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The Netherlands Twin Register (NTR) was set up more than 25 years ago at the VU University 

in Amsterdam (Boomsma et al., 2006; van Beijsterveldt et al., 2013; Willemsen et al., 2013). 

The aim of the NTR is to examine the underlying causes of individual differences in 

personality, growth, development, disease and risk factors for disease. For the majority of the 

multiples and their families (parents, siblings, and children) longitudinal data are available. 

The NTR holds a unique dataset for epidemiological-scaled research on the genetic 

architecture of behavior and diseases. Subject recruitment and data collection is still ongoing 

and the longitudinal database is growing. At this moment, more than 200.000 individuals are 

enrolled in the NTR.  

The twin-families that were invited for the laboratory study are part of the Young Netherlands 

Twin Register (YNTR; van Beijsterveldt et al., 2013). The YNTR recruits twins and their family 

members upon birth. Shortly after giving birth, mothers receive a first survey with items on 

pregnancy and birth. At age 2, a survey on growth and achievement of milestones is sent. At 

ages 3, 7, 9/10, and 12 parents and teachers receive a series of surveys that are targeted at 

the development of emotional and behavior problems. From age 14 years onward, adolescent 

twins and their siblings self-report on their behavior problems, health, and lifestyle. In sub-

groups of different ages, in-depth phenotyping is conducted for instance for IQ, MRI, growth, 

hormones, neuropsychological assessments, and cardiovascular measures. This thesis is based 

on a new extensive laboratory study of an adolescent sub-group of the NTR. In this chapter 

the data collection for this new study will be described in more detail including response rates 

and the procedure that was followed. 

 

RECRUITMENT AND SAMPLE 

Pilot study 

Data collection was started with a pilot phase in which the experimental protocol was tested 

and fine-tuned. Subjects, mainly from an undergraduate student population, were recruited 

by means of advertisement throughout the university. They received study credits as part of 

their curriculum or a €10 gift voucher for their participation. To be eligible for the study, 

subjects had to have no history of cardiovascular or respiratory disease, and being physically 
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capable of engaging in exercise activities. This was verified by a short questionnaire by email 

consisting of questions about health and disease, physical disabilities, history of fainting and 

palpitations, (family) history on cardiovascular and use of medication. If eligible, a date was 

set for laboratory testing.  

The total sample consisted of 74 subjects: 6 sibling pairs, 2 (monozygotic) twin pairs and 58 

singletons having a mean (±SD) age of 21.9 (±4.4). 58 subjects completed the entire protocol; 

1 subject did not perform the maximal exercise test (excluded because of a positive family 

history of sudden cardiac death) and 15 subjects were administered the maximal exercise test 

only.   

After completing the pilot study, the initial protocol was largely retained, except for some 

minor changes in the order of all the tests included in the protocol (for the final protocol, see 

Table 3.2). 

NTR sample 

555 healthy adolescent twin pairs aged between 16 and 18, enrolled in longitudinal survey 

studies of the Netherlands Twin Register (van Beijsterveldt et al., 2013), were invited to 

participate in the study on the determinants of adolescent exercise behavior. Siblings of the 

twins within an age range of 12 – 25 years were also invited. Selection for invitation was 

based on the availability of longitudinal survey data on zygosity and regular leisure time 

exercise behavior. The aim was to have sufficient twins present from the entire spectrum of 

sedentary to vigorous leisure time exerciser and for each zygosity group. We started with a 

random selection, but if a zygosity group was underrepresented or if there were too little 

sedentary or vigorous exercisers, invitations were biased towards the underrepresented 

groups. This was mainly the case for dizygotic twins, siblings, and sedentary subjects. 

Regarding the latter, we selected twin probands who reported no engagement in exercise 

behavior on a previously filled out survey. The co-twin was then selected as well, regardless of 

exercise status. In order to be eligible for the study, subjects had to have no history of 

cardiovascular or respiratory disease, and being physically capable of engaging in exercise 

activities. In addition, all invitees had to be able and willing to visit the VU University in 

Amsterdam for lab testing.  



CHAPTER 3 – DATA COLLECTION  

38 
 

3

 

 

  

Participants were invited by sending a letter and information brochure (Appendix A) 

advertising the opportunity to test their fitness in addition to earning a gift voucher. If 

subjects were under 18, both the parents and under aged twin/siblings received a letter. 

