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Spina bifida 

Spina bifida means a ‘split’ or ‘divided spine’.1 It is a birth defect resulting from a failure 
in the closure of the neural tube. The development and closure of the neural tube are 
normally completed within 28 days after conception.2,3 Spina bifida may be open or 
closed.3,4 Closed spina bifida, or ‘spina bifida occulta’ refers to those cases in which 
the distal embryonic neural tube is not normal elongated. It is often present without 
neurological symptoms. However, there may be a defect in the vertebrae, or the skin 
overlying the defect may be dimpled, thickened, pigmented or hairy. In the open form 
of spina bifida, ‘spina bifida aperta’, the neural tube defect is not covered with skin. Two 
forms are distinguished: meningocele and myelomeningocele (MMC), where ‘myelo’ 
refers to neural tissue and ‘cele’ means ‘swelling’.1 Meningo refers to the meninges which 
are the surrounding membranes of the central nervous system. MMC is the most severe 
form of spina bifida, in which, unlike in meningocele, the cele of meningeal elements 
also contains neural tissue. MMC is often associated with brain anomalies including 
hydrocephalus and Arnold-Chiari type II malformations.3 

Spina bifida has a world-wide prevalence of 4.7 per 10000 live births,3 of which MMC 
is most common. In 1998, 112 children were born with spina bifida in the Netherlands.5 
Before 1960, as few as 10% of infants born with spina bifida survived, with most dying 
from infection or hydrocephalus.3 After shunt improvements and more advanced 
treatment survival rates increased, and it is estimated that at least 50 to 75% of children 
born with spina bifida will nowadays survive into adulthood.6,7

In the Netherlands, there are 12 multidisciplinary teams, mostly focusing on treatment 
of children with spina bifida. Little is known about the functioning and health of young 
adults with spina bifida. Therefore, the ASPINE study (Adolescents with SPina bifida in 
the NEtherlands) was performed to explore physical functioning, cognitive functioning, 
independence in daily living, functioning in the community, perceived health and life 
satisfaction, as well as the present care and need for care.8 This study showed that many 
adolescents and young adults with spina bifida have medical problems including urinary 
and faecal incontinence, obstipation, foot deformities and scoliosis.9 Many are restricted 
in mobility and need walking aids (e.g. orthotics, crutches or canes) or wheelchairs,9 
which puts them at increased risk to develop an inactive lifestyle, and thus an unhealthy 
lifestyle. The latter topic was not incorporated in the ASPINE study and therefore we 
launched the current study to be able to further optimize health care for adolescents and 
young adults with MMC. In contrast to the ASPINE study, which included people with 
spina bifida occulta and aperta, we only focus on people with MMC.

Lifestyle in adolescents and young adults with MMC
Due to increased life expectancy of persons with MMC, lifestyle related diseases are of 
increasing concern. Similarly to persons with other chronic conditions, there is a shift 
from disability prevention towards prevention of secondary conditions.10 The Healthy 
People 2010 report aims at promoting health and preventing illness, disability and 
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premature death.11 It emphasises that regular physical activity throughout life is important 
for maintaining a healthy body.11 Health benefits include a lower risk of hypertension, 
diabetes, cardiovascular disease, some forms of cancer as well as improvement in weight 
loss or maintenance, physical fitness and quality of life.12,13 In the Netherlands, only 52% 
of the general adult population meets the Dutch physical activity norm14 of 30 minutes 
of moderate physical activity for at least 5 days per week.15 In people with a disability, 
a physical inactive lifestyle is even more common than in the general population.11,16,17 
Therefore, they are at risk to experience a vicious cycle: inactivity leading to a reduction 
in aerobic fitness and an increase in body fat. This may result in higher physical strain 
during the performance of activities, leading to further inactivity.18

In adolescents and young adults with MMC, objective data on physical activity 
are scarce. Previously, a study in 14 adolescents and young adults with MMC was 
performed at our department in which physical activity was measured objectively with 
an accelerometry-based activity monitor (AM).19 The AM consists of four uniaxial piezo-
resistive accelerometers of which 2 were attached to the sternum and 1 to each thigh. 
In individuals who used a wheelchair, an additional accelerometer was attached to each 
wrist.20 The accelerometers were connected to a portable data recorder, which was worn 
in a padded bag around the waist. The combination of accelerometers makes it possible 
to detect which postures (lying, sitting, standing), movements (walking, including 
walking stairs and running, cycling, wheelchair-driving, general non-cyclic movement) 
and transitions between postures are performed, how often and for how long.19,20 AM 
measurements showed that adolescents and young adults with MMC spent on average 
91 minutes on dynamic activities (composite measure of the separately detected activities 
walking, cycling, wheelchair-driving and general non-cyclic movement) per day whereas 
178 minutes were registered in their able-bodied peers.21 Furthermore, Bandini and co-
workers measured energy expenditure in 16 adolescents with MMC and showed that the 
amount of energy expended on activities was similar between ambulatory adolescents 
with MMC and able-bodied controls, but lower in non-ambulatory adolescents with 
MMC.22 

Besides physical activity, also fitness is important for health. In contrast to physical 
activity, which refers to a behaviour, related to the movements that people perform, fitness 
is a set of attributes that people have or achieve.23 Peak oxygen uptake (peakVO2), which 
is generally considered to be the gold standard for aerobic fitness, of the 14 adolescents 
and young adults with MMC of the previous study at our department was 20-30% lower 
than reference values.24 Comparable deficits in aerobic fitness were found in children 
and adolescents with MMC aged 10 to 15 years.25 

Improving levels of physical activity and fitness in adolescents and young adults with 
MMC is important to improve and maintain health during adulthood. During the 
transition from adolescence to adulthood, people start to develop their own lifestyle. 
This seems to be a critical period since studies in the general population showed declines 
in physical activity and increases in body fat.26-28 Therefore it is important to encourage 
a healthy lifestyle at this age. To be able to give advices, and to develop and refine 
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interventions to improve physical activity behaviour, levels of physical activity and fitness 
need to be studied, as well as associated factors and health benefits of physical activity 
and fitness. Sample sizes of previous studies on physical activity and fitness were too 
small to obtain insight in the extent of the problem of physical inactivity and low fitness, 
and limited the insight in associated factors. This emphasized the necessity to perform 
a larger study on this topic.

International Classification of Functioning, Disability and Health
In Rehabilitation, the International Classification of Functioning, Disability and Health 
(ICF) is a useful tool to describe an individual’s functioning. The ICF is developed by 
the World Health Organization (WHO) to provide a unified language and framework 
for the description of health and health status.29 For a specific health condition, in this 
case MMC, it describes functioning at three levels: body function and structure, activity 
and participation. Body functions are the physiological functions of the body system, 
which include both physical and psychological functions. Because aerobic fitness is a 
measure of cardiorespiratory function, it can be assigned to this level. Activity refers 
to an individual’s execution of a task or action, and therefore this level includes daily 
physical activity behaviour. Participation refers to the person-in-society and includes 
access to and use of community resources, which can facilitate physical activity,30 or vice 
versa: people with higher levels of aerobic fitness or who are more physically active may 
participate better in society. Environmental and personal factors interact with the above-
mentioned levels of functioning. Furthermore, MMC and its associated impairments, 
activity limitations and participation restrictions may have consequences for health-related 
quality of life. An overview of the ICF model including the parameters measured in the 
study is presented in Figure 1. 

Figure 1 ICF model including the parameters assessed in this thesis.

Activities
- Level of physical activity
- Sports activities
- Leisure activities
- Motor functioning
- Cognitive functioning
- Mobility (ambulatory status)

Body Functions and Structures
- Aerobic fitness
- Muscle strength
- Body fat
- Joint flexibility

Participation
- Social participation

Health-related Quality of Life
- Physical component
- Mental component

Environmental factors
- Social support for exercise 
  behaviour

Personal Factors
- Gender
- Age
- Education
- Perceived competence
- Exercise enjoyment

Myelomeningocele
- Level of lesion
- Hydrocephalus
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Aims and contents of the thesis

This study aims to obtain objective insight in the levels of daily physical activity and 
fitness of adolescents and young adults with MMC and to study the associations with 
personal and environmental factors. Furthermore we studied whether levels of daily 
physical activity and fitness were associated with participation and health-related quality 
of life. By studying the associations with cardiovascular risk factors, we aimed to obtain 
insight in whether interventions aiming to increase physical activity and fitness may have 
the potential to prevent secondary diseases, such as cardiovascular diseases later in life. 

Chapter 2 describes the levels of daily physical activity, aerobic fitness and body fat 
of adolescents and young adults with MMC, and studies associations with gender and 
ambulatory status. By studying inter-relationships, this chapter aims to obtain insight in 
whether the negative spiral of inactivity, leading to reduced fitness and increased body 
fat resulting in further inactivity, could be present in people with MMC. 

Chapter 3 provides a more detailed description of health-related physical fitness 
addressing the components of health-related physical fitness as defined by Caspersen and 
co-workers,23 i.e. aerobic fitness, muscle strength, joint flexibility and body composition. 
By assessing the relations between aerobic capacity and the other components of health-
related physical fitness, we investigated whether focusing on peripheral factors such as 
muscle strength would have additional value for improving aerobic capacity. 

Chapter 4 addresses the question whether energy cost and physical strain of daily 
activities is higher in adolescents and young adults with MMC than in able-bodied persons 
of the same age. Higher energy cost and strain of daily activities leads to increased fatigue 
and discomfort and consequently may lead to an inactive lifestyle. We present results of 
energy cost and physical strain of daily activities measured during a standardized activity 
protocol consisting of locomotion and household-related activities. 

Chapter 5 focuses on sports participation in adolescents and young adults with MMC. 
We investigated how many persons participated in sports and we studied the association 
between sports participation and condition-related, personal and environmental factors. 
Furthermore we studied the role of sports participation in total physical activity behaviour 
and its association with fitness. 

Chapter 6 describes participation restrictions and health-related quality of life of 
adolescents and young adults with MMC. In addition, by assessing associations with 
physical activity, aerobic fitness and body fat, we explored whether lifestyle changes may 
be beneficial for participation and health-related quality of life. 

Chapter 7 explores cardiovascular risk factors. We studied whether adolescents and 
young adults with MMC were at increased risk of developing cardiovascular diseases 
later in life, and the associations with physical activity, aerobic fitness and body fat.

Chapter 8 describes correlates of physical activity behaviour in people with physical 
disabilities, based on a literature review. Furthermore it presents results of focus groups 
on perceived barriers and facilitators of physical activity of adolescents and young adults 
with childhood-onset physical disabilities. 
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Chapter 9 presents the design of the intervention ‘Active Lifestyle and Sports Participation’. 
This intervention is developed to increase levels of physical activity and fitness of 
adolescents and young adults with childhood-onset physical disabilities, such as MMC. 
At present, this intervention is offered at the outpatient Rehabilitation department for 
young adults at Erasmus MC University Medical Centre and Rijndam rehabilitation 
centre in Rotterdam. 

