal function
   eGFR 44.5 [33.4; 58.9] 8.1 126.7 118.6
   Creatinine clearance (ml/min) 61 [47; 77] 8 166 158
   Urinary protein excretion (g/24h) 0.2 [0.0; 0.5] 0.0 13.8 13.8
Dialysis time, months [IQR] 27 [14; 49] 0 398 398
Re-transplantation, n (%) 56 (10)
MET, metabolic equivalent of tasks; PA, physical activity; TIA/CVA, Transient Ischemic Attack/ 
Cerebro Vascular Accident; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated glomerular 
filtration rate.
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Figure 1. Mediation models of physical activity and cardiovascular mortality through cardiac ischemia (A) 
and heart failure (B). The indirect effect is quantified as path a times path b. The total effect is calculated as 
a*b+c’. 

Results 
A total of 540 RTR (mean ± SD age: 51.3 ± 12.2, 54% male) were studied. The baseline 
characteristics, transplantation history, and cardiac markers are presented in Table 1. The 
median (IQR) MET-min/day in the entire cohort was 117.1 (26.5; 294.3). RTR in the 
inactive tertile performed a median (IQR) of 3.7 MET-min/day (0.1; 28.5), and the 
moderate active and active tertile performed a median (IQR) of 117.1 MET-min/day 
(74.6; 226.1) and 381.8 MET-min/day (234.0; 541.5), respectively. A total of 52% of the 
participants complied to the PA guidelines. MR-proANP (r= -0.20, p<0.001), NT-
proBNP (r= -0.30, p<0.001), and Hs-TnT (r= -0.24, p<0.001) were all significantly 
correlated with the PA level. Concentrations of cardiac markers showed a significant and 
decreasing trend (p=<0.001) according to increasing tertiles of PA (Figure 2).  

Figure 2. Cardiac markers per physical activity group (inactive/ moderate active/ active). Data presented as 
median and interquartile range. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T. Tertiles of PA are stratified for 
gender. The dotted line represents the upper range of the normal value of the concerning marker. Data on 
MR-proANP was available in n=176, 168 and 169 per physical activity tertile, respectively. 

Cardiac markers and mortality 
In total, 117 RTR deceased (22%) of which 63 (54%) were due to CV causes. Univariate 
Cox regression analyses showed that MR-proANP, NT-proBNP, and Hs-TnT were all 
significantly associated with both CV- and all-cause mortality (Table 2). These associations 
remained significant in multivariable Cox regression models adjusted for age, gender, and 
eGFR. Further adjustment for PA level had only minimal influence on the association 
between cardiac biomarker levels and mortality. 

Physical activity and mortality 
Low levels of PA were significantly associated with both CV- and all-cause mortality in 
RTR independent of age and gender (Model 2), history of CV events (Model 3), and 

Table 1. Baseline characteristics (n=540)
min. max. range

General characteristics
   Age (yrs) 51.3 ± 12.2 21 80 59
   Gender male, n (%) 294 (54)
   Smoking, n (%) 217 (40)
Physical activity level [IQR]
   MET-min/day 117.1 [26.5; 294.3] 0.1 2139.4 2139.3
   Inactive tertile MET-min/day 3.7 [0.1; 28.5] 0.1 94.1 94.0
   Moderate active tertile MET-min/day 117.1 [74.6; 226.1] 23.7 330.0 306.3
   Active tertile MET-min/day 381.8 [234.0; 541.5] 124.5 2139.4 2015.0
   Compliant to PA guideline, n (%) 281 (52)
Cardiovascular disease
   Myocardial infarction, n (%) 43 (8)
   TIA / CVA, n (%) 29 (5)
Cardiac markers
   MR-pro-ANP (pmol/L) 162.0 [103.0; 268.0] 31.0 1440.0 1409.0
   NT-proBNP (pg/ml) 293.8 [131.4; 651.0] 19.4 15392.0 15372.6
   Hs-TnT (µg/L) 0.014 [0.007; 0.024] 3 206 203
Renal function
   eGFR 44.5 [33.4; 58.9] 8.1 126.7 118.6
   Creatinine clearance (ml/min) 61 [47; 77] 8 166 158
   Urinary protein excretion (g/24h) 0.2 [0.0; 0.5] 0.0 13.8 13.8
Dialysis time, months [IQR] 27 [14; 49] 0 398 398
Re-transplantation, n (%) 56 (10)
MET, metabolic equivalent of tasks; PA, physical activity; TIA/CVA, Transient Ischemic Attack/ 
Cerebro Vascular Accident; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated glomerular 
filtration rate.
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kidney function (Model 4). Additional adjustment for MR-proANP, NT-proBNP, and Hs-
TnT levels did not materially change the association between PA and CV-mortality nor 
the association between PA and all-cause mortality (Table 3). PA was significantly 
associated with non-cardiovascular mortality in the crude model, however, it was no longer 
significant after adjustment for confounders (Table 3). Potential interaction effects between 
the three cardiac markers and the level of PA were tested but were not significant in 
univariable or multivariable analyses. The fully adjusted model of the association between 
PA and CV mortality indicates a hazard ratio of 0.87 (95% CI 0.80; 0.96, p=0.004) per 
log(base-2)-MET-min/day.  

Mediation by cardiac markers 
Mediation analyses indicated that all cardiac markers were significant mediators of the 
association between PA and CV-mortality (Table 4). The mediating effect of all cardiac 
markers remained significant after adjustment for gender, age, and eGFR. MR-proANP, 
NT-proBNP, Hs-TnT were indicated to explain 20.9%, 32.7%, and 21.7% of the 
association of PA with CV-mortality, respectively. The RTR with higher levels of PA had 
lower levels of cardiac markers and lower levels of mortality.  

Table 2. Hazard ratios for cardiovascular and all-cause mortality by cardiac marker
Cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value
MR-proANP
   1 1.62 [1.42; 1.83] <0.001 1.53 [1.38; 1.70] <0.001
   2 1.41 [1.18; 1.69] <0.001 1.31 [1.13; 1.51] <0.001
   3 1.38 [1.15; 1.65] 0.001 1.29 [1.12; 1.49] 0.001
NT-proBNP
   1 1.51 [1.36; 1.68] <0.001 1.45 [1.33; 1.58] <0.001
   2 1.32 [1.15; 1.51] <0.001 1.25 [1.12; 1.40] <0.001
   3 1.24 [1.08; 1.42] 0.002 1.20 [1.08; 1.35] 0.001
Hs-TnT
   1 1.36 [1.21; 1.53] <0.001 1.34 [1.22; 1.47] <0.001
   2 1.31 [1.11; 1.56] 0.002 1.29 [1.13; 1.47] <0.001
   3 1.29 [1.08; 1.55] 0.006 1.28 [1.11; 1.46] <0.001
Model 1: Crude model of cardiac markers as z-scores. Model 2: Model 1 + adjusted for age, gender, and 
eGFR. Model 3: Model 2 + adjusted for physical activity level (log2- MET-min/day). HR, Hazard 
Ratio; CI, Confidence Interval. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, 
N-terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.

Discussion 
This post-hoc study substantiates that there is a significant association between the cardiac 
biomarkers MR-proANP, NT-proBNP, and Hs-TnT, as well as CV- and all-cause 
mortality in RTR. The levels of each of these markers are significantly lower in RTR with 
higher levels of PA. Interestingly, the link between PA and both CV- as well as all-cause 
mortality is independent of all studied cardiac markers. The cardiac markers, however, do 
significantly mediate the association between PA and CV-mortality with proportions 
mediated ranging from 21% to 33%.  
 The associations between MR-proANP, NT-proBNP, Hs-TnT and mortality in our 
cohort are comparable with findings in the general population19–21 and are in accordance 
with previous findings in RTR cohorts.2,22 The association between the cardiac markers 
and mortality tend to be even more pronounced in RTR, comparable levels lead to higher 
mortality in RTR when compared to the general population.2 The value of cardiac markers 
as a prognostic marker in a population with renal failure is debated because of the (partial) 
clearance of the markers from circulation by the kidney and with a detectable level in 
almost all patients and ‘elevated’ levels in the majority of patients with chronic kidney 
disease.30–32 However, as each of the markers remained significantly associated with 
mortality after adjustment for age, gender, and eGFR within the population of RTR, the 
use of MR-proANP, NT-proBNP, and Hs-TnT as markers for risk stratification within the 
RTR population is substantiated. 
  

  

Table 3. Hazard ratios and adjusted hazard ratios for cardiovascular and all-cause 
mortality by physical activity as a log2-transformed continuous variable.

Cardiovascular mortality Non cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value HR [95% CI] p-value
   1 0.82 [0.76; 0.88] <0.001 0.87 [0.80; 0.95] 0.001 0.85 [0.80; 0.89] <0.001
   2 0.86 [0.79; 0.93] <0.001 0.94 [0.85; 1.03] 0.182 0.89 [0.84; 0.95] <0.001
   3 0.86 [0.79; 0.94] <0.001 0.94 [0.86; 1.04] 0.214 0.89 [0.84; 0.95] <0.001
   4 0.87 [0.80; 0.95] 0.001 0.96 [0.87; 1.06] 0.390 0.91 [0.85; 0.97] 0.002
   5 0.87 [0.79; 0.95] 0.003 0.97 [0.87; 1.08] 0.578 0.92 [0.86; 0.98] 0.011
Model 1: Crude model of Physical Activity as a continuous variable (log2- MET-min/day), univariate. 
Model 2: Model 1 + adjustment for age and gender. Model 3: Model 2 + adjustment for history of 
cardiovascular events. Model 4: Model 3 + adjustments for eGFR and urinary protein excretion. Model 
5: Model 4 + adjustments for MR-pro-ANP, NT-pro BNP, and Hs-TnT. HR, Hazard Ratio; CI, 
Confidence Interval; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.
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kidney function (Model 4). Additional adjustment for MR-proANP, NT-proBNP, and Hs-
TnT levels did not materially change the association between PA and CV-mortality nor 
the association between PA and all-cause mortality (Table 3). PA was significantly 
associated with non-cardiovascular mortality in the crude model, however, it was no longer 
significant after adjustment for confounders (Table 3). Potential interaction effects between 
the three cardiac markers and the level of PA were tested but were not significant in 
univariable or multivariable analyses. The fully adjusted model of the association between 
PA and CV mortality indicates a hazard ratio of 0.87 (95% CI 0.80; 0.96, p=0.004) per 
log(base-2)-MET-min/day.  

Mediation by cardiac markers 
Mediation analyses indicated that all cardiac markers were significant mediators of the 
association between PA and CV-mortality (Table 4). The mediating effect of all cardiac 
markers remained significant after adjustment for gender, age, and eGFR. MR-proANP, 
NT-proBNP, Hs-TnT were indicated to explain 20.9%, 32.7%, and 21.7% of the 
association of PA with CV-mortality, respectively. The RTR with higher levels of PA had 
lower levels of cardiac markers and lower levels of mortality.  

Table 2. Hazard ratios for cardiovascular and all-cause mortality by cardiac marker
Cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value
MR-proANP
   1 1.62 [1.42; 1.83] <0.001 1.53 [1.38; 1.70] <0.001
   2 1.41 [1.18; 1.69] <0.001 1.31 [1.13; 1.51] <0.001
   3 1.38 [1.15; 1.65] 0.001 1.29 [1.12; 1.49] 0.001
NT-proBNP
   1 1.51 [1.36; 1.68] <0.001 1.45 [1.33; 1.58] <0.001
   2 1.32 [1.15; 1.51] <0.001 1.25 [1.12; 1.40] <0.001
   3 1.24 [1.08; 1.42] 0.002 1.20 [1.08; 1.35] 0.001
Hs-TnT
   1 1.36 [1.21; 1.53] <0.001 1.34 [1.22; 1.47] <0.001
   2 1.31 [1.11; 1.56] 0.002 1.29 [1.13; 1.47] <0.001
   3 1.29 [1.08; 1.55] 0.006 1.28 [1.11; 1.46] <0.001
Model 1: Crude model of cardiac markers as z-scores. Model 2: Model 1 + adjusted for age, gender, and 
eGFR. Model 3: Model 2 + adjusted for physical activity level (log2- MET-min/day). HR, Hazard 
Ratio; CI, Confidence Interval. MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, 
N-terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.

Discussion 
This post-hoc study substantiates that there is a significant association between the cardiac 
biomarkers MR-proANP, NT-proBNP, and Hs-TnT, as well as CV- and all-cause 
mortality in RTR. The levels of each of these markers are significantly lower in RTR with 
higher levels of PA. Interestingly, the link between PA and both CV- as well as all-cause 
mortality is independent of all studied cardiac markers. The cardiac markers, however, do 
significantly mediate the association between PA and CV-mortality with proportions 
mediated ranging from 21% to 33%.  
 The associations between MR-proANP, NT-proBNP, Hs-TnT and mortality in our 
cohort are comparable with findings in the general population19–21 and are in accordance 
with previous findings in RTR cohorts.2,22 The association between the cardiac markers 
and mortality tend to be even more pronounced in RTR, comparable levels lead to higher 
mortality in RTR when compared to the general population.2 The value of cardiac markers 
as a prognostic marker in a population with renal failure is debated because of the (partial) 
clearance of the markers from circulation by the kidney and with a detectable level in 
almost all patients and ‘elevated’ levels in the majority of patients with chronic kidney 
disease.30–32 However, as each of the markers remained significantly associated with 
mortality after adjustment for age, gender, and eGFR within the population of RTR, the 
use of MR-proANP, NT-proBNP, and Hs-TnT as markers for risk stratification within the 
RTR population is substantiated. 
  

  

Table 3. Hazard ratios and adjusted hazard ratios for cardiovascular and all-cause 
mortality by physical activity as a log2-transformed continuous variable.

Cardiovascular mortality Non cardiovascular mortality All-cause mortality

Model HR [95% CI] p-value HR [95% CI] p-value HR [95% CI] p-value
   1 0.82 [0.76; 0.88] <0.001 0.87 [0.80; 0.95] 0.001 0.85 [0.80; 0.89] <0.001
   2 0.86 [0.79; 0.93] <0.001 0.94 [0.85; 1.03] 0.182 0.89 [0.84; 0.95] <0.001
   3 0.86 [0.79; 0.94] <0.001 0.94 [0.86; 1.04] 0.214 0.89 [0.84; 0.95] <0.001
   4 0.87 [0.80; 0.95] 0.001 0.96 [0.87; 1.06] 0.390 0.91 [0.85; 0.97] 0.002
   5 0.87 [0.79; 0.95] 0.003 0.97 [0.87; 1.08] 0.578 0.92 [0.86; 0.98] 0.011
Model 1: Crude model of Physical Activity as a continuous variable (log2- MET-min/day), univariate. 
Model 2: Model 1 + adjustment for age and gender. Model 3: Model 2 + adjustment for history of 
cardiovascular events. Model 4: Model 3 + adjustments for eGFR and urinary protein excretion. Model 
5: Model 4 + adjustments for MR-pro-ANP, NT-pro BNP, and Hs-TnT. HR, Hazard Ratio; CI, 
Confidence Interval; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-
terminal-pro brain natriuretic peptide; Hs-TnT, high sensitive troponine T; eGFR, estimated 
glomerular filtration rate.
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 The levels of all cardiac markers were highest in the low PA group and lowest in the 
high PA group. Therefore, we expected the cardiac markers to have a confounding effect in 
the association between PA and mortality. Nevertheless, the association between PA and 
both CV and all-cause mortality remained prominent after adjustment for these cardiac 
markers. This observation discredits the notion that the amount of PA that is performed is 
merely a proxy for cardiovascular health. Instead, these associations show that a higher level 
of PA is linked to improved survival even in patients with notable cardiovascular 
comorbidity. These findings with the use of quantitative measures of cardiac damage accord 
with results of the previous analyses that used more surrogate measures of CV risk such as 
a history of CV-disease, components of the metabolic syndrome, and Framingham risk 
score factors.7 This emphasizes that PA is a potential method for modifying cardiovascular 

Table 4. Mediation effect of cardiac markers on the association between physical 
activity and cardiovascular mortality.

Cardiovascular mortality
Beta [95% CI, bias corrected] Proportion mediated

Unadjusted
MR-proANP
   Indirect effect -0.08 [-0.13; -0.05] 25%
   Total effect -0.34 [-0.46; -0.22]
NT-proBNP
   Indirect effect -0.13 [-0.18; -0.08] 41%
   Total effect -0.31 [-0.42; -0.19]
Hs-TnT
   Indirect effect -0.09 [-0.14; -0.06] 30%
   Total effect -0.31 [-0.42; -0.18]
Adjusted*

MR-proANP
   Indirect effect -0.05 [-0.10; -0.02] 21%
   Total effect -0.26 [-0.38; -0.11]
NT-proBNP
   Indirect effect -0.07 [-0.12; -0.04] 33%
   Total effect -0.22 [-0.34; -0.07]
Hs-TnT
   Indirect effect -0.05 [-0.09; -0.02] 22%
   Total effect -0.23 [-0.35; -0.09]
Physical activity level as log2 transformed MET-min/day, cardiac markers are log transformed as well. 
*Adjusted mediation models included gender, age, and eGFR. CI, Confidence Interval; MR-proANP, 
mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-terminal-pro brain natriuretic peptide; Hs-
TnT, high sensitive troponine T; eGFR, estimated glomerular filtration rate.

risk in RTR. The non-significant results on the association between PA and non-
cardiovascular death indicated that the association between PA and all-cause mortality in 
this population is substantially driven by CV-mortality. 
 A two-fold difference in the level of PA (MET-min/day) resulted in a 13% 
reduction of CV-mortality risk (hazard ratio 0.87). For example, a person spending 150 
MET-min/day has 0.87 times the risk of CV-mortality compared to a person spending 75 
MET-min/day. The risk reduction of 13% is comparable to the change observed for the 
risk of CV-mortality in heavy smokers who had stopped smoking.33 Importantly, a two-
fold or greater change in PA is likely to be highly attainable in many high-risk patients due 
to their current low level of PA. Participants in the lowest tertile of this cohort performed 
the equivalent of five minutes or less of PA per day whereas the recommended amount is 
30 minutes of moderate to vigorous intensity PA per day (=150 MET-min/day).34 
Examples of activities of this type are washing the windows, mowing the lawn, playing golf, 
and brisk walking (>5 km/h).35  
 The hazard ratio for the association of PA with CV-mortality was only minimally 
influenced by controlling for the levels of the cardiac markers, and no significant 
interaction effects were detected between the cardiac markers and level of PA. These 
findings demonstrate that the cardiac markers are not confounding the indicated 
association. To facilitate a better understanding of the pathways through which the 
association between PA and CV-mortality could be explained, mediation analyses were 
performed. The generally accepted hypothesis that an increase in PA will result in a 
reduction in CV-risk was applied as a basis for the mediation model.1,36 These analyses 
showed that all markers significantly mediated the association between PA and CV-
mortality. There is a significant indirect effect of PA on CV-mortality through the cardiac 
markers. This indirect effect accounts for 21% to 33% of the total observed effect which is 
substantial and, therefore, indicates an important pathway.  
 The notable proportion of the indirect effect suggests pre-existent HF and CAD as 
possible intermediate steps in the causal pathway leading from PA to mortality reduction. 
If so, the mortality reduction associated with PA is likely to be related to general 
improvements in cardiovascular health. This hypothesis is supported by literature showing 
that physical exercise may lower cardiac biomarker levels in other populations. PA is known 
to lower Hs-TnT in elderly patients37 and, similarly, a systematic review and several 
intervention studies showed that NT-proBNP could be significantly lowered by exercise 
training in patients with heart failure.38–40 However, this position has been questioned in a 
recent randomized controlled trial of 928 patients with heart failure whereby exercise 
training did not induce a meaningful change in NT-pro-BNP or Hs-TnT.41 Longitudinal 
data, preferably from a controlled trial, is required to confirm the possible cardiovascular 
health benefits of PA in RTR. More insight should also be provided into the amount and 
intensity of PA that is required to generate cardiovascular health benefits in RTR. As is 
already known, aerobic exercise enhances endothelial-dependent vasodilatation in healthy 
adults, patients with hypertension, and patients with coronary artery disease and chronic 
heart failure.42,43 It is suggested that moderate-intensity PA augments endothelial-
dependent vasodilatation through increased production of nitric oxide where high intensity 
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 The levels of all cardiac markers were highest in the low PA group and lowest in the 
high PA group. Therefore, we expected the cardiac markers to have a confounding effect in 
the association between PA and mortality. Nevertheless, the association between PA and 
both CV and all-cause mortality remained prominent after adjustment for these cardiac 
markers. This observation discredits the notion that the amount of PA that is performed is 
merely a proxy for cardiovascular health. Instead, these associations show that a higher level 
of PA is linked to improved survival even in patients with notable cardiovascular 
comorbidity. These findings with the use of quantitative measures of cardiac damage accord 
with results of the previous analyses that used more surrogate measures of CV risk such as 
a history of CV-disease, components of the metabolic syndrome, and Framingham risk 
score factors.7 This emphasizes that PA is a potential method for modifying cardiovascular 

Table 4. Mediation effect of cardiac markers on the association between physical 
activity and cardiovascular mortality.

Cardiovascular mortality
Beta [95% CI, bias corrected] Proportion mediated

Unadjusted
MR-proANP
   Indirect effect -0.08 [-0.13; -0.05] 25%
   Total effect -0.34 [-0.46; -0.22]
NT-proBNP
   Indirect effect -0.13 [-0.18; -0.08] 41%
   Total effect -0.31 [-0.42; -0.19]
Hs-TnT
   Indirect effect -0.09 [-0.14; -0.06] 30%
   Total effect -0.31 [-0.42; -0.18]
Adjusted*

MR-proANP
   Indirect effect -0.05 [-0.10; -0.02] 21%
   Total effect -0.26 [-0.38; -0.11]
NT-proBNP
   Indirect effect -0.07 [-0.12; -0.04] 33%
   Total effect -0.22 [-0.34; -0.07]
Hs-TnT
   Indirect effect -0.05 [-0.09; -0.02] 22%
   Total effect -0.23 [-0.35; -0.09]
Physical activity level as log2 transformed MET-min/day, cardiac markers are log transformed as well. 
*Adjusted mediation models included gender, age, and eGFR. CI, Confidence Interval; MR-proANP, 
mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-terminal-pro brain natriuretic peptide; Hs-
TnT, high sensitive troponine T; eGFR, estimated glomerular filtration rate.

risk in RTR. The non-significant results on the association between PA and non-
cardiovascular death indicated that the association between PA and all-cause mortality in 
this population is substantially driven by CV-mortality. 
 A two-fold difference in the level of PA (MET-min/day) resulted in a 13% 
reduction of CV-mortality risk (hazard ratio 0.87). For example, a person spending 150 
MET-min/day has 0.87 times the risk of CV-mortality compared to a person spending 75 
MET-min/day. The risk reduction of 13% is comparable to the change observed for the 
risk of CV-mortality in heavy smokers who had stopped smoking.33 Importantly, a two-
fold or greater change in PA is likely to be highly attainable in many high-risk patients due 
to their current low level of PA. Participants in the lowest tertile of this cohort performed 
the equivalent of five minutes or less of PA per day whereas the recommended amount is 
30 minutes of moderate to vigorous intensity PA per day (=150 MET-min/day).34 
Examples of activities of this type are washing the windows, mowing the lawn, playing golf, 
and brisk walking (>5 km/h).35  
 The hazard ratio for the association of PA with CV-mortality was only minimally 
influenced by controlling for the levels of the cardiac markers, and no significant 
interaction effects were detected between the cardiac markers and level of PA. These 
findings demonstrate that the cardiac markers are not confounding the indicated 
association. To facilitate a better understanding of the pathways through which the 
association between PA and CV-mortality could be explained, mediation analyses were 
performed. The generally accepted hypothesis that an increase in PA will result in a 
reduction in CV-risk was applied as a basis for the mediation model.1,36 These analyses 
showed that all markers significantly mediated the association between PA and CV-
mortality. There is a significant indirect effect of PA on CV-mortality through the cardiac 
markers. This indirect effect accounts for 21% to 33% of the total observed effect which is 
substantial and, therefore, indicates an important pathway.  
 The notable proportion of the indirect effect suggests pre-existent HF and CAD as 
possible intermediate steps in the causal pathway leading from PA to mortality reduction. 
If so, the mortality reduction associated with PA is likely to be related to general 
improvements in cardiovascular health. This hypothesis is supported by literature showing 
that physical exercise may lower cardiac biomarker levels in other populations. PA is known 
to lower Hs-TnT in elderly patients37 and, similarly, a systematic review and several 
intervention studies showed that NT-proBNP could be significantly lowered by exercise 
training in patients with heart failure.38–40 However, this position has been questioned in a 
recent randomized controlled trial of 928 patients with heart failure whereby exercise 
training did not induce a meaningful change in NT-pro-BNP or Hs-TnT.41 Longitudinal 
data, preferably from a controlled trial, is required to confirm the possible cardiovascular 
health benefits of PA in RTR. More insight should also be provided into the amount and 
intensity of PA that is required to generate cardiovascular health benefits in RTR. As is 
already known, aerobic exercise enhances endothelial-dependent vasodilatation in healthy 
adults, patients with hypertension, and patients with coronary artery disease and chronic 
heart failure.42,43 It is suggested that moderate-intensity PA augments endothelial-
dependent vasodilatation through increased production of nitric oxide where high intensity 
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aerobic exercise potentially leads to oxidative stress. The optimal frequency and intensity of 
PA to generate the maximal positive effect in RTR is unknown. For the general population, 
it is stated that, in order to generate health benefits from PA, some PA is better than none, 
and more is better than some.44 This indicates that every improvement in PA results in a 
certain amount of benefit.  
 For the interpretation of the results of this study, a number of limitations should be 
taken into account. First, because of the observational design, this study cannot discern 
causality and can only provide direction for further studies. Second, measurements of PA 
and cardiac biomarkers were only available at baseline. Therefore, changes over time in 
either of the variables could not be accounted for. Third, the exclusion of patients with 
overt heart failure from the original study may limit the extrapolation of these data to the 
entire population of RTR. Lastly, although the questionnaires employed to assess PA are 
validated and used extensively, bias towards socially desirable answers may still have led to 
an overestimation of PA. Major strengths of this study are the availability of data on PA, 
cardiac markers to assess cardiovascular health, mortality in a large sample of RTR, and it 
is the first study to link data on PA, cardiac markers, and mortality in a population of RTR.  
In conclusion, the cardiac biomarkers MR-proANP, NT-proBNP, and Hs-TnT are 
strongly associated with both CV- and all-cause mortality in RTR. Nevertheless, the 
association between PA and CV and all-cause mortality was independent of these markers. 
Pre-existent cardiac damage, as measured by cardiac markers, did have a significant 
mediation effect on the association, implicating cardiac damage as intermediate step of the 
causal pathway. Increasing PA levels or maintaining high levels of PA, therefore, appear to 
be of the utmost importance in all RTR.  
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Abstract 

Background  
Exercise capacity, muscle function, and physical activity levels remain reduced in recipients 
of lung transplantation. Factors associated with this deficiency in functional exercise 
capacity have not been studied longitudinally.  

Objective 
The study aims were to analyze the longitudinal change in 6-minute walking distance and 
to identify factors contributing to this change.  

Design  
This was a longitudinal historical cohort study. 

Methods  
Data from patients who received a lung transplantation between March 2003 and March 
2013 were analyzed for the change in 6-minute walking distance and contributing factors 
at screening, discharge, and 6 and 12 months after transplantation. Linear mixed-model 
and logistic regression analyses were performed with data on characteristics of patients, 
diagnosis, waiting list time, length of hospital stay, rejection, lung function, and peripheral 
muscle strength. 

Results  
Data from 108 recipients were included. Factors predicting 6-minute walking distance 
were measurement moment, diagnosis, sex, quadriceps muscle and grip strength, forced 
expiratory volume in 1 second (percentage of predicted), and length of hospital stay. After 
transplantation, 6-minute walking distance increased considerably. This initial increase was 
not continued between 6 and 12 months. At 12 months after lung transplantation, 58.3% 
of recipients did not reach the cutoff point of 82% of the predicted 6-minute walking 
distance. Logistic regression demonstrated that discharge values for forced expiratory 
volume in 1 second and quadriceps or grip strength were predictive for reaching this 
criterion. 

Limitations  
Study limitations included lack of knowledge on the course of disease during the waiting 
list period, type and frequency of physical therapy after transplantation, and number of 
missing data points. 

Conclusions  
Peripheral muscle strength predicted 6-minute walking distance; this finding suggests that 
quadriceps strength training should be included in physical training to increase functional 
exercise capacity. Attention should be paid to further increasing 6-minute walking distance 
between 6 and 12 months after transplantation. 
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Introduction 
Lung transplantation (LTx) as a treatment in end-stage lung disease has become generally 
accepted for appropriately selected patients. In total, 673 single and double LTxs were 
performed in the Eurotransplant region in 2013 (5.9 LTxs per 106 people). 1 In Australia 
and New Zealand, 144 LTxs (6.3/106 people) and 13 LTxs (3.2/106 people), respectively, 
were performed in 2012.2 In the United States, a total of 1,923 LTxs were performed in 
2013.3 Transplantation leads to a substantial improvement in quality of life4,5 and an 
increase in exercise performance, that is, exercise capacity and muscle function. However, 
recipients of LTxs do not achieve normal levels;6,7 physical activity levels 1 year after 
transplantation were considerably lower than those in people who were healthy (controls).8 
 The main factor limiting exercise performance after LTx, as ascertained with 
maximal exercise testing, is the reduced work capacity of the peripheral skeletal muscles. 7,9–
13 It is expected that the physiological processes underlying this reduced capacity will also 
be present at submaximal or functional exercise levels in recipients of LTxs. It is not clear, 
however, to what extent. Functional exercise capacity is generally tested with 6-minute 
walking distance (6MWD).14 In patients with chronic obstructive pulmonary disease 
(COPD), a strong correlation between 6MWD and quadriceps muscle force was shown.15 
Unfortunately, little attention has been paid to factors predicting 6MWD after LTx.  
Only a few studies have used longitudinal data to study the relationship between 6MWD 
and peripheral muscle force, post-transplantation recovery rate, and other predicting 
factors.7,16–18 The generalizability of the results of these studies is restricted because of small 
sample sizes (8-36 patients),7,16–18 a limited follow-up period (4 months),16 and a limited 
number of measurement moments (2 moments).7,17,18  
 Overall, knowledge about the course of submaximal exercise capacity and the 
factors limiting this capacity in recipients of LTxs is limited. Therefore, the aims of this 
study were to analyze the course of functional exercise capacity by modeling the change in 
6MWD longitudinally and to explore factors predicting this change. This study should 
provide insight into intervention targets and the timing of interventions with the goal of 
increasing functional exercise capacity in recipients of LTxs.  

Method 

Study Design  
A longitudinal historical cohort analysis was performed with data collected as part of the 
routine clinical evaluation (including screening and evaluation after LTx) of recipients of 
single and double LTxs between March 2003 and March 2013 at the University Medical 
Center Groningen, Groningen, the Netherlands. Pre-LTx screening before placement on 
the waiting list consisted of medical, social (intake medical social work, psychological 
analysis when indicated), and physical screening (T0 [screening]). During the medical 
screening, lung function testing was performed. The physical screening consisted of a 
6MWD test and measurements of peripheral muscle force. Patients were retested at 

discharge from the hospital after LTx (T1 [day of discharge or days preceding discharge]), 
at 6 months after LTx (T2), and at 12 months after LTx (T3). Data from all patients 18 
years of age or older on the date of transplantation were included when data from at least 3 
of the 4 measurement moments were available. Data from patients receiving 
retransplantation or receiving heart-lung transplantations were excluded. Data were coded 
and processed anonymously.  
 Data regarding the characteristics of the patients, diagnosis, duration on the waiting 
list, length of hospital stay (from transplantation to discharge, reflective of health status, 
disease severity, postoperative complications, and recovery rate), and number of rejection 
episodes (number of rejection treatments applied) in the first year after transplantation 
were gathered from medical records. At hospital discharge, all patients were instructed to 
exercise regularly. No pre-described training program was provided, but training under the 
supervision of a physical therapist was advised, and oral and written referral were provided. 
All patients received optimal immunosuppression therapy (tacrolimus [Prograf, Astella 
Pharma US Inc, Northbrook, Illinois], mycophenolate mofetil [CellCept, Genentech USA 
Inc, South San Franscisco, California], and prednisone).  
 Indications for transplantation were categorized into 4 groups: COPD and 
emphysema, including alpha1-antitrypsin deficiency and bronchiectasis (COPD group); 
pulmonary vascular diseases, including primary pulmonary hypertension and Eisenmenger 
syndrome (pulmonary vascular disease group); cystic fibrosis (CF group); and pulmonary 
fibrosis, including idiopathic pulmonary fibrosis, sarcoidosis (with mean pulmonary artery 
pressure of >30 mm Hg), scleroderma, and bronchiolitis obliterans (pulmonary fibrosis 
group).  

Outcome Measures  

6MWD  
Functional exercise capacity was determined with the 6MWD performed in accordance 
with American Thoracic Society guidelines14 over a 40-meter distance and supervised by an 
experienced physical therapist. In accordance with American Thoracic Society guidelines, 
no practice tests were performed before measurement. The number of 6MWD tests that 
patients performed in the screening and post-transplant periods ensured that a learning 
effect was largely ruled out. If possible, patients would walk without an assistive device. An 
assistive device (walker) was used only by patients receiving oxygen supplementation in 
daily life (before transplantation); the oxygen container was placed on the walker. No 
additional oxygen supplementation was used. Predicted walking distance (for adults who 
were healthy) was calculated, and a 6MWD below 82% of the predicted walking distance 
was considered indicative of impairment.19  
Pulmonary function 
For all patients, flow volume measurements, including forced expiratory volume in 1 
second (FEV1), forced vital capacity, and Tiffeneau index (FEV1/forced vital capacity, as a 
percentage), were obtained. Body plethysmography ( Jaeger, Wurzburg, Germany) was used 
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to determine total lung capacity, residual volume, and diffusing capacity of the lung for 
carbon monoxide (DLCO) for some of the recipients (of the total of 346 lung function 
measurements, 247 included measurement of total lung capacity and residual volume and 
212 included measurement of DLCO). Measurements were obtained in accordance with 
American Thoracic Society/European Respiratory Society guidelines.20  
Peripheral muscle strength  
Maximal voluntary isometric strength was measured for the quadriceps, biceps brachii, and 
triceps brachii muscles and for the 3-point grip with a handheld dynamometer (MicroFET 
II, Hoggan Health Industries, West Jordan, Utah) by experienced physical therapists. 
Measurements were obtained bilaterally 3 times for each muscle group and in the testing 
positions described earlier.21 The break method was applied; with this method, muscle force 
was gradually overcome, and the measurement ceased at the moment of “giving way”.22 
Three-point grip strength was tested in a seated position with the upper arm in a neutral 
position and the elbow in 90 degrees of flexion. The index and middle fingers were placed 
on the force pad of the dynamometer, and the thumb was placed on the opposite side. 
With the thumb facing the floor, the patient was instructed to pinch as hard as possible. 
The mean measured peak force (in newton) of the dominant side of the patient was used 
for further analysis. Predicted values were calculated23; however, reference values for grip 
strength, as measured, were not available. 

