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Abstract 

Lankhorst, K, Takken, T, Zwinkels, M, van Gaalen, L, Velde, St, Backx, F, Verschuren, O, 

Wittink, H, and de Groot, J. Sportsparticipation, physical activity, and health-related 

fitness in youth with chronic diseases or physical disabilities: the health in adaptedyouth 

sports study. J Strength Cond Res XX(X): 000–000, 2019—Youth with chronic diseases or 

physical disabilities (CDPD) oftenshow reduced fitness and physical activity (PA) levels 

and participate less in organized sports compared with healthy peers. Thepurpose of 

this study was to examine the associations between participation in sports and health-

related fitness and PA in youthwith CDPD. A total of 163 participants (mean age 14 

years; range 8–19 years) with CDPD were included in this cross-sectionalstudy, with 81 

participating in organized sports and 82 not. Participants were recruited between 

October 2014 and November2016. Aerobic and anaerobic fitness, agility, and muscle 

strength were assessed in the laboratory, whereas PA was monitored indaily life using 

accelerometry during 1 week. Linear regression analyses were used to assess the 

associations of sports participation(independent variable) with health-related fitness 

and PA (dependent variables). Results show that youth with CDPD participating 
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inorganized sports 2 times a week performed better on all outcome measures. They 

reached a higher peak oxygen uptake (differenceof 4.9 ml O2·kg-1·min-1, P = 0.001) 

compared with their peers not participating in sports. Also, anaerobic fitness, agility, 

musclestrength, and PA were all positively associated with sports participation. 

Moreover, the association between sports participationand aerobic fitness was 

mediated by PA for 31% (P = 0.045). In conclusion, participation in sports is associated 

with both higherlevels of PA and health-related fitness in youth with CDPD. Promotion 

and stimulation of participation in sports seems a good way topromote health-related 

fitness as well as a healthy active lifestyle in youth with CDPD. 

Introduction 
Youth with chronic diseases or physical disabilities (CDPD) have lower fitness levels (45), lower levels 

of physical activity (PA) (12,36), and a higher prevalence of adiposity (29) than their healthy peers. 

The detrimental health effects of physical inactivity in healthy youth are well established (15,27,30). 

In healthy youngsters, insufficient PA levels are highly associated with low cardiorespiratory fitness, 

higher levels of obesity, and increased cardiovascular risk (26,39). 

Many studies have reported the benefits of sports in promoting PA (28,46) and its contribution of 

moderate-to-vigorous PA (MVPA) to daily recommended PA in healthy youth (44). The current 

recommendations for youth (5–17 years), including those with CDPD, state that they should 

accumulate at least 60 minutes of MVPA daily for healthy development or 20 minutes of vigorous 

physical activity (VPA) for at least 3 timesweekly to achieve the same health effect (9,11). Shorter 

exercise time with a higher intensity (VPA) support sports participation to meet PA guidelines and to 

develop a healthy active lifestyle.  

 Although the health benefits related to sports and PA have been reported in healthy youth, there 

is only limited evidence as to what extent sports participation may affect PA and health-related 

fitness in youth with CDPD. A recent study did report a significant correlation between aerobic fitness 

and cardiovascular health and also an inverse relationship between adiposity and cardiovascular 

health in youth with CDPD (20). Finding ways to improve health-related fitness and cardiovascular 

health therefore seems an important goal for youth with CDPD. At the same time, training studies 

have shown that youth with CDPD indeed can improve their PA level and health-related fitness 

through supervised intervention programs in rehabilitation settings (18,45). However, the positive 

results achieved are often not maintained in the longer term after these programs end (13,49). 

Weekly participation in sports could be, based on what we know in healthy youth, a solution to 

maintain and optimize PA levels and health-related fitness in youth with CDPD. 

Arecent study showed that youthwithCDPDoften do not meet the guidelines for healthy PA. While 

already difficult for healthy peers to meet recommended levels of PA, a Dutch publication showed 

that youthwithCDPDparticipate even less in competitive and recreational sports (9,10). Only 26% of 

youth with CDPD participate in sports once a week (10) compared with 71% of their healthy peers 

(9). 