Chapter 10 describes the main findings of the thesis; it discusses the strengths and 
limitations of this study, as well as clinical implications and directions for future 
research.
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Abstract

Objective: Comprehensively and objectively assess physical activity, aerobic fitness and 
body fat in adolescents and young adults with myelomeningocele and to investigate 
their relationships.
Design: Cross-sectional study.
Subjects: Fifty-one persons (26 males) with myelomeningocele aged 21.1 (standard 
deviation) 4.5) years. 
Methods: Physical activity was measured with an accelerometry-based activity monitor. 
Aerobic fitness was defined as the maximum oxygen uptake during the last minute of 
a maximal exercise test. Body fat was assessed using sum of 4 skin-folds and body mass 
index. Correlations were studied using multiple regression analyses.
Results: Thirty-nine percent of the participants were inactive and another 37% were 
extremely inactive. Aerobic fitness was 42% lower than normative values and 35% 
were obese. Ambulatory status was related to daily physical activity (β= 0.541), aerobic 
fitness (β= 0.397) and body fat (β= –0.243). Gender was related to aerobic fitness (β= 
0.529) and body fat (β= 0.610). Physical activity was related to aerobic fitness in non-
ambulatory persons with myelomeningocele (β= 0.398), but not in ambulatory persons.  
Conclusion: Adolescents and young adults with myelomeningocele were physically 
inactive, had poor aerobic fitness and high body fat. Differences exist between subgroups 
regarding gender and ambulatory status. 
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Introduction

In children and adolescents in Western countries the prevalence of inactive lifestyles and 
obesity has increased dramatically in the past decade.1,2 Physical inactivity and obesity 
are considered to be independent risk factors of developing lifestyle-related diseases 
later in life, such as diabetes mellitus and cardiovascular disease.3,4 In addition, poor 
aerobic fitness is known to be an independent risk factor for lifestyle-related diseases,3 
and evidence exists that it is the most powerful predictor of death due to cardiovascular 
disease.5 Furthermore, adolescence and young adulthood seems to be a critical period, 
since daily physical activity tends to decline and body fat tends to increase.6–8 

Compared with healthy peers, young people with chronic disabilities are restricted in 
the performance of daily activities.9 Therefore, they are at increased risk of developing 
an inactive lifestyle. A negative spiral may then gradually develop: inactivity leading to 
a reduction in aerobic fitness and an increase in body fat, leading to further inactivity. 
In addition, inactivity, poor aerobic fitness and obesity may have serious consequences 
for quality of life.10,11 

Myelomeningocele (MMC) is a common birth defect, with an incidence of 1:1000 
live births.12 Persons with MMC are often restricted in mobility,13 which may lead to 
an inactive lifestyle. Due to increased life-expectancy of persons with MMC,14 the 
importance of a healthy lifestyle has increased, in order to prevent secondary lifestyle-
related diseases later in life.

Literature on daily physical activity, aerobic fitness and obesity in adolescents and 
young adults with MMC is scarce. Two studies with small sample sizes showed that daily 
physical activity was lower in adolescents and young adults with MMC than in healthy 
comparison persons.15,16 Moreover, aerobic fitness of adolescents and young adults with 
MMC appeared to be 20–35% lower than in healthy comparison persons.17,18 Some 
studies have reported high prevalence of obesity in persons with MMC,19 up to 58%.20 
Due to inconsistent results, it is unclear whether health-related conditions are worse in 
non-ambulatory persons than in ambulatory persons.

In order to improve health throughout their lives, objective insight in the level of 
physical activity, aerobic fitness and obesity in adolescents and young adults with 
MMC is warranted. The present study aimed to comprehensively assess these health-
related conditions in adolescents and young adults with MMC. In addition, we studied 
correlations between physical activity, aerobic fitness and obesity and their correlations 
with gender and ambulatory status.
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Methods

Subjects
Recruitment 
Adolescents and young adults with MMC, aged between 16 and 30 years, were recruited 
from 4 university hospitals in the Western part of the Netherlands (Rotterdam, Leiden, 
Utrecht and Amsterdam) and 5 rehabilitation centres in the adjacent region. Exclusion 
criteria were: inability to understand the measurements performed in this study (judged 
by the treating physician or a family member); complete dependence on a powered 
wheelchair; presence of disorders other than MMC that affect daily physical activity (e.g. 
rheumatoid arthritis); and contra-indication for a maximal exercise test. All participants 
and parents of adolescents aged less than 18 years gave written informed consent before 
participating in the study. The medical ethics committee of the Erasmus MC Rotterdam, 
and all other participating institutes approved the study. 

A total of 171 people were invited by post to participate in this study, of whom 51 (30%) 
agreed. We received no response from 20% of those invited, possibly due to outdated 
addresses obtained from paediatric departments. The reasons for non-participation 
were known in 80% of the non-participants. The main reasons were no interest in 
the study, lack of time, duration and extensiveness of the measurements, or feeling 
uncomfortable with the 48-h measurement with the activity monitor (AM). For 90% of 
the non-participants information regarding age, gender, level of lesion and the presence 
of hydrocephalus was available (Table 1). Neurological level of lesion and the presence of 
hydrocephalus were collected from the medical records. We considered hydrocephalus 
to be present if a shunt was placed. Personal and disease-related characteristics did not 
differ between participants and non-participants, as measured with an independent t-test 
or χ2 test. The study sample was therefore assumed to be representative.

Characteristics 
In total, 26 males and 25 females (mean age 21.1 years; standard deviation (SD) 
4.5) participated in the study. Ambulatory status was determined according to the 
classification of Hoffer et al.21 Fifteen persons were community ambulators walking 
indoors and outdoors, 8 were household ambulators walking only indoors, and 28 were 
non (functional) ambulators. Non-functional ambulators walk only during therapy 
sessions, and non-ambulators are wheelchair-bound. Since we expected no difference 
in daily physical activity between non-functional ambulators and non-ambulators we 
considered them as a single group.
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Table 1 Characteristics of participants and non-participants.

Participants 
(n= 51)

Non-participants
(n= 108)

p-value

Age (mean (SD) years) 21.1 (4.5) 21.6 (4.7) 0.66
Gender (% male) 51 45 0.62
Level of lesion (%) 0.14
     Thoracic 2 9
     Thoracolumbar 14 7
     Lumbar 29 35
     Lumbosacral 41 42
     Sacral 14 7
Hydrocephalus (%) 82 79 0.90

SD: standard deviation.

Measurements
Daily physical activity 
Daily physical activity was determined using an AM (Temec Instruments, Kerkrade, The 
Netherlands). The AM is based on long-term ambulatory monitoring of signals from 
body-fixed accelerometers during daily life, aiming at the assessment of mobility-related 
activities.22 Information can be obtained on which postures (lying, sitting, standing), 
movements (walking, cycling, wheelchair-driving, general non-cyclic movement) and 
transitions between postures are performed, when, how often and for how long. Validity 
studies in the able-bodied population and several patient groups, including patients who 
are wheelchair dependent, have shown that the AM is a valid and reliable instrument 
to quantify mobility-related activities.22,23 Furthermore, the AM can detect differences 
in the level of daily physical activity between groups, which supports its validity and 
applicability in clinical research.16,22 

Participants were fitted with the AM at home during 2 randomly selected consecutive 
weekdays. They were instructed to perform their usual daily activities, but were 
not allowed to swim or take a shower or bath during activity monitoring. To avoid 
measurement bias, the principles of the AM were explained to the participants after the 
measurements. All participants agreed with this procedure. 

Four uniaxial piezo-resistive accelerometers were attached to the sternum and thighs. 
In participants who used a wheelchair, an additional accelerometer was attached to both 
wrists. The accelerometers were connected to the AM, which was worn in a padded bag 
around the waist. Accelerometer signals were stored digitally on a PCMCIA flash card 
with a sampling frequency of 32 Hz. After the measurements, data were downloaded 
onto a computer for analysis by the Signal Processing and Inferencing Language.24 A 
detailed description of the configuration of the sensors and the activity detection can 
be found elsewhere.22,23 

The level of daily physical activity was defined as the duration of dynamic activities 
(composite measure of walking including walking stairs and running, cycling, general 
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movement and wheelchair-driving), expressed in min/day. Since no differences existed 
between the first and second measurement day, average results were used for further 
analysis. 

Levels of daily physical activity of persons with MMC were compared with a reference 
sample consisting of 21 males and 21 females without known impairments of similar ages 
(plus or minus 2 years), as measured with the AM at our department in other studies 
using the same protocol (mean= 163 min/day). We classified 1 SD and 2 SD below the 
reference mean as inactive (51–107 min/day) and extremely inactive (< 51 min/day), 
respectively.

Aerobic fitness 
Aerobic fitness was measured in a progressive maximal aerobic test, based on the 
McMaster All-Out Progressive Continuous Cycling and Arm test,25 on an electronically 
braked arm or cycle ergometer (Jaeger ER800SH and ER800 respectively; Jaeger 
Toennies, Breda, The Netherlands). Studying patients with cerebral palsy who were 
partly wheelchair-dependent, Bhambani et al.26 concluded that maximal exercise testing 
during the main mode of ambulation elicits the highest oxygen uptake. Therefore, 
corresponding to their main mode of ambulation, participants performed an arm crank 
test (n= 33) while sitting in their own immobilized wheelchair with cranks at shoulder 
height, or a leg cycle exercise test (n= 17). One household ambulator was unable to visit 
the hospital to perform the test.

The test was preceded by a 3-min warm-up (5 Watt for arm ergometry and 20 Watt 
for cycle ergometry), followed by a resting period of 5 min. During the test, resistance 
was increased every 2 min with a variable load, ensuring that total individual exercise 
duration ranged from 8 to 12 min. The pedal/crank rate was 60 rpm and strong verbal 
encouragement was given throughout the test. The test was terminated when the 
participant stopped due to exhaustion or when the participant was unable to maintain 
the initial pedal/crank rate. Gas exchange was determined continuously using a breath-
by-breath portable measurement system (K4b2, COSMED, Rome, Italy). Calibration 
with reference gas was performed before each test. Aerobic fitness was defined as the 
mean oxygen uptake during the last minute of exercise (peakVO2). Values of aerobic 
fitness were compared with normative values of Dutch sedentary males and females of 
similar ages.27

Body composition and body fat 
Height was measured with a flexible tape while participants were lying on a bed. In 
case of contractures, measurements were performed from joint to joint. Body mass of 
ambulatory persons was obtained while standing on a Seca scale and for non-ambulatory 
persons while sitting on an electronic scale (Cormier, France). 

Thickness of 4 skin-folds (biceps, triceps, subscapular, supra-iliac) was measured 
twice on the right side of the body with a Harpenden calliper (Harpenden, Burgess 
Hill, UK) and mean values were used for analyses. Because the skin-fold thickness of 2 
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non-ambulators was beyond that of the calliper jaws (80 mm), we reported these data 
as missing. 

In addition, body mass index (BMI) was calculated from height and body mass by 
dividing the body mass by the length (in metres) squared. BMI ≥ 30 was classified as 
obese.

Statistical analysis
Results for daily physical activity, aerobic fitness and body fat are presented as mean and 
SD for the total study sample and for subgroups regarding ambulatory status. Multiple 
regression analyses were performed to study relations between daily physical activity, 
aerobic fitness and body fat. Independent variables (duration of dynamic activities (min/
day), peakVO2 (l/min), sum of 4 skin-folds (mm)) were entered stepwise in the multiple 
regression analyses. In case of differences between subgroups we included gender (0= 
male; 1= female) and ambulatory status (1= non(functional) ambulator; 2= household 
ambulator; 3= community ambulator) in the regression analyses as independent factors. 
In addition, we fitted specific regression models for ambulatory (including community 
and household ambulators) and non-ambulatory persons with MMC. Probability to enter 
was set at p≤ 0.05, and the probability to remove was set at p≥ 0.10. The standardized 
regression coefficients (β) and explained variance (R2) of the regression models are 
presented. Statistical analyses were performed using SPSS 11.0 for Windows.

Results

Mean (SD) values of daily physical activity, aerobic fitness and body fat for the total study 
sample and for subgroups regarding ambulatory status are presented in Table 2. 

During 24 h, adolescents and young adults with MMC spent 81 (SD 62) min on 
physical activities, which was less than the reference sample from previous studies at 
our department (163 (SD 56) min, p< 0.001). Thirty-nine percent of the participants 
were classified as inactive and another 37% as extremely inactive. Average aerobic fitness 
of adolescents and young adults with MMC was 42% (range 13–77%) lower than the 
Dutch normative values (1.48 (SD 0.52) l/min vs 2.56 (SD 0.41) l/min, respectively). 
Obesity (BMI ≥ 30) was found in 35% of the participants; 19% of the males were obese 
and 52% of the females with MMC.