Data Analyses 
Descriptive statistics were applied for baseline characteristics. Normality assumptions were 
tested with the Shapiro-Wilk test. Data are presented as means and standard deviations or 
medians and interquartile ranges for variables with a skewed distribution. For categorical 
data, proportions are shown. To predict changes in 6MWD over time and to account for 
intra-recipient correlations between multiple measurements, we applied a linear mixed 
model with the restricted maximum-likelihood method and an unstructured correlation 
structure. With this repeated measures analysis, all available data points were used; if a 
single score was missing, then other data from that patient were not omitted from the 
analysis. Measurement moment and diagnosis category were set as factors.24 Possible 
explanatory variables (including age, sex, quadriceps force, grip strength, lung function 
values, type of transplantation [single versus double], length of hospital stay, rejection, and 
body mass index) were selected on the basis of clinical relevance and were explored by 
being entered into the linear mixed-model analysis. Variables were maintained in the 
model on the basis of the minimum Akaike information criterion.  
 To increase clinical interpretability and to avoid large correlations between 
estimates,24 we centered quadriceps strength at 250 N, grip strength at 91 N, FFV, at 65% 
of the predicted value, and length of hospital stay at 39 days (means of the study 
population). All variables were included as fixed effects. Interaction effects and a random 
intercept were explored. Additional linear mixed-model analyses were performed after 5 
separate imputations of missing data (multivariate imputation with chained equation). The 
results were subsequently pooled to gain further insight into the robustness of the predicted 

effects. The intercept of the model represents the estimated 6MWD that would be 
obtained if all predictor variables were defaults. The ! hats of the variables in the model 
represent the difference between 6MWD and the reference category (categorical data) or 
the change in 6MWD that was expected with 1-unit change in a given variable 
(continuous variables). 
 Differences between recipients reaching 82% of the predicted 6MWD and 
recipients not reaching this distance were analyzed. Categorical variables were tested with 
the chi-square test, and for continuous data, the Student t test or the Welch t test was used. 
Variables at discharge that were significantly related to “reaching 82%” at 12 months after 
LTx were entered into a logistic regression analysis (backward method). Two-sided 
significance tests were used (alpha <.05). Analyses were performed with statistical 
programming language R (version 2.12.0) and IBM SPSS statistical software (version 20.0, 
IBM SPSS, Armonk, New York).  

Results 

Characteristics of Study Sample 
The initial database comprised 269 patients, 111 of whom met the inclusion criteria (Fig. 
1). Three patients were excluded from the analyses because of the limited representation of 
their conditions (2 patients received a transplantation because of graft-versus-host disease 
after leukemia treatment, and 1 patient was diagnosed with histiocytosis X). The mean age 
at transplantation of the 108 included recipients was 51.5 years (SD=11.3), 49 (45.4%) 
were men, and the median waiting list time was 505 days (interquartile range=191-86l). 
Double lung transplantation was performed in 90 recipients (83-3%). The recipients were 
grouped as follows: approximately half in the COPD group (53 [49.1%]), 11 (10.2%) in 
the pulmonary vascular disease group, 16 (14.8%) in the CF group, and 28 (25.9%) in the 
pulmonary fibrosis group.  

Figure 1. Flowchart of inclusion of recipients of lung transplantation in data analysis. TX=transplantation. 
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 Almost half (48%) of the patients used oxygen supplementation during 6MWD 
testing at T0, 3 (3%) used oxygen supplementation at T1, and none used oxygen 
supplementation at T2 and T3. At T0 (screening, n=65), 59% of the patients received 
physical therapist intervention in the home situation; this number increased to 87% at T2 
(6 months, n=102) and decreased slightly to 77% at T3 (12 months, n=87). The 
longitudinal data for potential predictors and 6MWD are shown in Table 1. The 
longitudinal change in 6MWD (in meters) for each diagnosis category is shown in Figure 
2.  

Figure 2. Means and standard deviations of 6-minute walking distance (6MWD) for each primary diagnosis 
category over time. Horizontal line indicates predicted 6MWD. =chronic obstructive pulmonary disease 
group, =pulmonary vascular disease group, =cystic fibrosis group, =pulmonary fibrosis group. T0=screening, 
T1=day of discharge or days preceding discharge, T2=6 months after lung transplantation, T3=12 months 
after lung transplantation. 

 Sixty-one of the 158 patients who did not meet the inclusion criteria received a 
transplantation; 44 (72.1%) received double LTx. The mean age of these 61 patients was 
48.4 years (SD=13.9), 28 (45.9%) were men, and the distributions over diagnosis categories 
were as follows: 34 (55.7%) in the COPD group, 4 (6.6%) in the pulmonary vascular 
disease group, 14 (23.0%) in the CF group, and 9 (14.8%) in the pulmonary fibrosis group. 
The patients who received a transplantation but were excluded did not differ significantly 
from the included recipients. The remaining 97 patients were deceased (without receiving a 
transplantation; n=34) or were still on the waiting list at the time of the analyses (n=63). 

Predictive Variables for 6MWD  
The linear mixed-model analysis for 6MWD resulted in significant effects for the variables 
measurement moment, diagnosis category, sex, quadriceps and grip strength, FEV1, and 
length of hospital stay. A random intercept significantly increased the model fit. Grip 
strength did not have a significant coefficient (P=. 139), but the model fit decreased 
significantly (Akaike information criterion) when grip strength was omitted; therefore, grip 
strength was retained in the model.  
 The results showed that women were expected to walk 30 m less and that a change 
of 0.3 m was expected with every newton change in quadriceps and grip strength. 
Furthermore, a change of 1.4 m was expected with every percentage change in FEV1, and 
with every additional day in the hospital, the expected 6MWD was reduced by 1.6 m (Tab. 
2). The intercept indicated that, on average, a man with pulmonary vascular disease, a 
hospital stay of 39 days, a quadriceps strength of 250 N, a grip strength of 91 N, and an 
FEV, 65% of the predicted value was expected to walk 432 meter at T0. Age, body mass 
index, type of transplantation (double versus single), DLCO, total lung capacity, and 
rejection did not improve the model fit, and no interaction effect was found. To facilitate 
comparison, we added the model without grip strength to Table 2.  
 The pooled results from the mixed-model analysis after a series of 5 imputations of 
missing data were comparable to the results obtained without data imputation. Significant 
effects remained for measurement moment, diagnosis category, quadriceps strength, FEV1, 
and length of hospital stay. Sex and grip strength were not shown to be significant in the 
model after data imputation.  

Reaching the Cutoff Point for 6MWD 
Of the 84 recipients for whom data were available at T1 (discharge) and T3 (12 months), 
35 (41.7%) reached the cutoff point of 82% of the predicted 6MWD or higher at T3, and 
49 (58.3%) did not. Exploratory analyses showed significant between group differences for 
6MWD (percentage of predicted) at T1 and for diagnosis category, sex, length of hospital 
stay, FEV1, DLCO, and quadriceps and grip strength at T1 and T3 (Tab. 3). These 
significant variables were entered into the logistic regression analysis. It was not possible to 
retrieve reliable data on the contribution of DLCO from the regression analysis because of 
an insufficient number of data points. 
 A significant effect found for FEV1 at T1 could be interchangeably combined with 
quadriceps force at T1 or grip strength at T1 (Tab. 4). Both models showed an increase in 
odds (to reach 82% of the predicted 6MWD at T3) of 4% with every percentage increase 
in predicted FEV1. In the model with quadriceps strength, the odds additionally increased 
by 2% for every newton increase in quadriceps strength; for grip strength, a 6% increase in 
odds was observed with every newton increase. Because quadriceps force and grip strength 
were substantially correlated at T1 (r=.631, P<.001), they were not entered into the model 
simultaneously so as to prevent multicollinearity. 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Table 1. Main outcome measures for included recipients of lung transplantation at each 
measurement moment (T0-T3)a

Values obtained at the following measurement moment:
T0: screening T1: discharge

Variable Mean (SD) 95% CI Mean (SD) 95% CI
BMI, kg/m2 23.6 (3.9) 22.8; 24.6 22.8 (3.9) 22.1; 23.6
Physical functioning (n) 65 101

   6 MWD (meters) 320.2 (116.6) 293.4; 351.4 266.1 (125.0) 242.8; 292.4
   % of predicted value 48.0 (17.6) 43.9; 52.7 38.8 (17.1) 35.6; 42.4
Peripheral muscle force (n) 56 88

   M. quadriceps, N 257.5 (81.5) 235.9; 279.1 193.1 (67.1) 179.7; 208.0
   % of predicted value 65.4 (18.7) 60.5; 70.4 50.1 (15.2) 46.8; 53.2
   M. Biceps brachii, N 194.6 (56.7) 179.4; 209.8 146.7 (50.5) 136.7; 158.2
   % of predicted value 98.2 (21.6) 92.4; 104.0 76.6 (21.8) 72.0; 81.4
   M. triceps brachii, N 157.9 (47.7) 145.1; 170.7 116.3 (42.2) 108.1; 126.1
   % of predicted value 113.8 (33.3) 104.9; 122.7 87.8 (33.8) 80.9; 95.4
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Number of valid observations: 50. c Number of valid observations: 60. d Number of valid observations: 83. e 
Number of valid observations: 55. f Number of valid observations: 20. g Number of valid observations: 57. h 

Number of valid observations: 81. i Number of valid observations: 54.

  
  Values obtained at the following measurement moment:

T2: 6 mo after LTx T3: 12 mo after LTx
Mean (SD) 95% CI Mean (SD) 95% CI

23.9 (4.0) 23.1; 24.7 24.6 (4.0) 23.7; 25.4
98 84

490.0 (136.0) 462.8; 517.3 522.8 (129.9) 494.6; 551.0
72.2 (18.1) 68.6; 75.9 77.9 (17.1) 74.2; 81.6

95 79
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68.2 (14.7) 65.2; 71.2 71.5 (17.0) 67.7; 75.3
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78.3 (20.4) 74.3; 82.4 80.9 (22.2) 76.2; 85.6
76.4 (13.5) 73.7; 79.0 73.9 (13.3) 71.1; 76.8

5.3 (1.3)d 5.1; 5.6 5.5 (1.3)e 5.2; 5.8
87.5 (18.6)d 83.4; 91.6 92.9 (19.3)e 87.7; 98.2

6.1 (1.9)h 5.7; 6.5 6.2 (1.8)i 5.7; 6.7
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Table 2. Results of mixed-model analyses for predicted 6-minute walking distance 
(6MWD) in recipients of lung transplantationa

Difference in 6MWD (m) 

Variable β 95% CI P

Intercept 432.1 387.9; 476.2 <.001
Measuring moment
   T0: screening Reference value
   T1: discharge -84.9 -118.4; -51.4 <.001
   T2: 6 mo 85.3 48.4; 122.1 <.001
   T3: 12 mo 121.5 83.2; 159.9 <.001
Diagnose categoryb

   COPD Reference value
   Pulmonary vascular disease 50.5 4.8; 96.2 .031
   Cystic fibrosis 125.5 87.0; 164.0 <.001
   Pulmonary fibrosis -20.2 -51.7; 11.2 .205
Sex (woman) -30.2 -60.1; -0.2 .049
Quadriceps strength 0.3 0.1; 0.4 .003
Grip strength 0.3 -0.1; 0.8 .139*
FEV1 (% of predicted value) 1.4 0.8; 2.0 <.001
Length of hospital stay -1.6 -2.3; -1.0 <.001
a Quadriceps strength was centered at 250 N, grip strength was centered at 91 N., FEV1 (% of predicted 
value) was centered at 65% of the predicted value, and length of hospital stay was centered at 39 days. 
CI=confidence interval, COPD=chronic obstructive pulmonary disease, FEV1=forced expiratory volume in 
1 second.  b For details see method section. c β was not significant, but grip strength was maintained on the 
basis of the minimum Akaike information criterion. 

Difference in 6MWD (m) 
Model for handgrip strength omitted 

Difference in 6MWD (m) 
With data imputation

β 95% CI P β 95% CI P

441.9 400.8; 483.1 <.001 423.7 352.2; 495.1 <.001

Reference value Reference value
-83.7 -116.5; -51.0 <.001 -84.1 -148.2; -19.9 .018
85.0 48.1; 122.0 <.001 64.8 -32.4; 162.1 .146

121.2 83.1; 159.3 <.001 89.4 -8.1; 186.9 .065

Reference value Reference value
49.5 4.6; 94.4 .031 55.5 -4.9; 115.9 .071

124.1 86.3; 162.0 <.001 120.8 75.4; 166.1 <.001
-1.5 -53.7; 7.8 .142 -8.2 -45.2; 28.7 .660

-39.6 -67.2; -12.1 .005 -24.1 -58.9; 10.8 .173
0.3 0.2; 0.5 <.001 0.4 0.2; 0.6 .001

Omitted - - 0.2 -0.5; 0.9 .460
1.4 0.8; 2.0 <.001 1.9 0.3; 3.4 .025

-1.7 -2.3; -1.1 <.001 -1.2 -1.8; -0.6 <.001
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Table 3. Comparison of recipients reaching 82% of predicted on the 6MWD at 12 
months after LTx and recipients that do nota

Recipients who reached 
82% of the predicted 

6MWD 
(n=35, 41.7%)

Recipients who did 
not reach 82% of the 
predicted 6MWD 

(n=49, 58.3%)

p-
value

6MWD, m, % of predicted value at T1b 48.0 (33.5-59.8) 33.6 (24.8-41.1) .002
Age, yb 54.9 (46.8-60.8) 55.4 (44.9-59.3) .657
Sex, no. (%) of menc 23 (66) 12 (34) <.001
Duration waiting list, d 682 (330-926) 393 (155-840) .145
BMI, kg/m2 b
   T1 22.8 (20.5-25.1) 22.8 (19.4-26.7) .683
   T3 24.7 (21.2-27.0) 25.0 (20.9-27.5) .906
FEV1, % of predicted valueb

   T1 63 (58-81) 56 (46-70) .003
   T3 95 (66-105) 77 (58-92) .017
TLC, % of predicted valueb

   T1 73 (59-83) 69 (59-79) .842
   T3 93 (82-99) 94 (72-104) .965
DLCO, mmoL/min/kPab

   T1 (n=44) 5.2 (4.6-6.3) 4.5 (3.8-5.0) .016
   T3 (n=54) 7.3 (5.5-7.9) 5.9 (4.2-6.8) .009
Quadriceps strength, absolute valueb

   T1 231.3 (175.3-273.7) 161.0 (137.3-191.3) <.001
   T3 328.7 (269.0-359.5) 246.3 (214.3-293.7) <.001
Grip strength, absolute valueb

   T1 95.2 (74.3-106.7) 66.2 (51.3-78.5) <.001
   T3 108.0 (91.0-121.7) 85.3 (71.3-104.3) .001
Diagnosis category, no. (%) of recipientsc,d .038
   COPD 15 (42.9) 24 (49.0)
   Pulmonary vascular disease 5 (14.3) 2 (4.1)
   Cystic Fibrosis 9 (25.7) 5 (10.2)
   Pulmonary fibrosis 6 (17.1) 18 (36.7)
Length of hospital stay, db 26 (22-38) 36 (25-53) .008
Rejection treatments, no. (%) of recipientsc

   0 22 (63) 33 (67) .765
   1 11 (31) 12 (25)
   2 2 (6) 3 (6)
   3 0 1 (2)
a Unless otherwise indicated data are presented as medians and interquartile ranges because of 
skewness of of the data. T1, discharge; BMI, body mass index; T3, 1 year after LTx; FEV1, forced 
expiratory volume in 1 second; TLC, total lung capacity; DLCO, diffusing capacity of the lung for 
carbon monoxide; COPD, chronic obstructive pulmonary disease. b Welch 2-sample t test. c Chi-square 
test. d For details, see method section. 

Discussion 
The findings of this longitudinal study suggest that, besides LTx itself increasing lung 
function, quadriceps strength was the only directly modifiable variable that predicted 
6MWD and thereby functional exercise capacity. Additionally, quadriceps strength and 
FEV, were factors significantly predicting recipients reaching the lower bound of 82% of 
the predicted 6MWD. Another factor contributing significantly to 6MWD and to 
reaching the lower bound of 82% of the predicted value was grip strength. The initial 
improvement in 6MWD between discharge and 6 months was not continued up to 12 
months after LTx. At 12 months after LTx, more than half of the recipients had an 
inadequate walking distance (<82% of the predicted value).  
 The results for 6MWD at 12 months after LTx may be explained by the sedentary 
lifestyle that was previously shown for recipients of LTxs.8,25 With 6MWD being an 
indicator of sedentary behavior25 as well as a good representative of the ability to perform 
physical activity in daily life,26 increasing 6MWD, potentially by increasing quadriceps 
strength, seems to be important. A sufficient exercise capacity is highly relevant in 
recipients of LTxs; it not only is expected to increase the possibility of performing activities 
of daily life25 and to increase the quality of life27 but also is related to survival.28–30 
Performance on the 6MWD test during the waiting list period has been shown to be a 
predictor for surviving this waiting list period28–30 and for survival after LTx across all lung 
disease categories,30 with shorter 6MWD values being associated with increased mortality 
rates. Lower exercise capacity at 1 year after LTx was also indicated to be independently 
associated with increased mortality.31  

Table 4. Logistic Regression Analyses (Models 1 and 2) of 6-Minute Walking 
Distance Performance of Recipients of Lung Transplantationa

Model Parameter at T1 β (SE) Lower bound 
of 95% CI Odds ratio Upper bound 

of 95% CI P

1b Constant 0.70 (0.40) 2.02 .076
FEV1, % of 
predicted value 0.04 (0.02) 1.01 1.04 1.08 .038

Quadriceps force, N 0.02 (0.01) 1.01 1.02 1.03 .004

2c Constant 0.59 (0.35) 1.80 .097
FEV1, % of 
predicted value 0.04 (0.02) 1.00 1.04 1.08 .050

Grip strength, N 0.06 (0.02) 1.02 1.06 1.09 .001
a Reaching 82% of the predicted value at T3 (12 months after lung transplantation). T1, discharge. b 

Significance of Hosmer-Lemeshow goodness-of-fit test: P=.89. Pseudo R2 =.24 (Cox & Snell) or .32 
(Nagelkerke). Model 2= 18.85, df=2, p<.001. 0= not reaching 82%, 1= reaching 82%. FEV1 was centered 
at 65% of predicted; quadriceps force was centered at 250 Newton. c Significance of Hosmer-
Lemeshow goodness-of-fit test: P=.62. Pseudo R2= .32 (Cox & Snell) or .42 (Nagelkerke). Model "2 = 
25.62, df=2, P<.001. 0= not reaching 82%, 1= reaching 82%. Forced expiratory volume in 1 second 
(FEV1) was centered at 65% of the predicted value; grip strength was centered at 91 N.
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 The results of the present study suggest that, as for maximal exercise capacity, 
peripheral muscle function - that is, quadriceps muscle function - seems to be the main 
target for intervention in submaximal exercise. However, whether quadriceps training on its 
own would contribute to a clinically relevant increase in submaximal exercise capacity is 
questionable. To achieve the reported minimal clinically important difference of 54 m,32 an 
increase of 180 N (54/0.3), which is substantial, must be reached. These data suggest that 
therapy should not focus solely on quadriceps training but should be more extensive.  
Higher grip strength values also were associated with longer 6MWD values in the first 
linear mixed-model analysis, but this association was not confirmed by an additional 
analysis with data imputation. Grip strength has been associated with general well-being 
and prediction of mortality.33,34 Furthermore, grip strength has been associated with 
health-related quality of life,35 the metabolic syndrome,36 and frailty.37 Frailty, in turn, has 
been proposed as a factor that should be considered in the screening process because it 
reflects muscle mass (sarcopenia), the immune process, and inflammatory responses.38 
Overall, it is not likely that grip strength training would increase walking distance because 
grip strength appears to be reflective of an underlying general construct.  
 The longitudinal analyses provide a distinctive insight into the change in 6MWD 
over time. Relative to the baseline value, a significant decrease that was evident between 
screening and discharge after LTx was followed by a significant increase at 6 months and 
12 months after LTx. The initial decline could be attributed to surgery, intensive care unit 
and hospital stay, and (relative) immobilization, especially directly after transplantation. 
Another contributing factor was the decline in exercise capacity that may have occurred 
between screening and transplantation. The increase in the period after discharge was 
expected as a result of recovery from surgery, increased lung function, an increase in daily 
activities, and training.  
 Remarkably, the initial increase in 6MWD between discharge and 6 months did 
not persist up to 12 months. A so-called “ceiling effect” may have been reached but, 
considering the low average values and the amount of interrecipient variation, it is more 
likely that other factors contributed to this finding. The use of immunosuppressants,13,39 a 
lower proportion of type I (oxidative) muscle fibers,10,12,13 and an early lactate threshold6,7 
likely contributed to the decreased exercise capacity to a certain extent. Other possible 
explanatory factors could be a reduction in the frequency of physical therapist treatment, an 
insufficient training load because of a lack of familiarity of the physical therapist, end of 
treatment, or relapse into pre-LTx sedentary behavior patterns. Furthermore, it is possible 
that patients were satisfied when improved functioning relative to the pre-LTx situation 
was evident and did not strive for optimal functioning.  
 Future studies into increasing exercise capacity in recipients of LTxs should take the 
period between 6 and 12 months after LTx into account and provide insight into physical 
activity levels of daily life. Digital monitoring during this period or regular follow-up 
therapy or counseling at a lower frequency could provide opportunities. In addition, 
whether the focus should be on maximal peripheral muscle strength or maximal exercise 
capacity is questionable. In contrast to focusing on the often proposed need to train 2 or 3 
times per week, further research into increasing functional exercise capacity by increasing 

general daily physical activity levels, possibly by recipients altering their lifestyles, appears 
to be worthwhile.  
 Potential limiting factors of the present study were the lack of knowledge about the 
course of disease during the waiting list period and the lack of knowledge about the 
duration, frequency, and type of training after LTx. Likewise, comorbidities were not 
systematically recorded and remained an unknown confounder. Regarding grip strength, 
only values measured with the MicroFET II were available; preferably, the Jamar 
dynamometer (Sammons Preston Rolyan, Bolingbrook, Illinois) would have been used to 
facilitate comparisons with other studies and reference values. Furthermore, because all 
measurements took place over a period of 10 years, outcomes were measured by different 
personnel; this situation may have caused bias. However, we used standardized and reliable 
measurement methods14,20,26,40 to minimize this risk. Moreover, the number of missing data 
points may have influenced the outcome. However, the additional analysis after data 
imputation confirmed the robustness of most of the predictive variables. The contribution 
of DLCO to the logistic regression analysis on reaching 82% of the predicted 6-MWD 
could not be determined because of insufficient data points and must be clarified in future 
research. Finally, the models presented were based on data from recipients who survived at 
least half a year (data from 3 measurement moments were available); this situation may 
have influenced the outcome. However, because the main outcome measurement was 
related to the course of recovery up to 1 year after LTx, the models addressed this 
population. Overall, these limitations suggest the need for some caution in the 
interpretation of the data and confirmation by additional research.  
In conclusion, the findings of the present study are in line with previous findings and 
provide additional evidence that physical therapist interventions should include quadriceps 
muscle force training to increase functional exercise capacity; however, the program should 
be more extensive. The course of recovery after transplantation indicates that attention 
should be paid to the period between 6 and 12 months.  

The Institutional Review Board of the University Medical Center Groningen provided 
approval for the use of clinical data (M13.146042).  
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treatment, or relapse into pre-LTx sedentary behavior patterns. Furthermore, it is possible 
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capacity is questionable. In contrast to focusing on the often proposed need to train 2 or 3 
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course of disease during the waiting list period and the lack of knowledge about the 
duration, frequency, and type of training after LTx. Likewise, comorbidities were not 
systematically recorded and remained an unknown confounder. Regarding grip strength, 
only values measured with the MicroFET II were available; preferably, the Jamar 
dynamometer (Sammons Preston Rolyan, Bolingbrook, Illinois) would have been used to 
facilitate comparisons with other studies and reference values. Furthermore, because all 
measurements took place over a period of 10 years, outcomes were measured by different 
personnel; this situation may have caused bias. However, we used standardized and reliable 
measurement methods14,20,26,40 to minimize this risk. Moreover, the number of missing data 
points may have influenced the outcome. However, the additional analysis after data 
imputation confirmed the robustness of most of the predictive variables. The contribution 
of DLCO to the logistic regression analysis on reaching 82% of the predicted 6-MWD 
could not be determined because of insufficient data points and must be clarified in future 
research. Finally, the models presented were based on data from recipients who survived at 
least half a year (data from 3 measurement moments were available); this situation may 
have influenced the outcome. However, because the main outcome measurement was 
related to the course of recovery up to 1 year after LTx, the models addressed this 
population. Overall, these limitations suggest the need for some caution in the 
interpretation of the data and confirmation by additional research.  
In conclusion, the findings of the present study are in line with previous findings and 
provide additional evidence that physical therapist interventions should include quadriceps 
muscle force training to increase functional exercise capacity; however, the program should 
be more extensive. The course of recovery after transplantation indicates that attention 
should be paid to the period between 6 and 12 months.  
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Abstract 

Background 
Sufficient physical activity is important for solid organ transplant recipients (heart, lung, 
liver, kidney). However, recipients do not meet the recommended amount or required type 
of physical activity. The perceived barriers to and facilitators of physical activity in this 
population are largely unknown. 

Methods 
Semi-structured in depth interviews were conducted with solid organ transplant recipients 
in order to explore experienced barriers and facilitators. Qualitative methodology with 
thematic line-by-line analysis was used for analysis, and derived themes were classified into 
personal and environmental factors. 

Results 
The most important indicated barriers were physical limitations, insufficient energy level, 
fear, and comorbidities. The most frequently mentioned facilitators included motivation, 
coping, consequences of (in)activity, routine/habit, goals/goal priority, and responsibility for 
the transplanted organ. Neutral factors acting as a barrier or facilitator were self-efficacy 
and expertise of personnel. A comparison of barriers and facilitators between transplant 
recipient groups yielded no overt differences. 

Conclusion 
Several personal and environmental factors were indicated that should be considered in 
intervention development to increase physical activity behavior in solid organ transplant 
recipients. 

Introduction 
In 2014 a total of 7,741 solid organ transplants (SOT) were performed in the 
EuroTransplant region, resulting in 46.8 transplants per million persons in the entire 
region and 46.6 per million persons in the Netherlands.1 Short-term survival after SOT 
has been greatly improved in the past decades due to advances in organ preservation, 
surgical techniques, and immunosuppressant medication.2 As a result, long-term survival 
and the associated issues like new onset diabetes, medication adherence, and quality of life 
have gained increased attention, as has the level of physical activity (PA) after SOT. 
 While clinical experience and a few small studies indicate that SOT recipients can 
achieve average to above average levels of PA,3–5 the majority of recipients do not meet the 
recommended amount and type of PA.6–14 Movement behavior is below the levels of the 
average population, which results in a generally sedentary and inactive lifestyle. This occurs 
despite the fact that a higher level of PA has been shown to be associated with decreased 
cardiovascular and all-cause mortality in renal transplant recipients and improved outcomes 
like a shorter hospital stay and increased short-term survival in lung and liver transplant 
recipients.2 Furthermore, exercise training has been shown to improve physical functioning 
and quality of life in SOT recipients15,16 and has the potential to reduce cardiovascular risk 
factors.15 
 It is not fully clear why solid organ transplant recipients do not regain a normal 
level of physical activity, but several physical factors are likely to contribute to the low PA 
levels in this population. Firstly, peripheral muscle dysfunction exists pre-transplantation in 
all organ recipient groups.2,17 This condition is aggravated post-transplantation by many 
factors including the use of immunosuppressive medication.17–19 Secondly, a reduction in 
VO2 peak ranging from 20–50% is observed despite near normal functioning of the 
transplanted organ.17  
 In general, several personal and environmental factors may also influence PA 
behavior. However, perceived barriers to and facilitators of PA in SOT recipients are 
primarily unexplored. Barriers refer to perceived obstacles that hinder the performance of 
PA, and facilitators refer to factors increasing the likelihood of performing PA.20 Several 
barriers to and facilitators of PA are indicated in end-stage kidney, liver, lung, and heart 
disease. Salient barriers in the end-stage disease populations being indicated are ‘fluctuating 
health status’, ‘concerns about aggravation’, ‘fatigue’, ‘shortness of breath’, ‘fear of falling’, 
‘lack of support’, and ‘lack of motivation’.21–28 Important facilitators being indicated in the 
end-stage disease phase are ‘exercising for health’, ‘social support’, ‘professional support’, 
‘enjoying the activity’, ‘control of the condition’, and ‘social interactions’. While several 
barriers to and facilitators of PA in the transplant population have been proposed, only one 
study has examined them in a single group of SOT recipients by means of a questionnaire.
29 Examples of important barriers ascertained in kidney transplant recipients are ‘lack of 
motivation’ and ‘preferring to spend time otherwise’, whereas important facilitators were 
‘feeling healthy’ and ‘wanting to feel better’. However, the use of the questionnaire did not 
provide insight into the recipients’ experiences of these barriers and facilitators and was 
limited to only kidney transplant recipients. The most appropriate research technique 
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indicated in order to get insight into the individual’s decision making process and to get 
detailed information on perceptions, beliefs and attitudes is the use of individual semi-
structured interviews.30 The aim of the current qualitative study was to explore the 
perceived barriers to and facilitators of PA in the four major SOT recipient groups. 

Materials and Methods 

Participant selection 
Semi-structured interviews were performed with patients who had received a solid organ 
transplantation at the University Medical Center Groningen (UMCG). Participants were 
eligible if they had a stable organ function, and if they comprehended the Dutch language. 
A purposive sampling strategy was employed in which participants were selected who 
would adequately represent diversity and produce relevant information to the research 
question (i.e., active vs. inactive). Judgment of suitability was made by the treating 
physician or physician’s assistant on the basis of their impression and anamneses of their 
latest contact with the patient in the outpatient setting; the exact level of physical activity 
was not assessed. Suitable participants were approached by their treating physician or 
physician’s assistant and were invited to return an enrollment sheet by mail after reading 
the invitation letter. Interviews occurred in blocks of four participants in order to maintain 
an equal distribution of four organ groups (heart, lung, liver, and kidney). Interviews were 
conducted until data saturation occurred (additional interviews to the point at which no 
new themes arose during subsequent data collection). All participants provided their 
written informed consent prior to the interview. Data were coded and anonymized. The 
study complied with the declarations of Helsinki and Istanbul. None of the transplant 
donors were from a vulnerable population and all donors or next of kin provided written 
informed consent that was freely given. The Institutional Review Board of the UMCG 
provided approval to conduct the study (METc 2013/410). 

Data collection 
Individual in-depth interviews were performed by one investigator (EA), a human 
movement scientist/ physical therapist (aged 30, male) with four and a half years of 
experience with transplant recipients in the inpatient and outpatient setting. Interviews 
took place between December 2013 and January 2014 and were carried out at the 
participant’s home or during an outpatient visit at the convenience of the participant. The 
interviewer had no treatment relationship with any of the interviewed participants. The 
areas addressed in the interviews were outlined in an interview guide with open-ended 
questions covering themes and items derived from the literature, a pilot study, and key 
questions from physical therapists, clinicians, and researchers (S1 Appendix). Thereby, PA 
was defined as any bodily movement produced by skeletal muscles that resulted in energy 
expenditure31 and as a guideline for participants this was formulated as activities that made 
the breathing frequency go up and resulted in getting warmer or sweating. The interview 

guide was tested and evaluated in a pilot setting with two organ transplant recipients not 
participating in the actual study, after which final alterations were made. The content of the 
interview guide could be revised during the process, and additional questions could be 
added in order to address newly emerged topics derived from the ongoing data analysis. 
The interviews were recorded and transcribed verbatim. 

Data analyses 
The data were analyzed using line-by-line thematic analysis.32,33 First, two individual 
reviewers (EA and SZ) familiarized themselves with the raw data after which initial codes 
were generated of interesting features of the data. The data from the first four interviews 
were reviewed and coded independently by the two reviewers, and inconsistencies were 
reviewed and discussed with a third reviewer (PD). A codebook was subsequently created 
which the two reviewers used to independently code the remaining interviews. The 
codebook was used as a guide, however, new codes could be given as well. After completing 
the coding of interviews, the reviewers compared results, and consensus was reached. The 
codes used were subsequently collated into potential themes, which were reviewed by 
checking them against the coded extracts and the original data. Initially, all themes were 
placed in a scheme to add insight into themes being absolute barriers, absolute facilitators, 
or being positioned in between this continuum, and to clarify which themes were stronger 
or weaker. A five category scale was chosen indicating (1) absolute barriers; (2) themes 
being mentioned mainly as barriers but sometimes as a facilitator; (3) themes being 
mentioned as a barrier or facilitator equally; (4) themes being mentioned mainly as 
facilitator but sometimes as a barrier; and (5) absolute facilitators. The themes were 
subsequently ordered into personal factors and environmental factors as part of the 
Physical Activity for people with a Disability (PAD) Model (Fig 1).34 This model is based 
on the International Classification of Functioning (ICF), Disability and Health and the 
Attitude, Social Influence and Self-Efficacy (ASE) Model and was selected because of its 
integration of the concept of PA behavior and its relationship with functioning. Although 
the PAD Model was developed as a theoretical framework on PA of people with a 
disability, both underlying models (ICF and ASE model) were developed for the general 
population and are not disease specific. The content of the PAD model was judged as 
generic enough to be suitable for the population under study. After classification in the 
model, definitions and names for each theme were clarified, and quotes (given in italic 
font) were selected that illustrated the derived themes.32 Peer debriefing (review by field 
expert) secured quality assessment. In the process, the qualitative data analysis program 
‘ATLAS.ti’ was used to manage, organize, store, and annotate the data (ATLAS.ti, v 6.2.23, 
Scientific Software Development GmbH, Berlin, Germany). 
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Figure 1. Physical Activity for People with a Disability (PAD) model. Reprinted from van der Ploeg et al., 
200434 under a CC BY license, with permission from Springer, original copyright 2004. 