Within a week of receiving the invitation letter, the invitees or (if invitees were under 18) 

their parents were contacted by telephone to ask whether they were interested in 

participating in the study. If so, a short interview was administered consisting of questions 

about health and disease, physical disabilities, history of fainting and palpitations, (family) 

history on cardiovascular disease and use of any medication. Exclusion criteria were: less than 

two members of a family were willing to participate, physical disability preventing 

participation in moderate to vigorous sports, regular fainting (as a result from moderate to 

vigorous intensity physical activity), family history of sudden death or known ECG 

abnormalities, any regular use of cardio active medication or antidepressants. When the 

invitee proved eligible for the study, an appointment was made.  

Between May 2012 and December 2014 a total of 499 subjects from 226 families participated 

in the study. This corresponds to a response rate of 41% for all invited families. Table 3.1 

shows the numbers of families invited and participated. To keep an optimal balance between 

MZ and DZ twins, males and females, exercises and non-exercisers, and twins and siblings, 

invitations in several waves of data collection were tailored towards specific groups. One twin 

pair only completed the first 10 minutes of the protocol. The final sample consisted of 497 

subjects (mean age 17.1±1.1) of which 227 complete twin pairs: 58 monozygotic male pairs 

(MZM, of which 13 pairs participated with 1 sibling and 1 pair with 2 of their siblings), 36 

dizygotic male pairs (DZM, of which 3 pairs participated with 1 sibling), 58 monozygotic 

female pairs (MZF, of which 15 pairs participated with 1 sibling and 2 pairs with 2 of their 

siblings), 42 dizygotic female pairs (DZF, of which 2 pairs participated with 1 sibling), 33 

dizygotic opposite sex pairs (DOS). Two additional sibling pairs participated (without a twin). 

Five subjects only completed the maximal exercise test (2 MZF pairs of which 1 participated 

with 1 sibling) one subject (DZF twin) did not perform the maximal exercise test (due to a 

knee injury), and one subject (sibling of MZM pair) did not perform the treadmill test 

(because of the lack of proper running shoes during the session). Two subjects (sibling of DZF 

pair and the male-twin of a DOS pair) did not have Cosmed K4b2 data and one subject (MZF 

twin) did not have VU-AMS data due to equipment malfunctioning.  
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Table 3.1 Response rates NTR sample. 
Wave # Invited 

families 
Participated 

families 
% Selection tailored 

towards 

Wave 1 (April 2012) 99 49 49.5% - 
Wave 2 (May 2012) 98 50 51.0% - 
Wave 3 (July 2012) 99 13 13.1% DZ; non-exercisers 
Wave 4 (October 2012) 50 16 32.0% DZM 
Wave 5 (January 2013) 88 41 46.6% siblings; non-exercisers 
Wave 6 (March 2013) 87 44 50.6% siblings 
Wave 7 (June 2013) 34 13 38.2% DZ 
Total 555 226 40.7% 

 Note: All invitees were selected on the availability of longitudinal survey data. Four additional NTR 
families volunteered to participate without receiving a formal invitation but by means of word-of-
mouth advertising. DZ = dizygotic twins, DZM; dizygotic male twins. 

 

Informed Consent 

All subjects above 18 provided written consent and if the subjects were under 18 consent was 

given by both of their parents/guardians and assent by the subjects. All study procedures 

were reviewed and approved by the Medical Ethics Review Committee of the VU University 

Medical Center Amsterdam (NL35634.029.10).  

 

EXPERIMENTAL PROTOCOL LABORATORY STUDY & MEASUREMENTS 

Briefing 

On arrival at the laboratory, subjects and their parents were briefed about the procedure. 

Hereafter, the informed consent forms were collected. If present, the parents were asked to 

wait in the waiting room. The twins were tested in separate experimental rooms.  

Body composition and physical fitness tasks 

The protocol (Table 3.2) started with measurements of height and weight using a calibrated 

scale (Omron BF511, Omron Healthcare Europe B.V., The Netherlands). Subsequently, 4 
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fitness characteristics were examined: balance, handgrip strength, flexibility and explosive 

strength.  

