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Sample size justification 

Previous studies on healthy children (S1) and adults (S2) have shown that 3-6 months of 

endurance training induces an increase in VO2peak in the magnitude of at least one standard 

deviation over a control group (effect size >1.0). Based on 0.8 power to detect such a 

difference (P=0.05, two-sided) and an allocation to the intervention group in 60% of 

participants (justification see below), 21 patients were required in the intervention group and 

14 in the control group (Sample Power 2.0, Statistical Package for Social Sciences, 



Chicago/IL, USA). To allow for some drop-outs, we planned to recruit 38 patients into the 

study. 

 

 

Randomization procedure 

After inclusion in the study, each subject drew a folded paper ticket from an opaque bag with 

closed eyes. There were 40 folded paper tickets in the bag, 24 for the intervention and 16 for 

the control group. The ticket drawn was then destroyed. The procedure used for 

randomization allocated 60% of all patients to the intervention group since we expected more 

drop-outs in this group.  

 

 

Study design and procedures 

Patients were seen in their respective centre at study entry (December 2000 to March 2001), 

and after 3, 6, 12, 18, and 24 months. On each visit, the primary outcome variable VO2peak 

was determined as well as the secondary outcome variables (maximal aerobic power – Wmax, 

muscle power, physical activity, anthropometry including body composition, pulmonary 

function, and QoL,). Questionnaires were also used to assess episodes of infections with fever 

during the 3- to 6-months period prior to the respective visit, the attitude towards sports 

activities (5-point Likert scale), and the types of activities performed during the main 

intervention period. Outcome assessors were not blinded with respect to the participant´s 

group allocation for VO2peak and skinfold measurements.  

VO2peak and Wmax were determined at the end of each visit after at least 30 min of rest 

employing a continuous incremental cycling task to volitional fatigue (Godfrey protocol) 

(S3). Initial workload was 15 or 20 Watts depending on the subjects’ height (15 Watt for 



individuals with a height below 150 cm) and thereafter increased every minute by 15 or 20 

Watts, respectively. All patients were tested using the identical Monark 834 E Ergomedic 

cycle ergometer (Varberg, Sweden) and calibrated metabolic cart (CPX/D, MedGraphics, St 

Paul, MN). Patients were verbally encouraged to exercise until exhaustion. VO2peak was 

determined as highest VO2 over 30 s during the test. Wmax was taken as the power 

maintained over the final completed 1-minute stage during the test. The ECG (chest leads 

only; AT2, Schiller, Baar, Switzerland) and oxygen saturation (Nellcor Reflectance oxygen 

sensor RS10 & NPB290, Nellcor Pruitan Bennet Inc., Pleasanton, CA, USA) were monitored 

throughout the test.  

Muscle power was assessed on a calibrated mechanically braked cycle ergometer at least 30 

min prior to the above continuous incremental cycling task using the Wingate test protocol 

(S4). In all centres, the identical Monark 834 E ergometer was used. For each patient, braking 

force was calculated from body mass using existing equations (S5). Subjects first performed a 

4-min warm-up cycling task with a cadence of 50-60 revolutions per minute and using a load 

corresponding to 15% of the predetermined load of the actual test. During the warm-up, 

subjects were asked four times to accelerate as fast as possible for 3-5 seconds. Thereafter, 

two short practice starts for the Wingate test were performed and the final load was modified 

up to 10% depending on the performance in these tasks. The reason for this adjustment was to 

identify a braking force that would elicit the highest average power during the 30-s test. Peak 

power (PP) - the highest power generated during any 5-s interval during the test – and the 

mean power (MP) generated during the entire 30-s test were chosen as indicators of muscle 

power.  

Physical activity was determined by accelerometers (MTI/CSA 7164 Actigraph; Pensacola, 

FL, USA) which were worn for 7 consecutive days at the right hip with an epoch time set to 

60 s. Periods of 60 min or more with zero readings were excluded from analysis. Data were 

included if a patient had completed at least 5 days of recordings with at least 10 hours of valid 



data per day. Validation studies of the Actigraph in children (S6) and adults (S7), based on 

direct observation, spiroergometry and energy expenditure measured by doubly labelled 

water, have found the accelerometer to be accurate. Time spent in vigorous physical activity 

(in hours per week) was defined as the total time with an activity level equal or greater than 

2000 counts·min-1. 

Height and body mass were measured in light exercise clothing with no shoes, and skinfold 

thickness was determined at four sites (biceps, triceps, subscapular and suprailiac). Percent 

body fat (%BF) was calculated throughout the entire study in all patients younger than 16 

years at study entry according to Slaughter et al. (S8), while the equations by Durnin & 

Wormersley (S9) were employed for older patients.  

FEV1 and forced vital capacity (FVC) were determined by standard spirometry while residual 

volume relative to total lung capacity (RV/TLC) was measured by volume measurements (in 

all centers: Masterscreen body, Jaeger, Würzburg, Germany). FEV1 and FVC were expressed 

as %predicted using reference values reported by Sherrill et al. (S10). RV/TLC was expressed 

as %predicted using age-specific reference data (S11,S12).  

QoL was assessed by questionnaire (German version of the CFQ-14+) (S13).  
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