Although this low adherence to PA guidelines might be detrimental to health-related fitness and 

physical functioning, several studies have reported important barriers for youth with CDPD making it 

difficult to participate in sports. These barriers include both personal factors, e.g., the lack of energy, 

fatigue, and lack of “leisure” time due to longer school hours and more time spent in activities of 

daily living, and environmental factors (10,25). The latter includes accessibility of the physical 

environment but also attitudes from the social environment, e.g., parents, teachers, health care 

professionals and policy makers, including fear of injury, thinking sports might be too difficult, lack of 

knowledge regarding the importance of PA for youth with CDPD, or more practical considerations 

such as transportation to an adapted sport facility (53). To overcome some of these social barriers, 
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research is needed showing that there are positive associations between sports participation and 

health-related fitness.With this knowledge, attitudes might change toward the importance of sports 

participation for youth with CDPD. 

We hypothesize that youth with CDPD who participate in sports are more active and show better 

health-related fitness outcomes than those who are not. Therefore, the aim of this study was to 

investigate the associations of sports participation with health-related fitness and PA in youth with 

CDPD. 

Methods 

Experimental Approach to the Problem 
This study is part of the larger Health in Adapted Youth Sports (HAYS) study. We used a cross-

sectional prospective design to investigate the associations of sports participation with physical 

fitness, PA, cognition, cardiovascular health, and quality of life in youth with CDPD. The current 

article focuses on the associations of sports participation with PA and health-related fitness in youth 

with CDPD. The associations of sport participation with self-perception, exercise self-efficacy, and 

quality of life were published previously (43). All assessments were performed between October 

2014 and November 2016. A detailed description of the research design and testing procedures has 

been published previously (31). An overview of the outcome measures and used measurement 

instruments of the current study are summarized in Table 1. 

[Table 1] 

[Table 2] 

[Table 3] 

Subjects 
Participants were eligible for this study when they were ambulatory, aged from 8 up to 19 years with 

CDPD and diagnosed with cardiovascular, pulmonary, musculoskeletal, metabolic, or neuromuscular 

disorder. Table 2 shows the eligibility and exclusion criteria. The characteristics of the participants 

such as age, sex, medical diagnosis, identification of sports participation, and nonsport are displayed 

in Table 3. The medical diagnoses were further classified into categories according to the American 

College of Sports Medicine (Table 3) (17). 

Written informed consent was provided by all participants and as required by Dutch law also by 

the parents of participants younger than 18 years. In line with Dutch law, no parental informed 

consent was required for participants 18 years and older. This study was approved by the Medical 

Ethics Committee of the University Medical Center Utrecht, the Netherlands (METC number: 14-

332/c). 

Procedures 
Independent Variable: Sports Participation. Sports participation was identified using 3 standardized 

questions used by the National Institute for Public Health and the Environment (RIVM) (24): (a) do 

you participate in organized sports?, (b) what is/are the type of organized sport(s)?, and (c) what is 

the frequency of participation in organized sports per week? When participants were involved in 

organized sports at least 2 times per week, they were classified as the “sports group” (SG), and all 

others were classified as the “non”sporting group (NSG). 
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Dependent Variables.  

Physical activity and health-related fitness including cardiovascular health and physical fitness were 

assessed (Table 1). Measurement instruments and tests that were valid and reliable in children and 

adolescents with physical disabilities were used. Specific details about the validity and reliability of 

the measurement instruments and tests were described in detail previously (31). One week before 

the testing session, the general questionnaire was completed by the participant. Each assessment 

was performed using a standardized test protocol. All measurements related to health-related fitness 

took place on 1 day and were performed in the following order: height and body mass, bioelectric 

impedance analysis, waist and hip circumference measurements, arteriograph measurement, grip 

strength, standing broad jump, 10 3 5-m sprint, muscle power sprint test (MPST), and 

cardiopulmonary exercise test. Finally, the use of the PA monitor and activity diary was explained to 

the participant for the PA monitoring in the home situation (Table 1). In general, instructions were 

given by the researcher and if needed a practice session took place before the actual test started. 