Results 
During the study period, 16 potential participants were approached, and all were willing to 
participate. There were four recipients from each organ transplantation group. Participant 
characteristics are presented in Table 1.  

Several barriers and facilitators to being physically active were identified from the 
interviews and coded accordingly (Table 2). No overt differences were determined in the 
distribution of the mentioned barriers and facilitators between the different SOT recipient 
groups (S1 Table).  

 All of the identified barrier and facilitators were classified in the PAD Model. 
Personal factors were divided into physical, psychological, and other factors, and 
environmental factors were divided into social environment, physical environment, and other 
(Table 3). 

Table 2. Overview distribution barriers to and facilitators of physical activity and 
solidity in the data.

Barriers ← → Facilitators

1. 2. 3. 4. 5.

Stronger
Physical 

limitations 
(15/75)

Energy level 
(12/45)

Coping  
(15/55)

Motivation 
(16/148)

↑
Fear  

(9/20)
Self-efficacy  

(13/35)
Routine/habit  

(14/40)
Consequences 
of (in)activity 

(14/40)
Comorbidity  

(8/26)
Expertise of 

personnel 
(13/26)

Goals/goal 
priority (13/88)

Bad weather  
(6/8)

Transplanted 
organ (10/29)

Post-transplant 
life-events (4/6)

Side-effects 
medication 

(6/12)
Social support  

(9/14)

↓
Age  

(3/4)
Social role  

(5/19)
Strength  

(8/15)

Weaker
Financial 
resources  

(3/4)
Group activity  

(4/8)
Weight  
(5/13)

Codes are classified on the continuum from barrier to facilitator (1. [red] absolute barriers; 2. [orange] 
themes being mentioned mainly as barriers but sometimes as a facilitator; 3. [yellow] themes being 
mentioned as a barrier or facilitator equally; 4. [light green] themes being mentioned mainly as 
facilitator but sometimes as a barrier; and 5 [green] absolute facilitators) and on the continuum of being 
a stronger or a weaker factor. The numbers in parenthesis indicate the number of interviews the code is 
represented in and the groundedness of the code (number of quotations linked to that particular code).
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Table 1. Participant characteristics 
Transplanted 
organ

Disease before 
transplantation

Time since Tx 
(months)

Gender  
(M/F) Age (years)

1 Heart DCM 93 M 51

2 Heart DCM 63 M 41

3 Heart HCM 43 F 56

4 Heart Cong. AV-block 23 F 21

5 Lung COPD 6 F 57

6 Lung PH 8 F 50

7 Lung PH 12 M 53

8 Lung COPD 11 M 39

9 Liver Autoimmune hepatitis 18 M 70

10 Liver PSC 19 M 43

11 Liver PBC 144 F 63

12 Liver Autoimmune hepatitis 123 M 22

13 Kidney IgA nephropathy 15 M 45

14 Kidney Amyloidosis 6 M 54

15 Kidney Hypertensive emergency 7 F 42

16 Kidney Renal cysts 11 F 52

Median 16.5 9M/ 7F 50.5

IQR 8.8; 58.0 41.3; 55.5
PBC, primary biliary cholangitis; DCM, dilating cardiomyopathy; COPD, chronic obstructive pulmonary 
disease; PH, pulmonary hypertension; PSC, primary sclerosing cholangitis; HCM, hypertrophic 
cardiomyopathy; DM II, diabetes mellitus type II; HT, hypertension; IQR, interquartile range.

Immunosuppressive medication Comorbidities

Tacrolimus, mycophenolate mofetil DM II
Prednison, ciclosporine -

Prednison,tacrolimus, mycophenolate mofetil Hyperthyroidism

Tacrolimus, mycophenolate mofetil -

Prednison,tacrolimus, mycophenolate mofetil HT

Prednison, tacrolimus Reduced renal function

Prednison,tacrolimus, mycophenolate mofetil Hepatitis C, hypercholesterolemia, reduced renal 
function

Prednison,tacrolimus, mycophenolate mofetil Hypercholesterolemia, reduced renal function

Prednison,tacrolimus, mycophenolate mofetil DM II

Tacrolimus, mycophenolate mofetil -

Prednison Reduced renal function

Prednison,tacrolimus, mycophenolate mofetil Osteoporosis

Prednison, mycophenolate mofetil HT, hypercholesterolemia

Prednison,tacrolimus, mycophenolate mofetil Amyloidosis, hyperthyroidism

Prednison,tacrolimus, mycophenolate mofetil -

Prednison, mycophenolate mofetil, ciclosporine Sjögren
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Personal barriers and facilitators to PA 

Physical  
The most salient physical barrier mentioned was having physical limitations. Physical 
limitations refer to inadequate physical capacity to perform PA such as insufficient exercise 
capacity or muscle strength and body signals like pain or cramps. These physical limitations 
were most often described in relation to the transplantation but were indicated as unrelated 
to the transplantation by some. 

Table 3. Overview of personal and environmental barriers and facilitators to physical 
activity in recipients of solid organ transplantation.
Personal Barriers Facilitators

Physical Physical limitations
Lack of energy Increased energy level
Comorbidity

Lack of strength Maintaining/increasing muscle 
strength

Weight being a barrier Wanting to lose weight/maintain 
weight

Age
Psychological Lack of motivation Motivation

Lack of time Reinforcement
Other priorities Fun/pleasure
Fear (complications/injury) Competition
Coping Coping
Goals/goal priority Goals/goal priority
Post-transplant life-events Self-efficacy

Other Routine/habit Routine/habit
Consequences of (in)activity
Transplanted organ

Environmental Barriers Facilitators

Social environment Lack of expertise personnel Expertise personnel
Lack of social support Social support
Lack of group activity Family/friends
Social role Professionals

Group activity
Physical environment Bad weather Having a dog (motivation)
Other Side-effect medication -

Financial resources

‘So, it’s mainly due to the loss of coordination, that’s the hardest part. When kicking a ball 
and standing on one leg, stuff like that, then you experience a barrier.’  
(LungTx, male, 53 years) 

 The aspect strength was indicated in half of the interviews and was described in 
relation to experienced physical limitations. Inadequate strength to perform activities was 
experienced as a motivator to perform strength training by some but was experienced as a 
barrier to be physically active by others.  

‘I really had a lot of need for strength training. I noticed that my entire body had actually 
failed. I needed to do some muscle building’ 
(HeartTx, male, 51) 

 Comorbidities were also mentioned in relation to experienced physical limitations. 
As comorbidities limited the physical capacity or interfered with PA behavior in another 
way they were only mentioned as barriers.  

‘So, I had some problems with my heart, chronic atrial fibrillation. And once in a while it 
really seriously skipped a beat and then it frightened me a little. So I was afraid of it.’ 
(LungTx, male, 53 years) 

 The majority of participants mentioned their energy level. Energy level was 
primarily stated as a barrier to PA but was described as a facilitator as well. A lack of 
energy to perform PA was usually mentioned in combination with goal priority. Other 
social activities or obligations were preferred instead of PA. Some participants perceived 
that being physically active could also lead to a feeling of increased energy and thereby be 
facilitating. 

‘I’m kind of in a dilemma, because when I use my energy for school I cannot use it for 
sports.’ 
(LiverTx,male, 22 years) 

 Finally, participants mentioned weight as a personal physical barrier or facilitator. 
Being overweight was a barrier to some due to a perceived increased threshold for 
initiating being active. Others indicated that maintaining or reducing weight was a 
facilitator for being active, which was often related to the suspected relationship between 
medication use and weight gain. 

‘Look, I have gained weight enormously and it is not like it is limiting me in my daily life, 
not really, but I do have a higher threshold towards sports engagement.’ 
(HeartTx,male, 51 years) 
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(LiverTx,male, 22 years) 
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initiating being active. Others indicated that maintaining or reducing weight was a 
facilitator for being active, which was often related to the suspected relationship between 
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‘Look, I have gained weight enormously and it is not like it is limiting me in my daily life, 
not really, but I do have a higher threshold towards sports engagement.’ 
(HeartTx,male, 51 years) 
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Psychological 
The most mentioned psychological barrier and facilitator to PA was motivation. Aspects of 
motivation that were mentioned could be divided into reinforcement (the perception of 
health benefits related to physical activity), fun/pleasure, and competition. Perceiving health 
benefits was mentioned as a facilitator and reinforced participants to maintain or increase 
PA levels. Perceiving fewer health benefits was indicated as resulting in a lack of 
reinforcement. 

‘The satisfaction. . . you are building something, that’s it. The first weeks you are exhausted 
and not able to do that much. But then you are just. . ., you do a warming-up and then 
you do some strength training and cool down on the rowing machine. And that with 
another heart, you know, that is so strange.’ 
(HeartTx,male, 41 years) 

 Having fun and experiencing pleasure while being physically active and finding 
pleasure in competition are mentioned as facilitators of PA.  

‘Well, I did sports before; it really is one of my passions. I just think it’s very important. I 
wasn’t able to do it for four years and now that I can I want to make full use of it.’  
(HeartTx, female, 21 years) 

 A lack of motivation is mentioned as a barrier to PA. Aspects related to a lack of 
motivation that were indicated were a lack of time and having other priorities. These later 
aspects were mentioned in relationship to goal priority and energy level as well.  

‘ Yes, I used to do it [training] but on a given time it became gradually less frequent until I 
stopped. I think I should train but I have to overcome so much resistance, so, is that worth 
it?’ 
(LiverTx, female, 63 years) 

 Goals or goal priority were indicated as a barrier as well as a facilitator. Participants 
described that when prioritizing other aspects of life over PA, they function as a barrier. As 
previously stated, this was also mentioned in combination with insufficient energy and/or a 
lack of motivation. It was indicated that having goals for which a certain exercise capacity 
is required can facilitate PA behavior.  

“I have to get to the point on which I say, “now I have to change course”. But now is not 
the time. . .’ 
(HeartTx,male, 51 years) 
‘The moment you start noticing you can handle physical things again, then you start 
planning. And then you start the list. . ., well, it’s not like I had a bucket list of things I 
wanted to do before I died. But, for me, at that time, the list started of all the things I 
would have done when I wouldn’t have been ill. And I needed to train for these goals.’ 
(HeartTx, female, 56 years) 

 Other psychological barriers to or facilitators of PA that were mentioned are coping 
with post-transplantation life events and self-efficacy. Participants’ coping style was 
indicated as being facilitating or function as a barrier. The latter is the case with post-
transplant life events. A high level of self-efficacy can provide participants with a certain 
control over life through which they are able to cope with situations. 

‘I honestly have to say. . . it suits me, as a person. To do sports is an outlet. I clear my mind. 
Somebody else might cry about it but I go out and do sports instead.’ 
(LiverTx,male, 43 years) 

‘[After I was transplanted] I lost a good friend who had the same disease as I had, she died 
on my birthday. . .That gave me the biggest setback, then it started to take its course. I 
actually couldn’t recover from that.’ 
(HeartTx,male, 51 years) 

 The final psychological aspect mentioned as a barrier is fear. This aspect is presented 
in combination with the aspect transplanted organ in the subsequent section. 
Other 
Personal aspects categorized in the division other were routine/habit, consequences of 
(in)activity and the transplanted organ. PA being a routine or a habit of a participant was 
mentioned as a facilitator to participation in PA. A routine without PA was indicated as 
being so habitual in a participant that changing it is very difficult. 

‘Well, I don’t really like fitness, I would rather go biking outside or go for a walk. But I do 
it anyway because, on the one hand I can be compulsively, and it keeps me on track. 
(HeartTx, female, 56 years) 
‘I haven’t done anything for fifteen, twenty years. So yes, that. . . So, everything has 
to. . .,for everything you have to. . .not feel like it, but do it. But, because you didn’t do it 
for such a long time. . .’ 
(LungTx, male, 53 years) 

 Knowledge regarding the physical or medical consequences of being inactive and 
knowing the benefits of being active were both perceived by participants as facilitators of 
PA behavior (consequences of (in)activity).  

‘I’m the type of person, when somebody says it is good for you to be physically active because 
you would possibly have an increased risk of heart disease, diabetes or other things due to 
the medication that you use then I have that in the back of my mind. Then I think, yes, I 
can sit here comfortably but I better get moving.’ 
(KidneyTx,male, 54 years) 

 An indicated facilitating aspect specific for the population under study was the 
transplanted organ. Having received a transplantation and wanting to take good care of the 
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new organ was described as a facilitator to PA. The sheer fact of having the ability to be 
physically active was mentioned as facilitator as well. 

‘Especially with biking and so on. Because you have another kidney, I want to live longer, 
healthier, all off that plays along.’ 
(KidneyTx, female, 42 years) 
‘For me it is very, but really very connected to each other. You know, like my life after the 
transplantation is a life in which I can be active, so I am.’  
(HeartTx, female, 56 years) 

 Receiving a transplantation is not mentioned as a barrier, per se, but a number of 
factors classified under the psychological personal barrier fear are related to the 
transplanted organ. Fear of damaging the new organ and insecurity with the body and 
body signals were indicated as a barrier. 

‘ Yes, look, when I would go cycling into the forest, what I would like to do, but then you 
are alone. . . And you think, what if something happens, well. . . it might take a day before 
they find me. So I do not,. . . no I do not dare to.’ 
(KidneyTx,male, 45 years) 

Environmental barriers and facilitators to PA 

Social environment  
The most salient aspect of the social environment mentioned as a barrier as well as a 
facilitator is the expertise of personnel. Inadequate expertise was identified as a factor that 
could incite a negative feeling about being physically active and even influence people to 
discontinue training. Sufficient expertise, on the other hand, was indicated as a great 
stimulant. Learning how to train and becoming educated regarding their new boundaries 
in a controlled setting was described as a stimulant to be physically active.  

‘There was a program set up [by the local physiotherapist] and the only thing I remember is 
that it made me completely worn out. One day, another therapist took over and asked 
what part of the program I did today and what part at the other session of the week. I said 
I had to do the entire program, but he said that it was way too much. So it was split in 
two and since then I started to make progress.’ 
(LiverTx, female, 63 years) 
‘The physical therapist provided excellent help. It was especially helpful in improving your 
self-confidence. And that was very useful afterwards with fitness training and all.’ 
(HeartTx, female, 56 years) 

 Furthermore, participant perceived that PA behavior was influenced through social 
support and by exercising in a group. Family and friends were indicated to motivate or 
function as an exercise partner. Professionals also were mentioned to have a stimulating role 
by providing a pleasant environment in which to exercise. Exercising in a group was 

perceived as motivating because of the social contact as well as a certain experienced 
obligation to be present. These factors were all indicated also as barriers.  

‘I could ride [my bicycle], sitting behind the other boys [down the wind] and they kept an 
eye on me. So that is a good thing, when you have friends that guide you a little.’ 
(LiverTx,male, 43 years) 
‘Because you are there [to exercise] for quite some time already you know everybody [all 
therapists], that makes it more pleasant. The social aspect, that is what I like about it too. 
(KidneyTx, female, 52 years) 

 The social role of the participants could be an environmental barrier as well. 
Participants indicated that when they feel as if they are required to fulfill a social role, for 
instance as a caretaker in their family, interference with being physically active can occur.  

‘I would like to increase my physical activity level but then first the situation at home 
should be more stable, with my two sons and my wife. A lot of things happened and my 
primary goal is that I want me and my family to be okay again.’ 
(HeartTx,male, 51 years) 
‘I have my physical limitations. . . my wife is taking care of our handicapped daughter for 
19 years already. . .We always took care of her together but she does that on her own now. 
She needs a lot of care. . . So. . . when I would go cycling then there are so many other 
things [I could do]. I actually would leave my wife to it, so I rather stay at home and see 
what I can do.’ 
(KidneyTx,male, 54 years) 

Physical environment 
Bad weather is referred to as a barrier to PA by participants while having a dog is indicated 
as a motivation to being physically active. Both were classified as aspects from the physical 
environment. No reference was made to availability or accessibility of built and natural 
facilities by the participants. 
Other  
A specific aspect for the population under study is the use of immunosuppressant 
medication which is indicated by participants as a barrier to PA due to the side effects. 

‘I wanted to do a contact sport but because of my new liver and the fact that I developed 
osteoporosis due to the use of medication, the risk was too high.’ 
(LiverTx,male, 22 years) 

 A lack of financial resources was mentioned as a barrier in a limited number of 
interviews (three out of sixteen). 
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Discussion 
This qualitative research identified the perceived barriers to and facilitators of PA in SOT 
recipients. The most common and important barriers were physical limitations, energy level, 
fear, and comorbidities. The most frequently indicated and important facilitators were 
motivation, coping, consequences of (in)activity, routine/habit, goals/goal priority, and the 
transplanted organ. Important neutral factors that acted as barriers or facilitators included 
self-efficacy and the expertise of personnel. 
 Several factors that were classified in the personal components: physical (physical 
limitations, lack of energy, co-morbidity, weight, age), psychological (motivation, coping, 
goals) and other (routine/habit, consequences of (in)activity) are also indicated as barriers 
and facilitators to PA in the general population and in older adults.35–38 The same applies to 
the majority of factors classified in social environment (social support, group activity, social 
role), physical environment (weather) and other (financial resources).35–38 Although little 
studies are available, remarkable agreements in barriers to and facilitators of PA are seen 
with patients that underwent coronary artery bypass graft (CABG) surgery. In a recent 
qualitative study in CABG patients the most commonly cited barriers were ‘other time 
commitment’, ‘inclement weather’, and ‘pain/injury/illness related or unrelated to the 
surgery’.39 These most salient barriers, but also almost all other indicated barriers are 
present in the current study as well. The priority of the barriers, however, seems to be 
different for CABG patients and recipients of SOT. Physical limitations (pain/injury/
illness related or unrelated to the surgery) are the number one barrier in recipients of SOT 
where it has a lower priority in CABG patients, as is also the case for energy level being a 
barrier. Where the weather is a highly salient barrier in CABG patients the priority was 
clearly lower in recipients of SOT. The most commonly mentioned facilitators in CABG 
patients were ‘it feels good to exercise’, and ‘improving physical health’.39 These most salient 
facilitators, but also the other indicated facilitators in the study are very similar to the 
indicated facilitators in the current study. The priority of facilitators also seems to concur. 
Furthermore, the items classified in the personal components physical and psychological and 
in the social and physical environment corresponding to those experienced in the general 
population also show many similarities with the barriers and facilitators in patients with 
end-stage organ disease.21–28 It therefore seems likely that the majority of these barriers 
and facilitators are already present in the pre-transplant phase. Whether the number and/or 
severity of barriers and facilitators change from the pre-transplant phase to the post-
transplant phase has not been reported so far.  
 Besides the barriers and facilitators similar to those experienced in the general 
population, CABG patients, and in the end-stage organ disease phase, there are several 
factors specific to SOT recipients. Perhaps the most striking is that several participants 
described to be inactive or moderately active before they became ill and during the period 
before transplantation, however, are now more active due to a feeling of responsibility to 
take good care of the received organ. Where earlier research demonstrated that previous 
exercise participation in adulthood is associated with current exercise participation,35,36,40 it 
seems that this association may not apply to all SOT recipients. Also associated with the 

transplanted organ but functioning as a barrier is a fear of damaging the new organ and 
insecurity with body signals. Therefore, it seems important that information and practical 
guidance are offered to recipients experiencing this barrier. The negative side-effects of 
immunosuppressants on muscle mass, muscle fiber type proportion and osteoporosis can 
lead to physical limitations and thereby function as a barrier to PA [17–19,41–43].17–19,41–43 
Related to the decreased muscle mass and the fiber type switch in combination with the 
usually prolonged period of reduced activity prior to and during hospitalization for 
transplantation, recipients often experience a lack of strength. This lack of strength could be 
a barrier and a facilitator, however, this needs specific attention in this population. A final 
distinct aspect mentioned is the expertise of personnel. It is indicated that (allied) health 
care providers should have sufficient knowledge about this particular population. Exercise 
specialists (e.g. expert physical therapists or clinical kinesiologists) could be deployed to 
reduce several barriers and utilize facilitators. With an adequate program and guidance, a 
reduction could likely be achieved in physical limitations, fear, side effects of medication, 
and weight as well as an increase in strength, energy level, reinforcement, and self-efficacy.  
 Results of the current study partly confirm the finding of the quantitative study on 
barriers to and facilitators of PA in kidney transplant recipients.29 The major barriers in 
that study were ‘lack of motivation’, ‘preferring to spend time otherwise’, ‘weather’, ‘fatigue’, 
and ‘health conditions’. Major facilitators were health benefits and social support systems. 
The current study adds depth to these factors by providing more context and looking at 
why these barriers and facilitators are experienced. Furthermore, additional transplant 
specific barriers and facilitators are identified.  
 When taking all of the indicated barriers and facilitators into account, it seems that 
guidance for SOT recipients could best be initiated in an expert center or by specialized 
therapists. Depending on the amount and types of barriers, an interdisciplinary team or 
specialized exercise therapist could be deployed to initiate PA following transplantation. 
When sufficient knowledge and experience with training is gained, recipients are likely able 
to continue in their own environment. The most appropriate timing for this program might 
differ per person, type of transplantation, and rate of recovery after transplantation. As 
there were no clear differences between the transplant recipients’ groups, there appears to 
be no substantiation for treating these groups differently considering barriers to and 
facilitators of PA.  
 To our knowledge, this is the first study to investigate barriers to and facilitators of 
PA in a qualitative manner and between all SOT groups. Therefore, it provides new insight 
into the reasons and motives of PA behavior in this population and demonstrates that the 
various groups experience largely equal barriers and facilitators. A limitation of the study is 
that the current level of PA was not explicitly quantified44,45 and that therefore no sub-
analyses could be made on active versus non-active participants. The sample size was small 
as is common in qualitative research. Although, one could argue that sixteen participants, 
subdivided into four groups is rather limited. However, we checked for newly emerging 
themes to determine data saturation and the final four interviews did not yield any new 
themes. This appears to support the assumption that the concepts derived can be 
transferred to a wider population of SOT recipients. Nonetheless, some caution should be 
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factors specific to SOT recipients. Perhaps the most striking is that several participants 
described to be inactive or moderately active before they became ill and during the period 
before transplantation, however, are now more active due to a feeling of responsibility to 
take good care of the received organ. Where earlier research demonstrated that previous 
exercise participation in adulthood is associated with current exercise participation,35,36,40 it 
seems that this association may not apply to all SOT recipients. Also associated with the 

transplanted organ but functioning as a barrier is a fear of damaging the new organ and 
insecurity with body signals. Therefore, it seems important that information and practical 
guidance are offered to recipients experiencing this barrier. The negative side-effects of 
immunosuppressants on muscle mass, muscle fiber type proportion and osteoporosis can 
lead to physical limitations and thereby function as a barrier to PA [17–19,41–43].17–19,41–43 
Related to the decreased muscle mass and the fiber type switch in combination with the 
usually prolonged period of reduced activity prior to and during hospitalization for 
transplantation, recipients often experience a lack of strength. This lack of strength could be 
a barrier and a facilitator, however, this needs specific attention in this population. A final 
distinct aspect mentioned is the expertise of personnel. It is indicated that (allied) health 
care providers should have sufficient knowledge about this particular population. Exercise 
specialists (e.g. expert physical therapists or clinical kinesiologists) could be deployed to 
reduce several barriers and utilize facilitators. With an adequate program and guidance, a 
reduction could likely be achieved in physical limitations, fear, side effects of medication, 
and weight as well as an increase in strength, energy level, reinforcement, and self-efficacy.  
 Results of the current study partly confirm the finding of the quantitative study on 
barriers to and facilitators of PA in kidney transplant recipients.29 The major barriers in 
that study were ‘lack of motivation’, ‘preferring to spend time otherwise’, ‘weather’, ‘fatigue’, 
and ‘health conditions’. Major facilitators were health benefits and social support systems. 
The current study adds depth to these factors by providing more context and looking at 
why these barriers and facilitators are experienced. Furthermore, additional transplant 
specific barriers and facilitators are identified.  
 When taking all of the indicated barriers and facilitators into account, it seems that 
guidance for SOT recipients could best be initiated in an expert center or by specialized 
therapists. Depending on the amount and types of barriers, an interdisciplinary team or 
specialized exercise therapist could be deployed to initiate PA following transplantation. 
When sufficient knowledge and experience with training is gained, recipients are likely able 
to continue in their own environment. The most appropriate timing for this program might 
differ per person, type of transplantation, and rate of recovery after transplantation. As 
there were no clear differences between the transplant recipients’ groups, there appears to 
be no substantiation for treating these groups differently considering barriers to and 
facilitators of PA.  
 To our knowledge, this is the first study to investigate barriers to and facilitators of 
PA in a qualitative manner and between all SOT groups. Therefore, it provides new insight 
into the reasons and motives of PA behavior in this population and demonstrates that the 
various groups experience largely equal barriers and facilitators. A limitation of the study is 
that the current level of PA was not explicitly quantified44,45 and that therefore no sub-
analyses could be made on active versus non-active participants. The sample size was small 
as is common in qualitative research. Although, one could argue that sixteen participants, 
subdivided into four groups is rather limited. However, we checked for newly emerging 
themes to determine data saturation and the final four interviews did not yield any new 
themes. This appears to support the assumption that the concepts derived can be 
transferred to a wider population of SOT recipients. Nonetheless, some caution should be 
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taken into account and further, quantitative, research should be undertaken to confirm 
these findings and to study the relevance of individual constructs per organ transplantation 
group on PA behavior. 

Conclusion 
The identified barriers and facilitators are partly comparable to the general population and 
partly specific for SOT recipients. The overview of barriers and facilitators generated in this 
study indicates several personal and environmental factors that can be considered in 
intervention development. Further research should be undertaken to investigate if focusing 
on the proposed barriers and facilitators will result in increased physical activity behavior 
and reduced sedentary time in SOT recipients. 
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Supporting Information 

S1 Appendix. Interview guide. 
- Warming up/informal conversation 
- Explanation goal interview and introduction interviewer 
- Informed consent (audio taping and use of data) 
- Questionnaire personal details 
- Explanation definition of physical activity 
Semi-structured interview 
- Can you describe how physically active you are during a regular day? ( Job/

commuting activities/ sports/ occupational activities)  
- Are you satisfied with your current activity level? And if not, what would you like to 

change? 
- Do you experience barriers to be physically active or to become more physically 
active? 
- Were there any restrictions given by the medical doctor or the physical therapist in 

what you could do after your organ transplantation? 
- Do you experience anxiety or restraint to perform certain activities, and if so, which 

activities and why? 
- What motivates you to be physically active or to become more physically active? 
- How did the organ transplantation influence your ability to be physically active? 
- What could increase your participation in physical activity or sports? 
Closing question 
- Do you want to add something or did we miss something you did want to mention 

related to the topic of the interview? 
Examples of probe questions 
- Can you give an example? Could you explain that in more detail? How? 

S1 Table. Distribution of mentioned barriers and facilitators 
across transplant recipient groups. 

Heart-tx 
n=4

Lung-tx 
n=4

Kidney-tx 
n=4

Liver-tx 
n=4

Total 
N=16

Barriers

Physical limitations 4 3 4 4 15
Energy level 2 2 4 4 12
Fear 3 2 2 2 9
Comorbidity 2 1 3 2 8
Side-effects medication 1 0 2 3 6
Bad weather 1 2 1 2 6
Social role 2 0 1 2 5
Post-transplant life-events 1 0 2 1 4
Age 2 0 0 1 3
Financial resources 1 0 2 0 3
Neutral

Self-efficacy 3 3 3 4 13
Expertise of personnel 4 4 3 2 13
Group activity 2 0 1 1 4
Facilitators

Motivation 4 4 4 4 16
Goals/goal priority 4 4 3 4 15
Coping 4 3 4 4 15
Routine/habit 4 4 3 3 14
Consequences of (in)activity 3 3 4 4 14
Transplanted organ 3 3 3 1 10
Social support 1 3 2 3 9
Strength 2 2 2 2 8
Weight 1 0 2 2 5
Tx, Transplantation
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Abstract 

Purpose 
To explore the underlying dimensions of the Barriers and Motivators Questionnaire that is 
used to assess barriers to and motivators of physical activity experienced by recipients of 
solid organ transplantation and thereby improve the application in research and clinical 
settings. 

Method 
A cross-sectional study was performed in recipients of solid organ transplantation (n = 591; 
median (IQR) age = 59 (49; 66); 56% male). The multidimensional structure of the 
questionnaire was analyzed by exploratory principal component analysis. Cronbach’s alpha 
was calculated to determine internal consistency of the entire questionnaire and individual 
components.  

Results 
The barriers scale had a Cronbach’s alpha of 0.86 and was subdivided into four 
components; alpha of the corresponding subscales varied between 0.80 and 0.66. The 
motivator scale had an alpha of 0.91 and was subdivided into four components with an 
alpha between 0.88 to 0.70. Nine of the original barrier items and two motivator items 
were not included in the component structure. 

Conclusion 
A four-dimensional structure for both the barriers and motivators scale of the 
questionnaire is supported. The use of the indicated subscales increases the usability in 
research and clinical settings compared to the overall scores and provide opportunities to 
identify modifiable constructs to be targeted in interventions. 
 

Implications for rehabilitation 
Organ transplant recipients are less active than the general population despite established health 
benefits of physical activity.  

A multidimensional structure is shown in the Barriers and Motivators Questionnaire, the use of the 
identified subscales increases applicability in research and clinical settings. 

The use of the questionnaire with its component structure in the clinical practice of a rehabilitation 
physician could result in a faster assessment of problem areas in daily practice and result in a higher 
degree of clarity as opposed to the use of the individual items of the questionnaire. 

Introduction 
Recipients of solid organ transplantation have a less active lifestyle and are more sedentary 
than the general population.1–8 This lifestyle exists despite evidence that sufficient physical 
activity results in a reduced risk of comorbidities and an increased survival rate in the 
general population and in recipients of solid organ transplantation.7,9–11 Insight into 
barriers to and motivators of physical activity in recipients of solid organ transplantation 
can provide guidance for intervention development aimed at increasing physical activity 
levels and reduce sedentary behavior within this growing population.  
 Currently, there is no gold standard to assess barriers to and motivators of physical 
activity. However, in clinical practice the Barriers and Motivators Questionnaire is an 
instrument that is used for the assessment of experienced barriers to and motivators of 
physical activity.12 In this questionnaire, recipients endorse whether they experience the 
specified barrier or motivator and indicate the perceived intensity. Cronbach’s alpha 
indicates high internal consistency for barriers (alpha= .88) and motivators (alpha = .90).12 
No other psychometric properties have been described. The questionnaire results in sum 
scores, which are one-dimensional and, as such, do not indicate the possible presence of 
specific constructs, i.e., physical or psychological barriers. The lack of the specification of 
constructs restricts the usability of the questionnaire in cohort studies as well as prediction 
models of physical activity. Furthermore, the existence of specific constructs could increase 
clinical applicability. The aim of this study is to identify potential underlying dimensions in 
the Barriers and Motivators Questionnaire in recipients of solid organ transplantation in 
order to facilitate a more extensive application of the instrument in research and in clinical 
settings. 

Materials and methods 

Study design, setting and participants 
The Barriers and Motivators Questionnaire was included in a more comprehensive cross-
sectional study that took place between June and August 2014 including all recipients of 
solid organ transplantation (kidney, liver, lung, or heart) from the University Medical 
Center Groningen, the Netherlands. Recipients must have received a transplant between 
2002 and 2012, were of age 18 or older at the time of transplantation and capable of filling 
out a questionnaire in the Dutch language. Recipients currently on the waiting list for re-
transplantation or who had been re-transplanted after 2012 were excluded. The invitation 
to participate was send by mail; the questionnaire could be completed digitally, however, a 
paper version could also be sent upon request. A reminder was sent to non-responders after 
two weeks. The Institutional Review Board provided approval for conducting the study 
(METc 2013/410), and all participants provided informed consent. Data were coded and 
processed anonymously.  
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Measurements 
Participant characteristics regarding gender, marital status, education level (low, lower 
vocational and primary; medium, intermediate vocational and secondary; high, high 
vocational and university), date of transplantation and comorbidities were collected by a 
self-report questionnaire. Comorbidities were classified according to the Charlson 
Comorbidity Index (CCI): a different weight is assigned to specific conditions and weights 
are subsequently summed to get a total CCI.13 

The barriers and motivators questionnaire  
The Barriers and Motivators Questionnaire was originally developed (Boston, MA) in 
order to obtain insight into the most salient barriers to and motivators of physical activity 
in hemodialysis patients12 and was previously used in kidney transplant recipients.14 The 
items were derived from literature on barriers to and motivators of physical activity in 
several populations and from feedback of patients, an exercise physiologist, director of 
nursing, a social worker, and psychologists. Expert feedback indicated that the types of 
barriers and motivators indicated were appropriate and comprehensive. The questionnaire 
contains 32 items on barriers and 23 items on motivators. Participants were asked to 
indicate to which extent they experienced the stated item as a barrier or motivator to being 
physically active or to exercise. Thereby they selected one out of four answer options for 
each item (‘not at all’ = 0, ‘slightly’ = 1, ‘moderately’ = 2, or ‘very much’ = 3). A sum score for 
frequency was separately calculated for barriers and motivators by summing all items 
endorsed as at least ‘slightly’. A second sum score was calculated for barrier intensity and 
motivator intensity by summing the corresponding increasing numbers for the weight of 
the barriers and motivators that were endorsed. A higher intensity score indicated a 
stronger experienced influence.  
 In this study, one item of the original questionnaire was removed following expert 
review, i.e., ‘My kidney disease is a barrier to being physically active’, as it was considered 
unsuitable for recipients of solid organ transplantation. The remaining items were judged as 
being applicable to the current population and being comprehensive by an expert panel 
existing of physical therapists, human movement scientists, specialized nurses and a 
rehabilitation physician. The questionnaire items are presented in the results section (Table 
1 and 2). All items were forward translated into Dutch by a healthcare professional familiar 
with the terminology in the research area. Conceptual translation was emphasized rather 
than literal translation. After expert review (physical therapists, human movement 
scientists, and rehabilitation physician) the questionnaire was translated back to English by 
a native speaker after which final modifications were made. Pilot testing of the 
questionnaire did not yield further point of improvement.  