Balance − The Balance Error Scoring System (BESS, Bell et al., 2011) was used to assess 

balance under 3 testing stances: double leg, single leg (non-dominant leg) and tandem 

(dominant foot in front of the non-dominant foot in heel-to-toe fashion, weight evenly 

distributed across both feet) on 2 surfaces (ground and foam pad). During the test, the eyes 

were closed and the hands were held on the hips. Each condition lasted for 20 seconds. We 

instructed the subjects that if at any time they fell out of position, they were to return to the 

test position as quickly as possible. As the subjects performed each 20-second trial, we 

observed and recorded the number of errors each subject made. An error was defined as 

opening eyes, lifting hands off the hips, stepping, stumbling or falling out of position, lifting 

forefoot or heel, abducting the hip by more than 30°, or failing to return to the test position in 

less than 5 seconds. The total score was the total number of errors across the six 20-sec 

repeated measures (three stances and two surfaces). 

Handgrip strength − Subjects were instructed to hold a dynamometer (Baseline Digital 

Smedley Hand dynamometer, Fabrication Enterprises Inc., USA) in the dominant hand with 

arm at the side of the body and elbow at a 90° angle. When ready, the subject was 

encouraged to squeeze the dynamometer once with maximum effort (in kg), which should be 

maintained for 5 seconds. This procedure was repeated for the non-dominant hand.  

Flexibility − Flexibility was measured using a standard sit-and-reach box (Baseline Sit-and-

reach Trunk Flexibility Box, Fabrication Enterprises Inc., USA). Subjects were instructed to sit 

on the floor with the legs fully extended and the soles of the feet flat against the box. One 

hand was placed on top of the other, palms down. Then the subject reached forward along 

the measuring scale on the box as far as possible, without bending the knees. Best out of 3 

reaches (in centimeters) was used for subsequent analyses. 
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Table 3.2 Overview of the experimental protocol. 
Activity Minutes Measurements 
Height/weight 1  
Balance, handgrip strength, flexibility and vertical jump 10  

Connecting VU-AMS 
7 Continuous ECGa, ICGb and 

tri-axial accelerometer 
signals 

Lifestyle interview 

10 Exercise behavior, 
educational attainment, 
work status, subjective 
health, medication and 
contraception use, well-
being, smoking, alcohol use, 
sleep duration. 

Delay discounting questionnaire 5 Discounting rate k 
Baseline: quiet sitting 6 FSc   AD-ACLd 

Connecting Cosmed 
7 Breath-to-breath values on 

V̇O2
e, V̇CO2

f and VE
g  

Warming up on cycle ergometer at 50W 2 
 

Cycling on cycle ergometer at  40W or 70Wh 5 FS   RPEi 
Cycling on cycle ergometer at  60W or 90W 5 FS   RPE 
Cycling on cycle ergometer at  80W or 110W 5 FS   RPE 
Cycling on cycle ergometer at  100W or 130W 5 FS   RPE 
Cool down  1 FS 
Recovery: quiet sitting 5 FS   AD-ACL 
Warming up on treadmill at 0 – 5 km/h 1 

 
Walking/jogging on treadmill at 5.5 km/h or 6.0 km/hj 5 FS   RPE 
Walking/jogging on treadmill at 6.0 km/h or 6.5 km/h 5 FS   RPE 
Walking/jogging on treadmill at 6.5 km/h or 7.0 km/h 5 FS   RPE 
Walking/jogging on treadmill at 7.0 km/h or 7.5 km/h 5 FS   RPE 
Cool down  1 FS 
Recovery: quiet sitting 5 FS   AD-ACL 
Maximal exercise test 6 – 12 

 
Cool down  5 FS 
Recovery: quiet sitting >2  
Showering 15 AD-ACL (after showering) 

Note .aElectrocardiogram; bImpedance cardiogram; cFeeling Scale; dActivation-Deactivation Adjective 
Checklist; eoxygen consumption; fcarbon dioxide production; gminute volume; hFemales started at 
40W, males started at 70W; iRating of Perceived Exertion (Borg Scale); jFemales started at 5.5 km/h, 
males started at 6.0 km/h. 
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Explosive strength − Explosive strength was measured with a vertical jump test that requires 

the subjects to jump as high as possible, starting from a position of knee bending at a fixed 

knee angle immediately prior to the jump. Subjects were instructed to jump straight up as 

much as possible and not go sideways. It was allowed to use the arms to help drive the body 

upwards. A successful jump was defined as one where at take-off the subjects had the 

appropriate knee angle and landed their feet within a 10 cm radius of the start position. 