Correlations between daily physical activity, aerobic fitness and body fat
Regression models of the total group showed that 29–50% of the variance in daily physical 
activity, aerobic fitness and body fat is determined by gender and ambulatory status (Table 
3). Persons with a higher level of ambulatory status (community ambulators vs household 
ambulators vs non(functional) ambulators) were more physically active during the day 
(β= 0.541; p< 0.001), had higher aerobic fitness (β= 0.397; p< 0.001) and less body fat 
(β= –0.243; p= 0.03) compared with less ambulatory persons. Males had higher values 
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of aerobic fitness (β= 0.529; p< 0.001) and less body fat (β= 0.610; p< 0.001) compared 
with females. Gender was not related to daily physical activity. 

In some aspects, regression models for aerobic fitness differed between ambulatory and 
non-ambulatory persons with MMC (Table 4). Aerobic fitness was related to physical 
activity in non-ambulatory persons (β= 0.398; p= 0.04), but not in ambulatory persons 
with MMC. Body fat was not related to physical activity, or to aerobic fitness in both 
ambulatory and non-ambulatory persons with MMC. 

Table 2 Daily physical activity, aerobic fitness and body fat of the total group and subgroups regarding ambulatory 
status.

Total group Community 
ambulator

Household 
ambulator

Non ambulator

(n= 51) (n= 15) (n= 8) (n= 28)
Height (cm) 157.7 (38.5) 165 (7.3) 164.1 (12.5) 151.6 (11.4)
Weight (kg) 67.5 (15.3) 63.9 (10.8) 65.1 (14.3) 70.1 (17.5)
Daily physical activity (min/day) 81 (62)b 127 (80) 93 (52)a 52 (32)a

Walking (min/day) 75 (44) 30 (31) -
Wheelchair-driving (min/day) - 33 (30) 34 (21)
Cycling (min/day) 13 (17) - -

Aerobic fitness (l/min) 1.48 (0.52) 1.85 (0.57) 1.44 (0.45) 1.29 (0.40)
Aerobic fitness (ml/kg/min) 22.6 (8.2)a 29.0 (7.7) 22.3 (6.6)a 19.2 (6.8)
Sum of 4 skin-folds (mm) 74.4 (38.5)b 59.1 (29.2) 65.5 (32.3) 86.0 (42.0)b

BMI (kg/m2) 27.5 (6.6) 23.3 (3.6) 24.2 (5.2) 30.4 (6.7)
an –1. bn – 2.

Table 3 Regression models for daily physical activity, aerobic fitness and body fat for total group (n= 50).

Dependent variable Independent variable β p-value R2

Daily physical activity (min/day) Ambulatory status -0.541 < 0.001 0.29

Aerobic fitness (peakVO2 in l/min) Gender -0.529 < 0.001 0.50
Ambulatory status -0.397 < 0.001

Body fat (sum of 4 skin-folds in mm) Gender  0.610 < 0.001 0.47
Ambulatory status  0.243    0.03

β= regression coefficient. R2=explained variance.
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Discussion

The present study showed that daily physical activity and aerobic fitness of adolescents 
and young adults with MMC were 50% and 42% lower, respectively, compared with 
reference values and 35% of them were obese. Non-ambulatory persons spent less time 
on physical activity during the day than ambulatory persons and they had lower levels 
of aerobic fitness and more body fat. Therefore, compared with the general population, 
adolescents and young adults with MMC, and particularly non-ambulatory persons, 
might be at increased risk of developing lifestyle-related diseases later in life. Physical 
activity of non-ambulators with MMC was comparable to that of persons with spinal 
cord injury measured one year after discharge from the rehabilitation centre (62 min/
day; unpublished results, Van den Berg-Emons). Aerobic fitness was low compared with 
other patient groups. Maximal oxygen uptake in young men (aged 19–23 years) with 
spastic diplegia assessed on a cycle ergometer was 22% higher (2.83 l/min)28 than in the 
ambulatory men who participated in the present study (2.03 l/min). Average peakVO2 in 
non-ambulatory males with MMC (1.57 l/min) during arm exercise was 21% lower than 
the average peakVO2 of males with paraplegic spinal cord in¬juries with lesions below T10 
(1.98 l/min).29 The low level of aerobic fitness must, however, be interpreted with caution 
because peakVO2 is influenced by the quantity of active muscle mass,30–32 which may be 
reduced in ambulatory persons with MMC due to paresis of lower extremity muscles. 

By studying these correlations, this study aimed at obtaining more insight in the 
negative spiral of inactivity leading to reduced aerobic fitness and increased body fat, 
resulting in further inactivity. However, no correlations were found between daily physical 
activity, aerobic fitness and body fat. Van den Berg-Emons et al.18 found a correlation 
between daily physical activity and aerobic fitness in a small sample of adolescents and 
young adults with MMC. In the present study, daily physical activity was related only 
to ambulatory status. Therefore, it seemed worthwhile separately to investigate potential 
determinants of physical activity for ambulatory and non-ambulatory subgroups. Results 
of the present study could confirm the correlation between physical activity and aerobic 
fitness in non-ambulatory persons, but not in ambulatory. In ambulatory persons, 
physical fitness and body fat were not related to physical activity, which suggests that 
other factors play a role in the level of daily physical activity. Studies on personal and 
environmental barriers and facilitators for physical activity in adolescents and young 
adults with MMC are warranted. 

In non-ambulatory persons, daily physical activity was related to aerobic fitness, which 
may suggest that a minimum level of aerobic fitness might be needed to be able to be 
physically active during the day. However, because of the cross-sectional study design, 
no causal relations can be established and the question remains whether adolescents and 
young adults with MMC are inactive because they are unfit or whether they are unfit 
because they are physically inactive. In the general population of this age, daily physical 
activity and aerobic fitness are poor to moderately related,33,34 indicating that physical 
activity accounts for a small part of the variability in aerobic fitness. Although for most 
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individuals increases in physical activity might produce increases in aerobic fitness, the 
amount of adaptations in fitness to a standard exercise dose may vary widely.35 Insight into 
physical strain during daily activities might provide further insight into the correlation 
between physical activity and fitness. 

In both ambulatory and non-ambulatory persons with MMC, body fat was not related 
to daily physical activity or aerobic fitness. This may suggest that other strategies, such 
as reducing energy intake, may be more important in preventing obesity than increasing 
daily physical activity or fitness. In addition, it has been suggested that excessive body 
fat, particularly in females, may originate directly from the disorder itself20 and future 
studies including hormonal analysis of metabolism and medication are warranted in 
order to identify the mechanism for their obesity. 

The strength of the present study is that daily physical activity, aerobic fitness and 
body fat were measured objectively in one sample, allowing us to study their correlations. 
Assessing daily physical activity using an objective AM is preferable to subjective 
questionnaires because the latter is prone to overestimating daily physical activity. 
However, because we used the AM, we were restricted to 2 days of monitoring. It has 
been suggested that at least 7 days of activity monitoring might be needed to characterize 
an individual’s habitual activity pattern.36 Because of the 2-day measurements of physical 
activity we might have underestimated the correlation between daily physical activity 
and aerobic fitness, but this did not hamper the comparison with reference values, which 
were based on the same method.16

Indicating body fat by thickness of 4 skin-folds or BMI might have some disadvantages. 
With skin-fold measurements, difficulties may arise when thickness of skin-folds is beyond 
that of the calliper jaws.19 Nevertheless, the skin-fold technique is considered adequate 
for estimating body fat in patients with MMC based on 2–3% differences between 
this technique and weighing under water.20 Because we determined the relationships 
between the health-related components using sum of 4 skin-folds, we consider the results 
valid. It has been suggested that BMI may overestimate body fat in persons with MMC 
because height is underestimated due to paralytic deformities.19 Although we tried to 
minimize this problem by measuring height from joint to joint in case of contractures, 
large differences in BMI were found between subgroups regarding ambulatory status, 
which might relate to the height differences between the subgroups. 

Aerobic fitness of non-ambulators was measured during arm ergometry, which may have 
led to an underestimation due to smaller active muscle mass compared with ambulators 
who were measured during cycle ergometry. Arm exercise in ambulatory persons typically 
induces a peakVO2 of 70% of that achieved with lower extremity exercise.37 If that 70% 
ratio is also applicable to non-ambulatory persons (who have considerable use of their 
arm and shoulder muscles) the non-ambulatory subjects may in fact have an average 
peakVO2 of 1.84 l/min, which is comparable to that of ambulators. However, assuming 
that the main mode of ambulation elicits the highest oxygen uptake,26 we selected the 
best available measure for each participant. Therefore, we consider the aerobic fitness 
results to be valid. 
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Although the response rate of the study was low, we assumed the study sample to be 
representative because participants and non-participants did not differ regarding personal 
and disease-related characteristics. Moreover, with a high prevalence of middle-level 
(lumbosacral) and high-level (lumbar or thoraco-lumbar) lesions, the present study 
sample was comparable to persons from a national study on adolescents with spina 
bifida in the Netherlands (ASPINE).13 However, it is known that many persons with 
MMC lack initiative,38 which may have influenced their willingness to participate in 
the present study, contributing to the low response rate. If this bias was present in this 
study, the current results would have overestimated the level of physical activity in the 
MMC population.

In conclusion, the present study demonstrated that adolescents and young adults with 
MMC have low levels of daily physical activity, poor aerobic fitness and excessive body 
fat. Since these factors are all independent risk factors for developing cardiovascular 
diseases later in life, the results emphasize the importance of improving these health-
related conditions in order to maintain a healthy adult life. Because we did not find 
correlations between all health-related conditions, we suggest focusing on all 3 aspects 
simultaneously in future interventions. Future studies should focus on modifiable 
determinants of daily physical activity, aerobic fitness and body fat. To develop adequate 
intervention strategies to improve health in persons with MMC, differences between 
ambulatory and non-ambulatory persons should be taken into account.
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Abstract

To assess components of health-related physical fitness in adolescents and young adults 
with myelomeningocele (MMC), and to study relations between aerobic capacity and 
other health-related physical fitness components. This cross-sectional study included 50 
adolescents and young adults with MMC, aged 16–30 years (25 males).

Aerobic capacity was quantified by measuring peak oxygen uptake (peakVO2) during 
a maximal exercise test on a cycle or arm ergometer depending on the main mode of 
ambulation.

Muscle strength of upper and lower extremity muscles was assessed using a hand-held 
dynamometer. Regarding flexibility, we assessed mobility of hip, knee and ankle joints. 
Body composition was assessed by measuring thickness of four skin-folds. Relations were 
studied using linear regression analyses. Average peakVO2 was 1.48 ± 0.52 l/min, 61% 
of the participants had subnormal muscle strength, 61% had mobility restrictions in at 
least one joint and average sum of four skin-folds was 74.8 ± 38.8 mm.

PeakVO2 was significantly related to gender, ambulatory status and muscle strength, 
explaining 55% of its variance.

Adolescents and young adults with MMC have poor health-related physical fitness. 
Gender and ambulatory status are important determinants of peakVO2. In addition, we 
found a small, but significant relationship between peakVO2 and muscle strength.
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Introduction

During the last decades, life expectancy of persons with myelomeningocele (MMC) has 
increased and many will nowadays survive into adulthood.1 As a consequence, lifestyle-
related diseases, such as cardiovascular disease and diabetes mellitus, will be of increasing 
concern in this patient group. Therefore, more attention towards a healthy lifestyle is 
warranted. Similar to the general population, persons with MMC develop their own 
lifestyle during the transition from adolescence to adulthood. At this age, special attention 
should be paid to optimize the lifestyle in order to improve health throughout life.