Data analyses 
Data were analyzed using the IBM statistical software package SPSS (version 23, IBM 
SPSS Inc., Chicago, IL) and the statistical programming language R (version 3.2.0). Only 
participants with complete data on the Barriers and Motivators Questionnaire were 

included in the analyses. Descriptive statistics were used to report participant 
characteristics. To re-evaluate the internal consistency of the questionnaire in the current 
sample, the Cronbach’s alpha was calculated for the overall barrier and motivator scales. 
Cronbach’s alpha measures the degree of consistency according to the two-way intra class 
correlation coefficient.15 Additional analyses were performed to investigate possible 
improvement of overall Cronbach’s alpha if individual items were deleted.  
 To explore the underlying component structure, an explorative principal component 
analysis was performed and subsequently followed by an oblique rotation according to the 
direct oblimin criterion to facilitate the interpretation of the components. Confidence 
intervals (CI) of the component loadings were determined by bootstrapping in order to 
distinguish loadings that are significantly different from zero from those who are not. The 
number of unrotated components to be retained was determined according to the 
minimum generalized cross-validation criterion.16 Generalized cross-validation is a model 
validation technique that indicates the optimal number of components to be retained in 
order to account for most of the data variability. Eigen values and corresponding 
cumulative variances explained by the retained components were calculated. Items with a 
significant loading greater than 0.3 in absolute value were classified as belonging to a 
component, a procedure resulting in subscales. The consistency of the implied subscales was 
determined by Cronbach’s alpha, and its 95% CI. Cronbach’s alpha coefficients <.50 were 
interpreted as ‘unacceptable’; .50 to .60 as ‘poor’; .60 to .70 as ‘questionable’; .70 to .80 as 
‘acceptable’; and > .80 as ‘good’.17  
 Additionally, a series of regression analyses (ANCOVA) were conducted to 
determine statistically significant differences between the organ transplantation groups on 
each of the barrier and motivator components while controlling for age and gender of the 
recipient.  
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Table 1. Component loadings (95% CI) and eigen values of the explorative maximum 
likelihood component analysis of barriers (n = 591)

Component
1. Fear of 
negative 

effects
2. Physical 
limitations

3. Low 
expectations 

and self-
confidence

4. Lack of 
motivation 

or time
Fear of falling .84 (.75; .89)
Fear of injury .82 (.71; .88)
Anxiety .65 (.49; .78)
Poor sidewalks .53 (.38; .66)
Fear of increased pain .43 (.26; .57)
Fear of crime during outdoor exercise .32 (.17; .49)
Being to fatigued .82 (.71; .89)
Unpleasant sensations associated with 
exercise .71 (.58; .81)
Shortness of breath .61 (.47; .72)
Not wanting to become more fatigued .58 (.45; .68)
Co-morbid health problems .49 (.35; .60)
Lack of encouragement to exercise .61 (.25; .77)
Lack of support from family or friends .61 (.23; .85)
Low expectations by family or friends .55 (.23; .75)
Low expectations by health care 
providers .44 (.12; .67)
Low expectations by self to exercise .38 (.10; .60)
Self-conscious about appearance while 
exercising .32 (.06; .50)
Preferring to spend time doing other 
things .71 (.50; .81)
Lack of interest .57 (.33; .70)
Lack of motivation .49 (.29; .63)
Lack of time .46 (.27; .62)
Physically demanding job .41 (.23; .57)
Items loading ≤ .30
Doctor’s advice not to exercise

Concern that exercise will make to thirsty

Fear of making health worse

Financial resources
Lack of knowledge of the benefits of 
exercise
Depression

Lack of access to exercise facilities
No place to sit down while exercising 
outside
Bad weather
Eigen values 6.48 2.33 1.76 1.51
95% CI 5.86; 7.16 2.16; 2.66 1.68; 2.02 1.47; 1.74
Cumulative variance (%) 9.5 17.4 23.4 28.9
Alpha 0.80 0.80 0.70 0.66
95% CI 0.78; 0.83 0.78; 0.83 0.66; 0.74 0.61; 0.70
CI: confidence interval. Eigen values and 95% CI of unrotated components.

Table 2. Component loadings (95% CI) and eigen values of the explorative maximum 
likelihood component analysis of motivators (n = 591)

Component
1. Health and 

Physical 
outcomes

2. External 
influences

3. Groups 
activities and 

financial 
resources

4. 
Psychologica
l outcomes

Wanting increased health .88 (.79; .92)
Wanting to feel better .78 (.70; .84)
Wanting increased strength .73 (.58; .78)
Feeling healthy .72 (.45; .79)
Wanting increased energy .70 (.58; .78)
Knowing the value of increased exercise .56 (.39; .65)
Wanting enhanced physical mobility .54 (.40; .66)
Enjoying how exercise feels .50 (.17; .62)
Wanting to manage weight .49 (.35; .57)
Having less pain .31 (.15; .39)
High expectations from health care 
providers .76 (.51; .85)
High expectations from family or 
friends .75 (.40; .83)
Encouragement from health care 
providers .61 (.39; .84)
Encouragement from family or friends .59 (.40; .72)
Receiving information on how to 
exercise .43 (.23; .63)
Attending exercise class .83 (.05; .92)
Exercising with others .69 (.18; .79)
Having financial resources .42 (.05; .55)
Wanting decreased depression .61 (.46; .80)
Wanting decreased anxiety .60 (.44; .80)
Wanting to have decreased pain .48 (.34; .59)
Items loading ≤ .30
Having a supportive exercise leader
Belief in one’s ability to be physically 
active
Eigen values 7.65 2.39 1.86 1.23
95% CI 7.07; 8.21 2.19; 2.67 1.68; 2.10 1.13; 1.39
Cumulative variance (%) 19.3 29.1 36.4 43.3
Alpha 0.88 0.81 0.70 0.72
95% CI 0.87; 0.90 0.78; 0.83 0.65; 0.74 0.68; 0.76
CI: confidence interval. Eigen values and 95% CI of unrotated components.
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Results 

Participants 
A total of 656 persons participated in this cross-sectional study, which represents a 
response rate of 46% of all invited transplant recipients. The entire group of participants 
comprised 194 recipients of a renal transplantation from a living donor, 184 recipients of a 
renal transplantation from a deceased donor, 146 recipients of a liver transplantation, 102 
recipients of a lung transplantation, and 30 recipients of a heart transplantation. From the 
656 participants, 591 (90%) completed the Barriers and Motivators Questionnaire. The 
characteristics of these 591 participants are presented in Table 3. The median (IQR) barrier 
frequency score and barrier intensity score were 7 (4; 11) and 9 (5; 15), respectively. The 
median (IQR) motivator frequency score and motivator intensity score were 16 (13; 19) 
and 31 (22; 39), respectively. 

Table 3. Participant characteristics (n = 591)
Age, yrs (median, IQR) 59 (49; 66)
Male gender (n, %) 332 (56)
Marital status (n, %)
   Living with partner 450 (77)
   Living alone 138 (24)
Educational level (n, %)
   Low 244 (41)
   Medium 192 (33)
   High 153 (26)
Transplanted organ (n, %)
   Kidney, living donor 182 (31)
   Kidney, deceased donor 160 (27)
   Liver 130 (22)
   Lung 93 (16)
   Heart 26 (4)
Time since transplantation, months (median, IQR) 73 (47.5; 110.0)
Charlson Comorbidity Index (n, %)
   0 192 (33)
   1-2 299 (51)
   ≥3 99 (17)
IQR: Inter Quartile Range. The sum of percentages can be > 100% due to rounding.

Barriers and motivators questionnaire 
Internal consistency, as measured by Cronbach’s alpha of the barrier scale and the motivator 
scale were .86 and .91, respectively. These levels of internal consistency did not notably 
increase if any of the items were deleted. For both the barrier and the motivator items the 
inter-item correlations within the component systematically tend to be higher compared to 
those belonging to different components (Appendix Tables 1 and 2). 

Component structure barriers 
An exploratory principal component analysis was performed on the 31 barrier items. The 
generalized cross-validation criterion indicated the optimal number of components to 
account for most of the data variability at four barrier components. The combination of 
these four components explained 28.9% of the variance. The components’ loadings after 
rotation (95% CI), eigen values, cumulative variance, and the alpha (95% CI) per 
component are shown in Table 2. 
 The items loading significantly on the individual components suggested the 
following subscales: (1) Fear of negative effects; (2) Physical limitations; (3) Low 
expectations and self-confidence; and (4) Lack of motivation or time. Nine of the 31 
barrier items did not load significantly on any of the four subscales and were excluded from 
the component structure. 
 The analyses of internal consistency of the four suggested barrier subscales showed 
that three subscales had an acceptable consistency (alpha = .70-.80). One subscale (lack of 
motivation or time) exhibited questionable consistency (alpha = .66). 

Component structure motivators 
A second exploratory principal component analysis was performed on the 23 motivator 
items. The generalized cross-validation criterion analysis indicated the optimal number of 
components at four motivator components. These four motivator components explained 
43.3% of the variance. Component loadings after rotation (95% CI), eigen values for each 
component, the cumulative variance, and the alpha (95% CI) per component are shown in 
Table 3. 
 The items loading significantly on the individual components suggested the 
following subscales: (1) Health and Physical outcomes; (2) External influences; (3) Groups 
activities and financial resources; and (4) Psychological outcomes. Two of the 23 motivator 
items did not load significantly on any of the subscales and were not included in the 
component structure. 
 The analyses of the internal consistency of the four suggested motivator subscales 
showed that two subscales (‘health and physical outcomes’, and ‘external influences’) had 
good consistency (alpha = >.80). The other two subscales (‘group activities and financial 
resources’, and ‘psychological outcomes’) had an acceptable consistency (alpha = .70-.80). 
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Barriers and motivators questionnaire 
Internal consistency, as measured by Cronbach’s alpha of the barrier scale and the motivator 
scale were .86 and .91, respectively. These levels of internal consistency did not notably 
increase if any of the items were deleted. For both the barrier and the motivator items the 
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those belonging to different components (Appendix Tables 1 and 2). 
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rotation (95% CI), eigen values, cumulative variance, and the alpha (95% CI) per 
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 The items loading significantly on the individual components suggested the 
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expectations and self-confidence; and (4) Lack of motivation or time. Nine of the 31 
barrier items did not load significantly on any of the four subscales and were excluded from 
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 The analyses of internal consistency of the four suggested barrier subscales showed 
that three subscales had an acceptable consistency (alpha = .70-.80). One subscale (lack of 
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Component structure motivators 
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items. The generalized cross-validation criterion analysis indicated the optimal number of 
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 The items loading significantly on the individual components suggested the 
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activities and financial resources; and (4) Psychological outcomes. Two of the 23 motivator 
items did not load significantly on any of the subscales and were not included in the 
component structure. 
 The analyses of the internal consistency of the four suggested motivator subscales 
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Differences between organ transplantation groups 
After correction for age and gender, additional analysis on differences in barrier and 
motivator scores between the organ transplantation groups revealed some minor differences 
on all of the barrier components and two out of the four motivator components (Table 4). 
As an example, contrast showed that kidney transplant recipients of a deceased donor had 
significant higher scores on ‘fear of negative effects’ compared to kidney transplant 
recipients of a living donor, recipients of a liver transplantation and recipients of lung 
transplantation. The overall between-subject effect of transplant group was significant for 
the barrier ‘physical limitations’ but contrasts showed no significant mean differences 
between groups. 
 Age and gender were significant covariates in the association between organ type 
and ‘fear of negative effects’ (p = .049 and .030, respectively); female and older recipients 
tended to score higher. Age and gender were also significant covariates in the association 
with the motivator ‘group activities’ (p = .045 and .013, respectively); female and younger 
recipients tended to score higher. Age was a significant covariate in the association with 
‘lack of motivation or time’ (p = .013); younger recipients tended to score higher. 

Table 4. Mean differences between transplant groups on the barrier and motivator 
component scores

Barrier 1: 
fear of negative 

effects

Barrier 2: 
physical 

limitations

Barrier 3: low 
expectations and 
self-confidence

Barrier 4: lack of 
motivation or 

time
Kidney-l vs. Kidney-d -.173 -.070 -.070 -.048

Kidney-l vs. Liver .005 .080 .024 -.012

Kidney-l vs. Lung .094 .162 .112 .163

Kidney-l vs. Heart .001 .237 .033 .004

Kidney-d vs. Liver .178 .150 .094 .036

Kidney-d vs. Lung .267 .232 .182 .211

Kidney-d vs. Heart .174 .307 .103 .053

Liver vs. Lung .089 .082 .088 .175

Liver vs. Heart -.004 .157 .009 .016

Lung vs. Heart -.093 .075 -.079 -.159

Values adjusted for gender and age. Values represented in bold are significant.

Discussion 
This study showed that the Barriers and Motivators Questionnaire has a multidimensional 
structure in regard to recipients of solid organ transplantation. A four-component structure 
was supported for the barriers section, which explained 28.9% of the variance. The internal 
consistency of the components ranged from acceptable to questionable. The motivators’ 
section also demonstrated a four-component structure, explaining 43.3% of the variance. 
Internal consistency of the motivator components ranged from good to acceptable. 
The components derived from the barriers scale identified well interpretable subscales of 
barriers. Items clustering within the same component all related well to each other and 
cover a meaningful construct to be measured. The first three barrier components exhibit 
acceptable internal consistency which indicates reliable scales. The barrier component ‘lack 
of motivation or time’ had a ‘questionable’ internal consistency. This is likely a reflection of 
the component existing of two related but slightly different constructs: lack of motivation 
(‘preferring to spend time doing other things’, ‘lack of interest’, ‘lack of motivation’) and 
lack of time (‘lack of time’, ‘physically demanding job’). 
 All four components derived from the motivator scale have an acceptable internal 
consistency and represent reliable scales. Three of the four components contain consistent 
questions within the component and represent ‘health and physical outcomes’, ‘external 
influences’, and ‘psychological outcomes’. One component is composed of diverse questions 
regarding ‘group activity’ and ‘financial resources’ and, therefore, must be interpreted with 
caution when emerging from the questionnaire. When this component is highly salient in a 

Motivator 1: health 
and physical 
outcomes

Motivator 2: external 
influences

Motivator 3: group 
activities

Motivator 4: 
psychological 

outcomes
NS .037 -.063 NS

-.089 .051

-.597 -.293

-.353 -.185

-.127 .113

-.634 -.231

-.391 -.122

-.509 -.344

-.265 -.235

.244 .109
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recipients assessment in clinical practice it is recommended to look into the specific 
motivator item endorsed within this component to assess the main element within the 
component. 
 From the original 31 barrier items, nine were determined as not being part of the 
component structure due to either non-significant or minimal loadings. From the original 
21 motivator items, two could not be included in the component structure. The component 
structure, therefore, results in a less complete picture because it does not encompass all 
possible barriers to and motivators of physical activity. The items that were not included 
possibly belong to constructs that are insufficiently represented in the other questions in 
the questionnaire and thereby do not form a specific construct. However, these barrier 
items are indicated only by a small proportion of participants and therefore appear to be of 
restricted importance to the population under study. Out of the nine barrier items that 
were not part of the component structure, seven are mentioned as a barrier by fewer than 
20% of the respondents, and fewer than 1% of those respondents indicated these items as 
being a barrier ‘very much’ (data not shown). The remaining two barrier items (financial 
resources and bad weather) are cited as being a barrier ‘very much’ by fewer than 5% of the 
respondents. The motivator item ‘belief in one’s ability to be physically active’, that was not 
part of the component structure, could reflect exercise self-efficacy which is a highly 
relevant item in physical activity behavior.18–21 This construct is not well represented in the 
Barriers and Motivator Questionnaire. As exercise self-efficacy is an important construct in 
activity behavior18,22,23 , it is recommended to assess this construct separately with the 
appropriate tools. 
 The explained variance of the barrier component structure is limited (28.9%) and 
plausibly related to not including several barrier items in the component structure. The nine 
items that were not included do not constitute a subscale due to low correlation with other 
items in the questionnaire (<.30, Appendix Table 1). This indicates that these items are 
likely to measure isolated barriers. In clinical application the questionnaire can be used 
with its component structure only for general assessment of the most common barriers or 
the four subscales can be complemented with the individual questions that were not 
clustered within a subscale to generate a full overview. The latter will result in an indication 
of the constructs experienced by a recipient and an indication of the most salient isolated 
barriers. The use of the questionnaire can facilitate discussion of the subject in consultation 
and guide possible referral to allied health care professionals. 
 The overall scale values for the internal consistency in this current study were 
comparable with earlier reported values (alpha = .86 versus .88 for barriers, .91 versus .90 
for motivators).12 An overall scale alpha is used as a one-dimensional measure of the 
internal consistency of the questionnaire. However, it is recommended to calculate internal 
consistency for individual subscales if several components exist within a questionnaire.24 
From the component analysis, it is evident that both the barrier and the motivator section 
can be divided into multiple subscales. The subdivision into multiple subscales can provide 
additional insight into specific domains of barriers or motivators for individual recipients as 
well as for an entire group. This affords the possibility to look into one specific domain and 
opportunities to eliminate barriers or to facilitate motivators. The usability of the 

questionnaire in cohort studies and prediction models for physical activity is thereby 
increased, and clinical applicability is expanded. In the clinical practice of a rehabilitation 
physician, the use of the questionnaire with its component structure could result in a faster 
assessment of problem areas in daily practice and result in a higher degree of clarity. The 
results of the assessment can guide various topics addressed in the consultation and provide 
input for possible referral of the recipient for further assessment or treatment by allied 
health care professionals. For instance, when the assessment of a recipient indicates that 
‘fear of negative effects’ is a highly salient component, attention should be paid to 
improving knowledge on the effects of physical activity and gaining experience on this. 
Whether the rehabilitation physician will refer the recipient to a physical therapist with a 
behavioral approach or a psychologist will depend on the severity of complaints and the 
individual recipient. Components endorsed as motivators can be used for positive 
endorsement to potentially stimulate or preserve physical activity behavior. On a group 
level, as an example, the ‘health and physical outcomes’ of being active could be emphasized 
to motivate recipients with insufficient physical activity levels.  
 Previously, the use of the questionnaire in dialysis patients12 and in kidney 
transplant recipients14 resulted in an indication of the most salient barriers to and 
motivators for physical activity in these populations. In both studies, the questionnaire was 
evaluated per item and not as components of items measuring the same construct. 
However, in the study in kidney transplant recipients, a self-clustered group of health-
related barriers was reported containing items such as ‘shortness of breath’ and ‘being too 
fatigued’ that are largely clustered under the component ‘physical limitations’ in the current 
study. In the same study, a group of highly salient motivators are described together in a 
cluster of ‘health-related facilitators’ containing the items ‘feeling healthy’, ‘wanting to feel 
better’, ‘wanting increased health’, ‘wanting increased strength’, and ‘wanting enhanced 
physical mobility’. These same items are clustered together in the motivator component 
‘health and physical outcomes’ in the current study. The lack of use of components in the 
study limits the overview of transcending constructs of barriers and motivators that 
potentially influence physical activity levels. The study in kidney transplant recipients 
ascertained no significant differences between physical activity groups, however, a 
consistent trend was found with the more physically active group endorsing fewer barriers 
and more motivators compared to the less active group. Addressing the items together in 
components may potentially reveal stronger associations with physical activity levels and 
should be considered in future research. 
 Although one could hypothesize that different barriers and motivators can be 
experienced in different groups of solid organ transplant recipients, we analyzed the study 
population as a whole to explore the underlying dimensions of the questionnaire. Where 
the influence or contribution of a particular component on physical activity and sedentary 
time may vary between different groups we do not assume the component structure of the 
questionnaire itself to differ. The components structure reflects the clustering of items that 
highly correlate to each other, presumably because they are influenced by the same 
underlying construct, this is not expected to be influenced by the type of organ received. 
The additional analyses, looking into the differences between barrier and motivator scores 
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between organ transplant groups, revealed some significant, but clinically small differences. 
A trend was seen in which especially recipients of kidney transplantation of a deceased 
donor tended to score higher on the barrier components and lower on two of the motivator 
components. However, given the relatively small differences indicated between organ 
transplant groups the choice for a single explorative component analysis seems legitimate. 
The components seem to be generic for transplant recipients rather than organ group 
specific. 
 A limitation of the present study is that the criterion validity of the Barriers and 
Motivators Questionnaire has not been determined. Due to the lack of a gold standard for 
measuring experienced barriers to and motivators of physical activity in the transplant or 
general population, this could not be conducted. Likewise, the instruments content validity 
is not determined. Although the content validity is likely limited, as it does not measure all 
facets of this complex picture (i.e., individual, social, and environmental elements), several 
essential aspects that can be addressed in rehabilitation are present. As the aim of the 
current study was to explore the extension of the usability of this particular instrument 
used in clinical practice, analysis of the component structure was considered useful and 
relevant. In subsequent studies the construct validity could be studied further by validation 
against more extensive questionnaires measuring the constructs indicated. Especially 
questionnaires on personality traits and psychological constructs could be useful in this. For 
instance, the barrier component ‘fear of negative effects’ could be validated with other 
questionnaires on experienced fear. However, as the questionnaire is specifically directed at 
barriers to and motivators of physical activity the component structure also revealed new 
constructs which are not likely to be easily validated with existing questionnaires, like 
‘physical limitations’ and ‘psychological outcomes’ of physical activity. The response rate of 
46% in the current study is in line with reported average response rates in email (35%) and 
mail surveys (53%),25 yet, response rates up to 60% are reported when using a multimode 
approach as was used in the current study.26 This potentially creates a non-responder bias. 
However, recent studies have showed that there is not a necessary relationship between the 
rate of non-response and the degree of bias27,28 and greater participation was shown to only 
minimally influence the conclusions of surveys.29,30 Regarding generalizability of results it 
should be noted that the multidimensional structure of the questionnaire was studied in a 
Dutch cohort of recipients of solid organ transplantation. When transferring findings to 
other settings or populations repetition of analyzes might be needed. 
In conclusion, the Barriers and Motivators Questionnaire has a multidimensional structure 
in which ‘Fear of negative effects’; ‘Physical limitations’; ‘Low expectations and self-
confidence’; and ‘Lack of motivation or time’ are identified as barrier components and 
‘Health and Physical outcomes’; ‘External influences’; ‘Groups activities and financial 
resources’; and ‘Psychological outcomes’ as motivator components. These components are 
well interpretable and, as such, indicate specific domains in which recipients of solid organ 
transplantation can experience barriers to or motivators for physical activity. The use of 
subscales can increase the applicability of the questionnaire in research as well as in clinical 
settings and seems suitable for general assessment. Future studies should be focused on the 
predictive validity of the specific components of the Barriers and Motivators Questionnaire 

on the amount of sedentary time and the amount of physical activity performed by 
recipients of solid organ transplantation. Components highly associated with these activity 
levels should play a major role in patient education and intervention development in order 
to further reduce the risk of comorbidities and to decrease post-transplantation mortality. 
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Appendix Table 1. Correlation matrix of the barrier items
1. 2. 3. 4. 5. 6.

1. Fear of falling

2. Fear of injury .694**

3. Anxiety .554** .509**

4. Poor sidewalks .466** .380** .416**

5. Fear of increased pain .437** .432** .504** .359**

6. Fear of crime during outdoor exercise .262** .213** .268** .240** .227**

7. Being to fatigued .236** .201** .250** .185** .336** .075

8. Unpleasant sensations associated with exercise .326** .327** .323** .223** .492** .111**

9. Shortness of breath .162** .165** .174** .115** .276** .005

10. Not wanting to become more fatigued .281** .264** .346** .173** .389** .082*

11. Co-morbid health problems .402** .340** .371** .412** .420** .133**

12. Lack of encouragement to exercise .087* .043 .136** .118** .166** .132**

13. Lack of support from family or friends .140** .091* .151** .111** .217** .213**

14. Low expectations by family or friends .218** .116** .296** .229** .188** .108**

15. Low expectations by health care providers .232** .193** .212** .251** .282** .101*

16. Low expectations by self to exercise .288** .266** .389** .282** .354** .119**

17. Self-conscious about appearance while exercising .269** .245** .306** .193** .304** .238**

18. Preferring to spend time doing other things .058 .095* .146** .041 .087* .090*

19. Lack of interest .210** .182** .196** .124** .182** .102*

20. Lack of motivation .174** .136** .216** .127** .200** .045

21. Lack of time -.040 -.005 -.007 -.034 .014 .081*

22. Physically demanding job .009 .038 .073 .009 .069 .058

23. Doctor’s advice not to exercise .244** .267** .238** .219** .263** .077

24. Concern that exercise will make to thirsty .147** .164** .352** .196** .248** .218**

25. Fear of making health worse .263** .286** .416** .190** .376** .106**

26. Financial resources .126** .130** .155** .097* .187** .157**

27. Lack of knowledge of the benefits of exercise .243** .249** .301** .186** .213** .183**

28. Depression .243** .215** .300** .201** .228** .061

29. Lack of access to exercise facilities .114** .130** .173** .186** .148** .160**

30. No place to sit down while exercising outside .178** .203** .204** .174** .257** .130**

31. Bad weather .138** .135** .200** .114** .099* .197**

7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18.

.555**

.448** .528**

.577** .471** .297**

.462** .462** .342** .344**

.111** .108** .191** .130** .044

.121** .168** .141** .152** .143** .483**

.158** .165** .123** .166** .162** .259** .394**

.162** .267** .168** .157** .204** .228** .202** .375**

.297** .390** .305** .277** .283** .313** .212** .389** .481**

.174** .272** .202** .202** .182** .237** .226** .160** .254** .324**

.076 .078 .065 .179** .037 .138** .100* .136** .175** .258** .153**

.155** .225** .116** .251** .154** .090* .033 .144** .136** .319** .118** .443**

.297** .192** .170** .250** .108** .194** .086* .175** .173** .329** .161** .388**

-.066 -.017 -.019 .107** -.112** .131** .081* .004 .025 .097* .080* .352**

.079* .106** .041 .199** -.057 .052 .027 .044 .095* .128** .108** .288**

.165** .257** .079* .180** .291** .071 .131** .130** .165** .112** .153** .006

.143** .158** .137** .195** .073 .123** .105** .124** .100* .163** .173** .094*

.226** .317** .265** .256** .175** .197** .115** .160** .260** .253** .202** .148**

.126** .165** .174** .182** .139** .189** .178** .126** .112** .164** .239** .071

.058 .162** .099* .182** .107** .180** .142** .188** .194** .287** .154** .173**

.237** .221** .175** .193** .164** .060 .067 .059 .126** .197** .188** .025

.158** .156** .141** .123** .139** .115** .076 .228** .282** .211** .129** .102*

.158** .254** .138** .223** .169** .151** .168** .269** .292** .276** .192** .154**

.036 .040 .025 .056 .047 .098* .120** .130** .111** .175** .015 .128**
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23. Doctor’s advice not to exercise .244** .267** .238** .219** .263** .077
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.448** .528**

.577** .471** .297**

.462** .462** .342** .344**
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.121** .168** .141** .152** .143** .483**

.158** .165** .123** .166** .162** .259** .394**

.162** .267** .168** .157** .204** .228** .202** .375**

.297** .390** .305** .277** .283** .313** .212** .389** .481**

.174** .272** .202** .202** .182** .237** .226** .160** .254** .324**

.076 .078 .065 .179** .037 .138** .100* .136** .175** .258** .153**
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.297** .192** .170** .250** .108** .194** .086* .175** .173** .329** .161** .388**

-.066 -.017 -.019 .107** -.112** .131** .081* .004 .025 .097* .080* .352**

.079* .106** .041 .199** -.057 .052 .027 .044 .095* .128** .108** .288**

.165** .257** .079* .180** .291** .071 .131** .130** .165** .112** .153** .006

.143** .158** .137** .195** .073 .123** .105** .124** .100* .163** .173** .094*

.226** .317** .265** .256** .175** .197** .115** .160** .260** .253** .202** .148**

.126** .165** .174** .182** .139** .189** .178** .126** .112** .164** .239** .071

.058 .162** .099* .182** .107** .180** .142** .188** .194** .287** .154** .173**

.237** .221** .175** .193** .164** .060 .067 .059 .126** .197** .188** .025

.158** .156** .141** .123** .139** .115** .076 .228** .282** .211** .129** .102*

.158** .254** .138** .223** .169** .151** .168** .269** .292** .276** .192** .154**

.036 .040 .025 .056 .047 .098* .120** .130** .111** .175** .015 .128**
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Appendix Table 1. Continued.
19. 20. 21. 22. 23. 24.

19. Lack of interest

20. Lack of motivation .416**

21. Lack of time .149** .139**

22. Physically demanding job .146** .127** .359**

23. Doctor’s advice not to exercise .018 .031 .000 .025

24. Concern that exercise will make to thirsty .110** .080* .120** .118** .029

25. Fear of making health worse .218** .234** 47 .121** .192** .290**

26. Financial resources .110** .073 -.005 .037 .014 .146**

27. Lack of knowledge of the benefits of exercise .277** .180** -.004 .132** .052 .121**

28. Depression .165** .239** -.059 .025 .114** .116**

29. Lack of access to exercise facilities .114** .133** .031 .067 .121** .153**

30. No place to sit down while exercising outside .227** .204** -.009 .109** .031 .177**

31. Bad weather .079* .130** .075 .056 .041 .045
* correlation significant at the .05 level. ** correlation significant at the .01 level. 

Appendix Table 2. Correlation matrix of the motivator items
1. 2. 3. 4. 5. 6.

1. Wanting increased health

2. Wanting to feel better .704**

3. Wanting increased strength .681** .597**

4. Feeling healthy .593** .509** .559**

5. Wanting increased energy .604** .570** .605** .526**

6. Knowing the value of increased exercise .501** .499** .486** .505** .502**

7. Wanting enhanced physical mobility .468** .514** .466** .410** .621** .377**

8. Enjoying how exercise feels .483** .420** .528** .541** .426** .546**

9. Wanting to manage weight .483** .395** .312** .374** .355** .300**

10. Having less pain .334** .390** .317** .296** .278** .293**

11. High expectations from health care providers .199** .227** .279** .211** .241** .217**

12. High expectations from family or friends .205** .222** .253** .259** .226** .228**

13. Encouragement from health care providers .304** .292** .309** .251** .310** .323**

14. Encouragement from family or friends .374** .315** .417** .315** .343** .358**

15. Receiving information on how to exercise .366** .291** .412** .293** .316** .320**

16. Attending exercise class .183** .225** .263** .156** .295** .253**

17. Exercising with others .323** .326** .395** .314** .336** .334**

18. Having financial resources .217** .235** .217** .220** .269** .165**

19. Wanting decreased depression .185** .251** .211** .165** .293** .076

25. 26. 27. 28. 29. 30. 31.

.177**

.288** .164**

.316** .090* .120**

.264** .135** .085* 69

.244** .109** .260** .138** .234**

.121** 52 .117** .097* .119** .117**

7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18.

.316**

.321** .237**

.296** .335** .264**

.326** .218** .149** .192**

.224** .280** .137** .212** .587**

.319** .273** .206** .266** .520** .376**

.315** .399** .164** .294** .416** .478** .548**

.347** .356** .205** .376** .417** .382** .537** .410**

.243** .294** .109** .198** .316** .244** .270** .242** .335**

.284** .436** .199** .244** .351** .318** .358** .402** .370** .575**

.241** .185** .201** .266** .294** .258** .183** .222** .279** .387** .359**

.371** 59 .163** .181** .310** .275** .171** .100* .202** .221** .204** .330**
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18. Having financial resources .217** .235** .217** .220** .269** .165**

19. Wanting decreased depression .185** .251** .211** .165** .293** .076

25. 26. 27. 28. 29. 30. 31.

.177**

.288** .164**

.316** .090* .120**

.264** .135** .085* 69

.244** .109** .260** .138** .234**

.121** 52 .117** .097* .119** .117**

7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18.

.316**

.321** .237**

.296** .335** .264**

.326** .218** .149** .192**

.224** .280** .137** .212** .587**

.319** .273** .206** .266** .520** .376**

.315** .399** .164** .294** .416** .478** .548**

.347** .356** .205** .376** .417** .382** .537** .410**

.243** .294** .109** .198** .316** .244** .270** .242** .335**

.284** .436** .199** .244** .351** .318** .358** .402** .370** .575**

.241** .185** .201** .266** .294** .258** .183** .222** .279** .387** .359**

.371** 59 .163** .181** .310** .275** .171** .100* .202** .221** .204** .330**
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Appendix Table 2. Continued.
19. 20. 21. 22. 23.

20. Wanting decreased anxiety .602**

21. Wanting to have decreased pain .366** .432**

22.Having a supportive exercise leader .218** .226** .244**

23.Belief in one’s ability to be physically active .008 .036 .060 .135**

* correlation significant at the .05 level. ** correlation significant at the .01 level. 

Appendix Table 2. Continued.
1. 2. 3. 4. 5. 6.

20. Wanting decreased anxiety .174** .218** .183** .169** .279** .091*

21. Wanting to have decreased pain .300** .326** .312** .256** .394** .180**

22.Having a supportive exercise leader .311** .293** .313** .239** .361** .347**

23.Belief in one’s ability to be physically active .340** .263** .395** .499** .298** .403**

7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18.