Jumping height was defined as the vertical displacement between the trunk at the beginning 

and at the end of the jump measured by the displacement of a measuring tape attached to 

the subjects’ hip and clipped to the floor. Best out of 3 jumps was documented (jumping 

height in centimeters).  

Table 3.3 shows the means and standard deviations (SDs) of age, anthropometrics, and 

measures of physical fitness for males and females in the pilot and NTR study. 

Attachment of the VU-AMS5fs 

Next, subjects were equipped with the VU-AMS5fs (VU University, Amsterdam, The 

Netherlands). This device was developed to study autonomic nervous system activity in 

naturalistic settings (de Geus et al., 1995). The version used here measured the 

electrocardiogram (ECG) together with the impedance cardiogram (ICG) from five disposable, 

pregelled Ag/AgCl electrodes (Figure 3.1). Electrode resistance was kept low by cleaning the 

skin with alcohol and rubbing. A combined ECG/ICG electrode was placed on the sternum 

over the first rib between the two collarbones. A second ECG electrode was placed at the 

apex of the heart over the ninth rib on the left lateral margin of the chest approximately 3 cm 

under the left nipple. A second ICG electrode was placed over the tip of the xiphoid complex 

of the sternum. Two ICG current electrodes were placed on the back of the cervical vertebra 

C4 and between thorax vertebras T8 and T9. Due to the portable nature of these devices, the 

subjects were not restricted in their movement by wearing this during the exercise tests 

(Figure 3.2A).  
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Figure 3.1 Placement of the VU-AMS5fs electrodes.  

 

Life style questionnaire 

Regular voluntary exercise behavior was measured by a short lifestyle interview (appendix B), 

in which the subjects indicated what types of regular exercise they were currently involved in. 

The questions in this interview were structured identical as in our longitudinal surveys in the 

Netherlands Twin Register (van der Aa et al., 2010). Subjects were asked 1) whether or not 

they currently participate in exercise activities in leisure time and if so, 2) for how many years, 

3) how many months per year, 4) how many times a week, and 5) how many minutes each 

time. As we were interested in regular exercise activities, we only included activities that were 

conducted for at least 3 months a year and since at least half a year, thereby excluding 

holiday specific exercise activities such as sailing camps and skiing. Each activity was recoded 

into a metabolic equivalent of task (MET) score, based on the compendium of energy 

expenditure published by Ainsworth. (Ainsworth et al., 2000). A MET is defined as the ratio of 

work metabolic rate to a standard resting metabolic rate i.e. the energy required to perform 

an activity relative to the energy that is expended during quiet rest. By multiplying the MET 

score, the frequency (how many times a week), and the duration of each exercise activity, 

weekly MET-hours spent on exercise activities were calculated. In addition, subjects were 

asked to indicate (in minutes) the amount of time spent on walking and cycling (for 
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transportation) and compulsory physical education classes. Table 3.3 shows the means and 

SDs of amount of physical activity for males and females in the pilot and NTR study. 

Apart from exercise behavior, subjects were queried on their current work status, their 

general health and well-being and on their smoking habits and alcohol use. Women reported 

on the regularity of their menstrual cycle and (oral) contraceptive use (for details see 

Appendix B). A summary of the results is presented in Table 3.4. 

Delay discounting questionnaire 

Next, subjects were administered a delay discounting questionnaire. Delay-discounting refers 

to the reduction in the present value of a future reward as the delay to that reward increases. 

The more remote a future reward is, the lower its present value, and, therefore, the less likely 

the reward is to be chosen among current alternatives. The monetary-choice questionnaire 

used here (Appendix C) was based on one developed by Kirby & Marakovic (1996). Subjects 

were presented a fixed set of 27 choices between smaller, immediate rewards and larger, 

delayed rewards. For example, on the first trial subjects were asked "Would you prefer €54 

today, or €55 in 117 days?" The subject indicated which alternative he or she would prefer to 

receive by circling the alternative on the questionnaire. The subjects were presented with this 

questionnaire with the following instruction: “Your job is to imagine that they are real 

choices, and to decide which choice you would prefer if the choice were real. It is important 

to keep in mind that this is not a test with right answers. It is your choice – pick whichever you 

would prefer if the choice were real”. We made sure that every subject understood the 

instructions. An estimate of a subject's discounting-rate parameter (k) can be made from the 

subject's pattern of choices across the 27 questions. K can be thought of as an impulsiveness 

parameter, with higher values corresponding to higher levels of impulsiveness. For details on 

the calculations, please see Kirby et al., 1999. Table 3.5 shows the mean and SD of k in our 

sample.  
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Table 3.3 Means and standard deviations (SDs) of age, anthropometrics, amount of physical 
activity, and measures of physical fitness for males and females in the pilot and NTR study.  
    Males Females 