Physical fitness is recognized as an important component of health2,3 and it may be 
important for the performance of functional activities and quality of life.4,5 Low physical 
fitness may result in high physical strain during the performance of activities.6 As a 
consequence, activity levels may decrease due to fatigue and discomfort, exacerbating 
low physical fitness. Caspersen and co-workers defined several health-related components 
of physical fitness, i.e. aerobic capacity, muscle strength and endurance, flexibility and 
body composition.7 

Only a few studies are available on health-related physical fitness in persons with 
MMC. In a previous study in adolescents and young adults with MMC, we found that 
average peak oxygen uptake (peakVO2) was 42% lower than normative values of healthy 
peers, with lower values in non-ambulatory than in ambulatory persons.8 Several other 
studies have also reported low aerobic capacity.9-11 Furthermore, children with MMC, 
and particularly non-ambulatory children, were found to have reduced strength of lower 
extremity muscles.9,12,13 Hip and knee contractures have been reported in respectively 18% 
and 36% of adolescents and young adults with MMC and hydrocephalus.14 Finally, high 
levels of body fat have been found in persons with MMC;15-17 previously we reported that 
35% of adolescents and young adults with MMC were obese.8 Because these previous 
studies lack simultaneous assessment of several health-related physical fitness components, 
the relation between aerobic capacity and other components remains unclear. Insight in 
these interrelations may show for example, whether focusing on peripheral factors such 
as muscle strength would have additional value for improving aerobic capacity. 

Due to the scarcity of studies in persons with MMC, the first aim of this study was 
to describe health-related physical fitness i.e. aerobic capacity, muscle strength, joint 
flexibility and body composition in a relatively large group of adolescents and young 
adults with MMC, allowing descriptions of subgroups regarding gender and ambulatory 
status. Secondly, we wanted to study the relation between aerobic capacity and other 
components of health-related physical fitness, controlled for relevant personal and 
disease-related characteristics. Studies in persons with other chronic conditions such as 
spinal cord injury have shown relations between aerobic capacity and muscle strength.18-20 
Therefore, also in persons with MMC, we expected aerobic capacity to be related to 
muscle strength.
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Method

Participants
Recruitment
Adolescents and young adults with MMC, aged between 16 and 30 years, were 
recruited from the university hospitals in Rotterdam, Leiden, Utrecht and Amsterdam 
and all rehabilitation centers in the Southwest of the Netherlands. Exclusion criteria 
were complete dependence on an electric wheelchair, presence of disorders other than 
MMC that affect daily physical activity (e.g. rheumatoid arthritis), and presence of 
disorders that contra-indicate a maximal exercise test (e.g. exercise-induced ischemia or 
arrhythmias, uncontrolled hypertension and exercise limitation due to chronic obstructive 
pulmonary disease). We invited 171 persons of whom 50 participated in the study (29%). 
Main reasons for non-participation were no interest, lack of time or duration of the 
measurements. No differences were found between participants and non-participants 
regarding age, gender, level of lesion and presence of hydrocephalus, as measured with  
an independent t-test or Chi square test.8 All participants and parents of adolescents 
aged less than 18 years gave written informed consent before participating in the study. 
The Medical Ethics Committee of the Erasmus MC Rotterdam and of all participating 
institutes approved the study.

Characteristics
In total, 25 males and 25 females (mean age 21.2 ± 4.5 years) participated in the study. 
Table 1 presents personal and disease-related characteristics of participants. Neurological 
level of lesion and the presence of hydrocephalus were obtained from the medical records. 
Five categories of neurological level were distinguished: thoracic, thoracolumbar, lumbar, 
lumbosacral and sacral. We considered hydrocephalus to be present when a shunt was 
placed. Ambulatory status was determined according to the classification of Hoffer and 
co-workers:21 (1) community ambulator, walking indoors and outdoors, (2) household 
ambulator, walking only indoors, and (3) non(functional) ambulator. Non-functional 
ambulators walk only during therapy sessions and non-ambulators are completely 
wheelchair dependent. Since main mode of ambulation in daily life is similar between 
non-functional ambulators and non-ambulators, we combined these two groups. 
Educational level was categorized as low (prevocational practical education or lower 
level), medium (pre-vocational theoretical education and secondary education) or high 
(higher education and university).22 
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Table 1 Personal and disease-related characteristics of participants (n= 50). 

Gender (% male) 50
Age (mean ± SD in years) 21.2 ± 4.5
Height (mean ± SD in m) 1.57 ± 0.12
Body mass (mean ± SD in kg) 67.6 ± 15.6
Level of lesion (%)
     Thoracic 2
     Thoracolumbar 14
     Lumbar 28
     Lumbosacral 42
     Sacral 14
Hydrocephalus (%) 82
Ambulatory status (%)1

     Community ambulator 30
     Household ambulator 14
     Non (functional) ambulator 56
Educational level (%)
     Low 37
     Medium 39
     High 24

1no gender differences as tested with a Chi square test.

Aerobic capacity
Aerobic capacity was measured in a progressive maximal exercise test, based on the 
McMaster All-Out Progressive Continuous Cycling and Arm test,23 on an electronically 
braked arm or cycle ergometer (Jaeger ER800SH and ER800 respectively; Jaeger 
Toennies, Breda, The Netherlands). Studying patients with cerebral palsy who were partly 
wheelchair-dependent, Bhambani and coworkers concluded that maximal exercise testing 
during the main mode of ambulation elicits the highest oxygen uptake.24 Therefore, 
depending on their main mode of ambulation, participants performed an arm crank 
test (n= 33) while sitting in their own immobilized wheelchair with cranks at shoulder 
height, or a leg cycle exercise test (n= 17). The test was preceded by a 3-minute warm-up 
(5 W for arm ergometry and 20 W for cycle ergometry), followed by a resting period of 5 
min. During the test, resistance was increased every 2 min with a variable load, ensuring 
that total individual exercise duration ranged from 8 to 12 min.

The pedal/crank rate was 60 rpm and strong verbal encouragement was given throughout 
the test. The test was terminated when the subject stopped due to exhaustion. Gas 
exchange was determined continuously using a breath-by-breath portable measurement 
system (K4b2, COSMED, Rome, Italy). Calibration was performed before each test with 
reference gases. Heart rate was measured continuously using a heart rate (HR) monitor 
which was attached to the system, and participants were fitted with a transmitter belt 
around the chest (Polar Electro, Finland). Aerobic capacity was defined as the mean 
oxygen uptake during the last 30 s of exercise (peakVO2, in l/min). In addition, for those 
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measured during cycle ergometry, values of aerobic capacity were expressed as percentage 
of reference values of Dutch able-bodied sedentary males and females of similar ages, 
as estimated from a submaximal exercise test on a cycle ergometer using the nomogram 
of Åstrand.25 Peak work load (peakW) was defined as the highest work load maintained 
for at least 1 min. 

In addition, the ventilatory anaerobic threshold (VAT) was estimated by the ventilatory 
equivalent method, when the ventilatory equivalent for O2 (VE/VO2) and the end tidal 
O2 partial pressure (PETO2) increased while ventilatory equivalent for CO2 (VE/VCO2) 
and end-tidal CO2 partial pressure (PETCO2) remained stable.26,27 VAT was also expressed 
relative to the measured peakVO2 (VAT%). HR and respiratory exchange ratio (RER) 
were used as objective criteria for maximal exercise. Subjective strain was measured at the 
end of the final stage using the modified Borg scale of rating perceived exertion (RPE), 
which is a vertical scale labelled from 0 (no effort at all) to 10 (maximal effort).28,29

Muscle strength
We measured strength of two large muscle groups of the lower and upper extremity with 
a hand-held dynamometer (MicroFet, Hoggan Health Industries Inc, West Jordan, UT, 
USA) using the “break” testing method. We measured strength of hip flexors and knee 
extensors in persons whose main mode of ambulation was walking. In persons whose 
main mode of ambulation was wheelchair-driving, we measured strength of shoulder 
abductors and elbow extensors. The positions and the performance of the measurements 
were according to Van der Ploeg and co-workers.30 The applicator of the dynamometer 
was held against the distal part of the limb segment, and participants were asked to build 
up their force to a maximum against it. The examiner applied sufficient resistance just to 
overcome the force exerted by the participant, and the applicator was then immediately 
moved away from the limb segment and the measured force was recorded. Each trial 
lasted approximately 4 s, and three repetitions were performed with 1 min rest in 
between. We used the average value of three repetitions of the dominant side for further 
analyses because we found no differences between the dominant and non-dominant side 
(tested with a paired samples t-test). To assess whether muscle strength was subnormal 
and to be able to compare strength of upper and lower extremity muscles, values were 
normalized to Z-scores using reference values of healthy males and females. For hip 
flexors, shoulder abductors and elbow extensors we used reference values of Phillips and 
co-workers for males and females aged 20–29 years31 and for knee extensors, we used 
reference values of Bohannon and co-workers.32 In case the examiner could not resist 
the muscle strength, Z-score was set at 2. We used the lowest Z-score of the upper or 
lower extremity as indicator of muscle strength, and we considered muscle weakness to 
be present when Z-score ≤ -2.



Health-Related Physical Fitness

37

Flexibility
As indicator of flexibility of lower extremity we assessed passive mobility of hip and 
knee joint while participants were lying supine and of the ankle joint while they were 
sitting. We considered mobility to be restricted when extension of hip and knee joint 
and ankle dorsal flexion did not reach neutral position. Since no differences were found 
in mobility restrictions between dominant and non-dominant side (tested with the 
Wilcoxon signed rank test) we used the results of the dominant side to calculate a sum 
score of joint mobility ranging from 0 (no mobility restrictions in any joint) to 3 (all 
three joints have mobility restrictions).

Body composition
Height was measured with a flexible tape while lying on a bed. In case of joint contractures, 
measurements were performed from joint to joint. Body mass of ambulatory persons was 
obtained while standing on a Seca scale and of non-ambulatory persons while sitting 
on an electronic scale (Cormier, France). Thickness of four skin-folds (biceps, triceps, 
subscapular, and suprailiac) was measured twice on the right side of the body with a 
Harpenden caliper (Burgess Hill, UK) and mean values were used for further analyses. 
In addition, sum of four skin-folds were expressed as percentage of reference values of 
Dutch sedentary males and females of similar ages.25

Statistical analysis
Results of health-related fitness components are presented as mean ± standard deviation 
(SD) for the total group and for subgroups regarding gender and ambulatory status.
Simple linear regression analyses were used to study relations between personal and 
disease-related characteristics and peakVO2 (in l/min), in order to detect relevant 
determinants to include in the multiple regression models. Multiple linear regression 
analyses for peakVO2 were carried out in two steps. First, we built a model including 
relevant personal and disease-related characteristics. In the second step, we studied whether 
other health-related physical fitness components, i.e. muscle strength (Z-score), sum of 
four skin-folds (mm), and joint mobility (number of restricted joint), were significantly 
related to peakVO2, controlling for the personal and disease-related characteristics from 
step 1. We presented the standardized regression coefficients (β) and explained variance 
(R2) of the linear regression models. Statistical analyses were performed using SPSS 12.0 
for Windows. P≤ 0.05 were considered significant.

In the analyses, we pooled the data of peakVO2 measured during arm and cycle 
ergometry, and corrected for differences in exercise mode. Due to high collinearity 
between type of ergometer and ambulatory status (correlation coeffcient (r)= 0.92, p< 
0.001), we adjusted the analyses for ambulatory status as proxy for type of ergometer, 
because clinically, ambulatory status would be more meaningful.