.361** .091* .220** .234** .318** .255** .246** .163** .255** .248** .195** .286**

.513** .133** .267** .386** .238** .191** .204** .181** .310** .196** .251** .286**

.306** .257** .219** .287** .259** .242** .388** .342** .402** .397** .429** .305**

.139** .595** .200** .305** .237** .276** .223** .340** .269** .206** .359** .152**
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Abstract  

Background 
Short-term survival after solid organ transplantation has substantially improved and focus 
has shifted to long-term survival including the role of physical activity (PA). Knowledge 
about physical activity (PA) and sedentary time in recipients of solid organ transplantation 
is limited and identification of the level and associates is necessary for intervention 
development. 

Objective 
Investigate the level of PA and sedentary time in recipients of solid organ transplantation 
and identify factors associated with these levels. 

Design  
Cross-sectional survey. 

Method  
Questionnaires on PA level, sedentary time, and potential associated factors were 
conducted in recipients of solid organ transplantation (kidney, liver, lung, heart [n=656]). 
Multiple regression analyzes with a variable selection procedure were used.  

Results 
Less than 60% of the recipients complied with the physical activity guidelines. Significantly 
associated with lower levels of PA included being female; age (non-linear); not actively 
working or being retired; physical limitations; and low expectations and self-confidence. 
Significantly associated with lower sedentary time included exercise self-efficacy and not 
actively working or being retired. Significantly associated with higher sedentary time were 
high education; fear of negative effects; physical limitations; and the motivator ‘health and 
physical outcomes’. The type of transplantation did not significantly influence either of the 
outcome measures. 

Limitations 
The design did not allow for causal inferences to be made. The studied associated factors 
were limited to individual and interpersonal factors. Subjective measures of PA and 
sedentary time were utilized.  

Conclusions 
In intervention development directed at increasing the level of PA and reducing sedentary 
time in recipients of solid organ transplantation, attention should be paid to physical 
limitations, fear of negative effects, low expectations and self-confidence, health and 
physical outcomes, and exercise self-efficacy. 

Introduction 
Transplantation is a life-saving intervention for people with end-stage solid organ diseases. 
In the past decades, short-term survival following solid organ transplantation (SOT) has 
substantially improved due to progression in organ preservation, surgical techniques, and 
immunosuppressive medication.1 As a result, focus has shifted towards long-term survival, 
and associated issues, such as improving quality of life and increasing physical activity (PA). 
The level of PA in recipients of a SOT is positively associated with rehabilitation goals like 
the capacity to perform activities of daily life,2 experienced quality of life,3–6 and survival.7–
11 Nevertheless, it does not seem as though the recommended amount and type of PA 
(moderate-intense PA for ≥30 minutes five days per week or vigorous PA for ≥20 minutes 
three days per week)12 is being met by the majority of recipients.11,13–21 Generally, a more 
sedentary and inactive lifestyle of recipients of a SOT is found when compared to the 
general population. However, the majority of these previous studies suffered from limited 
sample sizes and focused on a single organ group.11,13–21 Studies that are more 
comprehensive and encompass various groups of SOT recipients are necessary to extent the 
knowledge base of the PA level and the amount of sedentary time following various types 
of transplantation. In order to develop an optimal intervention to increase participation in 
PA behavior and decrease sedentary time after SOT as a prerequisite for successful 
rehabilitation and long term outcome, it is necessary to identify (modifiable) factors 
associated with the level of these behaviors. 
 The aims of the current study were: (i) to identify how many recipients of a SOT 
fulfill the physical activity guideline; (ii) to describe the level of PA and sedentary time in 
several SOT groups; and (iii) to identify associated factors of the time spent on moderate 
to vigorous intensity PA as well as sedentary time.  

Methods 

Setting and Participants 
All patients who underwent a SOT at the University Medical Center Groningen between 
2002 and 2012, were aged 18 or older at the time of transplantation, and were capable of 
filling out a questionnaire in Dutch were invited to participate in this cross-sectional 
survey. Recipients on the waiting list for re-transplantation or who had been re-
transplanted after 2012 were excluded. The invitation letter to participate was sent by mail. 
The questionnaire could be completed digitally, however, a paper version could also be sent 
upon request. An informed consent form was provided online prior to filling out the 
questionnaire or sent back before receiving a paper version. A single reminder was 
forwarded to non-repliers after two weeks. Data were coded and processed anonymously. 
The study complied with the declarations of Helsinki and Istanbul. None of the transplant 
donors were from a vulnerable population and all donors or next of kin provided written 
informed consent that was freely given. The Institutional Review Board approved execution 
of the study (METc 2013/410).  
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Data collection 
Data were collected between June and August 2014. The questionnaire consisted of 
questions regarding gender, height, weight, ethnicity, educational level (low, lower 
vocational, and primary; medium, intermediate vocational, and secondary; high, high 
vocational, and university), employment status (actively working; not actively working; 
student; retired), date of transplantation, length of hospital stay post-transplantation, and 
comorbidities. Comorbidities were classified according to the Charlson Comorbidity Index 
(CCI).22 Additionally, the questionnaire consisted of questions on PA level, sedentary time, 
perceived barriers to and motivators of PA, and exercise self-efficacy.  
Physical activity 
Fulfillment of the PA guideline was assessed by questions on meeting the several aspects of 
the guideline. The guideline advises (1) moderate to vigorous PA for ≥30 minutes for a 
minimum of five days per week and/or (2) vigorous-intensity exercise for ≥20 minutes for a 
minimum of three days per week. Recipients complying to one or both of the aspects 
identified were classified as fulfilling the guideline. The PA guideline that was utilized is in 
accordance to the international standard as reported by the American College of Sports 
Medicine.12  
 To classify participants according to their PA level, the Short QUestionnaire to 
ASsess Health-enhancing physical activity (SQUASH) was used.23 The SQUASH is a 
self-report questionnaire recalling habitual PA and health enhancing PA during a normal 
week in the past month. The number of days spent on an activity, the average time spent 
per day, and the intensity at which an activity was performed is identified. The activities are 
calculated into multiples of metabolic equivalent tasks (MET, kcal/kg/h). MET values per 
activity were derived according to the 2011 compendium.24 One MET unit is the 
equivalent of sitting quietly and is often referred to as the resting metabolic rate. Based on 
age, the assigned MET value, and the experienced intensity, activities were classified into 
an intensity category (light, moderate, or vigorous). The SQUASH scores expressed as total 
minutes per week spent on moderate to vigorous intensity PA was used as outcome 
measure. The validity of the SQUASH is comparable to other questionnaires on PA with 
fair reliability (Spearman’s rho = 0.58, 95% CI: 0.36 to 0.74) and concurrent validity of the 
questionnaire compared with activity monitoring (Spearman’s rho= 0.45, 95% CI: 0.17 to 
0.66).23 
Sedentary time  
Assessment of sedentary time was based on four questions derived from a Dutch national 
survey on movement and health.25 Sedentary time was defined as any waking behavior 
characterized by energy expenditure ≤1.5 METs while in a sitting or reclined posture.26 
Participants were asked to estimate the average time spent: (1) sitting during a regular 
work/school day, including transportation; (2) sitting or lying down on a regular work/
school day after work/school, excluding sleeping; (3) sitting or lying down on a regular day 
off, excluding sleeping and holidays; and (4) lying down in bed on a regular night. For 
working people, the average sedentary time per day was calculated as the average of 

sedentary time during a workday and sedentary time during a day off. For people not 
actively working or retired, sedentary time during a day off was considered as the average. 
Average sedentary time in minutes per day was used as outcome measure. Although results 
on validity and reliability of self-report questionnaires of sedentary time are limited it is 
indicated that concurrent validity is highly variable (r=-0.19; 0.80).27 Reliability studies 
showed acceptable to good test-retest reliability and comparable results to questionnaires 
measuring PA.28 Cohorts, however, can be classified into being sedentary to a greater or 
lesser extent.29 
Potential barriers and motivators to physical activity 
Barriers and motivators 
To obtain insight into barriers to and motivators of PA the ‘Barriers and Motivators 
Questionnaire’ was utilized. The questionnaire, originally developed for hemodialysis 
patients,30 contains 32 items on barriers and 23 items on motivators. Participants were 
asked to select one out of four answer options for each statement (not at all=0/ slightly=1/ 
moderately=2/ ‘very much’=3). A recent study into the underlying component structure 
identified a well-interpretable multidimensional structure increasing its usability in 
research.31 The barrier scale consists of the components of fear of negative effects; physical 
limitations; low expectations and self-confidence; and lack of motivation or time. The 
motivator scale comprises the components of health and physical outcomes; external 
influences; group activities; and psychological outcomes. Adding the scores of the items in 
each component and dividing these by the number of questions in the component results 
in the component scores. 

Exercise Self-Efficacy 
Exercise Self-Efficacy, an individual’s belief in their own capability to organize and execute 
the courses of action required for32 being physically active, was assessed using the Exercise 
Self-Efficacy Scale (ESES).32–34 Although the ESES was developed for individuals with 
spinal cord injury, all of the questions were considered generic and suitable for SOT 
recipients. The Dutch ESES has good internal consistency (Chronbach’s alpha: 0.88), and 
test-retest reliability (intra class correlation = 0.81, 95% CI: 0.70 to 0.89), and a moderate 
correlation with the General Self-Efficacy Scale (Spearman’s rho= 0.52, p=0.01). The ESES 
consists of ten items scored on a four-point scale (not at all true/rarely true/sometimes 
true/always true). The scoring of the ESES ranges from 10 to 40 with the increasing values 
signifying a higher level of exercise self-efficacy. 

Statistical analyses 
Participant characteristics and health status data were summarized as means/standard 
deviations or as medians/interquartile range depending on skewness of the distribution. For 
categorical data, proportions are provided. Only cases with measurements available on one 
or both outcome variables and at least five explanatory variables were included for 
statistical analyzes. Mean or median substitution (depending on skewness) was performed 
for missing values in cases satisfying these criteria. To explore factors associated with the 
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level of PA or sedentary time, multiple regression analyzes were conducted. Explanatory 
variables included: age, gender, type of SOT, comorbidity category (0/1-2/≥ 3 
comorbidities), education level (low/medium/high), body mass index (BMI), time since 
transplantation, length of hospital stay, exercise self-efficacy, employment status (actively 
working/not actively working/retired), PA barriers (fear of negative effect/physical 
limitations/low expectations and self-confidence/lack of motivation or time), and PA 
motivators (health and physical outcomes/external influences/group activities/psychological 
outcomes). All continuous explanatory variables were centered by median subtraction to 
increase clinical interpretability. Due to their substantial number, a variable selection 
procedure by penalized regression according to the Smoothly Clipped Absolute Deviation 
penalty was used.35 The latter performs well in variable selection and provides unbiased 
regression coefficients.36,37 A plot of the coefficients’ path depending on penalty size was 
given to statistically learn about the importance of each explanatory variable in predicting 
the level of PA or sedentary time. A cut-off value for the penalty parameter was 
determined by cross validation yielding regression estimates of zero for unimportant 
explanatory variables. On the basis of the selected explanatory variables, a generalized 
additive model with integrated smoothness38 was estimated to statistically test for a 
possible non-linear effect of age on the level of PA and sedentary time. The final model was 
interpreted on the selected explanatory variables. Analyzes were performed with the 
statistical programming language R (version 3.2.0) and IBM SPSS statistical software 
(version 23.0). A p-value <.05 was considered statistically significant. 

Results 
A total number of 656 recipients participated. The flowchart of the response rates and data 
inclusion in analyzes is presented in Figure 1. The response rates per organ groups are 
corrected for non-responders due to being deceased, inability to fill out the questionnaire, 
or having an unknown address. Participant characteristics are presented in Table 1. 

Physical activity level 
The PA guideline was met by 55.9% of participants. The median time spent on moderate to 
vigorous PA was 720 (270-1460) minutes per week. Guideline compliance and time per 
transplant group is summarized in Table 2. Two multiple linear regressions were performed 
to identify associated factors of PA (Table 3). The model with all variables explained 21% 
of variance (adjusted R2). The final model obtained after variable selection included: gender, 
age, time since transplantation, employment status, fear of negative effects, physical 
limitations, and low expectations and self-confidence. The contribution and importance of 
these associated factors in the regression model is illustrated in Supplemental Figure 1. The 
variables in the statistical learning figure deviating from a regression coefficient of zero at 
the far left represent the strongest predictors. As an example, the coefficient of ‘physical 
limitations’ deviates the earliest from zero and is, therefore, strongly related to the level of 
PA. 

 
Figure 1. Flowchart of inclusion of participants’ data. 

 Testing of possible non-linearity of age in predicting the level of PA resulted in a 
significant effect of the spline variable, indicating a non-linear association (Figure 2). The 
model including the non-linear effect of age explained an additional 8% in variance 
compared to the model with age as a linear explanatory variable (p-value <.001). Data 
visualization of other explanatory variables did not suggest other non-linear relationships 
needing to be tested. Significant linear variables in the final model associated with lower 
levels of PA included being female, not actively working or being retired, physical 
limitations, and low expectations and self-confidence. The final model explained 30% 
(adjusted R2) of the variation in PA. 
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explanatory variables. On the basis of the selected explanatory variables, a generalized 
additive model with integrated smoothness38 was estimated to statistically test for a 
possible non-linear effect of age on the level of PA and sedentary time. The final model was 
interpreted on the selected explanatory variables. Analyzes were performed with the 
statistical programming language R (version 3.2.0) and IBM SPSS statistical software 
(version 23.0). A p-value <.05 was considered statistically significant. 

Results 
A total number of 656 recipients participated. The flowchart of the response rates and data 
inclusion in analyzes is presented in Figure 1. The response rates per organ groups are 
corrected for non-responders due to being deceased, inability to fill out the questionnaire, 
or having an unknown address. Participant characteristics are presented in Table 1. 

Physical activity level 
The PA guideline was met by 55.9% of participants. The median time spent on moderate to 
vigorous PA was 720 (270-1460) minutes per week. Guideline compliance and time per 
transplant group is summarized in Table 2. Two multiple linear regressions were performed 
to identify associated factors of PA (Table 3). The model with all variables explained 21% 
of variance (adjusted R2). The final model obtained after variable selection included: gender, 
age, time since transplantation, employment status, fear of negative effects, physical 
limitations, and low expectations and self-confidence. The contribution and importance of 
these associated factors in the regression model is illustrated in Supplemental Figure 1. The 
variables in the statistical learning figure deviating from a regression coefficient of zero at 
the far left represent the strongest predictors. As an example, the coefficient of ‘physical 
limitations’ deviates the earliest from zero and is, therefore, strongly related to the level of 
PA. 

 
Figure 1. Flowchart of inclusion of participants’ data. 

 Testing of possible non-linearity of age in predicting the level of PA resulted in a 
significant effect of the spline variable, indicating a non-linear association (Figure 2). The 
model including the non-linear effect of age explained an additional 8% in variance 
compared to the model with age as a linear explanatory variable (p-value <.001). Data 
visualization of other explanatory variables did not suggest other non-linear relationships 
needing to be tested. Significant linear variables in the final model associated with lower 
levels of PA included being female, not actively working or being retired, physical 
limitations, and low expectations and self-confidence. The final model explained 30% 
(adjusted R2) of the variation in PA. 
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Table 1. Participant characteristics
Total 

n=592
Kidney-txl 

n=179
Kidney-txd  

n=163
Age (years) 56.8 ± 12.1 53.3 ± 12.2 59.4 ± 11.3
Male gender (%, [n]) 55.2 (327) 56.4 (101) 52.1 (85)
Marital status (%, [n])
   Living with partner 77.0 (455) 80.3 (143) 74.2 (121)
   Living alone 23.0 (136) 19.7 (35) 25.8 (42)
Education level (%, [n])
   Low 41.9 (248) 36.3 (65) 45.4 (74)
   Medium 31.9 (189) 35.8 (64) 30.1 (49)
   High 26.2 (155) 27.9 (50) 24.5 (40)
Native Dutch (%, [n]) 94.6 (560) 97.2 (174) 90.8 (148)
Employment status (%, [n])
   Actively working 35.6 (211) 52.0 (93) 26.4 (43)
   Not actively working 35.0 (207) 26.3 (47) 38.0 (62)
   Retirement 29.4 (174) 21.8 (39) 35.6 (58)
BMI (kg/m2) 25.4 ± 4.9 25.5 ± 4.0 25.9 ± 4.6
Duration hospital admission (post-tx) in days 29.6 ± 30.4 17.9 ± 16.5 23.8 ± 20.6
Discharge destination post-tx (%, [n])
   Home 94 (545) 100 (174) 98 (158)
   Rehabilitation center 5 (30) 0 (0) 1 (2)
   Nursing home 1 (7) 0 (0) 1 (1)
   Other hospital 0 (1) 0 (0) 0 (0)
Time since transplantation in months 80 ± 43 75 ± 43 85 ± 38
Re-transplantation (%, [n]) 10 (62) 9 (17) 9 (14)
Charlson Comorbidity Index (%, [n])
   0 32 (192) 35 (63) 28 (46)
   1-2 51 (300) 50 (90) 52 (85)
   ≥ 3 17 (100) 15 (26) 20 (32)
l= living donor, d = deceased donor. Tx, transplantation; BMI, body mass index.

Liver-tx 
n=130

Lung-tx 
n=92

Heart-tx 
n=28

58.3 ± 11.6 56.7 ± 11.9 57.9 ± 13.1
60.0 (78) 51.1 (47) 57.1 (16)

74.6 (97) 77.2 (71) 82.1 (23)
25.4 (33) 22.8 (21) 17.9 (5)

43.1 (56) 45.7 (42) 39.3 (11)
25.4 (33) 35.9 (33) 35.7 (10)
31.5 (41) 18.5 (17) 25.0 (7)

94.9 (123) 94.6 (87) 100 (28)

31.5 (41) 27.2 (25) 32.1 (9)
33.1 (43) 47.8 (44) 39.3 (11)
35.4 (46) 25.0 (23) 28.6 (8)

26.2 ± 6.4 23.6 ± 4.1 24.4 ± 4.9
36.3 ± 29.2 45.3 ± 46.9 55.4 ± 40.2

93 (121) 94 (86) 23 (6)
3 (4) 5 (5) 77 (20)
4 (5) 1 (1) 0 (0)
1 (1) 0 (0) 0 (0)

87 ± 55 72 ± 35 81 ± 34
21 (27) 4 (4) 0 (0)

33 (43) 27 (25) 54 (15)
51 (66) 52 (48) 39 (11)
16 (21) 21 (19) 7 (2)
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Sedentary time 
The median sedentary time was 360 (240-480) minutes per day. Sedentary time per 
transplant group is summarized in Table 2. To study the associated factors of sedentary 
time, two multiple linear regressions were performed (Table 4.). The model with all 
variables explained 12% (adjusted R2) of the variance in sedentary time. The final model 
after variable selection included: gender, type of transplantation (lung, heart), 
comorbidities, education, length of hospital stay, exercise self-efficacy, employment status, 
fear of negative effect, physical limitations, and all four motivators. The contribution and 
importance of these associated factors is illustrated in Supplemental Figure 2. Significant 
variables in the final model associated with a lower level of sedentary time were exercise 
self-efficacy and not actively working or being retired. Variables that were significantly 
associated with higher levels of sedentary time were a high education level, fear of negative 
effects, physical limitations, and health and physical outcomes. The final model explained 
13% (adjusted R2) of the variation in sedentary time. 

Figure 2. Influence of age on the level of physical activity. The figure demonstrates the fluctuating association 
between the age of recipients and the level of physical activity. Younger recipients have lower levels of physical 
activity (± 500 min./week less), the highest levels of physical activity are determined around the age of 60 
after which the level of physical activity decreases with increasing age. Age is centered at the mean of the 
population (56.8 years). Black line: spline estimate; dotted line: 95% confidence intervals. 

Table 2. Physical activity level, sedentary time, and exercise self-efficacy
Total 

n=592
Kidney-txl 

n=179
PA guideline compliance (%, [n]) 55.9 (331) 59.2 (106)
Median total min/week moderate to vigorous intensity PA (IQR) 720 (270-1460) 740 (260-1520)
Sedentary time, median min./day (IQR), (valid N) 360 (240-480) (527) 360 (240-480) (159)

Exercise Self-Efficacy Scale 32 (27-36) 31 (27-36)
l= living donor, d = deceased donor. IQR, inter quartile range; PA, Physical Activity.

Discussion 
This is the first study to report on the level of PA and sedentary time and its associated 
factors in a large sample of recipients with various types of SOT. The percentage of 
recipients fulfilling the PA guideline was notably limited with less than 60% of participants 
complying to the guideline. Comparing compliance levels in the current sample (55.9%) 
with that of the average Dutch population (75.3%) indicates that compliance in recipients 
of a SOT is substantially lower.39 Significantly and negatively associated with the level of 
PA were: being female; age (non-linear); not actively working or being retired; physical 
limitations; and low expectations and self-confidence. Significantly associated with lower 
sedentary time were: exercise self-efficacy; and not actively working or being retired. 
Significantly associated with a higher sedentary time were: having obtained high education; 
fear of negative effects; physical limitations; and the motivator health and physical 
outcomes. The type of transplantation received was not of significant influence on either of 
the outcome measures.  
 The use of self-reported questionnaires to assess the level of PA has been 
demonstrated to give an overestimation compared to objective measurements.40 Therefore, 
the absolute results of the SQUASH questionnaire on the median amount of time spent on 
moderate to vigorous PA should be interpreted with caution. As this overestimation is 
likely to occur in all responders, the SQUASH can be used to provide a classification of a 
substantial number of participants and,40–43 therefore, can be used in regression analyzes. 
Among the factors significantly associated with the level of PA in the current study, age, 
gender, employment status, and physical limitations were also indicated as associated 
factors of physical activity in the general population.44,45 Better physical functioning 
(absence of physical limitations) was also indicated as being associated with higher PA 
levels in kidney transplant recipients.17 Remarkably, until now, age is only described as 
having a linear negative association with PA level in the general population44,45 whereas, in 
the current study, age was significantly associated with PA as a non-linear spline variable 
and contributing to the explained variance considerably. In this population recipients being 
younger and recipients being older showed the lowest levels of PA, recipients in the age 
range of ~55 to 65 showed the highest levels of PA.  
  

Kidney-txd  
n=163

Liver-tx 
n=130

Lung-tx 
n=92

Heart-tx 
n=28

49.1 (80) 55.4 (72) 60.9 (56) 60.7 (17)
645 (165-1320) 705 (315-1502) 900 (450-1473) 675 (383-1621)

360 (240-480) (140) 360 (240-540) (114) 360 (240-540) (88) 345 (240-420) (26)

32 (27-36) 32 (27-36) 33 (30-37) 32 (26-35)
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complying to the guideline. Comparing compliance levels in the current sample (55.9%) 
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 The use of self-reported questionnaires to assess the level of PA has been 
demonstrated to give an overestimation compared to objective measurements.40 Therefore, 
the absolute results of the SQUASH questionnaire on the median amount of time spent on 
moderate to vigorous PA should be interpreted with caution. As this overestimation is 
likely to occur in all responders, the SQUASH can be used to provide a classification of a 
substantial number of participants and,40–43 therefore, can be used in regression analyzes. 
Among the factors significantly associated with the level of PA in the current study, age, 
gender, employment status, and physical limitations were also indicated as associated 
factors of physical activity in the general population.44,45 Better physical functioning 
(absence of physical limitations) was also indicated as being associated with higher PA 
levels in kidney transplant recipients.17 Remarkably, until now, age is only described as 
having a linear negative association with PA level in the general population44,45 whereas, in 
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Table 3. Regression models level of physical activity (min./week moderate to vigorous 
activity, n=595) 

Model with all variables Final model
Variable β 95% CI p-value β 95% CI p-value
Intercept 1792.4 1574.7; 2037.1 <.001 1322.8 1170.0; 1475.5 <.001
Gender (female) -373.4 -524.9; -221.9 <.001 -385.7 -524.2; -247.3 <.001
Type transplantation
   Kidney, living donor Ref.
   Kidney, deceased donor -135.3 -331.7; 61.1 .177
   Liver -161.3 -373.3; 50.7 .136
   Lung -29.4 -279.5; 220.8 .818
   Heart -181.2 -555.2; 192.9 .342
Comorbidities
   0 Ref.
   1-2 -18.6 -186.2; 149.0 .827
   ≥ 3 -96.9 -326.5; 132.7 .408
Education
   Low Ref.
   Medium -128.1 -307.3; 51.1 .161
   High -66.9 -262.5; 128.7 .502
Age 33.8 25.6; 42.1 <.001 * * <.001
Body Mass Index -6.3 -22.5; 9.9 .443
Time since 
transplantation 1.7 -0.0; 3.4 .055 1.1 -0.5; 2.7 .164
Length hospital stay 1.0 -1.6; 3.6 .437
Exercise self-efficacy 4.9 -7.1; 16.8 .426
Employment status
   Actively working Ref. Ref.
   Not actively working -558.2 -752.7; -363.7 <.001 -589.3 -761.1; -417.5 <.001
   Retired -809.0 -1085.0; -560.0 <.001 -630.3 -919.8; -340.9 <.001
Barriers
   Fear of negative effects -173.3 -368.1; 21.5 .081 -102.5 -272.7; 67.6 .238
   Physical limitations -201.4 -338.5; -64.2 .004 -208.7 -328.4; -88.9 .001
   Low expectations and  
   self-confidence -129.4 -365.3; 106.6 .282 -237.8 -447.6; -28.0 .027
   Lack of motivation or  
   time -23.8 -196.5; 149.0 .787
Motivators
   Health and physical  
   outcomes -11.2 -163.7; 141.4 .886
   External influences 19.9 -116.4; 156.3 .774
   Group activities -5.0 -118.6; 108.6 .931
   Psychological outcomes 12.3 -110.4; 134.9 .845
CI, confidence interval, *Age as a spline is significant in the model, this non-linear contribution cannot be 
expressed in a β coefficient and 95% CI. All continuous explanatory variables are centered at the median 
value. A positive slope parameter indicates more physical activity, a negative slope parameter indicates less 
physical activity.

  

Table 4. Regression models sedentary time (n=527)
Model with all variables Final model

Variable β 95% CI p-value β 95% CI p-value
Intercept 390.0 333.2; 446.9 <.001 394.6 335.7; 444.8 <.001
Gender (female) 13.2 -21.7; 48.1 .457 12.6 -21.7; 46.9 .470
Type transplantation
   Kidney, living donor Ref. Ref.
   Kidney, deceased donor 12.9 -33.0; 58.8 .582
   Liver 5.8 -43.2; 54.8 .815
   Lung 43.6 -12.5; 99.8 .127 37.2 -12.5; 97.6 .133
   Heart -36.2 -120.0; 47.5 .395 -42.3 -119.5; 46.1 .287
Comorbidities
   0 Ref. Ref.
   1-2 -21.6 -59.6; 16.5 .267 -21.2 -59.1; 16.5 .271
   ≥ 3 45.7 -7.2; 98.5 .090 46.5 -6.0; 98.7 .081
Education
   Low Ref. Ref.
   Medium 28.4 -13.0; 69.8 .179 24.7 -15.6; 65.0 .229
   High 62.0 16.9; 107.1 .007 57.6 14.1; 101.7 .010
Age 0.4 -1.5; 2.3 .687
Body Mass Index 1.0 -2.6; 4.7 .578
Time since 
transplantation -0.1 -0.5; 0.3 .529
Length hospital stay 0.2 -0.3; 0.8 .427 0.2 -0.4; 0.8 .441
Exercise self-efficacy -3.2 -6.0; -0.4 .023 -3.1 -5.8; -0.4 .025
Employment status
   Actively working Ref. Ref.
   Not actively working -72.2 -117.0; -27.4 .002 -68.2 -111.7; -27.5 .001
   Retired -111.2 -168.6; -53.7 <.001 -101.0 -147.2; -58.7 <.001
Barriers
   Fear of negative effects 53.3 3.6; 10.3.0 .036 53.2 4.2; 99.0 .026
   Physical limitations 56.7 25.0; 88.3 <.001 56.0 25.4; 87.3 <.001
   Low expectations and  
   self-confidence -6.4 -62.3; 49.6 .824
   Lack of motivation or  
   time -0.2 -40.1; 39.7 .992
Motivators
   Health and physical  
   outcomes 51.5 16.2; 86.8 .004 52.2 18.6; 86.1 .002
   External influences -14.1 -46.3; 18.1 .390 -13.8 -45.0; 18.6 .393
   Group activities -20.5 -46.8; 5.9 .128 -21.0 -47.2; 4.4 .109
   Psychological outcomes -26.7 -54.8; 1.4 .062 -26.5 -54.2; 1.3 .060
CI, confidence interval. All continuous explanatory variables are centered at the median value. A positive 
slope parameter indicates more sedentary time, a negative slope parameter indicates less sedentary time.
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Table 3. Regression models level of physical activity (min./week moderate to vigorous 
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Exercise self-efficacy -3.2 -6.0; -0.4 .023 -3.1 -5.8; -0.4 .025
Employment status
   Actively working Ref. Ref.
   Not actively working -72.2 -117.0; -27.4 .002 -68.2 -111.7; -27.5 .001
   Retired -111.2 -168.6; -53.7 <.001 -101.0 -147.2; -58.7 <.001
Barriers
   Fear of negative effects 53.3 3.6; 10.3.0 .036 53.2 4.2; 99.0 .026
   Physical limitations 56.7 25.0; 88.3 <.001 56.0 25.4; 87.3 <.001
   Low expectations and  
   self-confidence -6.4 -62.3; 49.6 .824
   Lack of motivation or  
   time -0.2 -40.1; 39.7 .992
Motivators
   Health and physical  
   outcomes 51.5 16.2; 86.8 .004 52.2 18.6; 86.1 .002
   External influences -14.1 -46.3; 18.1 .390 -13.8 -45.0; 18.6 .393
   Group activities -20.5 -46.8; 5.9 .128 -21.0 -47.2; 4.4 .109
   Psychological outcomes -26.7 -54.8; 1.4 .062 -26.5 -54.2; 1.3 .060
CI, confidence interval. All continuous explanatory variables are centered at the median value. A positive 
slope parameter indicates more sedentary time, a negative slope parameter indicates less sedentary time.
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 Motivation, self-efficacy, social support, being overweight, and educational level 
were not identified as significant associated factors of the level of PA in the current study 
while these are indicated as correlates in the general population.44–46 Of these factors, only 
exercise-self efficacy had a significant but minimal association with the level of PA in 
univariate analysis (r = .102, p = .013). Motivation and exercise self-efficacy not being 
identified as associated factors in the current study is remarkable because there is ample 
evidence of motivation and (general) self-efficacy being strong correlates in the general 
population; self-efficacy was also identified in recipients of kidney transplantation.17,44–46 
Where it was expected that exercise self-efficacy would have a stronger association with PA 
level than general self-efficacy this was not substantiated by the current findings. Perhaps 
the significantly associated factor ‘low expectations and self-confidence’ better reflects 
general self-efficacy. A potential suppression of exercise self-efficacy in the model through 
multicollinearity with ‘low expectations and self-confidence’ is ruled out by the correlation 
coefficient of .182. These results indicate that the associated factors of PA for the transplant 
population are different compared to the general population; other factors appear to be of 
more substantial influence in this specific population. 
 The amount of sedentary time was also assessed with self-reported questionnaires 
and, therefore, should be interpreted with caution. The median sedentary time of 360 
minutes per day (240-480) reported in the current sample is slightly higher but accords 
with the average sedentary time in the general Dutch adult population of 342 minutes per 
day.25 As the number of studies into determinants and correlates of sedentary time are 
considerably less than studies on PA level, the knowledge base is confined. 
Notwithstanding, age, gender, BMI, educational level, and employment status are indicated 
as consistent correlates of sedentary time in the general population.47–50 Remarkably, 
gender, age, and BMI were not indicated as associated factors of sedentary time in the 
current study. Education level and employment status were associated with sedentary time; 
people actively working and people with a high education spending more time being 
sedentary. Therefore, participants actively working are likely to have professions with an 
extensive amount of time spent in a sitting position. Individuals with a higher education 
level are known to often have professions with a high sitting time.47 Factors associated with 
sedentary time in the current study that are not indicated in previous studies were exercise 
self-efficacy; fear of negative effects, physical limitations, and health and physical outcomes. 
Surprisingly, scoring higher on the motivator health and physical outcomes was associated 
with increased sedentary time. This paradoxical result can possibly be explained by the 
hypothesis that this motivator component is likely to be most experienced by participants 
with a higher education level due to a greater level of knowledge on health and physical 
outcomes of PA. The total amount of explained variance in sedentary time in the current 
study is limited (13%); possibly other predictive variables should be taken into account, 
such as environmental correlates.  
 An employment status of not actively working or being retired was associated with 
lower levels of PA and was also associated with less sedentary time. Consequently, 
recipients that were actively working spent more time performing moderate to vigorous PA 
and more time on sedentary behavior. Although this may appear contradictive, being able 

to work likely reflects a certain health status that provides this group with the capacity to 
perform more PA. The type of work was not classified, however, it is likely that most 
engage in work with excessive time in a sitting position and, therefore, sedentary time was 
high in this group as well.  
 The factors associated with PA level and sedentary time that cannot be changed can 
be employed to identify subgroups that require priority in intervention development, e.g., 
paying specific attention to younger transplant recipients to increase their PA level. 
Associated factors of PA and sedentary time that can possibly be altered by intervention 
are the barriers of physical limitations, low expectations and self-confidence, and fear of 
negative effects, and exercise self-efficacy. These factors are likely to be positively influenced 
through a rehabilitation program. As indicated in a recent expert meeting report and a 
study on rehabilitation for recipients of SOT, sufficient knowledge is needed to adequately 
target this specific population.1,51 Therefore, it seems that rehabilitation could best be 
initiated or coordinated by an expert center.1,51 Depending on the severity of issues, an 
interdisciplinary team or specialized physical therapist could be deployed to initiate PA 
following transplantation. By achieving a reduction in physical limitations and fear of 
negative effects through training, education, and experience, recipients are likely to gain 
self-confidence and exercise self-efficacy. Specific attention should be directed at skills for 
coping with barriers.  