  
Pilot NTR Pilot NTR 

  
Mean SD Mean SD Mean SD Mean SD 

Age (years) 21.6 5.5 17.0 1.1 22.0 3.6 17.2 1.1 

          Anthropo- Waist circumference (cm) 77.0 7.0 74.9 6.4 72.5 5.8 71.9 7.7 

metrics Hip circumference (cm) 90.5 9.7 88.7 7.2 92.5 5.8 87.9 8.4 

 
Height (cm) 180.7 6.6 180.3 8.0 168.9 7.0 168.1 6.8 

 
Weight (kg) 72.4 10.6 67.1 10.6 63.6 8.1 61.6 9.9 

 
BMI (kg∙m-1) 22.1 2.4 20.6 2.5 22.3 2.5 21.8 3.2 

 
Body fat percentage 18.3 6.9 14.0 5.9 31.2 6.7 29.5 7.0 

          Physical  Walking (min/week) 137.6 120.0 40.1 75.7 129.2 89.7 43.0 76.8 

Activity Cycling (min/week) 147.4 123.9 233.2 153.5 173.1 136.2 227.3 159.2 

 
Physical Education (min/week) 157.5 135.0 148.3 137.3 - a - a 132.2 108.0 

 
Exercise Behavior (METs) 28.7 30.0 25.9 22.6 17.9 19.0 19.5 21.7 

          Physical  Resting heart rate (bpm) 76.5 13.9 72.4 11.2 74.0 9.3 75.6 11.1 

Fitness Resting systolic BP (mmHg) 125.5 11.3 116.9 10.7 109.2 9.2 111.0 8.3 

 
Resting diastolic BP (mmHg) 70.8 9.9 65.7 8.0 70.2 8.6 67.6 7.0 

          

 
V̇O2max (mL/min) 3154 620 3134 533 2304 404 2228 316 

 
V̇O2max (mL∙min-1∙kg-1) 43.2 8.4 47.0 6.7 36.7 5.7 36.6 5.6 

 
HRmax (bpm) 192.6 8.6 195.5 10.1 192.2 10.4 194.9 9.3 

 
Handgrip strength DHb (kg) 44.8 8.7 40.0 8.0 30.9 5.6 29.5 4.6 

 
Handgrip strength NDHc (kg) 41.8 6.7 36.7 8.3 29.1 5.3 26.9 4.5 

 
Vertical jump (cm) 45.1 8.5 45.9 6.4 34.7 5.0 35.4 5.5 

 
Flexibility (cm) 23.1 10.8 19.8 9.9 28.9 10.4 29.0 9.6 

  Balance (errors) 17.0 7.3 17.2 7.6 13.6 6.0 15.1 6.9 

Note. a No cases; b DH = dominant hand; c NDH = non dominant hand.  
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Table 3.4 Demographics, lifestyle information, health and well-being of the males and females 
in the pilot and NTR study. 
      Males Females 

   
Pilot NTR Pilot NTR 

   N % N % N % N % 
Demo- Work status Student 23 92% 238 98% 36 90% 255 99% 

graphics 

 

Part time job (12-32h/w) 1 4% 1 0% 2 5% 1 0% 

  

Full time job (> 32h/w) 1 4% 1 0% 2 5% 1 0% 

  

Unemployed 0 0% 2 1% 0 0% 0 0% 

           Lifestyle Smoking Yes 2 8% 13 5% 11 28% 14 5% 

  

No 20 80% 223 92% 28 72% 237 92% 

  

Quitted 3 12% 6 2% 0 0% 6 2% 

 

Alcohol use  < 1 units per week 7 28% 86 35% 12 31% 116 45% 

  

1 - 5 units per week 10 40% 104 43% 13 33% 119 46% 

  

6 - 10 units per week 5 20% 35 14% 7 18% 19 7% 

  