When this was the case, the participant received sufficient rest before the actual test took place. 

Between each test, there was time for recovery. In addition, the researchers asked the participants 

after each test and recovery period if the participant felt ready to continue the test protocol; if not, 

further resting was allowed. The extra need of recovery was determined by the participant.  

Health-Related Fitness: Cardiovascular Health.  

Height and body mass were measured, and body mass index (BMI) was calculated using body mass 

(kg)/body height2 (m). For waist and hip circumference, a measure in standing position was taken at 

the umbilicus and trochanter major, and waist/hip ratio was defined. To control for differences in 

age, Z scores of body height, body mass, BMI, waist and hip circumference, and waist/hip ratio were 

calculated according to Dutch reference values (42). Fat mass was measured in supine position with 

bioelectrical impedance analysis (Bodystat Quadscan 4000; EuroMedix, Leuven, Belgium). 

Arterial stiffness was determined by aortic pulse wave velocity (PWVao), as a measure of arterial 

stiffness, and augmentation index (AIX%), as a measure of peripheral arterial tone. The 

measurements were performed in a supine position after ten-minute rest by a noninvasive 

oscillometric tonometry device (Arteriograph; TensioMed, Ltd, Budapest, Hungary) at the right arm. 

A higher PWVao indicates a higher aortic stiffness, and a higher AIX% indicates a higher peripheral 

arterial tone. Blood pressure (systolic and diastolic) and resting heart rate were also measured using 

the Arteriograph within the same measurement. Instructions to the subject were no food intake 3 

hours before measurement and no talking during the measurement. After the measurement of 

arterial stiffness, the child was allowed to eat something, before continuation of the other tests. 

Physical Fitness  
To test the strength of the subjects, tests from the Brockport fitness test were chosen (57). The 

isometric muscle strength was tested through the use of a handheld hydraulic dynamometer (5).The 

participants’ dominant hand was tested, and one practice session took place before the actual test 

started. Mean grip strength was calculated out of 3 attempts. 

The standing broad jump was used to evaluate the explosive strength of the lower limbs by 

measuring the distance jumped with 2 legs together from the standing position (14). Mean distance 

was calculated of 3 trials and used for analysis. One practice session took place before the actual test 

started. 

Agility was measured using the 10 3 5-m sprint test (50) and also valid for use in children and 

adolescents with and without a pathological gait pattern (56). During this test, the child was asked to 

sprint as fast as possible, 10 times, in between 2 lines that were 5-m apart. There was no resting 

period, so the child/adolescent had to turn as fast as possible during this test. Time was recorded 

using a stopwatch. Anaerobic fitness was determined by the MPST, which has been validated for use 
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in children and adolescents with and without a pathological gait pattern (16,41,50,54). Subjects had 

to complete six 15-m runs at a maximum pace. One sprint was performed by the participant for 

practice, before the actual test started. The MPST is an intermittent sprint test, in which the child 

stops and starts at standardized intervals. Power was calculated ([body mass 3 distance]2/time3) for 

each of the 6 sprints, and mean power was defined as the average power over the 6 sprints 

and used for further analysis. 

Aerobic fitness was determined using an incremental exercise test. In exercise testing, peak 

oxygen uptake (V̇O2peak) is considered to be the single best indicator of cardiorespiratory fitness or 

aerobic fitness. A cardiopulmonary exercise testing system, the Cortex Metamax 3X(Samcon bvba, 

Melle, Belgium), was used for evaluation of the respiratory gasses and V̇O2peak. Aerobic fitness was 

assessed by an adapted 10-m incremental shuttle run test (48) or by an incremental exercise test on 

an electronically braked cycle ergometer (Ergoline, Ergoselect 200 K; Ergoline, Bitz, Germany). In 

persons with disability, the main mode of locomotion/mobility elicits the highest V̇O2peak (6). 