Furthermore, due to overlap between lesion level and ambulatory status (r= 0.58; 
p< 0.001), we chose to only correct for ambulatory status in the multiple regression 
analyses. Ambulatory status was determined during the study, whereas level of lesion 
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was obtained from medical records. The national study on adolescents with spina bifida 
in the Netherlands (ASPINE) reported that the level of lesion as mentioned in medical 
records may be unreliable because lesions are determined at different ages, sometimes 
using the motor level and sometimes using the sensory level, and often lacking descriptions 
of methods.14 

Results

Descriptive results of aerobic capacity, muscle strength, joint mobility and body 
composition for the total group and for subgroups regarding gender and ambulatory 
status are presented in Table 2. Average peakVO2 was 1.48 ± 0.52 l/min. For persons 
measured during cycle ergometry (n= 17), peakVO2 corresponded to 67 ± 15% of reference 
values. Sixty-one percent of the participants had subnormal muscle strength as indicated 
by Z-scores and 61% had mobility restrictions in one or more joints. Average sum of 
four skin-folds was 74.8 ± 38.8 mm, corresponding to 159 ± 77% of normative values 
(Table 2). According to objective and subjective criteria most participants reached their 
peak exercise performance. Average peakHR was 174 ± 19 beats per minute, which was 
90.4 ± 9.6% of the age predicted maximum (220—age for cycle ergometry; 210—age 
for arm ergometry) and average peakRER was 1.17 ± 0.22. Average RPE was 6.2 ± 2.2, 
indicating that participants experienced the exercise as heavy to very heavy. 

Several personal and disease-related characteristics were related to peakVO2 (Table 3). 
PeakVO2  was higher in males than in females (β= -0.61; p< 0.001), higher in community 
ambulatory persons than in household and nonambulatory persons (β= -0.48; p< 0.001) 
and higher in persons with a lower level of lesion (β= -0.43; p= 0.002). Age, presence of 
hydrocephalus and educational level were not related to peakVO2.

Fifty percent of the variance in peakVO2 was explained by gender and ambulatory status 
(Table 3). In addition, when controlling for both variables, we found that participants 
with higher muscle strength had higher values of peakVO2 (β= 0.22; p= 0.04) explaining 
an additional 5% of the variance in peakVO2. Furthermore, we found that participants 
with higher sum of four skin-folds tended to have higher values of peakVO2 (β= 0.25; 
p= 0.08). 
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Table 3 Regression models for aerobic capacity.

 Aerobic capacity  (peakVO2, in l/min)
Independent variables β p-value R2

Simple regression analysis
Personal characteristics

Gender -0.61 < 0.001 0.36
Age -0.07 0.65 -
Lesion level -0.43 0.002 0.17
Hydrocephalus -0.18 0.22 -
Ambulatory status -0.48 < 0.001 0.22
Educational level  0.13 0.39 -

Multiple regression analysis
Step 1a

Personal characteristics 0.50
Gender -0.55 < 0.001
Ambulatory status -0.40 < 0.001

Step 2b

Inter-relations
Muscle strength (Z-score)  0.22 0.04 0.55
Body composition (Sum of 4 skin-folds in mm)  0.25 0.08 0.53
Joint mobility (number of restricted joints)  0.00 0.98 -

Significant betas are presented in bold. aDue to large overlap between ambulatory status and lesion level, 
we only included ambulatory status. bRelations between aerobic capacity and other fitness components 
controlled for gender and ambulatory status. β= standardized regression coefficient. R2= explained va-
riance. Gender male (0), female (1). Lesion level sacral (1), lumbosacral (2), lumbar (3), thoracolumbar 
(4), thoracic (5). Hydrocephalus  no (0), yes (1). Ambulatory status community ambulator (1), household 
ambulator (2), non(functional) ambulator (3). Educational level: low (0), medium (1), high (2).

Discussion

Components of health-related physical fitness
In the present study, several health-related components of physical fitness were studied 
simultaneously in a relatively large group of adolescents and young adults with MMC. 
In general, most participants had poor health-related physical fitness.

Compared to the general population and compared to other patient groups, persons with 
MMC had low aerobic capacity. Regarding community ambulatory persons with MMC, 
values of peakVO2 were 32% lower than the reference values for able-bodied people and 
23% lower than the average peakVO2 of males with spastic diplegia measured during cycle 
ergometry.33 However, peakVO2 is influenced by the amount of active muscle mass,34-36 
which may possibly be reduced due to paresis of lower extremity muscles. PeakVO2 in 
non-ambulatory persons with MMC was lower than in ambulatory persons which may 
be caused by the lower amount of active muscle mass during arm ergometry compared to 
cycling. In able-bodied people, arm exercise induces a peakVO2 ranging from 53 to 73% 
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of that achieved with lower extremity exercise.37 If that ratio is also applicable to non-
ambulatory persons who may be accustomed to using their arm and shoulder muscles, 
adapted values of average peakVO2 would range between 1.76 and 2.43 l/min, which is 
of comparable range to the peakVO2 in ambulatory persons with MMC. Furthermore, 
compared to males with spinal cord injuries with lesions below T10 measured during 
arm ergometry,38 the peakVO2 in non(functional)-ambulatory males with MMC was 
22% lower. We therefore assumed that the poor aerobic capacity we found in persons 
with MMC may be influenced by reduced active muscle mass, but also deconditioning 
is likely to be present. This is supported by previous studies showing that adolescents 
and young adults with MMC were inactive, and that inactivity was associated with lower 
aerobic capacity,39 particularly in non-ambulatory persons with MMC.8

VAT is another indicator of aerobic capacity, which was strongly correlated to peakVO2 
in the present study sample (r = 0.84; p< 0.001). In the general population, VAT roughly 
corresponds to 50–60% of VO2max during leg exercise,40 and values of 40–60% have 
been found in the able-bodied population during arm exercise.41-43 Paradoxically, we 
found VAT to be at 82% of peakVO2 suggesting high aerobic capacity. Comparably, 
Coutts and McKenzie found that persons with tetraplegia had lower VAT than persons 
with paraplegia caused by smaller muscle mass, but they had higher VAT%, and it was 
suggested that values of peakVO2 were low in relation to VAT.44

Fifty-four percent of the non-ambulators and 79% of the community ambulators had 
subnormal strength in at least one of the major muscle groups. The relatively better 
performance of non-ambulators compared to ambulators in this respect might be 
explained by their relatively higher muscle strength in the upper extremities due to the 
habituation of using their arms for wheelchair propulsion. Furthermore, in contrast to 
lower extremity muscles, the neurological level of lesion will not disturb innervations 
of upper extremity muscles, which suggests that the weak upper extremity strength we 
found  non-ambulators is due to atrophy of muscles as a consequence of disuse. Weak 
strength of lower extremity muscles in ambulatory persons with MMC corresponds to 
previous findings in children with MMC9,12,13 and might be related to disturbed innerve-
tions as well as to disuse of muscles. 

Results of the present study support the findings of Verhoef and co-workers that a large 
proportion of persons with MMC have reduced joint mobility.14 Similar to the results of 
Agre and co-workers restrictions in joint mobility in the lower extremities were mainly 
present in non-ambulatory persons with MMC.9 We found high sum of four skin-folds, 
particularly in females and non-ambulatory, which is in agreement with high levels of 
body fat reported in previous studies.15-17
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Relations between aerobic capacity and other components of health-related physical 
fitness 
The results of the regression analyses indicated muscle strength was associated to peakVO2 
when controlling for gender and ambulatory status. This finding is in accordance with 
literature on persons with spinal cord injury.18-20 In contrast to gender and ambulatory 
status, muscle strength is modifiable. Strength training may increase muscle mass and 
thus metabolizing mass contributing to higher peakVO2.

19 In persons with spinal cord 
injury, strength training resulted in increased peakVO2.

45 Because causality cannot be 
established with the cross-sectional design of the present study, future studies should 
confirm whether strength training results in increased aerobic capacity in persons with 
MMC. However, considering the small, but significant, contribution of muscle strength 
to the explained variance, we assume this specific effect to be small. In this respect, 
it seems that mainly aerobic training is needed in order to improve aerobic capacity; 
however, including strength training may have additional value. 

Body composition tended to be positively related to aerobic capacity, indicating that 
persons with more body fat had higher values of peakVO2. This relation may be caused by 
the greater fat-free mass of overweight persons concomitant with a greater body size.46

Joint mobility was not related to aerobic capacity. However, in non-ambulators we 
might have underestimated the relation because we did not measure mobility of upper 
extremity joints. Nevertheless, good flexibility of lower extremity is suggested to be 
important to prevent problems later in life, such as problems with personal hygiene and 
transfer capabilities.9

Limitations of the study
The methodology of the study had some limitations. First, because it is suggested 
that the primary mode of ambulation elicits the highest values of peakVO2,

24 we used 
different exercise modes to assess aerobic capacity for ambulatory and non-ambulatory 
persons. However, due to large differences in active muscle mass, arm and leg exercise 
have different physiological responses. Therefore, we corrected for ambulatory status as 
proxy measure for type of ergometer when analysing relations between aerobic capacity 
and the other health-related fitness components. Furthermore, because the main mode 
of ambulation of ambulatory persons is walking rather than cycling, we may have under-
estimated peakVO2 in some ambulatory persons with MMC who rarely cycle. However, 
in clinical practice, the cycle ergometer seems to be more practical because physically 
disabled people may experience severe balance problems on the treadmill, and on the 
cycle it is possible to strap the feet to the pedals.33 Peripheral local fatigue may have 
caused exercise cessation before reaching maximum oxygen uptake, however, based on 
the objective (peakHR and peakRER) and subjective criteria of maximal exercise (RPE), 
it may be concluded that values of peakVO2 are reasonable. 

Furthermore, muscle strength was measured using handheld dynamometry. This 
method is known to be cheap, quickly applicable47 and reliable.32 However, for an average 
examiner, values above 250 N are considered too high to apply sufficient resistance,30 
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which may lead to less accurate results in strong muscle groups. Using absolute values 
of strength measured with an isokinetic device, instead of expressing muscle strength as 
Z-score, might provide more detailed insight into the relation between strength peakVO2. 
However, the current measurement method and use of Z-scores are considered adequate 
to determine weakness of major muscle groups. 

Finally, the response rate was low, which hampers generalization of results. However, 
personal and disease-related characteristics did not differ between participants and 
non-participants. Moreover, the prevalence of middle-level (lumbosacral) and high-level 
(lumbar or thoracolumbar) lesions of the present study sample was comparable to the 
persons who participated in the national ASPINE study.14

Despite, a selection bias may have occurred since it could be that the more active 
and more fit people had higher interest in participating than the less active and less 
fit ones, which may have led to an overestimation of health-related physical fitness 
components. 

In conclusion, the results of the present study show that both ambulatory and non-
ambulatory adolescents and young adults with MMC have poor health-related physical 
fitness. A large part of the variance in aerobic capacity is explained by gender and 
ambulatory status. Results showed a small but significant relationship between peakVO2 
and muscle strength, suggesting that adding strength training to aerobic training may 
have additional value in increasing peakVO2.
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Abstract

The aim of this study was to assess the energy cost and physical strain of daily activities 
in adolescents and young adults with myelomeningocele (MMC) compared with peers 
without a disability.

Eighteen participants with MMC aged between 16 and 30 years (13 males, five 
females; mean age 21y 4mo [SD 4y 8mo]) and 18 age- and sex-matched nondisabled 
participants performed several standardized activities. Energy cost was assessed by oxygen 
uptake expressed per unit time (all activities) and per metre (walking and wheelchair 
use at preferred speed). Physical strain was calculated by dividing energy cost by aerobic 
capacity. 