11 - 15 units per week 1 4% 8 3% 3 8% 3 1% 

  

> 16 units per week 2 8% 9 4% 4 10% 0 0% 

           Health Subjective  Bad 0 0% 1 0% 0 0% 0 0% 

 

health Moderate 0 0% 2 1% 1 3% 6 2% 

  

Reasonable 3 12% 12 5% 1 3% 16 6% 

  

Good 19 76% 164 67% 37 95% 197 77% 

  

Excellent 3 12% 63 26% 0 0% 38 15% 

 

Medication No 26 93% 213 88% 37 90% 239 93% 

  

Psychopharmaca 0 0% 6 247% 1 2% 1 0% 

  

Antihistamines 0 0% 5 2% 0 0% 5 2% 

  

Inhalers for asthma 0 0% 6 2% 0 0% 9 4% 

  

Hormonal contraception 

    

35 90% 136 53% 

  

Other 0 0% 7 3% 3 7% 3 1% 

Wellbeing Scale 1 - 10  (mean±SD) 

 

8.0±0.7      7.8±0.7 
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Table 3.5 Descriptives of k (ln transformed). 
  Males Females 

 
Mean SD Mean SD 

ksmall -4.50 1.51 -4.24 1.31 
kmed -4.87 1.54 -4.46 1.35 
klarge -5.43 1.42 -5.14 1.28 
ktotal -4.93 1.38 -4.61 1.15 

 

Affective response measurements 

Subjects were seated comfortably and their baseline affective responses were assessed by 

the Dutch versions of the Feeling Scale (Hardy & Rejeski, 1989) and the Activation-

Deactivation Adjective Checklist (Thayer, 1986). The Feeling Scale (FS) is an 11 point bipolar 

measure of pleasure-displeasure. The scale ranges from -5 “very bad” to +5 “very good” and 

has been used as a measure of affective valence in many previous studies on the acute 

response to exercise (Ekkekakis et al., 2008; Ekkekakis et al., 2011; Hall et al., 2002; Parfitt et 

al., 2006; Schneider & Graham, 2009) (Appendix D). The Activation-Deactivation Adjective 

Checklist (AD ACL) is a multidimensional test of various transitory arousal states using a four-

point self-rating system: “definitely feel” (4), “slightly feel” (3), “cannot decide” (2) or 

“definitely do not feel” (1) (Appendix E). This questionnaire is scored by averaging five scores 

for each subscale: Energy, Tiredness, Tension, and Calmness. Table 3.6 and 3.7 show the 

means and SDs of the responses on the Feeling Scale and AD ACL collected during this 

baseline measurement. To measure subjective perception of exercise intensity the Borg’s 

Rating of Perceived Exertion (RPE) (Borg, 1970) was used (Appendix F). The RPE comprises a 

15-point scale ranging from 6 to 20, with marks at 7 (“very, very light”), 9 (“very light”), 11 

(“fairly light”), 13 (“somewhat hard”), 15 (“hard”), 17 (“very hard”) and 19 (“very, very hard”). 
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Table 3.6 Means and standard deviations (SDs) of the responses on the Feeling Scale and Borg 
Scale (Rate of Perceived Exertion, RPE) and percentage of V̇O2max.  
  Feeling Scale RPE % of V̇O2max 

 
Mean SD Mean SD Mean SD 

Baseline 3.5 1.2     
  Cycle ergometer step 1 3.5 1.0 9.1 1.4 42.3 6.8 

Cycle ergometer step 2 3.2 1.1 10.3 1.5 49.2 7.9 
Cycle ergometer step 3 2.8 1.3 11.3 1.6 55.6 8.7 
Cycle ergometer step 4 2.5 1.4 12.1 1.8 61.7 9.8 
Cool down 2.9 1.2 

  
52.8 9.1 

Recovery 3.6 1.1 
  

19.4 3.8 
Treadmill step 1 3.4 1.0 8.9 1.6 45.6 7.9 
Treadmill step 2 3.1 1.2 10.1 1.7 49.9 8.6 
Treadmill step 3 2.7 1.4 11.3 1.9 56.8 12.0 
Treadmill step 4 2.5 1.5 12.2 2.0 64.0 13.0 
Cool down 3.0 1.3 