Therefore, the type of sports or daily locomotion determined whether the shuttle run test or a 

cycling ergometry test was used. In children with a congenital cardiopulmonary disease, a cycling test 

was always used, because of the electrocardiography monitoring of the heart for safety issues. 

The speed of the shuttle run test was adjusted based on the results of the MPST and the agility 

test. The cycling test, using the Godfrey protocol (19), was used to test the aerobic fitness in children 

who are active on a bike in sports or daily living. Load depended on the height of the child and the 

expected level of fitness. Regardless of the testing modality, the test started with a resting 

measurement for 3minutes. Participants were verbally encouraged to keep on exercising until 

voluntary exhaustion. Exercise tests were considered maximal and included for analysis if 2 out of 3 

of the following criteria were achieved: (a) peak heart rate .180 b·min-1, (b) peak respiratory 

exchange ratio.1.0, or (c) subjective signs of exhaustions (out of breath, sweating, or plateau of V̇O2) 

or unable to continue the test (52). Cardiorespiratory fitness was defined as V̇O2peak per body mass 

and V̇O2peak in liter per minute, and to control for differences in age, Z scores of V̇O2peak were 

calculated according to Dutch reference values (8). 

Physical Activity 
Physical activity was measured using an activity monitor, the Activ8 (2M Engineering BV, 

Valkenswaard, the Netherlands). The Activ8 is a valid one-sensor ambulatory monitoring system and 

has been validated for use in youth with and without motor impairments (32). Each subject wore the 

sensor on the dominant leg, fixed with a Tegaderm (3M, Delft, the Netherlands) waterproof skin tape 

during 7 consecutive days for 24 hours each day. To calculate and interpret the data of waking hours 

gathered with the activity monitor, sleeping time was recorded in a diary. A minimum of 1 weekend 

day and 2 school days with a minimum of 600 minutes per day were required for further analysis 

(35). The time in minutes per day were calculated for each activity (lying, sitting, standing, walking, 

bicycling, and running) during awake hours and calculated for school and weekend days separately. 

The PA data were divided into sedentary and active categories. Sedentary activity consisted of lying 

and sitting, whereas active activities entailed walking, bicycling, and running. 

Power Analysis 
The sample size of the HAYS study was based on a study of Verschuren and Takken (47). In this study, 

children and adolescents with cerebral palsy (CP) had aV̇O2peak of 42 ml O2·kg-1·min-1 (SD ±8.2). To 

prove a difference of 10% between the SG and NSG, with an alpha of 0.05 and beta of 0.20 (power of 

0.80), a sample size of 66 subjects per group was required. When taking a failure rate of 10% into 

account, a minimum of 146 subjects were required in total. 
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Statistical Analyses 
All analyses were performed using the SPSS Statistics, Version 23.0 (IBM, Corp., Armonk, NY, USA). 

First, descriptive statistics was used to describe the outcomes in the 2 groups. Independent Student’s 

t-tests, the Mann-Whitney U-test, and the chi-square test were used to determine the differences 

between the SG and NSG. Linear regression analyses were used to assess the relationship between 

sports participation (independent variable) with health-related fitness and PA (dependent variables). 

Assumptions regarding normality of residuals were checked and met the assumptions. The 

regression models were adjusted for potential confounders such as age, sex, and diagnosis. 

To determine whether the association between sports participation and the primary outcome 

variable V̇O2peak was mediated by PA, mediation regression analyses were conducted using the 

product-of-coefficient method (Figure 1 and Table 8) (21). First, the overall relationship between 

participation in sports and the outcome variable V̇O2peak was estimated (the C coefficient). Second, 

the relationship between participation in sports and the potential mediator variables, the 2 

categories: (M1) sedentary and (M2) active, was estimated (the A coefficient). Third, the relationship 

between the mediator variables and the outcome V̇O2peak was estimated (the B coefficient). Finally, 

the effect of participation in sports on V̇O2peak adjusted for the mediator was estimated (the C9 