Limitations 
When interpreting the results of the current study, some limitations should be taken into 
account. First, the design of the study is cross-sectional and, therefore, only statistical 
associations could be investigated, and no evidence on causal relationship could be 
substantiated. Second, the focus was limited to the individual and interpersonal 
determinants of PA and sedentary time and did not focus on environment, policy, and 
global development. The fact that a Dutch population is studied, who have access to ample 
bicycle lanes and high walkability in neighborhoods could have positively influenced results 
due to this not being a barrier in this cohort. Third, the overall response rate of 46% was 
limited but is in line with average response rates in email and mail surveys.52 It should be 
noted that the sample of heart transplant recipients was limited. Fourth, subjective 
measurements such as those used in the current study have measurement errors due to the 
fact that response to questionnaires is influenced by perception, cultural factors, social 
desirability, and the memory of respondents.40 

Conclusion 
In conclusion, the percentage of recipients of a SOT who fulfill the PA guideline is 
alarmingly low. In intervention development directed at increasing the level of PA, the 
barriers of physical limitations, and low expectations and self-confidence should be taken 
into account. Interventions directed at decreasing the level of sedentary time, should pay 
attention to physical limitations, fear of negative effects, health and physical outcomes, and 
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exercise self-efficacy. Future studies should be focused on the effects of targeting these 
modifiable factors in intervention strategies on PA level and sedentary time. 
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Supplemental information 

Supplemental Figure 1. Statistical learning of explanatory variables predicting physical activity level.  
Plot of the coefficients path depending on penalty size to statistically learn about the importance of each 
explanatory variable in predicting the level of PA. The variables in the statistical learning figure deviating 
from a regression coefficient of zero farthest to the left represent the strongest predictors. As an example, the 
barrier ‘physical limitations’ coefficient deviates from zero the earliest and is therefore strongly related to the 
level of PA. The vertical line reflects the cut-off value for the penalty parameter that is determined by cross 
validation. Tx, transplantation. 

Supplemental Figure 2. Statistical learning of explanatory variables predicting sedentary time. Plot of the 
coefficients path depending on penalty size to statistically learn about the importance of each explanatory 
variable in predicting sedentary time. The variables in the statistical learning figure deviating from a 
regression coefficient of zero farthest to the left represent the strongest predictors. The vertical line reflects the 
cut-off value for the penalty parameter that is determined by cross validation. Tx, transplantation. 



125.

Physical activity in recipients of solid organ transplantation

6

Supplemental information 

Supplemental Figure 1. Statistical learning of explanatory variables predicting physical activity level.  
Plot of the coefficients path depending on penalty size to statistically learn about the importance of each 
explanatory variable in predicting the level of PA. The variables in the statistical learning figure deviating 
from a regression coefficient of zero farthest to the left represent the strongest predictors. As an example, the 
barrier ‘physical limitations’ coefficient deviates from zero the earliest and is therefore strongly related to the 
level of PA. The vertical line reflects the cut-off value for the penalty parameter that is determined by cross 
validation. Tx, transplantation. 

Supplemental Figure 2. Statistical learning of explanatory variables predicting sedentary time. Plot of the 
coefficients path depending on penalty size to statistically learn about the importance of each explanatory 
variable in predicting sedentary time. The variables in the statistical learning figure deviating from a 
regression coefficient of zero farthest to the left represent the strongest predictors. The vertical line reflects the 
cut-off value for the penalty parameter that is determined by cross validation. Tx, transplantation. 



Chapter 7| 
Tolerance of Organ Transplant 

Recipients to Physical Activity during a 
High-Altitude Expedition: Climbing 

Mount Kilimanjaro 

Edwin J. van Adrichem  
Marion J. Siebelink  

Bart L. Rottier 
Janneke M. Dilling 

Greetje Kuiken  
Cees P. van der Schans  

Erik A. M. Verschuuren 

PLoS ONE. 2015;	10(11):e0142641. 



Chapter 7| 
Tolerance of Organ Transplant 

Recipients to Physical Activity during a 
High-Altitude Expedition: Climbing 

Mount Kilimanjaro 

Edwin J. van Adrichem  
Marion J. Siebelink  

Bart L. Rottier 
Janneke M. Dilling 

Greetje Kuiken  
Cees P. van der Schans  

Erik A. M. Verschuuren 

PLoS ONE. 2015;	10(11):e0142641.  



128.

Chapter 7

Abstract 

Background 
It is generally unknown to what extent organ transplant recipients can be physically 
challenged. During an expedition to Mount Kilimanjaro, the tolerance for strenuous 
physical activity and high-altitude of organ transplant recipients after various types of 
transplantation was compared to non-transplanted controls. 

Methods 
Twelve organ transplant recipients were selected to participate (2 heart-, 2 lung-, 2 kidney-, 
4 liver-, 1 allogeneic stem cell- and 1 small bowel-transplantation). Controls comprised the 
members of the medical team and accompanying family members (n = 14). During the 
climb, cardiopulmonary parameters and symptoms of acute mountain sickness were 
recorded twice daily. Capillary blood analyses were performed three times during the climb 
and once following return. 

Results 
Eleven of the transplant participants and all controls began the final ascent from 4700 
meters and reached over 5000 meters. Eight transplant participants (73%) and thirteen 
controls (93%) reached the summit (5895m). Cardiopulmonary parameters and altitude 
sickness scores demonstrated no differences between transplant participants and controls. 
Signs of hyperventilation were more pronounced in transplant participants and adaptation 
to high-altitude was less effective, which was related to a decreased renal function. This 
resulted in reduced metabolic compensation. 

Conclusion 
Overall, tolerance to strenuous physical activity and feasibility of a high-altitude expedition 
in carefully selected organ transplant recipients is comparable to non-transplanted controls.  

Introduction 
With the increased focus on long-term survival after organ transplantation, new questions 
are emerging regarding physical possibilities and potential boundaries or limitations 
following organ transplantation. Are physically demanding goals equally feasible for organ 
transplant recipients (OTR) as they are for the non-transplanted population? The reported 
levels of physical activity (PA) are lower in OTR than that of the non-transplanted 
population1–6 even though organ functioning post-transplantation is nearly normal.7 
Furthermore, maximal oxygen consumption is demonstrated to be significantly reduced 
with kidney and liver-tx recipients and lung and heart-tx recipients, respectively reaching 
65–80% and 50–60% of predicted.7 These data suggest that strenuous PA, especially in an 
exceptional environment, would not be feasible for OTR. 
 However, carefully selected and prepared liver transplant recipients appear to be 
equally tolerant to PA in, and exposure to, high-altitude as healthy controls.8 So far, it is 
unknown if recipients of other types of organ transplantation are equally tolerant to PA 
and exposure to high-altitude. Hence, a transplant recipients' initiative to climb Mount 
Kilimanjaro was subsequently embraced by the Groningen Transplant Center. In addition 
to increasing awareness of physical abilities after transplantation when a healthy lifestyle is 
adhered to and increasing donor awareness, the aforementioned questions were studied 
during the expedition. The aims of the present study are to evaluate the physical response, 
incidence of acute mountain sickness, and tolerance to strenuous PA at heights above 5000 
meters for various OTR compared to non-transplanted controls. Based on the presented 
results in liver transplant recipients and our clinical experience we hypothesize that well 
prepared OTR will not clinically differ from the non-transplanted controls. 

Materials and Methods 

Study design and participants  
A prospective cohort study was performed in which OTR were compared to non-
transplanted controls during the preparation and expedition to the summit of Mount 
Kilimanjaro (5895m), Tanzania. The selection of OTR occurred in March and April 2014. 
Possible participants were preselected by their treating physician. To be considered as 
eligible, OTR had to be at least 12 months post-transplantation, have a stable 
cardiopulmonary status, and have no signs of acute or chronic rejection in the previous 12 
months. Furthermore, OTR were required to be between 18 and 60 years of age and have a 
normal to active lifestyle. Exclusion criteria were renal dysfunction (creatinine clearance < 
40ml/min.) and insulin dependent diabetes mellitus. The selection of OTR occurred 
following cardio pulmonary exercise testing (CPET), peripheral muscle strength testing, 
and an intake interview. The interview was directed at obtaining insight into the motivation 
to participate, the coping style of the participant, and the experience and expectations with 
camping in harsh conditions. As a control group we used a convenience sample consisting 
of the members of the medical team and family members that accompanied the expedition. 
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All participants signed informed consent. The study complied with the declarations of 
Helsinki and Istanbul, and the Institutional Review Board of the University Medical 
Center Groningen provided approval to conduct the study (M14.162650).  

Cardio pulmonary exercise testing (CPET) 
CPET was performed on a stationary electromagnetically braked cycle ergometer (Lode, 
Groningen, the Netherlands) according to the international guidelines.9 The rate of 
progressive increase in workload was adjusted to the (estimated) fitness level of the 
participant (15–30 Watt). Breath by breath analysis using flow and inspiratory and 
expiratory gas fractions at the mouth was used to calculate all ventilatory variables 
(CareFusion, Master Screen CPX, Germany). The ventilatory and anaerobic thresholds 
were determined by V-slope (VE/VCO2) and increments in O2 equivalent. Heart rate was 
registered with a 12-point electrocardiography (KISS 10, GE Medical Systems), blood 
pressure was monitored every two to three minutes by manual measurement 
(sphygmomanometer and stethoscope), and the achieved maximal load was recorded. A 
systolic blood pressure of 250 mmHg and a diastolic blood pressure of 130 mmHg were 
indications for termination of the exercise test.  
 The estimated metabolic equivalent (MET, one MET = 3.5 ml/kg/min) needed for 
hiking (steep grade with 5-18kg pack) is 7.3 MET’s.10 This MET value was used to 
calculate the equivalent VO2max value by multiplying it by 3.5.11 This resulted in a 
estimated required VO2 value of 25.6 ml/kg/min. Based on this value the minimal (age 
and gender adjusted) criterion for maximal oxygen consumption (VO2max) was 
established at the level ‘fair/good’ according to the American College of Sports Medicine.11 

Peripheral muscle strength 
Maximal voluntary isometric strength of the quadriceps muscles was measured utilizing a 
hand-held dynamometer (MicroFET II™, Hoggan Health Industries, UT, USA). 
Isometric handgrip strength was determined with a Jamar hand dynamometer (Lafayette 
Instrument Company, USA). Measurements were performed three times for each muscle 
group in testing positions described earlier.12,13 The mean measured peak force in Newton 
of the dominant side of the participant was used for further analysis and compared to 
calculated predicted values.14,15  

Selection 
A total of twelve OTR were selected to participate (2 heart-, 2 lung-, 2 kidney-, 4 liver-, 1 
allogeneic stem cell- and 1 small bowel-transplantation). None of the selected OTR had 
prior high-altitude mountaineering experience. The convenience control group consisted of 
14 participants of whom eight were members of the medical team. All members of the 
medical team performed an exercise test to assure adequate exercise capacity to get along 
with the group and provide support where necessary. 

Preparation 
Following selection, the transplant participants began an individual training schedule based 
on the results of the CPET and peripheral muscle strength testing. Training zones were 
determined, and a schedule was composed with a minimum of three training sessions per 
week. Depending on the test results, the focus was adjusted towards cardio or strength 
training and initiated six months prior to departure. Additionally, three central training 
sessions were organized whereby transplant participants and members of the medical team 
walked distances up to 20 kilometers which also allowed for all to become acquainted with 
each other.  
 All participants were vaccinated according to the current recommendations and 
received malaria prophylaxis. Beginning one day prior to the climb up until reaching the 
summit, all participants received a prophylactic dose of acetazolamide (125 mg twice daily) 
to prevent acute mountain sickness. One Tx-participant and one control used a 
homeopathic agent instead of acetazolamide. Furthermore, a fluid intake of four to five 
liters per day was recommended to all participants. All transplant participants continued 
their own immunosuppressant medication regimen.  

Daily measurements 
All measurements were performed twice daily (AM and PM) and consisted of the 
measurement of blood pressure (manually); oxygen saturation; heart frequency (Pulse 
oximetry, Contec CM550D, Contec Medical System Co, LTD, China); and symptoms of 
altitude sickness. Symptoms of altitude sickness were monitored using the Lake Louise 
Acute Mountain Sickness Scores.16 Hereby, scores on a four point scale (0–3) were 
assigned to: ‘headache’; ‘gastrointestinal complaints’; ‘fatigue and/or weakness’; ‘dizziness 
and/or lightheadedness’; and ‘difficulty sleeping’. Additionally, Borg scores for the rate of 
perceived exertion (6–20; 20 = maximal exertion) were registered.17 Daily measurements 
were not performed on the morning of the summit attempt because of lack of time due to 
departure at midnight. No measurements were performed at the summit because staying at 
the summit longer than needed is discouraged because of an increasing risk of acute 
mountain sickness.  

Capillary blood analysis 
Capillary blood was analyzed on day 0 (1000m), day 5 (4030m), day 9 (1400m), and six 
weeks following the expedition (sea level) with a handheld analysis system (i-Stat1 system, 
Abbott Point of Care Inc., Princeton, NJ, USA). Calibration to the barometric pressure was 
performed at each altitude before measurements. Analyses were performed utilizing CG4+ 
cartridges, which use a blood sample of 95 microL. Data was generated on pH (hydrogen 
ion concentration), pCO2 (carbon dioxide pressure, kPa), pO2 (oxygen pressure, kPa), 
bicarbonate (HCO3-, mmol/L), Base Excess (metabolic component compensating pH 
deviations, mmol/L), saO2 (oxygen saturation, %), and lactate (mmol/L).  
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Route 
Participants entered the National Park via the Londorossi gate and began walking at 3400 
meters. The ascent to the summit of Mount Kilimanjaro (5895m) was made in seven days. 
On the seventh day, the descent was made to 3810 meters followed by further descent to 
Mweka Gate (1640m) on the eighth day (Table 1). A distance of approximately 60 
kilometers was covered.  

Statistical methods 
Baseline characteristics were analyzed with descriptive statistics. Univariate comparison 
between groups was performed with an independent t-test or Chi-square. In the event of a 
non-normal distribution, a Mann-Whitney- U or Fisher’s exact test was used. For 
categorical data, proportions are shown. To analyze change over time in oxygen saturation, 
heart frequency, blood pressure, and LLAMS scores and to account for intra-recipient’s 
correlations between repeated measures, a Linear Mixed Model (LMM) analysis was 
performed. A Restricted Maximum Likelihood Method and unstructured correlation 
structures were used. ‘Altitude’ and ‘AM/PM measurement’ were set as factors. Potential 
explanatory variables (including age, gender, BMI, and category [Tx vs. Control]) were 
entered into the LMM (fixed effects). The variables ‘Age’ and ‘BMI’ were centered to the 
means of the study population to increase clinical interpretability.18 Additional LMM 
analyses were performed for all capillary blood gas values with ‘altitude’ as factor and ‘age’, 
‘gender’, and ‘Tx vs. control’ as potential explanatory variables. Analyses were performed 
with the statistical programming language R, version 2.12.0 and IBM SPSS statistical 
software, version 20.0. A p-value < .05 was considered statistically significant. 

Table 1. Route and altitudes
Day Departure Arrival

-1 Schiphol Airport 0 Arusha 1400
0 Arusha 1400 Arusha 1400
1 Londorossi Gate 2360 Start walking 3400 Shira 1 3505
2 Shira 1 3505 Shira 2 3810
3 Shira 2 3810 Lava Tower* 4630 Barranco 3980
4 Barranco 3980 Barranco Wall 4230 Karanga 4030
5 Rest day Karanga 4030 Karanga 4030
6 Karanga 4030 Barafu 4680
7 Barafu 4680 Uhuru Peak 5895 Millenium camp 3815
8 Millenium camp 3815 Mweka Gate 1640

* Eight Tx-participants and ten controls traveled the route over Lavatower. The remaining participants 
ascended to 4400 meters and, from there, took the lower route to Barranco camp.

Results 
Baseline characteristics of the transplant participants and controls (Tables 2 and 3) did not 
significantly vary for age (p = .186), gender (p = .716), BMI (p = .089), VO2max (p = .521), 
and peak load (p = .351).  

Cardiopulmonary response 
With increasing altitude, a similar decrease in oxygen saturation was seen in the transplant 
participants and the control group (Fig 1A). Results of the LMM showed that transplant 
participants did not have significantly different saturation levels. Factors that significantly 
contributed to decreasing saturation levels were increasing age and increasing altitude. PM 
saturations were significantly lower than AM saturations (Table 4).  
 The course of heart frequency showed a gradual increase (and decrease) along with 
the increase (and decrease) of altitude (Fig 1B). The LMM showed no significant 
difference between transplant participants and controls. Heart frequency was significantly 
influenced by gender (female > male) and altitude. PM heart frequency was lower than AM 
heart frequency (borderline significance, p = .045, Table 4).  
 Analysis of blood pressure indicated that systolic blood pressure (SBP) initially 
increased in all subjects followed by a minimal decrease in the second half of the climb. 
Diastolic blood pressure (DBP) showed a comparable pattern, however, where transplant 
participants showed relatively stable values, the control group demonstrated a more 
fluctuating course (Fig 1C). No significant differences were found between the transplant 
participants and the controls for SBP and DBP. Factors that did significantly influence 
SBP and DBP were altitude and time of day; PM SBP and DBP values were significantly 
higher than AM values (Table 4). One transplant participant and one control experienced 
high blood pressure (DBP > 115 mmHg) for which they received nifedipine.  

Altitude sickness scores 
Altitude sickness scores on the LLAMS questionnaire increased gradually with the 
increase in altitude. LMM analysis showed that LLAMS scores were significantly higher 
than values at sea level for all measurements between 1640 and 3900 meters (p = < .001 to .
015). No significant differences in altitude sickness scores were determined between 
transplant participants and controls (p = .916). However, one of the returning transplant 
participants exhibited symptoms of hypothermia and/or altitude sickness whereas no 
participant in the control group displayed symptoms of such severity that it limited the 
summit attempt. The analysis showed an additional significant difference in LLAMS scores 
between male and female (Beta= 0.6, p = .007) indicating higher LLAMS scores in female 
participants. Borg scores for perceived exertion did not significantly differ between 
transplant participants (median (interquartile range (IQR))) 6 (6– 9) and controls 6 (6–9), 
p = .983. 
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Route 
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and peak load (p = .351).  
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Diastolic blood pressure (DBP) showed a comparable pattern, however, where transplant 
participants showed relatively stable values, the control group demonstrated a more 
fluctuating course (Fig 1C). No significant differences were found between the transplant 
participants and the controls for SBP and DBP. Factors that did significantly influence 
SBP and DBP were altitude and time of day; PM SBP and DBP values were significantly 
higher than AM values (Table 4). One transplant participant and one control experienced 
high blood pressure (DBP > 115 mmHg) for which they received nifedipine.  

Altitude sickness scores 
Altitude sickness scores on the LLAMS questionnaire increased gradually with the 
increase in altitude. LMM analysis showed that LLAMS scores were significantly higher 
than values at sea level for all measurements between 1640 and 3900 meters (p = < .001 to .
015). No significant differences in altitude sickness scores were determined between 
transplant participants and controls (p = .916). However, one of the returning transplant 
participants exhibited symptoms of hypothermia and/or altitude sickness whereas no 
participant in the control group displayed symptoms of such severity that it limited the 
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Table 2.	Baseline characteristics transplanted participants
Transplanted 
organ

Disease before 
transplantation

Time since 
Tx (years)*1

Gender 
(M/F) Age (years) BMI (kg/m2)

1 Lung IPF 19 M 56 22.5

2 Lung PAH 7 F 44 24.1

3 Heart Cong. AV-block 3 F 22 21.8

4 Heart HCM 4 F 57 22.7

5 Kidney,  test 1 IgA nephropathy 1 M 35 25.0

 test 2± 25.0

6 Kidney IgA nephropathy 2 F 28 29.8

7 Liver Tyrosinemia type 1 22 M 23 24.0

8 Liver PSC 6 F 52 22.1

9 Liver PSC 2 M 44 25.3

10 Liver,   test 1 PSC 3 M 43 24.1

 test 2+ 22.9

11 Stem cell CML 8 M 31 24.4

12 Small-bowel Bowel resection 
after thrombosis 2 F 54 24.3

Median 3.5 6M/ 6F 43.5 24.1

IQR 2.0-7.75 28.8-53.5 22.6-25.1
± Second test due to abortion of Test 1 due to high blood pressure; the second test was an Åstrand cycle 
ergometer test. + Second test due to insufficient performance for Test 1; Test 2 performed ten weeks after 
Test 1. IQR: inter quartile range. IPF: idiopathic pulmonary fibrosis, PAH: pulmonary arterial 
hypertension, HCM: hypertrophic cardiomyopathy, PSC: primary sclerosing cholangitis, CML: chronic 
myeloid leukemia. Tx: transplantation. *1Time since Tx in years on date of departure to Tanzania. *2 CPET 
criterion: cardio pulmonary exercise testing, criterion according to the American College of Sports 
Medicine.11

Peak load (W) VO2max (ml/min/
kg)

CPET 
criterion*2

Quadriceps 
strength (% pred.)

Grip strength 
(%pred.)

BMI  
(kg/m2)

210 36.8 Good 84 88 22.5

220 32.7 Good 111 113 24.1

198 35.0 Good 65 133 21.8

175 28.0 Good 94 104 22.7

215 27.6 - 85 116 25.0

240 42.5 Good - - 25.0

212 30.1 Fair 58 109 29.8

280 45.2 Good 79 129 24.0

148 36.9 Excellent 75 108 22.1

308 36.6 Fair 102 83 25.3

248 27.7 - 77 94 24.1

300 39.0 Good - - 22.9

305 44.4 Good 71 98 24.4

134 26.8 Fair 81 91 24.3

212 36.7 - 80 106 24.1

175-300 30.8-41.6 - 72-92 92-115 22.6-25.1
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Table 3. Baseline characteristics control group.
Control 
nr.

Gender 
(M/F) Age (years) BMI (kg/m2) Peak load 

(W)
VO2max 

(ml/min/kg)
CPET 

criterion*

1 M 31 21.9 371 50.3 Excellent

2 M 52 24.0 374 45.7 Excellent

3 M 49 24.9 295 39.5 Good

4 F 51 29.7 170 23.9 Fair

5 F 32 28.7 280 36.1 Very good

6 F 52 24.1 256 38.9 Excellent

7 F 19 21.4 245 37.4 Good

8 F 56 24.3 166 30.5 Good

9 M 46 24.9 NA NA NA

10 M 24 25.8 NA NA NA

11 F 60 24.5 NA NA NA

12 F 42 23.3 NA NA NA

13 F 31 22.8 NA NA NA

14 M 50 24.7 NA NA NA

Median 6M/ 8F 47.5 24.5 268 38.2 -

IQR 31.0-52.0 23.5-25.6 189-352 31.9-44.2 -
IQR: inter quartile range. *CPET criterion: cardio pulmonary exercise testing; criterion according to 
the American College of Sports Medicine.11 NA: not applicable.

Figure 1. Course of saturation (a), heart frequency (b), and systolic and diastolic blood pressure (c) during the 
expedition. 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Table 4. Results linear mixed model on factors predicting change in saturation, heart 
frequency, systolic and diastolic blood pressure

Saturation Heart Frequency
Parameter β 95% CI p-value β 95% CI p-value
Intercept 97.4 96.1; 98.7 <.001 75.6 68.3; 82.8 <.001
Age -0.1 -0.1; -0.0 10 -0.03 -0.3; 0.2 808
Gender (female) 0.6 -0.7; 1.8 347 10.9 2.9; 19.0 10
BMI -0.02 -0.07; 0.04 528 0.1 -0.2; 0.5 484
Altitude
   0 m. Ref Ref
   1000 m. 0.7 -0.2; 1.7 125 -3.0 -6.7; 0.8 124
   1400 m. 0.3 -0.8; 4.5 571 -3.0 -7.7; 1.7 213
   1640 m. -0.2 -1.4; 1.1 802 -0.5 -5.5; 4.5 842
   3515 m. -3.9 -4.9; -2.9 <.001 6.8 2.7; 10.9 1
   3900 m. -5.9 -6.8; -5.0 <.001 7.7 4.1; 11.2 <.001
   4680 m. -9.7 -11.0; -8.5 <.001 18.4 13.4; 23.4 <.001
Time day (PM) -0.8 -1.3; -0.4 <.001 -1.7 -3.3; -0.0 45
Tx vs. control -0.1 -1.2; 0.9 786 3.1 -4.0; 10.2 372
BMI, Body Mass Index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Tx, transplant. Total 
N= 26 (Tx-group n=12 + control group n=14). Age centered at 42 and BMI at 24 (means study 
population). The reported β represents the difference in the outcome variable compared to the reference 
category (categorical data) or the expected change in the outcome variable with one unit change of that 
parameter (continuous data). Example: saturation is expected to be 9.7% less at an altitude of 4680 meters 
and, with every year that someone is older a decrease in saturation of 0.1% is expected. 

Table 5. Median (IQR) capillary blood gas values per altitude for Tx-participants and 
controls

0 meters* 1000 meters
Tx-participants Controls Tx-participants Controls

pH 7.40 (7.38; 7.40) 7.40 (7.38; 7.41) 7.40 (7.37; 7.40) 7.38 (7.37; 7.40)
pCO2 5.21 (4.96; 5.49) 5.54 (5.05; 5.78) 4.83(4.64; 5.12) 5.43 (5.36; 5.60)
pO2 10.1 (8.8; 11.1) 9.5 (8.9; 10.1) 8.5 (8.1; 9.1) 7.8 (7.6; 8.5)
HCO3- 23.5 (22.4; 25.3) 25.3 (23.3; 27.6) 22.5 (20.7; 23.5) 24.2 (23.6; 25.5)
Base Excess -1 (-3; 0) 0 (-2; 3) -2 (-4; -1) -1 (-1; 1)
SaO2 96 (92; 96) 94 (93-95) 92 (91; 94) 90 (89; 92)
Lactate 1.33 (1.14; 1.74) 1.75 (1.26; 2.12) 0.95 (0.88; 1.15) 1.36 (0.99; 1.43)
pCO2, carbon dioxide pressure, kPa; pO2, oxygen pressure, kPa; HCO3-, bicarbonate, mmol/L; Base 
Excess, metabolic component compensating pH deviations, mmol/L; saO2, oxygen saturation, %; Lactate 
in mmol/L.

SBP DBP
β 95% CI p-value β 95% CI p-value

138.5 128.4; 148.5 <.001 84.5 77.3; 91.6 <.001
0.4 -0.0; 0.8 64 0.2 -0.1; 0.5 270

-2.6 -13.9; 8.7 641 3.3 -4.9; 11.5 414
0.1 -0.4; 0.6 748 0.2 -0.1; 0.5 208

Ref Ref
-6.1 -11.1; -1.2 16 -4.2 -7.2; -1.2 6

-12.3 -18.6;-6.0 <.001 -8.5 -12.3; -4.7 <.001
-20.2 -26.9;-13.6 <.001 -10.4 -14.4; -6.4 <.001

2.2 -3.3; 7.6 429 3.4 0.1; 6.7 43
-2.5 -7.2; 2.2 302 -1.7 -4.6; 1.1 224

-11.1 -17.7; -4.5 1 -7.6 -11.6; -3.7 <.001
5.0 2.8; 7.2 <.001 4.4 3.1; 5.7 <.001
3.0 -7.0; 13.0 543 4.7 -2.7; 12.0 205

4030 meters 1400 meters
Tx-participants Controls Tx-participants Controls

7.36 (7.32; 7.42) 7.39 (7.37; 7.41) 7.36 (7.31; 7.41) 7.42 (7.38; 7.42)
3.62 (3.24; 4.01) 3.75 (3.57; 4.00) 3.84 (3.51; 4.09) 4.45 (4.17; 4.56)

5.7 (5.2; 6.4) 5.6 (4.8; 6.0) 9.0 (8.1; 9.5) 8.6 (8.5; 9.0)
16.0 (13.4; 17.7) 16.2 (15.8; 18.8) 17.2 (13.6; 19.0) 20.2 (19.4; 21.5)

-8 (-11; -5) -7 (-8; -5) -8 (-11; -5) -4 (-4; -3)
79 (73; 82) 78 (68; 82) 92 (90; 94) 93 (92; 93)

1.64 (1.37; 1.85) 1.70 (1.25; 1.89) 1.71 (1.29; 2.30) 1.40 (1.07; 2.33)
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Success rate 
Eleven of the 12 transplant participants and all of the controls climbed above 5000 meters. 
One transplant participant returned at an early stage (day 4) due to the harsh 
circumstances. On the day of the summit attempt, one transplant participant could not 
maintain the required pace and one transplant participant needed to return prematurely 
due to not being fully recovered from a gastroenteritis two days before. Whether the last 
returning transplant participant had experienced acute mountain sickness, hypothermia, or 
both could not be determined with certainty. The three participants that had to return 
during the summit attempt all had a good to excellent exercise capacity at baseline. The 
remaining eight transplant participants reached Uhuru peak at 5895 meters. Out of the 
control group, all but one reached the summit. One member of the medical team 
accompanied the returning transplant participants. All participants reaching the summit 
are pictured in Fig 2. 

Figure 2. Transplant recipients and medical team at the summit of Mount Kilimanjaro. Consent to 
publication was obtained from all participants. 

Discussion 
The results from this study indicate that OTR that are physically fit and well prepared are 
equally capable of making a summit attempt on Mount Kilimanjaro compared to non-
transplanted controls. First, saturation, heart frequency, and blood pressure did not differ 
between transplant participants and controls. Second, even though every participant 
experienced some symptoms of acute mountain sickness, established mountain sickness did 
not occur, and scores on the LLAMS questionnaire did not differ between transplant 
participants and controls. Finally, the tolerance to strenuous physical activity at high 
altitude in transplant participants appeared to be no different than that of comparable 

controls, confirming our hypothesis. Furthermore, no indications of rejection or infection 
related to this expedition have occurred.  
 As expected, both groups hyperventilated to compensate for high-altitude induced 
hypoxemia. However, more pronounced signs of hyperventilation occurred in transplant 
participants as indicated by the lower pCO2. The adaptation to high-altitude was less 
effective in transplant participants than that of the control group as reflected by the lower 
bicarbonate in transplant participants. This resulted in reduced metabolic compensation. 
We hypothesize that this is due to the reduced renal function of the transplant participants 
(estimated creatinine clearance was reduced to a median of 67 ml/min/1.73m2; data not 
shown). The differences between groups at 4030 meters were more moderate and most 
likely mitigated by the use of acetazolamide at this altitude (in both groups). 
Acetazolamide inhibits carbonic anhydrase resulting in a loss of bicarbonate. The 
equivalent levels of bicarbonate at 4030 meters could possibly be explained by the impact 
of acetazolamide being less in subjects with impaired renal function. Differences in 
absolute capillary blood values, however, were minimal, therefore, clinical significance is 
presumably limited. The results do indicate that at least a moderate renal function is a 
prerequisite for a high-altitude expedition.  
 Although Mount Kilimanjaro is perceived as an easily accessible trekking peak that 
can be climbed with minimal climbing experience or technical skills, the reported success 
rates of 61% to 77% in the general tourist population combined with a reported oxygen 
level at the summit comparable to 10.1% at sea level indicates that climbing Mount 
Kilimanjaro requires strenuous performance.19,20 Hypoxia, (symptoms of ) acute mountain 
sickness, low temperatures, basic accommodation, and poor hygienic circumstances 
challenge the body and possibly, even more importantly, the mind. The 67% success rate in 
the group of transplant recipients of the current study is comparable to the success rate of 
the tourist population. This summit success rate, however, was lower than the reported 
success rate of 83% (5 out of 6) in the expedition with liver transplant recipients.8 A 
possible explanation for the higher success rate in the group of liver transplant recipients 
could possibly be that all transplant participants in that expedition received dexamethasone 
prior to the summit attempt. Although the success rate of the transplant participants in the 
current study differed from this success rate and the success rate of our control group, 
reasons for abandoning the summit attempt were not clearly related to having had an organ 
transplant. The exercise capacity of the three recipients that had to abort the summit 
attempt was good to excellent at baseline. Therefore, it seems that pre-expedition exercise 
capacity alone is not a strong predictor of a successful summit attempt.  
 However, the results of the present study do not suggest that this type of expedition 
is a feasible undertaking for all OTR. The generalizability of results is limited due to the 
fact that the transplant participants in the current study represent a well-selected and 
prepared group that was accompanied by a medical team. Our recommendation to those 
willing to undertake a similar extreme expedition would be to have an extensive medical 
examination including maximal exercise testing, become physically and mentally well 
prepared. Furthermore, people should get informed on adequate hydration, the need to 
follow-up the advice of the trained guides to descend when AMS is suspected, and take 
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hygienic precautions. In the current expedition, precautions were taken to optimize 
hygienic circumstances by instructing the cooking staff to boil or heat all food sufficiently, 
using hand sanitizer frequently, using bottled water for transplant participants in the lower 
regions (with higher risk of contamination), and using boiled and purified water only at the 
highest altitudes. As the most important prophylactic strategy to avoid acute mountain 
sickness is a slow rate of ascent,21 a route and schedule providing sufficient time to 
acclimatize is considered mandatory.  
 The limited sample size that is inherent to an expedition of this type makes overall 
generalizability moderate to low. The group of transplant participants consisted of persons 
with a variety of organs transplanted, which shows the possibility of climbing Mount 
Kilimanjaro after various transplantation types but renders limited general conclusions per 
group. Furthermore, the study is limited by the fact that the control group was not matched 
to the transplant participants, as a convenience control group was used. However, 
comparison of both groups before the expedition on relevant parameters did not reveal any 
statistical significant or clinically relevant between group differences and the control group 
is therefore seen as acceptable.  