  
53.6 11.0 

Recovery 3.5 1.2     20.0 4.4 
 

Table 3.7 Means and standard deviations (SDs) of the responses on the subscales of the 
Activation-Deactivation Adjective Check List. 
  Energy Calmness 

  Mean SD Mean SD 

Baseline 3.02 0.59 3.41 0.49 
Recovery cycle ergometer 3.40 0.53 2.81 0.76 
Recovery treadmill 3.40 0.55 2.80 0.81 
Recovery maximal exercise test 3.12 0.70 3.27 0.61 

 
Tiredness Tension 

  Mean SD Mean SD 

Baseline 1.86 0.81 1.22 0.33 
Recovery cycle ergometer 1.53 0.55 1.26 0.40 
Recovery treadmill 1.60 0.60 1.24 0.40 
Recovery maximal exercise test 1.74 0.67 1.15 0.31 
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Next, subjects remained seated comfortably and were presented with a 6 minute wild life 

documentary (BBC wild life) to obtain resting heart rate and cardiac vagal control. In addition, 

resting blood pressure was measured twice (in the 4th and 5th minute, Omron HEM-907 

digital blood pressure monitor). The mean of these two measurements was used as baseline 

blood pressure measure. Table 3.3 shows the means and SDs of blood pressure and HR. 

Attachment of the Cosmed K4b2 

A telemetric gas exchange system (Cosmed K4b2, Cosmed Benelux, Nieuwegein, The 

Netherlands) was attached to the subject to record breath-by-breath oxygen uptake (V̇O2) 

and carbon dioxide production (V̇CO2). During the course of the experiment, the main sample 

unit and the battery pack were attached to the back of the subject (Figure 3.2B and 3.2C). 

Before each test, the O2/CO2 analysis system was calibrated using ambient air and a gas 

mixture that had an O2 concentration of 16% and a CO2 concentration of 5%. The calibration 

of the turbine flowmeter was performed by using a 3-liter syringe (all according to the 

manufacturer’s instructions). 

Submaximal exercise tests 

Two exercise test were conducted (in fixed order) on an electromechanically braked Lode 

cycle ergometer (type Corival) and a Lode treadmill (type Valiant) at fixed loads that are 

below the intensity of the ventilatory threshold for most adolescents (Table 3.2). The first 

session on the cycle ergometer started with a 2-minute warming up period, followed by 4 

incremental stages of 5 minutes each (males: 70W, 90W, 110W, 130W; females: 40W, 60W, 

80W, 100W). Subjects were instructed to pedal at fixed rounds per minute (RPM): between 

60 and 70 RPM. The test ended with a 1-minute cooling-down phase, followed by a 5-minute 

recovery period. The second session on the treadmill consisted of a 1-minute warm-up 

period, followed by 4 incremental stages of 5 minutes each (males: 6, 6.5, 7 and 8 km/h; 

females: 5.5, 6, 6.5 and 7 km/h). Again, the test ended with a 1-minute cooling-down phase, 

followed by a 5-minute recovery period.  

To ensure that the intensity of every stage was below the intensity of the ventilatory 

threshold for most adolescents, the ratio of the oxygen consumption and carbon dioxide 

production (V̇CO2/V̇O2) was monitored. This respiratory exchange ratio (RER) can be used to 
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estimate the ventilatory threshold (Solberg et al., 2005). This threshold is passed when 

exhalation of CO2 exceeds inhalation of O2, which is visualized by a RER > 1.00. For each test 

the load of each stage was adjusted when necessary to keep the intensity below an RER of 

1.00.  

In order for the subjects to reach a steady-state during the 4 steps of the submaximal exercise 

protocol, FS and RPE responses were collected in the last minute (after 4 minutes) of every 

step (Figure 3.3). During the cooling down, FS response was collected in the last 15 seconds. 

During the recovery phases, the AD ACL and FS response was collected after respectively ~2 

and 5 minutes of quiet sitting. The RPE responses were collected in every last minute of each 

incremental step of the submaximal cycle ergometer and treadmill protocol (after 4 minutes). 

Figure 3.4 illustrates the changes in V̇CO2 and V̇O2 across the entire experimental protocol for 

one of the subjects. The arrows indicate when subjects were asked to fill out the AD ACL, 

report on their current affective state (FS) and rate of perceived exertion (RPE).  