coefficient or mediator-adjusted effect). The proportion of the total effect of participation in sports 

on the V̇O2peak measure that was mediated by any of the potential mediators tested was also 

calculated (dividing the mediated effect by the total effect [A coefficient 3 B coefficient/C 

coefficient]). Mediation was considered partial when the mediator-adjusted association between 

participation in sports and the outcome (the C9 coefficient) remained significant. The PROCESS 

module in SPSS was used to conduct the mediation analyses (22). The mean time in minutes of the 

total week (school and weekend days) for the clustered categories sedentary and active was 

calculated and used for this mediation regression analyses. For each coefficient estimated, 95% 

bootstrapped confidence intervals (CIs), p values, and adjusted R square were calculated. A p value 

#0.05 was considered statistically significant. 

[Figure 1] 

[Table 4] 

Results 

Participants’ Characteristics 
A total of 163 ambulatory participants with CDPD were included for this study between September 

2014 and October 2016 (96 boys [mean age 14.3 years, SD ± 2.8] and 67 girls [mean age 14.2 years, 

SD ± 3.0]). Descriptive statistics of the sample are presented in Table 3. 

Health-Related Fitness 
Youth who participated in sports had a significant higher V̇O2peak, had a higher power on the MPST, 

were faster on the 10 3 5-m sprint test, had a higher mean grip strength, and were able to jump 

horizontally further compared with the NSG (Table 4). In addition, the participants in the SG had a 

significant lower waist/hip circumference ratio SDS and lower percentage of fat mass compared with 

the NSG (Table 4). There were no significant differences between participants in the SG and NSG for 

blood pressure (systolic and diastolic), resting heart rate, and the arterial stiffness (PWV and AIX) 

(Table 4). The number of participants who performed an incremental shuttle run test or an 

incremental exercise test on a cycle ergometer was equally distributed between the NSG and SG. 
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[Physical Activity 
Youth participating in sports were more active than those who did not during both school and 

weekend days. The mean total minutes of bicycling and running were significantly higher for the SG 

compared with the NSG (Table 5). In addition, the total active time (walking, bicycling, and running) 

was significantly higher in the SG compared with the NSG. Sedentary time (lying and sitting) did not 

significantly differ between the groups during both the weekend and school days (Table 5). 

[Table 5] 

[Table 6] 

Sports Participation Associated With Health-Related Fitness 
Sports participants showed a higher V̇O2peak. We found significant positive associations for both 

boys and girls between participation in sports and V̇O2peak. Boys had a higher V̇O2peak compared 

with girls. The effect of sports participation was independent of the medical diagnosis (Table 6). 

The mean power on the MPST, the time on the 1035-m sprint test, the mean grip strength, and 

the mean standing broad jump were all positively associated with sports participation (Table 6). 

Overall, participation in sports, sex, and age were associated with a better performance on all these 

outcome measurements. Participants with a pathological gait pattern scored lower on all outcomes 

(see motoric gait function, Table 6). 

Youth participating in sports had a lower percentage of fat mass compared with peers not 

participating in sports (Table 6).Youth with a pathological gait pattern had a significantly higher 

percentage of fat and higher waist/hip circumference SDS. Sports participation, sex, and age were 

positively associated with the waist/hip circumference SDS. 

Sports Participation Associated With Physical Activity 

Sports participation was positively associated with the amount of active time during both school and 

weekend days (Table 7). Age was negatively associated with the amount of active time during 

weekend days. Participants with a pathological gait pattern spent a lower number of minutes in 

active time during school days compared with peers without a pathological gait pattern.  

Sports participation was positively associated with both bicycling and running during school days. 

The motoric gait function was negatively associated with bicycling, whereas sex and age were 

negatively associated with running during school days. In addition, sports participation was positively 

associated with bicycling during weekend days, whereas age was negatively associated with 

bicycling. Youth in the SG ran more in the weekend compared with peers from the NSG. 