Conclusion 
Although a high altitude expedition is considered extremely challenging this study 
demonstrates that carefully prepared people after various types of organ transplantation can 
perform strenuous physical activity at high-altitude. Their tolerance to physical activity at 
high-altitude showed to be good and comparable to non-transplanted controls. This 
confirms what was previously found in liver transplant recipients. A wonderful ‘side-effect’ 
was the incredible boost in self-confidence for all of the transplant participants, 
accomplished due to the sheer fact that they had been invited to participate and to reaching 
goals that they perceived to be out of reach before. We hope this might provide an 
optimistic perspective for those awaiting an organ transplant and also for people that have 
already received an organ transplant. Considerable heights can be achieved with training, a 
good lifestyle, and incredible perseverance.  
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Transplantation is a life-saving intervention for individuals with end-stage solid organ 
disease and often the optimal treatment of the disease.1 The number of people that receive 
an organ transplantation has been rather stable over the past decade, however, as short term 
survival has been significantly improved and long-term survival is increasing, the total 
population of recipients of a solid organ transplantation continues to grow. With increasing 
long term survival, new areas of medical and psychosocial attention arise in the population. 
New onset diabetes after transplantation, medication adherence, quality of life, and the 
level of physical activity have gained increasing attention especially because they are likely 
modifiable and amenable for intervention to prolong long-term survival after 
transplantation. 
 In this thesis, physical activity and factors associated with the level of physical 
activity in recipients of solid organ transplantation were the main focus. As current 
evidence suggests that greater physical functioning in transplant recipients is associated 
with improved outcomes1, physical activity in the transplant population is highly relevant. 
The level of physical activity is indicated to be positively associated with the capacity to 
perform activities of daily life2, experience quality of life3–7, and survival.8–12 However, only 
little is known about the level of physical activity in various groups of recipients of solid 
organ transplantation and the factors associated with this level. This knowledge is required 
in order to justify the need for rehabilitation programs or physical therapy interventions 
and to compose the appropriate content and focus areas in program development. 
Therefore, the main objectives of this thesis were to gain additional insight into the 
physical activity level of recipients of solid organ transplantation and into factors that are 
associated with this level. 
 This chapter summarizes the primary findings of the studies in this thesis, and their 
methodological considerations are discussed. Finally, the implications and future directions 
in healthcare and research are provided. 

Main findings 

Level of physical activity 
One of the main aims of this thesis was to investigate the level of physical activity of 
recipients of solid organ transplantation. The study in Chapter 3 showed that 58% of 
recipients of a lung transplantation did not reach the cut-off point of the six-minute walk 
test at 12 months after transplantation, indicating impairment of functional exercise 
capacity. This study remarkably showed an initial steep increase in submaximal exercise 
performance between discharge and six months after discharge, however, this increase was 
reduced in the second half of the first year following transplantation. In line with these 
findings the study described in Chapter 6, showed that, in a study population of diverse 
types of transplantation, less than 60% of recipients complied with the general physical 
activity guidelines. Comparing the level of compliance to the physical activity guideline in 
the transplant population with that of the average Dutch population indicated that the 
percentage in those with a transplantation were exceedingly below reported levels in the 

general population (75%).13 These results on the level of physical activity in recipients of 
solid organ transplantation taken together demonstrated that the average level of physical 
activity in this population is considerably lower than that of the non-transplanted 
population and can be considered inadequate. 
 On the other hand, the results of Chapter 7 indicated that a select group of 
recipients of diverse solid organ transplantations can perform strenuous physical activity 
and that even a high-altitude expedition is a possibility after transplantation. This subgroup 
was highly active and were performing physical activities at a level that is above the level of 
the general population. This illustrates that there are recipients of a solid organ 
transplantation that are capable of fulfilling the general physical activity guidelines. Several 
factors are likely to influence the level of physical activity performed after transplantation, 
some of which are studied in this thesis. 

Understanding physical activity in recipients of solid organ 
transplantation 
Understanding why one recipient of organ transplantation is active and another is not is a 
complex and multidimensional question. Gaining knowledge on the wide spectrum of 
associated factors of physical activity is needed for developing and improving interventions 
that will increase the level of physical activity in these recipients. The associated factors that 
were studied in this thesis can be divided into physiological associates, on the one hand, 
and patient reported barriers and facilitators on the other. As is also depicted in Figure 1, 
there is an overlap between categories of associates, i.e., a physiological associate such as 
reduced peripheral muscle function can also be a patient reported barrier to being 
physically active. 

Figure 1. Schematic representation of associated factors of physical activity in recipients of 
kidney, liver, lung, and heart transplantation. 
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Physiological associates of physical activity 
In the study described in Chapter 2, it was shown that the level of the cardiac markers and 
physical activity were associated in recipients of renal transplantation. Cardiac markers 
were highest in the most inactive group and lowest in the most active one. This does not 
make cardiac function a direct physiological determinant of the level of physical activity, 
however, it does indicate that cardiac function and level of physical activity are associated 
factors. 
 Peripheral muscle strength was indicated as an associate of functional exercise 
capacity in recipients of lung transplantation (Chapter 3). In the analysis of the 
longitudinal change of six-minute walking distance, quadriceps strength was indicated as 
the only directly amendable variable that predicted the distance and thereby functional 
exercise capacity. Quadriceps strength in combination with the forced expiratory volume in 
one second was also predictive of recipients reaching the lower threshold of 82% of the 
predicted six-minute walking distance, an indication of experienced impairment in 
functional exercise capacity.14 Another variable that was associated with functional exercise 
capacity and reaching the indicated threshold was recipients’ grip strength. Grip strength 
on its own, however, is not a variable that is easily intervened on, but it is a factor that is 
associated with general well-being, mortality, health related quality of life, the metabolic 
syndrome, and frailty.15–19 
Recipients’ reported barriers to and facilitators of physical activity 
Besides being influenced by physiological associates, the level of physical activity in 
recipients of solid organ transplantation is influenced by the experienced barriers to and 
facilitators of physical activity, though it should be noted that perceived barriers and 
facilitators are not consistently associated with the actual level of physical activity.20,21 
 The barriers to and facilitators of physical activity for all types of solid organ 
transplant recipients were studied in Chapter 4. Semi structured, in-depth interviews in 
diverse groups of solid organ transplant recipients revealed the barriers and facilitators that 
were the most salient. The most important indicated barriers were ‘physical limitations’, 
‘insufficient energy level’, ‘fear’, and ‘comorbidities’. The most frequently mentioned 
facilitators included ‘motivation’, ‘coping’, ‘consequences of (in)activity’, ‘routine/habit’, 
‘goals/goal priority’, and ‘responsibility for the transplanted organ’. Neutral factors acting as 
a barrier or facilitator were ‘self-efficacy’ and ‘expertise of personnel’. Several of these barrier 
and facilitators were similar to those common in the general population, however, specific 
barriers and motivators were indicated as well (‘responsibility for the transplanted organ’/ 
‘fear of damaging the new organ’/ ‘side-effect of medication leading to physical 
limitations’). Remarkably, a comparison of barriers and facilitators between transplant 
recipient groups yielded no overt differences. 
 The barrier and motivator components that were identified in the study as described 
in Chapter 5 were analyzed together with additional potential predictors in a large cohort 
study on the level of physical activity and sedentary time in recipients of solid organ 
transplantation (Chapter 6). Factors associated with the level of physical activity were 
‘education level’, ‘exercise self-efficacy’, ‘employment status’, the barrier components ‘fear of 

negative effects’ and ‘physical limitations’, and the motivator component ‘health and 
physical outcomes’. Associated factors of the amount of sedentary time were ‘gender’, ‘age’, 
‘employment status’, and the barriers ‘physical limitations’ and ‘low expectations and self-
confidence’. In rehabilitation programs and physical therapy interventions, the following 
key items should be addressed: ‘exercise self-efficacy’, the barriers ‘fear of negative effects’, 
‘physical limitations’ and ‘low expectations and self-confidence’, and the motivator 
component ‘health and physical outcomes’. A reduction of physical limitations by 
treatment and training in combination with an increase in experience with physical activity 
and training will lead to an increase of knowledge and becoming aware of new physical 
limits. A rehabilitation program thereby will likely induce a reduction in fear of negative 
effects and an increase in self-confidence. Clinical experience demonstrates that recipients 
often do not know what their capabilities are after transplantation which is endorsed by the 
low levels of exercise self-efficacy that were discussed in Chapter 6. Recipients, therefore, 
are likely to retain physical activity patterns of the pre-transplantation phase. Insight into 
realistic goals and adjusting their expectations accordingly will likely result in higher levels 
of exercise self-efficacy and an increase of expectations. 
 The results for factors that were associated with the level of physical activity are 
reinforced by a recent qualitative study in recipients of lung transplantation in which it was 
indicated that physical complaints, fear of organ rejection and infections, adverse effects of 
medication, and restrictions in daily life were the primary concerns early after 
transplantation.22 Another recent study in recipients of renal transplantation indicated 
experienced fear of movement and low self-efficacy as important barriers to physical 
activity.23 
Type of transplantation 
Although it is often assumed that the type of organ transplantation that is received 
influences the level of physical activity and its associated factors, the results of this thesis 
showed that this ‘organ effect’ is limited. The experienced barriers to and facilitators of 
physical activity as described in Chapter 4 indicated no overt differences between the 
transplant groups. The case was the same in the study described in Chapter 6 whereby the 
type of organ received was not of significant influence on fulfilling the activity guidelines, 
the amount of physical activity, or the amount of sedentary time. In an additional analysis 
of the study on the multidimensional structure of the barriers and motivators questionnaire 
(Chapter 5), potential differences between the organ transplantation groups were studied. 
This analysis revealed a number of minor differences between groups (when corrected for 
age and gender) for all barrier components, and two out of the four indicated motivator 
components. However, the indicated differences were very minimal and clinically 
negligible. Considering the relatively small differences indicated between organ transplant 
groups, the components appear to be generic for transplant recipients in general rather than 
organ group specific. The indicated barriers to and facilitators of physical activity that can 
be addressed in the development of rehabilitation programs or physical therapy 
interventions and, therefore, do not need to be organ specific. Where the initial figure 
(Figure 1) representing the components that influence physical activity contained the 
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different types of solid organs, these organs can be replaced by ‘organ transplantation’ in 
general (Figure 2). Aspects that could be taken into account in the specification of 
programs are gender and age. Recipients being female and older tended to score higher on 
the barrier ‘fear of negative effects’, and recipients being female and younger tended to 
score higher on the motivator ‘group activities’. Younger recipients were also inclined to 
score higher on the barrier ‘lack of motivation or time’. These aspects could be addressed in 
the development of specific modules or to target a specific subgroup. 

Figure 2. Adjusted schematic representation of associated factors of physical activity in 
recipients of solid organ transplantation.  

Methodological considerations 

Measuring the level of physical activity and exercise capacity 
Inextricably linked to the assessment of fulfilling the physical activity guidelines is the 
method of measuring the physical activity level that is performed. The instrument should 
provide information on the intensity, frequency, duration, type, and total amount of 
activities that are executed. Adequate measurement is key to study the associations between 
the level of physical activity and health outcomes in epidemiological studies and in the 
formulation of recommendations on the appropriate level and type of physical activity to be 
performed. Three types of assessment methods of physical activity levels are commonly 
indicated: (1) criterion methods; (2) objective methods; and (3) subjective methods. 
Examples of criterion methods are the use of doubly labeled water or indirect calorimetry. 
These criterion methods are the most reliable and valid methods but are expensive and 
logistically challenging when performing studies with a large number of participants. 
Objective assessment methods include activity monitors such as pedometers and 
accelerometers as well as heart rate monitoring, however, just as with the criterion methods, 

aspects such as the expenses, availability, and logistics creates limitations for its application. 
The most frequently used, especially in more comprehensive studies, are subjective methods 
of assessment such as questionnaires and activity diaries. In this thesis, questionnaires were 
utilized for the physical activity level assessment in Chapter 2 and Chapter 6. The use of 
different assessment methods to measure physical activity, different outcome measures, and 
variety in what is being reported in publications limits the comparability between studies. 
 Although questionnaires have been utilized broadly and already for over 50 years, 
they still show limited reliability and validity.24 Validation studies have showed that 
questionnaires, however, can be used for classifying a (large) population into categories of 
physical activity behavior (i.e., inactive/ moderate active/ active) but are not to be used to 
assess the energy expenditure at the individual level.24,25 Under- and overestimation of 
physical activity can occur due to several factors including social desirability, perception, 
cultural factors, age, complexity of the questionnaire, memory of the respondent, seasonal 
variation, and length of the period surveyed.24,25 A recent review regarding the 
measurement properties of self-reported questionnaires to measure physical activity 
concluded that ambiguity in terminology, persons’ reporting of actual physical activity, and 
the variable nature of physical activity between the seasons and seven days makes daily 
physical activity difficult to assess with self-reported questionnaires.26 Further validation 
and assessment of responsiveness and interpretability of physical activity questionnaires 
would be valuable for specifying the level of physical activity required to decrease the risk 
for chronic diseases or conditions. 26 However, in order to obtain insight into an 
individual’s level of physical activity for possible intervention, measures that are more 
accurate are necessary. Information that is more detailed is worthwhile from the 
professional’s perspective so as to aggregate data to be employed in coaching or setting up a 
treatment plan. For the recipient, it will assist in obtaining insight into their actual physical 
activity level and monitoring their longitudinal change. 
 One of the methods to obtain information that is more accurate is by not only 
assessing the level of physical activity but also the level of physical fitness. Physical fitness 
refers to the attributes that people possess or achieve that relate to their ability to perform 
physical activity.27,28 Several components of physical fitness such as cardiorespiratory 
endurance, muscle strength and endurance, body composition, and balance are associated 
with health and functional capacity. Physical fitness was measured in the studies described 
in Chapter 3 (functional exercise capacity) and Chapter 7 (maximal exercise testing). 
Assessment of physical fitness can provide important diagnostic and prognostic 
information in a wide variety of clinical and research settings. 29 It can be performed with 
laboratory or field assessment methods. A well-known method of laboratory testing is 
maximal incremental exercise testing that determines a recipient’s maximal or peak oxygen 
uptake. Although the information generated with a maximal incremental exercise test is 
worthwhile to determine factors that limit a recipient’s exercise performance (i.e., 
pulmonary limitations, cardiovascular, or peripheral muscle limitations) and can provide 
specific information to be used in composing a training schedule, unfortunately, it is not 
widely applied in the rehabilitation or transplantation settings. The insufficient number of 
adequate testing facilities, the need of a physician being present, and the costs of testing are 
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known barriers for an extensive application. However, as maximal exercise capacity is a 
strong and independent predictor of cardiovascular disease and mortality 25,30,31, investing 
in the testing of maximal exercise capacity in recipients of solid organ transplantation 
would be of substantial value. It would generate strong (intermediate) outcome 
measurements with relative ease and provides information to be used in adequate activity 
or training advice. 
 In addition to laboratory testing, field tests are often used which, depending on the 
aim of the test, focus on the morphological component (body mass index, waist to hip 
ratio), muscular component (handgrip, sit-up and stand), motor component (balance 
testing), or cardiovascular component (submaximal exercise testing).25 Although outcomes 
are usually surrogates of strong outcome measures such as organ function, graft survival, 
and mortality, results can be beneficial in an assessment of functional capacity. Because 
most daily physical activities do not require maximal effort, a submaximal test or endurance 
test can be beneficial while strength testing or other functional tests can provide insight 
into limiting factors of physical activity in recipients of solid organ transplantation. Field 
tests are usually easy to perform, do not need supervision of a medical doctor, and are low 
in cost. Therefore, these tests are useful in cohort studies as well as in the evaluation of 
intervention studies. However, as stated, field tests are utilized preferably in addition to 
maximal exercise testing in order to also generate strong outcome measures. 

Physical activity guidelines and reference values 
The leading recommendation on the amount and type of physical activity to promote or 
maintain health is composed by the American College of Sports Medicine (ACSM) and 
the American Heart Association (AHA). The ACSM/AHA guidelines recommend adults 
to accumulate at least 30 minutes of moderate to vigorous intensity physical activity at least 
five days per week.32,33 This guideline corresponds to the guideline adopted as the Dutch 
norm for health enhancing physical activity.34 The adult population with a clinically 
significant chronic condition or physical limitation is advised to comply with the general 
recommendations for healthy adults to the extent that their abilities and conditions allow.
32,33,35 The formulation of the general guideline and the specific advice for persons with a 
chronic condition affords ample opportunity for interpretation. How is moderate to 
vigorous intensity defined and measured, and how is the ‘extent of a person’s abilities and 
conditions’ determined? Furthermore, thus far, no studies have been performed that 
specifically investigate the appropriateness of applying the general guidelines to 
populations with a chronic disease or chronic condition and, therefore, it is not known 
whether the general physical activity guidelines also apply for recipients of solid organ 
transplantation. 
 Possibly fulfilling the general physical activity guidelines is a goal that is set too 
high for recipients of solid organ transplantation. However, it is also possible that ‘just’ 
fulfilling the general guidelines is not enough to increase physical activity levels in the early 
stages after transplantation. Due to usually prolonged periods of inactivity in the end-stage 
disease phase, a higher frequency, duration, and/ or intensity of activities may possibly be 

necessary in order to develop the prerequisite functions to develop and maintain a healthy 
and active lifestyle with a sufficient amount of physical activity. Increasing physical activity 
levels in daily life (usually on a light to moderate intense level) is potentially not enough to 
regain a normal exercise capacity and, therefore, training or exercise on a higher intensity 
level seems mandatory. 
 The use of immunosuppressive medication after transplantation and the associated 
risks of this medication on the development of cardiovascular diseases might also positively 
support guidelines that are more elaborate for transplant recipients to prevent the 
development of secondary diseases, however, further studies are needed. Considering the 
amount of physical activity in the general population, it was stated by Powell et al. in 2011 
that ‘some activity is better than none, and more is better than some’.28 However, it is 
unclear if this is also the case for cardiovascular risk reduction in the transplant population; 
potentially complying with the guidelines is necessary to achieve positive effects. Future 
studies should provide more insight into the amount and intensity of physical activity that 
is required to generate cardiovascular health benefits. As is already known, aerobic exercise 
enhances endothelial-dependent vasodilatation in healthy adults, patients with 
hypertension, and patients with coronary artery disease and chronic heart failure.36,37 
Moderate-intensity physical activity has been shown to augment endothelial-dependent 
vasodilatation through increased production of nitric oxide where high intensity aerobic 
exercise potentially leads to oxidative stress. The optimal frequency and intensity of physical 
activity for generating the maximal positive effect in recipients of organ transplantation is 
unknown. 
 Related to the guidelines not being specific, reference values that are available are 
also not specific for the transplant population. As an example, the SQUASH questionnaire 
that is used in Chapter 6 provides information on the amount and intensity of physical 
activities performed in daily life and utilizes a compendium of metabolic equivalents of 
tasks to determine the intensity of activities. The metabolic equivalent of tasks (MET) is a 
unit of measurement within physiology that expresses the amount of energy that a certain 
physical effort requires when compared to the amount of energy required at rest. One 
MET corresponds to the resting metabolic rate, the amount of energy consumed during 
sitting or lying supine.38 This one MET unit is specified at 3.5 milliliters of oxygen per 
kilogram body weight per minute. Complying with the physical activity guidelines would 
lead to 150 MET minutes of physical activity per week in which moderate to vigorous 
physical activities are defined as activities of at least 4.0 MET (adult population). To 
calculate the intensity of indicated activities, a compendium of physical activities is used.39 
This broadly employed compendium, however, is based on the energy expenditure of the 
average American population when performing specific tasks or sports. It is questionable if 
these values are one to one transferable to a European population and even more 
questionable if persons with a chronic disease or condition have the same metabolic rate 
and movement efficiency. Furthermore, the transformation of absolute data to a relative 
intensity of an activity can only be performed accurately if a subject’s maximal oxygen 
intake is known and, therefore, questionnaire data will always result in a gross estimation.24  
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 Taken together, with the guidelines and reference values not being specific for the 
transplant population, it is difficult to assess if this population is active enough. Population 
specific physical activity guidelines and reference values which are concrete and tailored to 
this population are needed in order to guide recipients of solid organ transplantation 
adequately.  

Associated factors of physical activity 
The selection of associated factors studied in this thesis was aimed at indicating factors that 
are amendable in rehabilitation settings or indicating subgroups within the population that 
should be targeted due to the highest need of intervention. The indicated barriers and 
motivators should be considered in intervention development to increase physical activity 
levels in recipients of solid organ transplantation. The factors studied in this thesis, 
however, do not provide an inclusive overview of potentially associated factors of physical 
activity. Due to the multidimensionality of physical activity behavior, several behavioral 
theories and models can be utilized to describe the diversity of associated factors of 
physical activity behavior. Over the past decade, the use of ecological models to capture all 
aspects influencing physical activity behavior and to incorporate concepts from several 
theories (i.e., trans-theoretical model and theory of planned behavior) is becoming rather 
common.40 With this approach, a comprehensive framework incorporating determinants 
on a personal, social, environmental, and policy level can be studied. Further extension of 
the bio-psychosocial model in the future seems worthwhile in order to include all potential 
influencers of physical activity behavior to identify amendable aspects. 

Future directions in healthcare and research 
The findings of this thesis have several implications for clinical practice. The findings in 
combination with developments in the field also provide direction for future research. The 
most important implications are discussed in the following sections.  

Directions in health care 

Clinical practice 
As it was indicated that the level of physical activity in recipients of solid organ 
transplantation is limited, there is a need to develop intervention strategies that improve 
this. However, inextricably linked to this is the improvement of assessment and monitoring 
of the level of physical activity and physical fitness within this population. Including 
exercise testing as standard care would be valuable for monitoring development, indicating 
the limiting factors, and generating training schedules. As was indicated previously in 
literature, a prescription of physical activity is indicated as an undervalued intervention41, 
and physical activity should be prescribed and encouraged as a component of routine post 
transplantation care.42 
 As there are currently no adequate and specific guidelines for physical activity and 
exercise in recipients of solid organ transplantation, it is recommended to develop an 

evidence based or best practice guideline on exercise testing and training in recipients of 
solid organ transplantation. In accordance with this, information for recipients should be 
updated to include the current knowledge about physical activity levels, consequences of 
inactivity, often experienced barriers to physical activity, and other associated factors of 
physical activity. Insight into commonly experienced barriers and associated factors will 
likely help recipients in recognizing their own. 
 The indicated barriers and other associated factors of physical activity and sedentary 
time should be taken into account in physical activity assessment and rehabilitation 
programs. Part of the indicated associated factors could be included in educational 
modules, however, rehabilitation programs or physical activity interventions should 
especially employ well guided training to provide recipients the experience of how exercise 
should feel, what signals to keep in mind, and how to adjust training. 
Health care professionals in transplantation 
After transplantation, all recipients are monitored or treated by a physical therapist in the 
hospital setting, however, as the geographical area of recipients is wide, recipients’ physical 
therapy treatment is usually not followed up at the transplant center. After discharge, 
referral to treatment by a physical therapist in the community is provided in most cases. 
However, as the results of the studies in this thesis indicate, the results on improving 
exercise capacity and the physical activity level appear to be limited. One factor that, from 
clinical experience, seems to contribute to this limited improvement is the insufficient 
knowledge on the training of recipients of solid organ transplantation. This lack of 
knowledge was substantiated by the fact that ‘expertise of personnel’ was an important 
factor that emerged in the qualitative study on barriers to and facilitators of physical 
activity among recipients of solid organ transplantation (Chapter 4). Inadequate knowledge 
of the local physical therapist was indicated as a factor that could incite a negative feeling 
about being physically active and even result in recipients discontinuing training.  
 A factor that is likely to contribute to the insufficient amount of knowledge on this 
specific population of physical therapists and other exercise specialists is the relatively small 
population of recipients of solid organ transplantation and the geographically wide 
distribution of them. As a consequence, therapists do not become familiar with the 
population as they rarely have recipients under treatment. Furthermore, assessment and 
treatment of this specific population is not an element of the educational program in any 
university of applied sciences, as far as we know. Improving knowledge, information 
material, and education in physical therapists and other exercise specialists is key for 
achieving the goal of improving the physical activity level in recipients of solid organ 
transplantation. A situation in which expert centers on physical activity for this population 
are established could provide a potential alternative or a worthwhile addition to increasing 
information and training. Assessment, initial set-up of schedules, and follow-up could be 
performed in the expert center and execution of the program could be performed by the 
recipients’ local physical therapist with guidance from the expert center.  
 In general, physical therapists should not only be focused on and employed in the 
treatment of acute problems in a person’s ability to move and perform functional activities 
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of daily life. Developments in the health care system require physical therapists to be 
involved along the continuum of health care settings and coach patients and their 
surrounding system in lifestyle management. In that way, it is most likely that long-term 
goals to sustain and improve functional status are reached. In accordance with this, physical 
therapists and exercise specialists as well as all other health care providers in the field of 
organ transplantation should not only specialize in their individual profession but should 
also be capable of identifying issues in adjacent areas as well. All healthcare professionals 
should be able to provide basic information and referral to the appropriate discipline when 
necessary. A professional should possess in-depth knowledge and expertise in a single field 
but should also have the ability to collaborate between disciplines and apply knowledge in 
areas of expertise outside of their own. This is also referred to as a T-shaped professional. A 
combination of T-shaped will result in the optimal specialized interdisciplinary team. A 
collaboration in interdisciplinary teams directed at holistic, patient centered care is required 
to optimize chronic diseases or chronic condition management. Furthermore, it would be 
most valuable if one team could manage the same patients across the continuum of the 
disease.  
Rehabilitation programs and physical therapy interventions 
Little knowledge is available concerning existing rehabilitation programs for recipients of 
solid organ transplantation. What is known is that there are large differences between the 
different organ transplantation programs nationally and maybe even more internationally. 
In some transplantation programs, it is common for an individual to be referred to a 
rehabilitation setting directly after discharge from the hospital after transplantation; in 
some programs, it is common to refer to a community practice and, in some programs, no 
referral at all is provided. In this latter case, follow-up on physical activity is usually not 
provided.  
 A recent systematic review and meta-analysis on exercise training regarding 
recipients of solid organ transplantation showed that exercise training including aerobic, 
resistance, or combined training improves physical functioning and quality of life for these 
recipients.43 Exercise capacity is notably increased after exercise training in recipients of a 
heart transplantation, however, results for the other transplantation groups is too limited 
for concise conclusions to be drawn. Structured exercise training in transplant recipients 
has been indicated to have the potential to reduce cardiovascular risk factors such as 
hypertension and percent body fat and increase aerobic fitness.1 The trials up to today are 
small, of relative short duration, and focused on surrogate outcomes instead of hard 
endpoints (i.e., heart rate, blood pressure, and body composition instead of cardiovascular 
risk factors, and survival). Furthermore, follow-up time is limited and, therefore, the long-
term effects of physical activity interventions in the populations are unknown.  
From the recipients’ perspectives, rehabilitation is indicated to be important. A recent study 
on patients’ expectations and experiences of rehabilitation following lung transplantation 
indicated that post-transplantation rehabilitation was perceived as highly valuable.44 Group 
exercise was expressed as being motivational, offering peer support, and assistive in patients 
achieving their desired level of physical performance after transplantation.44 

 In the systematic review on exercise training in recipients of solid organ 
transplantation, it was also demonstrated that, for the described interventions, there was a 
substantial variation in the length of time between the transplantation and the initiation of 
the exercise program.43 For recipients of a heart transplantation, it was indicated that 
exercise training that began within one year after transplantation was associated with 
significant improvements in the overall maximal oxygen uptake compared to standard care 
whereas those who started the exercise program 12 months after transplantation exhibited 
no significant improvement in functional capacity.43 Based on several observations in 
clinical practice and from the described research findings, we hypothesize that starting 
rehabilitation between three and nine months after transplantation would be optimal. First, 
it is expected that natural recovery will occur in the period after discharge from the 
hospital. Being at home and becoming familiar with functioning of the new organ will 
likely provide sufficient stimulation to resume activities of daily life and generate an initial 
increase in the level of physical activity compared to the pre-transplantation phase. Second, 
the results of our study as described in Chapter 3 and another study on the longitudinal 
recovery after transplantation showed that there is an initial steep increase in recovery in 
the first six months after transplantation, but this recovery does not continue in the second 
half of the first year.2,45 Third, to be able to perform sufficient maximal exercise testing to 
be used in establishing an adequate training schedule, participants should be able to 
perform a maximal exercise test of a duration between eight and 12 minutes. 29 This 
combination of factors makes us believe that intervening between three to nine months 
after the transplant would be optimal.  
 The geographical distribution of recipients of a solid organ transplantation is wide 
and, therefore, centralized outpatient rehabilitation programs are difficult to realize. Travel 
time and the burden it places on recipients is likely to be detrimental to the expected profit 
of exercise training. Alternatives to full hospital or rehabilitation center based and 
supervised rehabilitation programs, therefore, should be developed.  
As indicated in several studies in this thesis, there are no overt differences between 
transplantation groups in physical activity level, sedentary time, and its associated factors, 
therefore, we would propose that rehabilitation programs are designed generically to 
include all types of recipients of organ transplantation. Based on the findings of this thesis, 
a rehabilitation program designed as an assessment week after transplantation was 
proposed. In this proposition, we have assumed that an expert center will take the lead in 
the program and be in charge of assessment and setting up the rehabilitation program. In 
that program, the physical component is the primary element, but a broader lifestyle 
assessment is also performed [Box 1]. Currently, the proposed program is being performed 
in a pilot setting to generate experience and preliminary results in order to investigate 
whether the program can be broadly applied or should be adapted.  
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Box 1. Proposed key items rehabilitation assessment week after transplantation 

Population 
- All recipients of solid organ transplantation with stable organ function and no signs of rejection. 
Timing 
- Between three and nine months after transplantation 
Duration 
- One-week inpatient setting in an expert rehabilitation center 
Assessment 
- Questionnaires 

o Physical activity level and sedentary behavior 
o Barriers to and facilitators of physical activity 
o Exercise self-efficacy 
o Nutritional diary and malnutrition 
o Anxiety and depression 
o Sleep quality 
o Quality of life 

- Activity monitoring in the week before the inpatient phase 
- Physical functioning 

o Assessment by physical therapist (history, barriers, general physical functioning) 
o Maximal cardiopulmonary exercise test 
o Submaximal exercise capacity (six-minute walking distance) 
o Endurance capacity (70% constant work-rate test) 
o Peripheral muscle strength (grip strength, quadriceps strength, and one repetition maximum 

major muscle groups) 
- Dietary assessment by dietician 
- Psychosocial status and work assessment by psychologist or social healthcare worker 
- Lab values blood and 24-hour urine samples  
Content 
- Training modules 

o Endurance training (cycle ergometer and circuit training) 
o Interval training 
o Strength training (gym and circuit training) 

- Educational modules 
o Exercise and physical activity 
o Psycho-education 
o Medication and side-effects 
o Nutrition 

- Workshop nutrition (shopping and cooking)  
- Movement activities (walking/ cycling/ swimming) 
Transferal  
- Training schedule based on the assessment and experiences with trial training session in the assessment 

week 
- Transfer of schedule, additional information, and contact information to local physical therapist 
- Possible continuation of psychological or dietetic therapy 
Evaluation 
- Phone contact with treating local physical therapist three months after the assessment week  
- Follow-up measurement (repetition of assessment measurements) at six months after the assessment week 

combined with regular outpatient check-up after transplantation.

Directions in research 
The results of this thesis contribute to the further development of interventions to increase 
physical activity and reduce sedentary time in recipients of solid organ transplantation. 
However, additional research is needed in this field in order to obtain more insight into the 
effectiveness of interventions and newly arising themes in the physical activity and 
transplantation field. 

- Effectiveness of rehabilitation and physical therapy interventions: 
Clinical decisions and rehabilitation programs should be supported by accurate, timely, and 
up-to-date clinical information and reflect the best available evidence. Relying on 
randomized controlled trials in this field of study will likely not be sufficient as the 
population is small and diverse. Furthermore, with the use of randomized controlled trials 
with a control group that receives no intervention, half of the study population is omitted 
from an intervention that is very likely to have several positive effects. Therefore, it might 
even be considered as unethical to exclude half of the population from the intervention as 
there is strong evidence of the positive effects of higher levels of physical activity in the 
general population and subgroups of the transplantation population. I would, therefore, 
recommend an evaluation of the effectiveness of programs that are introduced in regular 
care. Comparing results of a population that begins with an intervention with an historical 
cohort of recipients would be more practical and time-efficient. A pragmatic approach that 
will accumulate and disseminate new knowledge through innovation in local rehabilitation 
settings will be required. It was recently recommended to form a small group of innovative 
institutions or expert centers to join around a shared set of clinical questions to achieve this 
knowledge and innovation in a timely manner.46 This requires a common set of advanced 
process and outcome measures in order to aggregate and analyze sufficient data that will 
enable answering questions of interest. In achieving this goal, international collaborations 
are recommended. Future studies should also focus on the effects of targeting the indicated 
and amendable aspects associated with the level of physical activity and sedentary time in 
this population.  

- Development of transplant specific physical activity guidelines and reference values:  
As indicated, the physical activity guidelines are not specific for recipients of solid organ 
transplantation and further research is needed to specify them. The same is valid for 
reference values. A good starting point would be to investigate the differences in the resting 
metabolic rate and energy expenditure during regular activities when compared to the non-
transplant population. This data could be used in the development of a transplantation 
specific table of metabolic equivalents of tasks values for activities.  

- Muscle wasting and frailty in the transplant population: 
Muscle wasting and frailty are concepts that are gaining attention in the transplant 
population. Muscle wasting has been linked to negative pre- and post-transplant outcomes 
when compared to recipients with preserved muscle mass47, and frailty is emerging as an 
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important risk factor in recipients of solid organ transplantation and clearly linked to 
functional exercise capacity. The mechanism of muscle wasting in the transplant population 
is not completely understood, and it is unknown if the process is reversible. Frailty is 
described as a state of functional decline and increased vulnerability to adverse health 
outcomes. It is associated with increased inflammation and a dysregulation of the immune 
system. The indicated prevalence in recipients of solid organ transplantation varies by organ 
type and measurement method but seems to be notably higher than in the community 
dwelling elderly population (average prevalence of ~25% in recipients of transplantation vs. 
~7% in the community dwelling elderly).48 However, literature is sparse and limited by 
different definitions of muscle wasting (sarcopenia/cachexia) and frailty and as well as by 
different measurement methods to assess these concepts. No standardized treatment is 
described, however, adequate nutrition and resistance training appear to be key for reducing 
or preventing muscle wasting and frailty.47 

- Exercise and the immune system in recipients of solid organ transplantation: 
Although a number of initial studies have been performed, such as the example provided in 
Chapter 7 of the current thesis, there continues to be insufficient knowledge regarding the 
effects of strenuous exercise on transplant recipients. Especially regarding the interaction 
between exercise and the immunosuppressive effect of medication in recipients of solid 
organ transplantation. Research has shown that the immune system of healthy individuals 
benefits from regular moderate-intensity physical activity. This effect, however, can be 
transiently suppressed by prolonged exhaustive exercise.49 Acute and chronic exercise alter 
the number and function of circulating cells of the innate immune system49 and, therefore, 
it has been speculated that recipients of transplantation who engage in regular physical 
activity may require less maintenance immunosuppressive medication.50 The plus side of 
this decrease in medication would be that the short and long-term adverse drug effects of 
the use of immunosuppressive medication would be reduced.  