For all activities no difference was found in energy cost per unit time between 
ambulatory participants with MMC and comparison participants. Energy cost per metre 
walking at preferred speed in participants with MMC was 0.26ml/kg/m (SD 0.08), 
and in comparison participants was 0.20ml/kg/m (SD 0.03); p= 0.08. Non-ambulatory 
participants with MMC had lower energy cost (per unit time and per metre) during 
wheelchair use than comparison participants during walking (p< 0.05). For most activities, 
physical strain was 1.4 to 2 times higher in participants with MMC than in comparison 
participants (p< 0.05). 

In conclusion, energy cost per unit time of daily activities was not increased in 
participants with MMC. However, energy cost per metre during walking at preferred 
speed and physical strain were higher than in peers without disability.
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Introduction

Myelomeningocele (MMC) is a consequence of failed closure of the neural tube in 
the vertebral column, occurring in approximately 1 out of 1000 live births.1,2 MMC 
is associated with abnormalities in the brain, including hydrocephalus and Arnold-
Chiari type II malformations. Other important medical problems are urinary and 
faecal incontinence, reduced mobility, pressure sores, and orthopaedic problems such as 
scoliosis and contractures.3 

The literature shows that individuals with MMC are hypoactive,4,5 which may have a 
negative effect on physical fitness,6 social participation, and quality of life.7 Furthermore, 
a hypoactive lifestyle may increase the chance of developing cardiovascular disease and 
diabetes mellitus type II later in life.8 A study by van den Berg-Emons et al. found that 
adolescents and young adults with MMC performed, on average, 1.5 hours of dynamic 
activities (such as walking and wheelchair use) per day, whereas their non-disabled peers 
performed, on average, 3 hours of dynamic activities per day.5 Bandini et al. reported that 
total daily energy expenditure and resting metabolic rate were subnormal in adolescents 
with MMC, particularly in non-ambulators.4 Lower fat-free body mass and lower activity 
level were proposed as main causes for this finding.4

It has been suggested that ambulatory individuals with MMC have a high energy cost 
during walking due to disturbed equilibrium caused by hip-abductor weakness leading to an 
energy-expensive lateral trunk sway9 or increased pelvic obliquity.10 It may be hypothesized 
that the high energy cost of daily activities, such as walking, leads to increased fatigue and 
discomfort and, consequently, to a hypoactive lifestyle, as identified in those with MMC.4,5 
In addition to the high-energy cost of daily activities, the physical strain (energy cost relative 
to aerobic capacity) of daily activities is expected to be high in individuals with MMC, 
particularly because aerobic capacity is subnormal in these individuals.6,11–13

The literature on energy cost in individuals with MMC is scarce, inconclusive, and 
focuses primarily on children. Energy cost per metre walking (oxygen [O2] cost in ml/
kg/metre) was found to be higher in children with MMC than in children without 
disabilities.9,10,14 However, contradictory results were found for energy cost per unit time 
(O2 cost in ml/kg/min) during walking at a self-selected velocity. Duffy et al.9 found 
similar energy costs in children with MMC and peers without disabilities, whereas Bare 
et al.10 found higher energy cost in children with MMC. Williams et al. found similar 
energy cost per unit time at self-selected velocity, but at faster walking velocities energy 
cost was higher in children with MMC compared with non-disabled peers.14 Lower energy 
cost during wheelchair use compared with walking, allowing long-distance locomotion 
at normal velocity is also reported.12,14,15

In adolescents and young adults with MMC, little is known about energy cost or 
physical strain during locomotion and no study is available on energy cost and physical 
strain of activities other than locomotion. The aim of this study was to assess the energy 
cost and physical strain of daily activities in ambulatory and non-ambulatory adolescents 
and young adults with MMC compared with non-disabled peers.
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Method

Participants
The study sample consisted of 18 consecutively-selected participants from a cohort of 
51 participants with MMC aged between 16 and 30 years who participated in a large 
cross-sectional study on daily physical activity in MMC. Participants in the cohort were 
recruited from university hospitals in Rotterdam, Leiden, Utrecht, and Amsterdam, 
and all rehabilitation centres in the southwest of the Netherlands. Exclusion criteria 
for the cohort were: (1) complete dependence on an electric wheelchair; (2) inability to 
understand instructions necessary for the study; (3) presence of disorders other than MMC 
interfering with daily physical activity (e.g. rheumatoid arthritis); and (4) disorders that 
contraindicate a maximal exercise test (e.g. exercise-induced ischemia or arrhythmias, 
uncontrolled hypertension, and exercise limitation due to chronic obstructive pulmonary 
disease). Mean age of the cohort was 21 years (SD 4y 6mo; 26 males, 25 females). 

Ambulatory status was defined according to the Hoffer classification:16 15 participants 
were community ambulators walking indoors and outdoors, eight were household 
ambulators walking only indoors, and 28 were wheelchair dependent. Twenty-one 
participants agreed to take part in the current study, of whom 18 completed the 
assessment successfully (13 males, five females; mean age 21y 4mo [SD 4y 8mo]). In 
three participants, assessments failed due to technical problems. Information about 
neurological lesion level, the presence of hydrocephalus, and history of scoliosis and 
tethered cord was collected from medical records.

Eighteen non-disabled comparison participants, matched for sex and age (plus or minus 
3y) participated in the study. They were recruited from nearby schools and a university. 
All participants were informed about the study and written consent was obtained. The 
Medical Ethics Committee of the Erasmus Medical Center approved the study. 

Participant characteristics are presented in Table 1. In participants with MMC, height 
was measured with a flexible tape while lying on a bed. For participants with contractures, 
measurements were performed from joint to joint. In the comparison group, height was 
measured with a static measure while participants were standing against a wall. Body 
mass of non-ambulators was obtained while sitting on an electronic scale (Cormier 
Paribel [FH Balances]; Cormier, Romanville, France); body mass of ambulators with 
MMC and of the comparison participants was measured while standing on a Seca scale 
(Seca GmbH and Co., Hamburg, Germany).
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Table 1 Physical characteristics of participants with myelomeningocele (MMC) and comparison groups.

MMCa 

ambulatory
Comparison 
group

p-valueb MMC non-
ambulatory

Comparison 
group

p-valuea

(n= 8) (n= 8) (n= 10) (n= 10)
Age, y:m 22:6 (4:10) 23.9 (4:8) 20:4 (4:7) 21:6 (3:8)
Males/Females 6/2 6/2 7/3 7/3
Neurological level of 
lesion

Thoracolumbar 0 1
Lumbar 2 3
Lumbosacral 2 6
Sacral 4 0

Hydrocephalus 5 9
History of scoliosis 1 6
Tethered cord 4 3
Ambulatory status 

Community 8 0
Household 0 1
Non(functional) 0 9

Height, cm 169.4 (9.8) 181.4 (5.7) 0.03b 156.6 (9.1) 181.9 (8.8) <0.001b

Body mass, kg 63.6 (6.5) 74.0 (9.7) 0.03b 68.7 (15.3) 73.5 (8.2) 0.25
PeakVO2, ml/kg/min 31.4 (8.3) 47.9 (11.2) 0.02b 23.5 (5.3) 51.0 (9.6) <0.001b

Data are presented as mean (standard deviation, SD) or n. aParticipants with MMC versus non-disabled 
comparison participants analyzed with independent t-test. bp< 0.05. VO2, oxygen uptake.

Measurements
Activity protocol
In a laboratory setting, participants performed a circuit of several activities of daily life, 
according to a standard protocol (Table 2). Activities were mainly related to locomotion 
(walking, wheelchair use, cycling) and to housekeeping. For ambulatory participants, 
the circuit consisted of 12 activities and for non-ambulatory participants there were five 
activities. The circuit started with a 3-minute rest period in a (wheel)chair, supported 
with the back of the chair and armrests. Each activity was performed over 3 minutes to 
achieve a steady state with one minute rest between activities. Participants were asked 
to perform the activities continuously and at a constant speed. Walking and wheelchair 
use were performed at several fixed speeds and at the participant’s preferred speed on 
a trajectory of 12 metres (smooth turns at the corners). For fixed speeds, a researcher 
determined the speed using a one-wheeled distance metre to which a calibrated real-time 
cycle-speed computer was attached. The researcher walked at the prescribed speed and 
participants were asked to follow the researcher. For the housekeeping activities ironing 
and washing dishes, the height of the workplace was adjusted for ambulators and non-
ambulators. Cycling was performed on an electronically-braked cycle ergometre (Jaeger 
ER800; Jaeger Toennies, Breda, the Netherlands). As in their daily lives, most ambulatory 
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participants with MMC used orthopaedic shoes or orthoses during the protocol, but 
none of them used crutches, sticks, or walking frames. 

Table 2 Standard activity protocol for myelomeningocele (MMC) subgroups and the comparison groups.

Activities Community ambulatory MMC 
and comparison participants

Non-ambulatory 
MMC

Standing +
Walking at preferred speed +
Walking at 2.5 km/h +
Walking at 4.5 km/h +
Wheelchair use at preferred speed +
Wheelchair use at 2.5 km/h +
Wheelchair use at 4.5 km/h +
Ironing + +
Washing dishes + +
Vacuum cleaning +
Cycling at 20 watt +
Cycling at 40 watt +
Cycling at 60 watt +
Cycling at 80 watt +
Cycling at 100 watt +

+, denotes activities that were performed.

Energy cost of daily activities
During the activity protocol, energy cost of daily activities was assessed by measuring 
oxygen uptake (VO2). Gas volume and gas concentrations were determined continuously 
with a portable breath-by-breath gas analyzer and a latex-free face mask (K4b2; Cosmed, 
Rome, Italy). Gas analyses were made by a galvanic fuel cell (oxygen) and an infrared 
carbon dioxide analyzer. Energy cost of each activity per unit time was defined as mean 
VO2 during the last minute of the activity (VO2ml/kg/min). In addition, energy cost 
per metre was calculated for walking and wheelchair use at preferred speed (VO2ml/
kg/m).

Physical strain of daily activities
Physical strain was defined as VO2 (per unit time) during activity divided by aerobic 
capacity (×100%). In participants with MMC, aerobic capacity was measured during 
a progressive maximal exercise test on an electronically-braked arm or cycle ergometer 
(Jaeger ER800SH and ER800 respectively; Jaeger Toennies, Breda, the Netherlands), 
depending on the main mode of ambulation. In a study of participants with cerebral 
palsy who were partly wheelchair-dependent, Bhambhani et al. concluded that maximal 
exercise testing during the main mode of ambulation elicits the highest VO2.

17 Therefore, 
10 participants with MMC performed an arm crank ergometer test while sitting in their 
own immobilized wheelchair with cranks at shoulder height, and eight participants with 
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MMC performed a leg cycle ergometer test. The test was based on the McMaster All-out 
Progressive Continuous Cycling and Arm Test.18 The test was preceded by a 3-minute 
warm-up (5 watts (W) for the arm ergometer, 20W for the cycle ergometer), followed by 
a resting period of 5 minutes. During the test, resistance was increased every 2 minutes 
with a variable load, depending on the ability of the participant. 

Individual protocols were constructed so that total exercise time ranged from 8 to 
12 minutes. The pedal/crank rate for the arm and leg tests was 60rpm; strong verbal 
encouragement was given throughout the test. The test was terminated when the 
participant voluntarily stopped due to exhaustion, or when the participant was unable 
to maintain the initial pedal/crank rate. VO2 was measured with a portable breath-by-
breath gas analyzer and a latex-free face mask. Aerobic capacity was defined as mean 
VO2 during the last minute of exercise (peakVO2) and was expressed per kilogram of 
body mass.