[Table 7] 

Mediation Regression Analysis 
Physical activity mediated the association between sports participation and V̇O2peak (Table 8). The 

mediating effect of PA on V̇O2peak was 0.033 ml O2·kg-1·min-1. For every additional minute of PA, 

V̇O2peak increased with 0.033 ml·kg-1·min-1. The proportion mediated was 31%. Sedentary time did 

not mediate the association between sports participation and V̇O2peak. 
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Discussion 
The results from this study demonstrate that sports participation was strongly associated with better 

health-related fitness and increased PA level in children and adolescents with CDPD. Youth 

participating at least twice weekly in organized sports performed better on all outcome measures. 

Our results also suggest that the association between sports participation and aerobic fitness was 

mediated for 31% by an increased PA level. We did not observe any significant association between 

sports participation and sedentary time. 

We found significant positive associations for both boys and girls between participation in sports 

and V̇O2 peak. These findings are in line with current literature. Earlier studies have shown an 

association between fitness and sports and exercise in both girls and boys (1,2). We found levels of 

aerobic fitness comparable with values observed in healthy youth (mean values 41.5 ml·kg-1·min-1 

and 46–49 ml·kg-1·min-1 for females and males, respectively) (8). Previous studies have reported 

lower aerobic fitness in youth with a neuromuscular disorder (40,51). A large proportion (49.1%) in 

our study population consisted of participants with neuromuscular disorders. Despite this condition, 

sports participants with neuromuscular disorders in our study show that they can achieve V̇O2peak 

values within the normal range for healthy Dutch peers. From a health perspective, this is a 

remarkable and promising finding because it shows that sports seems effective in optimizing aerobic 

fitness and this is currently not achieved in the longer term with rehabilitation programs in youth 

with CDPD (7,58).  

Youth participating in sports also performed significantly better on outcomes of anaerobic fitness, 

agility, and strength measurements. Other cross-sectional studies have reported similar results with 

healthy peers, where their participation in recreational sports scored higher in anaerobic fitness and 

muscular strength than youth, those who did not (23). Short bursts of high-intensity sprints are 

required in youth sports, which may have resulted in a higher anaerobic fitness than their 

nonsporting peers. In contrast to aerobic fitness, the medical diagnosis did influence the outcomes of 

anaerobic fitness, agility, and muscle strength in our study. Participants with a neuromuscular 

disorder such as CP or spina bifida (SB) scored lower on all anaerobic fitness and performance 

measures compared with those without a neuromuscular disorder. These results are in line with 

existing evidence, which shows that a motor impairment affect anaerobic fitness negatively and the 

motor impairment influenced anaerobic fitness more strongly compared with aerobic fitness (40,55). 

A muscle impairment results in a reduced muscle strength and coordination in muscles that have 

been affected due to the neuromuscular disorder. Because of the lower level of coordination, youth 

with motor impairment often need more time to complete motor tasks. Tasks including stops, turns, 

and accelerations, as part of the agility measures, will therefore take more time in youth with motor 

impairment compared to those without. Although youth with a neuromuscular disorder perform less 

well because of their medical condition, our study showed that participation in sports can 

significantly contribute to better muscle function and better performance on the anaerobic fitness 

and performance tests compared with their nonsporting peers with a neuromuscular disorder. 

In our study, youth with CDPD who participated in sports were more active during both school 

and weekend days. At the same time, this higher PA level explained 31% of the association between 

sports participation and V̇O2peak. A total of 47 minutes more active time per week resulted in a 

higher V̇O2peak of 1.55 ml·kg-1·min-1. In contrast to the current finding, studies in healthy youth have 

shown only small correlations between V̇O2peak and MVPA (3,38). Youth with CDPD are less active 

compared with their healthy peers but do achieve positive effects on health-related fitness when 

they become active. 

