
 

 

 University of Groningen

Physical activity in recipients of solid organ transplantation
van Adrichem, Edwin

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van Adrichem, E. (2017). Physical activity in recipients of solid organ transplantation. [Thesis fully internal
(DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/7318d6ed-525e-4667-a05a-8861f3fa1ca9


Chapter 6| 
Physical Activity, Sedentary Time, and 
its Associated Factors in Recipients of 

Solid Organ Transplantation 

Edwin J. van Adrichem 
Rienk Dekker 

Wim P. Krijnen  
Erik A.M. Verschuuren  

Pieter U. Dijkstra 
Cees P. van der Schans 

Accepted for publication in Physical Therapy 



106.

Chapter 6

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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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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Table 1. Participant characteristics
Total 
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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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l= living donor, d = deceased donor. IQR, inter quartile range; PA, Physical Activity.
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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 
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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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   ≥ 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
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   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.
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   self-confidence -6.4 -62.3; 49.6 .824
   Lack of motivation or  
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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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hypothesis that this motivator component is likely to be most experienced by participants 
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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 
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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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Chapter 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. 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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. 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