For practical reasons, maximal exercise tests were only performed in participants with 
MMC. In the non-disabled comparison group, aerobic capacity was extrapolated from 
VO2 and heart rate as measured during cycling at 100W (activity protocol) using the 
nomogram presented by Astrand and Rodahl.19

Statistical analysis
All data are presented as mean (SD) or n for the ambulatory and non-ambulatory MMC 
subgroups and the comparison groups. Differences were tested between MMC and 
comparison groups with an independent t-test. Because the main mode of ambulation 
in the non-ambulatory participants with MMC was wheelchair use, energy cost during 
wheelchair use in this group was compared with energy cost during the main mode of 
ambulation (walking) in the non-disabled comparison participants. Statistical significance 
was set at p< 0.05.

Results

Ambulatory participants with MMC were, on average, 12cm shorter (7%, p= 0.03) 
than non-disabled comparison participants; non-ambulatory participants with MMC 
were, on average 25.3cm shorter (14%, p< 0.001) than non-disabled participants (Table 
1). Body mass of ambulatory participants with MMC was 10.4kg lower (14%, p= 0.03) 
than that of their non-disabled peers.

Energy cost of daily activities
Energy cost of daily activities per unit time is presented in Table 3. For all activities, 
no significant difference was found in energy cost per unit time between ambulatory 
participants with MMC and the comparison group. Preferred walking speed of 
ambulatory participants with MMC (3.2 [SD 0.8] km/h) was 14% lower (p= 0.22) than 
the preferred speed of comparison participants (3.7 [SD 0.8] km/h).
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Table 3 Energy cost of daily activities per unit time, expressed as oxygen uptake (VO
2
) in ml/kg/min.

Activity Ambulatory
MMC 
(n= 8)

Comparison 
(n= 8)

Difference Confidence 
interval (95%)

p-valuea

Mean (SD) Mean (SD)
Sitting 4.2 (1.0) 4.0 (1.2) 0.16 -1.06 to 1.37 0.78
Standing 5.0 (1.2) 4.2 (1.1) 0.74 -0.47 to 1.95 0.21
Walking preferred 
speed

13.2 (3.4) 12.7 (3.4) 0.52 -3.09 to 4.13 0.76

Walking 2.5 km/h 10.9 (2.0) 10.4 (2.0) 0.45 -1.70 to 2.60 0.66
Walking 4.5 km/h 15.1 (2.9) 14.8 (1.2) 0.31 -2.04 to 2.65 0.78
Ironing 9.7 (3.0) 8.8 (1.8) 0.94 -1.77 to 3.67 0.48
Washing dishes 8.8 (2.5) 9.5 (2.0) 0.62 -3.02 to 1.77 0.59
Vacuum cleaning 12.0 (2.6) 11.3 (2.9) 0.72 -2.22 to 3.65 0.61
Cycling; 20 watt 12.0 (2.9) 10.1 (1.9) 1.96 -0.66 to 4.58 0.13
Cycling; 40 watt 15.7 (4.5) 13.3 (2.5) 2.38 -1.52 to 6.28 0.21
Cycling; 60 watt 19.0 (3.9) 16.3 (2.7) 2.88 -0.76 to 6.49 0.11
Cycling; 80 watt 
(n= 6)b

21.9 (4.5) 19.7 (3.2) 2.22 -2.78 to 7.23 0.35

Cycling; 100 watt 
(n= 4)b

24.1 (1.8) 23.2 (3.2) 0.91 -3.58 to 5.40 0.64

Activity Non-ambulatory
MMC 
(n= 10)

Comparison 
(n= 10)

Difference Confidence 
interval (95%)

p-valueb

Mean (SD) Mean (SD)
Sitting 3.8 (1.1) 4.1 (1.1) -0.34 -1.44 to 0.77 0.53
Walking or wheelchair 
use; preferred speedc

9.7 (3.8) 12.8 (3.1) -3.15 -6.46 to 0.16 0.06

Walking or wheelchair 
use; 2.5 km/hc

6.4 (1.7) 9.4 (1.3) -3.02 -4.47 to -1.57 < 0.001d

Walking or wheelchair 
use; 4.5 km/hc

8.7 (2.3) 12.5 (2.0) -3.81 -5.83 to -1.79 < 0.001d

Ironing 7.5 (2.4) 7.3 (1.8) 0.13 -1.87 to 2.12 0.90
Washing dishes 7.7 (2.2) 7.9 (1.2) -0.21 -1.92 to 1.50 0.80

aParticipants with myelomeningocele (MMC) versus non-disabled comparison participants analyzed 
with independent t-test. bFour ambulatory participants with MMC stopped cycling at higher loads, two 
participants stopped after performing at 60W, and two participants stopped after performing at 80W. 
In statistical analysis their matched comparison participants were also excluded from cycling at 80 and 
100W. cWheelchair use in participants with MMC versus walking in non-disabled comparison partici-
pants. dp< 0.05.
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Table 4 Physical strain of daily activities, calculated as VO
2
 (ml/kg/min) during activity divided by peakVO

2
 (ml/

kg/min, x100%).

 Activity Ambulatory
MMC 
(n= 8)

Comparison 
(n= 8)

Difference Confidence 
interval (95%)

p-valuea

Mean (SD) Mean (SD)
Sitting 14.1 (4.9) 8.7 (2.4) 5.48 1.33 to 9.61 0.01b

Standing 16.7 (5.5) 9.0 (2.1) 7.69 3.00 to 12.37 0.01b

Walking preferred 
speed

44.8 (15.5) 27.1 (6.3) 17.76 4.47 to 31.05 0.01b

Walking 2.5 km/h 36.9 (11.3) 22.3 (3.8) 14.64 5.01 to 24.26 0.01b

Walking 4.5 km/h 51.5 (17.0) 32.4 (7.9) 19.07 4.29 to 33.86 0.02b

Ironing 31.9 (11.1) 18.8 (4.3) 8.86 0.44 to 16.93 0.03b

Washing dishes 29.2 (9.7) 20.3 (4.3) 13.12 3.61 to 22.15 0.01b

Vacuum cleaning 40.2 (11.8) 24.3 (7.0) 18.84 5.40 to 26.28 0.01b

Cycling; 20 watt 41.1 (14.7) 21.6 (4.1) 19.49 7.05 to 31.92 0.01b

Cycling; 40 watt 53.6 (20.5) 28.6 (5.3) 25.02 7.73 to 42.30 0.01b

Cycling; 60 watt 65.3 (23.9) 34.7 (6.4) 30.64 10.46 to 50.82 0.01b

Cycling; 80 watt 
(n = 6)c

70.2 (28.7) 41.3 (9.6) 28.90 -1.23 to 59.08 0.06

Cycling; 100 watt 
(n = 4)c

66.6 (16.8) 48.6 (9.5) 18.04 -5.54 to 41.61 0.11  

Activity Non-ambulatory
MMC 
(n= 10)

Comparison 
(n= 10) 

Difference Confidence 
interval (95%)

p-valueb

Mean (SD) Mean (SD)
Sitting 16.2 (3.3) 8.5 (2.7) 7.68 4.82 to 10.54 < 0.001b

Walking or wheel-
chair use; preferred 
speedd

41.0 (11.9) 26.5 (10.3) 14.50 4.04 to 24.95 0.01b

Walking or wheel-
chair use; 2.5 km/hd

27.3 (4.4) 19.2 (4.6) 8.17 3.92 to 12.41 < 0.001b

Walking or wheel-
chair use; 4.5 km/hd

37.8 (8.5) 25.5 (6.3) 12.32 5.30 to 19.34 0.002b 

Ironing 32.7 (5.0) 16.1 (4.0) 16.50 10.67 to 22.41 < 0.001b 
Washing dishes 31.7 (7.2) 15.1 (5.2) 16.60 12.37 to 20.87 < 0.001b 

aParticipants with myelomeningocele (MMC) versus non-disabled comparison participants analyzed 
with independent t-test. bp< 0.05. cFour ambulatory participants with MMC stopped cycling at higher 
loads. Two stopped after performing at 60W, two stopped after performing at 80W. In statistical analysis 
their matched comparison participants were also excluded from cycling at 80 and 100W. dWheelchair use 
in participants with MMC versus walking in non-disabled comparison participants.
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In non-ambulatory participants with MMC, energy cost during wheelchair use per unit 
time, both at the preferred speed (p= 0.06) and at fixed speeds (p<0.001), was lower 
than energy cost during walking at corresponding speeds in the comparison group. 
Preferred speed of wheelchair use of non-ambulatory participants with MMC was 3.9 
(0.6) km/h, whereas walking at preferred speed of their comparison participants was 
4.1 (0.7) km/h (p= 0.36).

Energy cost per metre walking at preferred speed was 0.26 (0.08) ml/kg/m in ambulatory 
participants with MMC and 0.20 (0.03) ml/kg/m in comparison participants (p= 0.08). 
Energy cost per metre wheelchair use at preferred speed was 0.15 (0.04), which was 21% 
lower than energy cost per metre walking in the comparison group (p= 0.03).

Physical strain of daily activities
PeakVO2 was 16.5ml/kg/min (34%, p= 0.02) and 27.5ml/kg/min (54%, p< 0.001) 
lower in ambulatory and non-ambulatory participants with MMC respectively than in 
comparison participants (Table 1). Table 4 presents data on the physical strain of daily 
activities. Ambulatory and non-ambulatory participants with MMC had higher (1.4–2 
times, p< 0.05) physical strain than non-disabled comparison participants in all activities, 
except for cycling at 80W and 100W. 

Discussion

This study compared individuals with MMC and non-disabled comparison peers with 
regard to energy cost and physical strain during daily activities. Results on energy cost 
in comparison participants are in agreement with rates of energy expenditure presented 
in the ‘Compendium of Physical Activities’, a coding scheme that classifies specific 
physical activities in the general population by rate of energy expenditure.20 Thus, the 
comparison group in the present study is considered to be representative of the general 
population. 

Results show that the energy cost of daily activities per unit time in participants with 
MMC is comparable with, or even lower (for wheelchair use) than in non-disabled 
comparison participants. However, per metre walking at preferred speed, energy cost 
tended to be higher in participants with MMC than in non-disabled comparison 
participants, which is in agreement with the literature.9,10,14 Results indicate that 
participants with MMC perform daily activities using a considerably higher percentage 
of their aerobic capacity than non-disabled comparison participants, indicating a higher 
physical strain. This high physical strain is mainly caused by a decreased aerobic capacity. 
The low aerobic capacity found in participants with MMC is in agreement with previous 
reports.6,11–13

High energy cost per metre walking at preferred speed and high levels of physical strain 
during daily activities may restrict activities of daily life, primarily as a consequence of 
increased fatigue and discomfort,21 and may, therefore, contribute to a hypoactive lifestyle. 
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Physical rehabilitation programmes aimed at improving aerobic capacity may be effective 
in reducing the energy cost per metre walking at preferred speed and physical strain in 
daily life of participants with MMC. As a consequence, those with MMC participating 
in physical rehabilitation may break through the negative spiral of hypoactivity as found 
in this patient group.4,5 However, this has to be confirmed in future studies.

Considering that hypoactivity is found to be more pronounced in non-ambulatory than 
in ambulatory participants with MMC,5 and that physical strain during wheelchair use 
was lower than during walking, factors other than physical strain seem to contribute to 
the hypoactive lifestyle in nonambulatory participants with MMC; for example, restricted 
mobility in small rooms might play a role.