This study was the first large study to evaluate the associations between sports and health-related 

fitness and PA. Strong points are the objective direct measurement of both V̇O2peak and 

accelerometry-based PA. Obviously, this study also has some limitations. First, the cross-sectional 
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design limits the ability to establish causality and direction. At the same time, establishing 

associations is an important first step for further research. Second, we only included ambulatory 

youth with CDPD, and therefore, our results are limited to ambulatory youth with CDPD. Moreover, 

there were more boys in the SG compared with the NSG, which we did correct for in the statistical 

modeling. Sex stratification is recommended for future studies, as outcomes do differ among sex. 

Finally, using the standardized questionnaire on sports, we did not have information regarding the 

training history of the SG (e.g., how many years they have been doing sports). We only recorded 

whether they have participated in organized sports at least twice weekly during the past 3 months. 

We would recommend future research to include information of the number of years of sports 

participation as well as the duration, type, and characteristics of the sports activities, as it gives more 

insight into the long-term effects of sports. Despite these limitations, this study still demonstrates 

positive associations of sports participation with PA and health-related fitness independent of age, 

sex, and motoric gait function in ambulatory youth with CDPD. 

Practical Applications 
While in healthy youth only a weak relationship has been demonstrated between PA and aerobic 

fitness (34), PA was a strong predictor of aerobic fitness in youth with CDPD, as shown with the 

mediation regression analysis in our study. Our data show that youth with CDPD who participate in 

organized sports at least twice weekly benefit from the positive effects of sports on health-related 

fitness and PA. Especially in children and adolescents with CP or SB with muscle weakness, which is a 

major problem, organized sports contributes to a better muscular function.  

As described earlier, youth with CDPD are able to improve their PA level and health-related fitness 

through supervised intervention programs in rehabilitation settings (18,45); however, achieved 

results are often not maintained in the longer term (13,49). Data of the current study suggest that 

participation in sports is an excellent way to improve or maintain health-related physical fitness in 

youth with CDPD.  

Therefore, this study also shows it is important to focus on reducing barriers to sports 

participation for youth with CDPD, with special attention for girls (4) and adolescents. In this group, 

the drop-out from sports is high (46), PA decreases, and sedentary time increases (37). This will most 

likely involve a multidisciplinary approach, with professionals from the medical, social, and 

educational domain working together with the youth with CDPD to overcome barriers and find the 

possibilities to participate in sports. 

For professionals, the training guidelines developed for healthy youth (33) are mostly applicable 

for youth with CDPD, but some characteristics and physical possibilities for certain types of sports 

should be taken into account. Adapted guidelines for both exercise testing and training have been 

published to guide coaches and trainers of the young athlete with CDPD (17). In addition, it is 

advisable to use relevant registration and assessment tools to monitor training loads. All 

measurement instruments and performance tests used in this study are feasible, easy to use, and 

proven valid and reliable in youth with CDPD. The measurement outcomes of all tests of the current 

study could be used as a reference, which makes it possible to put the test outcome of our young 

patient or sports participant with CDPD in perspective with their sporting and nonsporting peers. 

In conclusion, participation in sports is associated with both higher levels of PA and health-related 

fitness in youth with CDPD. Promotion and stimulation of healthy active lifestyles including sports 

participation is therefore highly recommended in this special population. 
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Table 1  Overview of the outcome measures and chosen measurement instruments in this study.* 
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Table 2 Eligibility and exclusion criteria. 
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Table 3 Characteristics of the nonsport group (NSG) and sport group (SG).*. 

 
 

Figure 1 Mediation analysis. 
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Table 4 Health-related fitness in relation to outcome variables of the nonsport group (NSG) and 
sport group (SG).*† 

 
 

Table 5 Objective measured physical activity during school days and weekend days in the nonsport 
group (NSG) and sport group (SG).* 
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Table 6 Associations of sports participation with health-related fitness in youth with chronic 
diseases or physical disabilities.*† 
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Tabel 7 Associations of sports participation with physical activity in youth with chronic diseases or 
physical disabilities.*† 

 
 

Table 8 Mediation analysis: association between sports participation (yes/no) and V̇O2peak via the 
mediator variables of sedentary behavior and physical activity (N 5 106).*†‡ 

 