Concluding remarks 
Based on this thesis, it can be concluded that, although there is wide variability in the level 
of physical activity in recipients of solid organ transplantation and measurement methods 
have their limitation, the majority of recipients do not meet the recommended level of 
physical activity. No significant and overt differences in physical activity and factors 
associated with the level of physical activity were ascertained between the different 
transplant groups. Therefore, the relevance of intervention development and the majority of 
the content of rehabilitation or physical therapy interventions is equal for all 
transplantation groups. The experienced barriers, facilitators and psychological components 
and not the type of transplantation are suggested to influence the level of physical activity. 
Given the interdisciplinary approach in healthcare in transplantation, all healthcare 
providers should work together to increase the level of physical activity in this population. 
Healthcare providers should take responsibility in sufficiently assessing the level of physical 

activity and physical fitness. Additionally, assessment of potential barriers to physical 
activity and psychological characteristics should receive substantial attention as the 
association with the level of physical activity is evident, and these factors are likely to be 
intervened on in rehabilitation or physical therapy programs. Healthcare providers should 
guide or refer recipients with an inactive lifestyle to increase their physical activity levels 
and reduce the negative effect of inactivity. Working together to achieve this goal will give 
expression to the slogan of the Groningen Transplant Center: Shared care for shared 
organs ®. 
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important risk factor in recipients of solid organ transplantation and clearly linked to 
functional exercise capacity. The mechanism of muscle wasting in the transplant population 
is not completely understood, and it is unknown if the process is reversible. Frailty is 
described as a state of functional decline and increased vulnerability to adverse health 
outcomes. It is associated with increased inflammation and a dysregulation of the immune 
system. The indicated prevalence in recipients of solid organ transplantation varies by organ 
type and measurement method but seems to be notably higher than in the community 
dwelling elderly population (average prevalence of ~25% in recipients of transplantation vs. 
~7% in the community dwelling elderly).48 However, literature is sparse and limited by 
different definitions of muscle wasting (sarcopenia/cachexia) and frailty and as well as by 
different measurement methods to assess these concepts. No standardized treatment is 
described, however, adequate nutrition and resistance training appear to be key for reducing 
or preventing muscle wasting and frailty.47 

- Exercise and the immune system in recipients of solid organ transplantation: 
Although a number of initial studies have been performed, such as the example provided in 
Chapter 7 of the current thesis, there continues to be insufficient knowledge regarding the 
effects of strenuous exercise on transplant recipients. Especially regarding the interaction 
between exercise and the immunosuppressive effect of medication in recipients of solid 
organ transplantation. Research has shown that the immune system of healthy individuals 
benefits from regular moderate-intensity physical activity. This effect, however, can be 
transiently suppressed by prolonged exhaustive exercise.49 Acute and chronic exercise alter 
the number and function of circulating cells of the innate immune system49 and, therefore, 
it has been speculated that recipients of transplantation who engage in regular physical 
activity may require less maintenance immunosuppressive medication.50 The plus side of 
this decrease in medication would be that the short and long-term adverse drug effects of 
the use of immunosuppressive medication would be reduced.  

Concluding remarks 
Based on this thesis, it can be concluded that, although there is wide variability in the level 
of physical activity in recipients of solid organ transplantation and measurement methods 
have their limitation, the majority of recipients do not meet the recommended level of 
physical activity. No significant and overt differences in physical activity and factors 
associated with the level of physical activity were ascertained between the different 
transplant groups. Therefore, the relevance of intervention development and the majority of 
the content of rehabilitation or physical therapy interventions is equal for all 
transplantation groups. The experienced barriers, facilitators and psychological components 
and not the type of transplantation are suggested to influence the level of physical activity. 
Given the interdisciplinary approach in healthcare in transplantation, all healthcare 
providers should work together to increase the level of physical activity in this population. 
Healthcare providers should take responsibility in sufficiently assessing the level of physical 

activity and physical fitness. Additionally, assessment of potential barriers to physical 
activity and psychological characteristics should receive substantial attention as the 
association with the level of physical activity is evident, and these factors are likely to be 
intervened on in rehabilitation or physical therapy programs. Healthcare providers should 
guide or refer recipients with an inactive lifestyle to increase their physical activity levels 
and reduce the negative effect of inactivity. Working together to achieve this goal will give 
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Summary

Solid organ transplantation is a life-saving intervention for people with end-stage organ 
failure. In the past decades, significant improvements have been made in short-term 
survival and subsequently there has been an increased focus on long-term outcomes 
following transplantation. Hence, quality of life, level of physical activity, new onset 
diabetes after transplantation, and medication adherence have gained increasing attention. 
Especially the latter mentioned factors are likely to be amenable for intervention to further 
prolong long-term survival. Physical functioning is indicated as an important goal as 
functional recovery after transplantation is not as good as it might be expected, based on 
the restoration of (near) normal organ function after transplantation. Physical activity in 
the transplant population is highly relevant as current evidence suggests that greater 
physical functioning in transplant recipients is associated with improved outcomes. The 
level of physical activity is indicated to be positively associated with the capacity to perform 
activities of daily life, experienced quality of life, and survival. Evidence based knowledge 
concerning the level of physical activity and factors associated with this level of physical 
activity following transplantation is, however, limited. This knowledge is required in order 
to develop rehabilitation programs or physical therapy interventions and to compose the 
appropriate content and focus areas in program development. Therefore, the general aim of 
this thesis was to gain additional insight into the physical activity level of recipients of solid 
organ transplantation and into factors that are associated with this level. An overview of 
the main findings per study (Chapter 2-7) and concluding remarks are provided below.  
 Low levels of physical activity are strongly associated with an increased risk for 
cardiovascular and all-cause mortality in recipients of renal transplantation. However, as 
the incidence of cardiovascular disease is three to five times higher in recipients of renal 
transplantation than in the general population it is plausible that the associations are in 
part explained by pre-existing cardiovascular disease. To determine whether the association 
between physical activity and mortality is independent of cardiac function, the effects of 
cardiac damage, as measured by cardiac biomarkers on the associations with mortality was 
studied in Chapter 2. Analyses were performed with data on the physical activity level of 
540 recipients of renal transplantation and three ascertained cardiac damage markers. Low 
levels of physical activity and high levels of the cardiac biomarkers MR-proANP, NT-
proBNP, and Hs-TnT were all strongly associated with both cardiovascular and all-cause 
mortality in recipients of renal transplantation. Nevertheless, the association between 
physical activity, cardiovascular, and all-cause mortality was independent of these markers. 
The cardiac markers did have a significant mediation effect on the association between 
physical activity and outcome. These findings indicate pre-existing cardiac damage as an 
intermediate step of the causal pathway between physical activity and cardiovascular 
mortality in recipients of renal transplantation. 
 To study factors that potentially limit the level of physical activity in recipients of 
solid organ transplantation a longitudinal historical cohort study on functional exercise 
capacity was performed in recipients of lung transplantation. As described in Chapter 3, 
exercise capacity, muscle function, and physical activity levels remain reduced in recipients 
of lung transplantation and factors associated with this deficiency in functional exercise 
capacity have not been studied longitudinally. Therefore, this study aimed to analyze the 

longitudinal change in 6-minute walking distance, as a measure of functional exercise 
capacity and to identify factors contributing to this change. Data of 108 recipients were 
included and linear mixed model analysis revealed that time after transplantation, 
diagnosis, gender, quadriceps muscle and grip strength, forced expiratory volume in 1 
second (percentage of predicted), and length of hospital stay were factors that predicted 6-
minute walking distance. The 6-minute walking distance increased considerably in the first 
6 months after transplantation, however, this increase reduced thereafter. At 12 months 
after lung transplantation, 58.3% of recipients did not reach the cutoff point of 82% of the 
predicted 6-minute walking distance. Logistic regression demonstrated that discharge 
values for forced expiratory volume in 1 second combined with quadriceps strength or grip 
strength were predictive for reaching this cutoff point. From the results of this study it is 
concluded that peripheral muscle strength is a predictor of 6-minute walking distance; this 
finding suggests that quadriceps strength training should be included in physical training 
to increase functional exercise capacity. Attention should be paid to further increasing 6-
minute walking distance between 6 and 12 months after transplantation. 
 The level of physical activity in recipients of solid organ transplantation can be 
influenced by several experienced barriers and facilitators. The number of studies on this 
topic is, however, limited and no studies are available in which all types of solid organ 
transplantation recipients were included. In a first attempt to explore the experienced 
barriers to and facilitators of physical activity in recipients of solid organ transplantation, a 
qualitative study was performed. In the study, described in Chapter 4, semi-structured in 
depth interviews were conducted to explore the experienced barriers and facilitators. The 
most important experienced barriers were physical limitations, insufficient energy level, 
fear, and comorbidities. The most frequently mentioned facilitators included motivation, 
coping, consequences of (in)activity, routine/habit, goals/goal priority, and responsibility for 
the transplanted organ. Neutral factors acting as a barrier or facilitator were self-efficacy 
and expertise of personnel. A comparison of barriers and facilitators between transplant 
recipient groups yielded no overt differences. In intervention development to increase 
physical activity behavior in recipients of solid organ transplantation these personal and 
environmental factors should be considered.  
 To get more insight into experienced barriers to and facilitators of physical activity 
in recipients of solid organ transplantation larger studies are warranted. The Barriers and 
Motivators Questionnaire is a questionnaire that can be used to assess barriers to and 
motivators of physical activity experienced by recipients of solid organ transplantation. To 
improve the application in research and clinical settings the underlying dimensions of the 
questionnaire were explored. The results on the analysis of the multidimensional structure 
of a questionnaire to assess barriers to and motivators of physical activity in recipients of 
solid organ transplantation is described in Chapter 5. Explorative principal component 
analyses were performed on cross-sectional data on the Barriers and Motivators 
Questionnaire of 591 recipients of solid organ transplantation. Analysis of the barrier scale 
indicated that it could be subdivided into four components (fear of negative effects; 
physical limitations; low expectations and self-confidence; and lack of motivation or time) 
with the alpha of the corresponding subscales varying between 0.66 and 0.80. The 
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Solid organ transplantation is a life-saving intervention for people with end-stage organ 
failure. In the past decades, significant improvements have been made in short-term 
survival and subsequently there has been an increased focus on long-term outcomes 
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diabetes after transplantation, and medication adherence have gained increasing attention. 
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functional recovery after transplantation is not as good as it might be expected, based on 
the restoration of (near) normal organ function after transplantation. Physical activity in 
the transplant population is highly relevant as current evidence suggests that greater 
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level of physical activity is indicated to be positively associated with the capacity to perform 
activities of daily life, experienced quality of life, and survival. Evidence based knowledge 
concerning the level of physical activity and factors associated with this level of physical 
activity following transplantation is, however, limited. This knowledge is required in order 
to develop rehabilitation programs or physical therapy interventions and to compose the 
appropriate content and focus areas in program development. Therefore, the general aim of 
this thesis was to gain additional insight into the physical activity level of recipients of solid 
organ transplantation and into factors that are associated with this level. An overview of 
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cardiac damage, as measured by cardiac biomarkers on the associations with mortality was 
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of lung transplantation and factors associated with this deficiency in functional exercise 
capacity have not been studied longitudinally. Therefore, this study aimed to analyze the 

longitudinal change in 6-minute walking distance, as a measure of functional exercise 
capacity and to identify factors contributing to this change. Data of 108 recipients were 
included and linear mixed model analysis revealed that time after transplantation, 
diagnosis, gender, quadriceps muscle and grip strength, forced expiratory volume in 1 
second (percentage of predicted), and length of hospital stay were factors that predicted 6-
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predicted 6-minute walking distance. Logistic regression demonstrated that discharge 
values for forced expiratory volume in 1 second combined with quadriceps strength or grip 
strength were predictive for reaching this cutoff point. From the results of this study it is 
concluded that peripheral muscle strength is a predictor of 6-minute walking distance; this 
finding suggests that quadriceps strength training should be included in physical training 
to increase functional exercise capacity. Attention should be paid to further increasing 6-
minute walking distance between 6 and 12 months after transplantation. 
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barriers to and facilitators of physical activity in recipients of solid organ transplantation, a 
qualitative study was performed. In the study, described in Chapter 4, semi-structured in 
depth interviews were conducted to explore the experienced barriers and facilitators. The 
most important experienced barriers were physical limitations, insufficient energy level, 
fear, and comorbidities. The most frequently mentioned facilitators included motivation, 
coping, consequences of (in)activity, routine/habit, goals/goal priority, and responsibility for 
the transplanted organ. Neutral factors acting as a barrier or facilitator were self-efficacy 
and expertise of personnel. A comparison of barriers and facilitators between transplant 
recipient groups yielded no overt differences. In intervention development to increase 
physical activity behavior in recipients of solid organ transplantation these personal and 
environmental factors should be considered.  
 To get more insight into experienced barriers to and facilitators of physical activity 
in recipients of solid organ transplantation larger studies are warranted. The Barriers and 
Motivators Questionnaire is a questionnaire that can be used to assess barriers to and 
motivators of physical activity experienced by recipients of solid organ transplantation. To 
improve the application in research and clinical settings the underlying dimensions of the 
questionnaire were explored. The results on the analysis of the multidimensional structure 
of a questionnaire to assess barriers to and motivators of physical activity in recipients of 
solid organ transplantation is described in Chapter 5. Explorative principal component 
analyses were performed on cross-sectional data on the Barriers and Motivators 
Questionnaire of 591 recipients of solid organ transplantation. Analysis of the barrier scale 
indicated that it could be subdivided into four components (fear of negative effects; 
physical limitations; low expectations and self-confidence; and lack of motivation or time) 
with the alpha of the corresponding subscales varying between 0.66 and 0.80. The 
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motivator scale could also be subdivided into four subscales (health and physical outcomes; 
external influences; groups activities and financial resources; and psychological outcomes) 
with alpha of the subscales varying between 0.70 and 0.88. Nine of the original barrier 
items and two of the motivator items were not included in the component structure. The 
four-dimensional structure of both the barrier and the motivator scale increases the 
usability and interpretation of the questionnaire outcomes in research and clinical settings 
compared to the overall scores and provide opportunities to identify modifiable constructs 
to be targeted in interventions. 
 To increase knowledge on the amount of physical activity and sedentary time and 
its associates in recipients of solid organ transplantation a cross sectional study in 656 
recipients of a solid organ transplantation was performed. In the study in Chapter 6 it was 
indicated that less than 60% of the recipients complied to the physical activity guidelines. 
Factors that were significantly associated with lower levels of physical activity included 
being female; age (non-linear); not actively working or being retired; having physical 
limitations; and low expectations and self-confidence. Factors being significantly associated 
with lower sedentary time included exercise self-efficacy, and not actively working or being 
retired. More hours of sedentary time were seen in recipients with a high education, higher 
fear of negative effects, having physical limitations, and scoring higher on the motivator 
‘health and physical outcomes’. The type of transplantation did not significantly influence 
either of the outcome measures. In intervention development directed at increasing the 
level of physical activity and reducing sedentary time in recipients of solid organ 
transplantation, attention should be paid to physical limitations, fear of negative effects, low 
expectations and self-confidence, health and physical outcomes, and exercise self-efficacy. 
 Although general physical activity levels in recipients of solid organ transplantation 
are reported to be low some recipients are very active and participate in competitive sports. 
It is, however, generally unknown to what extent organ transplant recipients can be 
physically challenged. Chapter 7 describes an expedition to Mount Kilimanjaro during 
which the tolerance for strenuous physical activity and high-altitude of organ transplant 
recipients after various types of transplantation was studied. Twelve organ transplant 
recipients were selected to participate (2 heart-, 2 lung-, 2 kidney-, 4 liver-, 1 allogeneic 
stem cell- and 1 small bowel-transplantation). Members of the medical team and 
accompanying family members (n = 14) acted as controls. During the climb, 
cardiopulmonary outcome variables and symptoms of acute mountain sickness were 
recorded twice daily. Capillary blood analyses were performed three times during the climb 
and once following return. Results showed that eleven of the transplant participants and all 
controls began the final ascent from 4700 meters and reached over 5000 meters. Eight 
transplant participants (73%) and thirteen controls (93%) reached the summit (5895m). 
Cardiopulmonary outcome variables and altitude sickness scores demonstrated no 
differences between transplant participants and controls. Signs of hyperventilation were 
more pronounced in transplant participants and adaptation to high-altitude was less 
effective, which was likely related to a decreased renal function and indicates a reduced 
metabolic compensation. Overall, tolerance to strenuous physical activity and feasibility of 

a high-altitude expedition in carefully selected organ transplant recipients showed to be 
similar to non-transplanted controls. 
 In Chapter 8, the primary findings of this thesis are discussed. Although there is 
wide variability in the level of physical activity in recipients of solid organ transplantation 
and measurement methods have their limitation, a substantial number of recipients do not 
meet the recommended level of physical activity. Therefore, strategies to increase the level 
of physical activity in this group are warranted. No significant and overt differences in 
physical activity and factors associated with the level of physical activity were ascertained 
between the different transplant groups. Therefore, the relevance of intervention 
development and the majority of the content of rehabilitation or physical therapy 
interventions is similar for all transplantation groups. The experienced barriers, facilitators, 
and psychological components and not the type of transplantation are suggested to 
influence the level of physical activity. Given the interdisciplinary approach in healthcare in 
transplantation, all healthcare providers should work together to increase the level of 
physical activity in this population. Healthcare providers should take responsibility in 
sufficiently assessing the level of physical activity and physical fitness. Additionally, 
assessment of potential barriers to physical activity and psychological characteristics should 
receive substantial attention as the association with the level of physical activity is evident, 
and these factors are likely to be addressed in rehabilitation or physical therapy programs. 
Healthcare providers should guide or refer recipients with an inactive lifestyle to increase 
their physical activity levels and reduce the negative effect of inactivity. 
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Een orgaantransplantatie is een levensreddende interventie voor mensen met eindstadium 
orgaan falen. In de afgelopen decennia is een significante verbetering opgetreden in de 
korte-termijn overleving. Als gevolg hiervan is de focus van klinische zorg en onderzoek 
aan het verschuiven naar lange-termijn uitkomsten na transplantatie. Hierdoor krijgen 
kwaliteit van leven, het fysieke activiteitenniveau, post-transplantatie diabetes en medicatie 
therapietrouw in toenemende mate aandacht. Deze factoren krijgen vooral aandacht omdat 
ze waarschijnlijk beïnvloedbaar zijn door interventies om zo de lange-termijn overleving te 
verlengen. Het verbeteren van het fysieke functioneren is een belangrijk doel omdat het 
functionele herstel na orgaantransplantatie minder goed is dan verwacht zou kunnen 
worden op basis van het herstel in orgaanfunctie na de transplantatie. Het fysieke 
activiteitenniveau in de transplantatie populatie is zeer relevant omdat huidige 
onderzoeken laten zien dat beter fysieke functioneren na transplantatie samenhangt met 
betere uitkomsten. Zo hangt het hoger fysieke activiteitenniveau positief samen met het 
kunnen uitvoeren van dagelijkse activiteiten, de ervaren kwaliteit van leven en een langere 
overleving na transplantatie. De beschikbare kennis over het fysieke activiteitenniveau en 
de factoren die hiermee samenhangen na een transplantatie is echter nog beperkt. Deze 
kennis is wel nodig om revalidatieprogramma’s of fysiotherapeutische interventies te 
ontwikkelen en om tot de juiste inhoud en uitvoering van deze programma’s te komen. Het 
doel van dit proefschrift was het inzicht krijgen in het fysieke activiteitenniveau na een 
orgaantransplantatie en in factoren die samenhangen met dit niveau. Een overzicht van de 
belangrijkste bevindingen per studie (Hoofdstuk 2-7) en de daaruit volgende conclusies 
worden hieronder gegeven.  
 Voor ontvangers van een niertransplantatie hangt een laag activiteitenniveau sterk 
samen met een verhoogd risico op cardiovasculaire en algehele sterfte. Cardiovasculaire 
aandoeningen komen drie tot vijf keer vaker voor in deze populatie vergeleken met de 
algemene populatie. Het is daarom aannemelijk dat een deel van de samenhang verklaard 
wordt door reeds bestaande hart- en vaatziekten in deze groep. Om te bepalen of de relatie 
tussen fysieke activiteit en sterfte onafhankelijk is van de hartfunctie werd in Hoofdstuk 2 
onderzocht wat het effect van hartschade, gemeten met biomarkers, is op deze relatie. Er 
zijn hiervoor analyses gedaan met de gegevens over het fysieke activiteitenniveau en drie 
vastgestelde biomarkers voor hartschade van 540 ontvangers van een niertransplantatie. 
Een laag fysieke activiteitenniveau en hoge waarden van de biomarkers MR-proANP, NT-
proBNP en Hs-TnT hadden allen een sterke relatie met zowel cardiovasculaire als algehele 
sterfte na een niertransplantatie. Desondanks was de relatie tussen fysieke activiteit en 
cardiovasculaire en algehele sterfte onafhankelijk van deze biomarkers. De biomarkers voor 
hartschade hadden wel een significant mediatie effect op de relatie tussen fysieke activiteit 
en cardiovasculaire sterfte. Deze bevinding wijzen erop dat reeds bestaande hartschade een 
tussenliggende stap is in het oorzakelijke verband tussen fysieke activiteit en 
cardiovasculaire sterfte in ontvangers van een niertransplantatie. 
 Om factoren te bestuderen die mogelijk het fysieke activiteitenniveau van 
ontvanger van een orgaantransplantatie beperken is er een historische cohortstudie 
uitgevoerd naar het functionele inspanningsvermogen na een longtransplantatie. Zoals 
beschreven in Hoofdstuk 3 blijven de inspanningscapaciteit, spierfunctie en het fysieke 

activiteitenniveau verlaagd na een longtransplantatie. Factoren die samenhangen met dit 
achterblijven van herstel in functionele inspanningscapaciteit zijn nog niet eerder 
longitudinaal onderzocht. Het doel van deze studie is om de longitudinale verandering in 
de 6 minuten loopafstand, als maat voor functionele inspanningscapaciteit, te onderzoeken 
en om factoren te identificeren die deze verandering beïnvloeden. De gegevens van 108 
ontvangers van een longtransplantatie zijn geanalyseerd met een ‘linear mixed model ’  
analyse. Uit deze analyse is gebleken dat tijd na transplantatie, diagnose, geslacht, 
quadriceps kracht en knijpkracht, het geforceerde expiratoir secondevolume (FEV1, 
percentage van voorspeld) en de lengte van het verblijf in het ziekenhuis voorspellende 
factoren waren voor de 6 minuten loopafstand. De 6 minuten loopafstand nam aanzienlijk 
toe in de eerste 6 maanden na transplantatie maar deze progressie verminderde sterk in de 
periode daarna. Twaalf maanden na longtransplantatie had 58% van de ontvangers niet de 
drempelwaarde van 82% van voorspeld bereikt op de 6 minuten loopafstand. Logistische 
regressie toonde aan dat ontslagwaarden voor het geforceerde expiratoir secondevolume in 
combinatie met quadriceps kracht of knijpkracht voorspellend waren het behalen van deze 
drempelwaarde. Uit de resultaten van dit onderzoek kan geconcludeerd worden dat perifere 
spierkracht een voorspeller is van de 6 minuten loopafstand. Deze bevindingen wijzen erop 
dat quadriceps krachttraining onderdeel zou moeten zijn van de fysiotherapeutische 
behandeling om het functionele inspanningsvermogen te verhogen. Er zal verdere aandacht 
besteed moeten worden aan het verhogen van de 6 minuten loopafstand in de periode 
tussen 6 en 12 maanden na transplantatie. 
 Het fysieke activiteitenniveau van ontvangers van een orgaantransplantatie kan 
beïnvloed worden door verschillende ervaren barrières en motiverende factoren. Het aantal 
studies dat deze factoren onderzoekt is beperkt en er zijn geen studies gedaan waarin alle 
typen transplantatie ontvangers zijn onderzocht. In een eerste poging om de ervaren 
barrières en motiverende factoren voor fysieke activiteit in ontvangers van een 
orgaantransplantatie te verkennen werd een kwalitatieve studie uitgevoerd. In de studie 
beschreven in Hoofdstuk 4 zijn semi-gestructureerde diepte interviews afgenomen om de 
ervaren barrières en motiverende factoren te verkennen. De belangrijkste ervaren barrières 
waren fysieke beperkingen, een gebrek aan energie, angst en het hebben van comorbiditeit. 
De meest genoemde motiverende factoren waren motivatie om fysiek actief te zijn, coping, 
de gevolgen van (in)activiteit, routine/gewoonte, doelen/prioriteit in doelen en 
verantwoordelijkheid voor het getransplanteerde orgaan. Neutrale factoren die genoemd 
werden als barrière of motiverende factor waren self-efficacy en de expertise van het 
personeel. Een vergelijking van de ervaren barrières en motiverende factoren tussen de 
verschillende orgaantransplantatie groepen leverde geen duidelijke verschillen op. Bij het 
ontwikkelen van interventies voor het verhogen van fysieke activiteit van ontvangers van 
een orgaantransplantatie moeten de genoemde persoonlijke- en omgevingsfactoren worden 
meegenomen. 
 Om meer inzicht te krijgen in de ervaren barrières en motiverende factoren voor 
fysieke activiteit bij ontvangers van een orgaantransplantatie zijn er grotere studies nodig. 
De ‘Barriers and Motivators Questionnaire’ is een vragenlijst die gebruikt kan worden om de 
barrières en motiverende factoren voor fysieke activiteit in deze populatie in kaart te 
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verantwoordelijkheid voor het getransplanteerde orgaan. Neutrale factoren die genoemd 
werden als barrière of motiverende factor waren self-efficacy en de expertise van het 
personeel. Een vergelijking van de ervaren barrières en motiverende factoren tussen de 
verschillende orgaantransplantatie groepen leverde geen duidelijke verschillen op. Bij het 
ontwikkelen van interventies voor het verhogen van fysieke activiteit van ontvangers van 
een orgaantransplantatie moeten de genoemde persoonlijke- en omgevingsfactoren worden 
meegenomen. 
 Om meer inzicht te krijgen in de ervaren barrières en motiverende factoren voor 
fysieke activiteit bij ontvangers van een orgaantransplantatie zijn er grotere studies nodig. 
De ‘Barriers and Motivators Questionnaire’ is een vragenlijst die gebruikt kan worden om de 
barrières en motiverende factoren voor fysieke activiteit in deze populatie in kaart te 
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brengen. Om de toepasbaarheid in onderzoek en het klinische gebruik van de vragenlijst te 
verhogen werden de onderliggende dimensies van de vragenlijst onderzocht. De analyse 
van de multidimensionale structuur van de vragenlijst om de barrières en motiverende 
factoren voor fysieke activiteit in deze populatie in kaart te brengen is beschreven in 
Hoofdstuk 5. Exploratieve principale componenten analyses werden toegepast op cross-
sectionele data van 591 ontvangers van een orgaantransplantatie. De analyse van de barrière 
schaal van de vragenlijst liet zien dat de schaal onderverdeeld kan worden in vier 
componenten (angst voor negatieve gevolgen, fysieke beperkingen, lage verwachtingen en 
zelfvertrouwen en gebrek aan motivatie of tijd). De alpha (maat voor de betrouwbaarheid 
van de schaal) van de overeenkomstige subschalen varieerde tussen de 0.66 en 0.80. De 
motiverende factoren schaal van de vragenlijst kon ook worden onderverdeeld in vier 
componenten (gezondheid en lichamelijke gevolgen, externe invloeden, groepsactiviteiten 
en financiële middelen en psychologische uitkomsten). De alpha van de subschalen 
varieerde tussen de 0.70 en 0.88. Negen van de oorspronkelijke items uit de barrière schaal 
en twee items uit de motiverende factoren schaal zijn niet opgenomen in de componenten 
structuur. De vier-dimensionale structuur van zowel de barrière als motiverende factoren 
schaal vergroot de bruikbaarheid en interpretatie van de uitkomsten van de vragenlijst voor 
onderzoek en in de klinische setting in vergelijking tot de totaalscores van de vragenlijst. 
Het gebruik van de componenten biedt hierbij ook de mogelijkheid tot het identificeren 
van beïnvloedbare constructen (doelen) die in interventies kunnen worden opgenomen. 
 Om de kennis over de hoeveelheid fysieke activiteit en sedentaire tijd in ontvangers 
van een orgaantransplantatie te verhogen en om te onderzoeken welke factoren met dit 
niveau samenhangen is er een cross-sectionele studie met gegevens van 656 ontvangers van 
een orgaantransplantatie uitgevoerd. In de studie beschreven in Hoofdstuk 6 is aangetoond 
dat minder dan 60% van de ontvangers voldoet aan de richtlijn voor fysieke activiteit. 
Factoren die significant samenhangen met een laag fysieke activiteitenniveau zijn het 
vrouwelijk geslacht; leeftijd (niet lineair); niet werken of gepensioneerd zijn; het hebben 
van fysieke beperkingen; en het hebben van lage verwachtingen en een laag zelfvertrouwen. 
Factoren die significant samenhangen met minder sedentaire tijd zijn exercise self-efficacy en 
niet werken of gepensioneerd zijn. Meer uren sedentaire tijd werden gezien bij ontvangers 
met een hoog opleidingsniveau, hogere angst voor negatieve gevolgen, meer ervaren fysieke 
beperkingen en die hoger scoren op de motiverende factor ‘gezondheid en lichamelijke 
gevolgen’. Het type transplantatie was voor geen van de uitkomstmaten van significante 
invloed. Bij het ontwikkelen van interventies om het fysieke activiteitenniveau te verhogen 
en de sedentaire tijd te verlagen zal er aandacht moeten zijn voor fysieke beperkingen, 
angst voor negatieve gevolgen, lage verwachtingen en zelfvertrouwen, gezondheid en 
lichamelijke gevolgen en exercise self-efficacy.  
 Ondanks dat het algemene fysieke activiteitenniveau van ontvangers van een 
orgaantransplantatie laag is zijn er wel ontvangers die zeer actief zijn en deelnemen aan 
competitieve sporten. Het is echter onbekend in hoeverre ontvangers van een 
orgaantransplantatie fysiek uitgedaagd kunnen worden. In Hoofdstuk 7 wordt een 
expeditie naar de Kilimanjaro beschreven waarbij de tolerantie voor zware fysieke 
activiteiten op grote hoogten van ontvangers van verschillende soorten transplantaties werd 

onderzocht. Twaalf ontvanger van een orgaantransplantatie werden geselecteerd om deel te 
nemen (2 hart-, 2 long-, 2 nier-, 4 lever-, 1 allogene stamcel- en 1 dunne darm-
transplantatie). De leden van het medisch team en de meereizende familieleden fungeerden 
als controlegroep. Tijdens de beklimming zijn cardiopulmonale uitkomstmaten en 
symptomen van hoogteziekte twee keer per dag geregistreerd. Capillaire bloedgas analyses 
zijn twee keer uitgevoerd tijdens de beklimming en een keer na terugkeer. Elf van de 
transplantatie deelnemers en de gehele controlegroep zijn gestart aan de laatste etappe van 
de beklimming (start 4700 meter) en tot boven de 5000 meter geklommen. Acht 
deelnemers uit de transplantatie groep (73%) en dertien deelnemers uit de controlegroep 
(93%) bereikten de top (5895 meter). De cardiopulmonale uitkomstmaten en hoogteziekte 
scores lieten geen verschillen zien tussen de transplantatie groep en de controlegroep. 
Tekenen van hyperventilatie waren wel meer uitgesproken in de transplantatie deelnemers 
en de aanpassing aan hoogte was hiermee minder effectief. Deze laatste uitkomst is 
waarschijnlijk gerelateerd aan een verminderde nierfunctie en wijst op een verminderde 
metabole compensatie. Over het algemeen is de tolerantie voor zware fysieke activiteit en 
de haalbaarheid van een expeditie naar grote hoogte vergelijkbaar voor zorgvuldig 
geselecteerde ontvangers van een transplantatie en niet getransplanteerde controles.  
 In Hoofdstuk 8 worden de voornaamste bevindingen uit dit proefschrift 
bediscussieerd. Ondanks de grote variatie in het fysieke activiteitenniveau tussen mensen 
na transplantatie en het feit dat de meetmethoden hun beperkingen hebben voldoet een 
substantieel deel van de ontvangers niet aan de aanbevolen hoeveelheid fysieke activiteit. 
Deze uitkomst benadrukt de noodzaak tot het ontwikkelen van een aanpak om het fysieke 
activiteitenniveau in deze groep te verhogen. Er zijn geen significante of relevante 
verschillen gevonden in fysieke activiteit of factoren van invloed op het fysieke 
activiteitenniveau tussen de verschillende transplantatie groepen. Het ontwikkelen van 
interventies is voor alle transplantatie groepen relevant en de inhoud van de revalidatie of 
fysiotherapeutische interventies kan grotendeels gelijk zijn. Niet het type transplantatie 
maar de ervaren barrières, motiverende factoren en psychologische factoren lijken het 
fysieke activiteitenniveau te beïnvloeden en moeten de leidraad zijn voor interventies. 
Gezien de interdisciplinaire aanpak in de zorg rondom een transplantatie zouden alle 
zorgverleners samen moeten werken om het fysieke activiteitenniveau in deze populatie te 
verhogen. Zorgverleners zouden hun verantwoordelijkheid moeten nemen in het adequaat 
meten van het fysieke activiteitenniveau en de fysieke fitheid. Verder zal het vaststellen van 
potentiële barrières voor fysieke activiteit en de psychologische kenmerken van de 
ontvanger voldoende aandacht moeten krijgen gezien het feit dat ze duidelijk 
samenhangen met het fysieke activiteitenniveau. Deze factoren kunnen zeer waarschijnlijk 
beïnvloed worden in revalidatie of fysiotherapie programma’s. Zorgverleners moeten 
ontvangers van een transplantatie met een inactieve leefstijl begeleiden of doorverwijzen 
om hun fysieke activiteitenniveau te verhogen en de negatieve gevolgen van inactiviteit te 
beperken.  
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