Maximal exercise test 

Finally, an incremental maximal exercise test was conducted on a cycle ergometer to establish 

V̇O2max. The work rate was increased every minute until exhaustion while subjects pedaled at 

60-100 RPM. In this protocol males started at 75 Watt with increments of 25 Watt per 

minute. For females stage one started at 70 Watt and work load was increased by 20 Watt 

per minute. Adjustments to this protocol (higher increasing workloads every step) were done 

by experienced researchers based on the exercise status, age, height and weight of the 

subject. The test was terminated when the subject was not able to keep RPM above 50 

despite serious attempts. After cessation of the test, the gas exchange measurement system 

was removed and every subject completed a mandatory cool-down phase on the cycle 

ergometer of 5 minutes on a low, individually chosen work rate. One minute and five minutes 

after the end of the maximal exercise test subjects were asked to indicate how they felt on 

the FS. After 5 minutes the subjects were asked to sit down for at least two minutes but 

otherwise long enough for the heart rate to reach values below 120. Hereafter, the VU-AMS 

was removed and subjects were allowed to take a shower. After showering, the subjects were 

asked to fill out the AD ACL for the last time (Table 3.2; Figure 3.4).  
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Figure 3.2 Attachment of the VU-AMS and Cosmed K4b2. A) VU-AMS; B) Cosmed main unit; C) 

Battery pack. 

 

 

 

 

 

 

 

 

 

 
Figure 3.3 Feeling Scale responses collected during the exercise tests. 
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Figure 3.4 Changes in V̇O2 and V̇CO2 across the entire experimental protocol of a randomly 
selected subject. The two submaximal exercise tests on the cycle ergometer and treadmill 
and the final maximal exercise test are clearly visible as V̇O2 and V̇CO2 increase when subjects 
start exercising. The arrows indicate when this subject was asked to fill out the AD ACL, report 
on their current mood (FS) and rate of perceived exertion (RPE). 
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Table 3.3 shows the mean and SD of V̇O2max for both males and females. In addition, Table 3.5 

shows the means and SDs of the responses on the Feeling Scale and Borg Scale (Rate of 

Perceived Exertion, RPE) collected during the exercise tests and percentage of V̇O2max, 

whereas Table 3.7 summarizes the means and SDs of the responses on the subscales of the 

AD ACL. 

Report and reward 

The subjects were provided with a report with their personal scores on the fitness tests, their 

resting heart rate and blood pressure values, height, weight and BMI and maximal oxygen 

uptake (for an example see Appendix G). In addition, they received their gift voucher and/or 

study credit.  

DNA Collection & Zygosity determination 

Buccal DNA samples were collected for 15 pilot subjects and for 482 NTR subjects (14 subjects 

refused). Buccal sampling was done by the subjects themselves at home. A week before the 

lab testing, all subjects received 16 cotton swabs and four test tubes filled with 2 ml of 

solution and an instruction folder (Appendix H). The subject was asked to collect buccal swabs 

on 4 occasions during two days. On the day of testing the samples were collected by the 

experimenter. The samples were stored in a dark and cool place before sending to the 

laboratory. After genome-wide genotyping at the molecular genetics lab, the twins (or the 

parents, when subjects were under 18) were informed on their zygosity status by means of a 

letter.   

 

FOLLOW-UP: SURVEY ON EXERCISE STATUS 

In July and August 2015, all 499 subjects were sent an online questionnaire on their current 

exercise behavior, (if relevant) the highest level attained in competitive sports, sports injuries, 

subjective exercise ability, daily physical activity and sedentary behavior (Appendix I). When 

subjects failed to take the survey online, the survey was done by telephone. Five subjects had 

unsubscribed from the Netherlands Twin Register and were therefore not available for the 

follow-up survey. Twenty-two subjects were lost to follow-up due to missing contact 
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information. Forty-two did not fill out the questionnaire after several reminders or refused to 

participate. Complete follow-up data was available for 430 subjects (which corresponds to a 

response rate of 88%); 49 MZM pairs (of which 10 twin pairs participated with 1 sibling and 1 

pair with 2 siblings); 26 DZM pairs (of which 1 participated with 1 sibling); 45 MZF pairs (of 

which 10 twin pairs participated with 1 sibling and 1 pair with 2 siblings); 37 DZF pairs (of 

which 2 participated with 1 sibling); 28 DOS pairs, 2 (non-twin) sibling pairs and 29 singletons.  

 