The finding that energy cost per unit time during walking was comparable between 
participants with MMC and non-disabled peers is in accordance with the results of Duffy 
et al.9 but in contrast with the results of Bare et al.10 (possibly as a result of differences 
in lower-limb muscle strength between participants in the current study and those in 
the study by Bare et al.). Although differences between ambulatory participants with 
MMC and comparison participants in preferred walking speed were not statistically 
significant, it appears that, by modifying walking velocity the energy cost per unit time 
could remain close to normal in participants with MMC.
Although ambulatory participants with MMC had a higher oxygen cost per metre walking 
at preferred speed than comparison participants, energy cost during walking at fixed 
speeds did not differ, contrary to the researchers’ expectations. This is also in contrast 
to results of Williams et al. which indicate that children with MMC have higher energy 
costs per metre at faster velocities.14

The energy cost (per unit time and per metre) of the main mode of ambulation in the 
non-ambulatory participants with MMC (wheelchair use) was lower than the energy cost 
of walking in the comparison group. This suggests that wheelchair use is more energy-
efficient than walking, and allows participants with MMC to have a lower energy cost 
during locomotion.

Some limitations of this study were identified. First, because of the relatively small 
sample size, some differences between groups may have failed to show statistical 
significance. However, the small study sample does not appear to have greatly affected 
the main results of the study.

Second, household ambulators were not included. In the cross-sectional study on daily 
physical activity in MMC, of which the current study is a part, only eight participants 
were household ambulators, and these participants were not available during the study 
period or were not able to walk continuously for 3 minutes. It may be hypothesized that, 
during adolescence, household ambulators tend to become more wheelchair dependent. 
Bartonek et al. found a downward transition in ambulatory status in a 12-year follow-
up study of 60 ambulatory participants with MMC (median age 23y; range 12–54y), 
which was mainly due to deterioration of neurological lesion level, spasticity, and knee 
and hip flexion contractures.22 Asher and Olson found that motivation, obesity, and 
musculoskeletal deformity are also factors causing this downward transition in ambulatory 
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status.23 It seems likely, therefore, that at the age of young adulthood, relatively good 
walkers (community ambulators) are more likely to remain ambulatory, and more 
restricted ambulators (household ambulators) tend to be wheelchair dependent. Future 
research should focus on the energy cost of daily activities in adolescents and young 
adults with MMC who are household ambulatory.

Third, in the non-disabled comparison group, peakVO2 was estimated from submaximal 
VO2 by the nomogram as described by Astrand and Rodahl,19 whereas in the participants 
with MMC, peakVO2 was measured directly. However, because the method of Astrand 
and Rodahl is shown to be reliable and valid for estimating peakVO2 in non-disabled 
participants,24,25 it can be assumed that the discrepancy in testing methods between the 
study groups has not greatly affected our results.

Finally, the activity protocol included activities related to locomotion and some 
housekeeping activities performed in a laboratory setting over only 3 minutes. It should 
also be noted that participants with MMC rarely cycled in their daily life. Future studies 
should focus on energy cost of daily activities in a more natural setting.
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Abstract

Objective: To assess sports participation in young adults with myelomeningocele and 
its association with personal, disease-related and psychosocial factors, physical activity 
and fitness.
Design: Cross-sectional study.
Subjects: Fifty-one persons (26 males) with myelomeningocele aged 21.1 (standard 
deviation 4.5) years.
Methods: We assessed self-reported sports participation, ambulatory status, presence of 
hydrocephalus, functional independence, social support, perceived competence, exercise 
enjoyment, objective and self-reported physical activity, peak oxygen uptake, muscle 
strength and body fat. Associations were studied using regression analyses.
Results: Thirty-five subjects (69%) participated in sports. Sports participation was not 
associated with disease-related characteristics, but was associated with social support 
from family, perceived athletic competence and physical appearance (p≤ 0.05), and 
tended to be associated with global self-worth (p= 0.10). Sports participants had higher 
self-reported physical activity levels than non-participants (p≤ 0.05); objective results did 
not support this. Furthermore, they tended to be less likely to have subnormal muscle 
strength (odds ratio= 0.26; p= 0.08) and their peak oxygen uptake was 0.19 l/min higher 
but not statistically significant (p= 0.13).
Conclusion: Sports participation seems to be a due to personal preferences rather than 
physical ability, it could benefit from improving social support and perceived competence, 
and is associated with higher self-reported physical activity. 
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Introduction

In people with a disability, there is a shift from disability prevention to prevention of 
secondary conditions.1 This is emphasized by the Healthy People 2010 report, which 
contains a separate chapter on improving health of persons with disabilities that 
includes specific goals and objectives for increasing physical activity and fitness.2 In the 
disabled population, optimizing physical activity may be even more important than 
in the general population, as disabilities commonly cause a cycle of deconditioning, in 
which physical functioning deteriorates, leading to further reduction in physical activity 
levels.3 Furthermore, regular physical activity, sports participation and active recreation 
are important for disease prevention and the maintenance of functional independence, 
aerobic capacity, participation, social integration, and life satisfaction.4 

Several barriers for engaging in sport activities have been recognized in people with a 
variety of disabilities, i.e. lack of transportation and accessible facilities, lack of equipment 
suited to their needs, lack of knowledge of where to obtain a programme, inability to 
perform physical activities, lack of time, money and social support, as well as poor 
self-efficacy and motivation.5-7 With the increased emphasis on healthy lifestyles, there 
is a strong need to understand physical activity of various subgroups of the disabled 
population. Furthermore, in the context of physical activity promotion, insight into 
modifiable determinants is warranted, since these can be targeted in interventions. 

Myelomeningocele (MMC) is a common neural tube defect with an incidence of 1:1000 
live births. MMC is often associated with paralysis and loss of sensation in the lower 
limbs, incontinence and hydrocephalus.8 Many persons with MMC now survive into 
adulthood, which raises the importance of a healthy lifestyle in this population. Previous 
research showed that adolescents and young adults with MMC have an inactive lifestyle 
compared to their able-bodied peers.9,10 These studies have investigated daily physical 
activity by assessing total energy expenditure or total duration of dynamic activities 
(e.g. walking, cycling, wheelchair-driving, general non-cyclic movement); however, they 
did not specifically describe sports participation. Sports and exercise can be seen as a 
subcategory of physical activity which is planned, structured and repetitive.11 Sports-
related physical activities can easily be provided through rehabilitation services and could 
increase physical activity behaviour in persons with MMC. Furthermore, participating 
in sports may be important to improve their fitness, which was low in many.12 

Due to the lack of knowledge on sports participation in people with MMC, the present 
study aimed to investigate sports participation and its association with disease-related, 
personal and social factors in adolescents and young adults with MMC. Furthermore, 
this study focussed on how sports participation might influence total physical activity 
behaviour and fitness. 
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Methods

Study sample
We recruited adolescents and young adults with MMC, aged between 16 and 30 
years, from 4 university hospitals in the Western part of the Netherlands (Rotterdam, 
Leiden, Utrecht and Amsterdam) and all rehabilitation centres in the Southwest of the 
Netherlands. Exclusion criteria were complete dependence on an electric wheelchair, 
presence of disorders other than MMC that affect daily physical activity (e.g. rheumatoid 
arthritis), and presence of disorders that contra-indicate a maximal exercise test (e.g. 
exercise induced ischemia or arrhythmias, uncontrolled hypertension and exercise 
limitation due to chronic obstructive pulmonary disease). We invited 171 persons of 
whom 51 participated in the study (30%). The main reasons for non-participation were 
no interest, lack of time, or duration of the measurements. We found no differences 
between participants and non-participants regarding age, gender, level of lesion and 
presence of hydrocephalus as assessed by independent t-test or χ2 test.10 All participants 
and parents of adolescents aged less than 18 years gave written informed consent before 
participating in the study. The medical ethics committee of the Erasmus MC Rotterdam, 
and of all other participating institutes approved the study. 

In total, 26 males and 25 females participated. Information about the neurological 
level of lesion was obtained from the medical records; they were registered as sacral (n= 
7), lumbosacral (n= 21), lumbar (n= 15), thoracolumbar (n= 7) and thoracic (n= 1). 

Sports participation
The main outcome measure was self-reported current sports participation (yes/no). We 
also registered reasons for sports participation or non-participation, and among sports 
participants we assessed the kind of sport and average self-reported number of hours 
spent on each sport per week.13 Each sport was allocated to an intensity category using 
the physical activity compendium14 using 4 intensity categories according to metabolic 
equivalents (METs: 1 MET = 4.184 kJ/kg body weight/h): < 3 METs, 3-6 METs, 6-9 
METs and 9-12 METs. Activities in these categories were given intensity scores of 1.5, 
4.5, 7.5 and 10.5 METs, respectively.13 From these intensity scores and from the average  
amount of time per week spent on each sport we calculated a total sport score expressed 
in kJ/kg body weight/day for each sports participant.

Correlates of sports participation
Personal factors
Educational level. This was categorized as low (pre-vocational practical education or lower 
level, n= 17) or high (secondary theoretical educational and higher education, n= 34).
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Disease-related factors
Ambulatory status was defined according to the classification of Hoffer.15 Participants were  
categorized as ambulatory (community ambulators, n= 15, or household ambulators,n= 
8) or non-ambulatory (non-(functional) ambulators, n= 28). 

Hydrocephalus. The presence of hydrocephalus was obtained from medical records. 
Hydrocephalus was considered to be present when a shunt was placed (82%). For 2 
participants, hydrocephalus was mentioned in the medical record at some time, but 
no shunt was placed. This was assumed to be only minor hydrocephalus and these 
participants were categorized as not having hydrocephalus.8 

Functional independence. This was assessed in a semi-structured interview based on the 
functional independence measure FIMTM and functional assessment measure (FAM)16: In 
total, 30 items were assessed addressing 18 FIMTM items on functioning in basic physical 
and cognitive abilities and 12 FAM items on cognitive and psychosocial functioning. The 
items are divided into 7 subscales, i.e. self-care, sphincter control, transfers, locomotion, 
communication, psychosocial adjustment and cognitive functioning. Each item is scored 
on a 7-level scale from 1 (total dependence) to 7 (total independence). Total motor score 
is the sum of a person’s scores on the first 4 subscales and total cognitive score includes 
the last 3 subscales. We used these respective scores as indicator of motor and cognitive 
functioning. The FIMTM + FAM has shown to have high internal consistency, Cronbach‘s 
alpha = 0.99, and good reliability.17,18 

Psychosocial factors
Social support. The Dutch version of the scales for measuring Social Support for Diet 
and Exercise Behaviors by Sallis and co-workers19 was used to measure social support 
from family and friends. The Dutch scale consists of three subscales: (i) the exercising 
together subscale from the Friend Support for Exercise Habits Scale (5 items), (ii) the 
participation and involvement subscale (10 items) and (iii) the rewards and punishment 
subscale (3 items). The latter two subscales are both from the Family Support for 
Exercise Habits scale.20 Items were rated on a 5-point scale (1= ‘never’ to 5= ‘very often’) 
and possible sum scores ranged from 18 to 90. Respective Cronbach alpha values for 
the subscales were 0.69, 0.71 and 0.26, indicating sufficient internal consistency for the 
first two scales but low internal consistency for the latter, which is most likely due to 
the small number of items.20 

Perceived competence. The Dutch version of Harter’s Social Perception Profile for 
Adolescents scale (SPPA) was used to assess perceived competences and global self 
worth.21,22 The Dutch SPPA is a 35-item instrument covering seven subscales (5 items 
per subscale), i.e. scholastic competence, social acceptance, athletic competence, physical 
appearance, behavioural conduct, close friendship and global self-worth. Since the 
subscales job competence and romantic appeal of the original SPPA were not applicable 
for Dutch adolescents, these were not included in the Dutch version.22 Items are scored 
on a 4-point scale, with a higher score corresponding to a more positive perception of 
a specific competence. Scale scores were calculated by summing the items (maximum 
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score 20). The Dutch SPPA has shown good internal consistency, test-retest reliability 
and construct validity in able-bodied young adults.22

Enjoyment. Enjoyment in exercise was measured with the Groningen Enjoyment 
Questionnaire (GEQ).23 This consists of 10 statements with which subjects were asked 
to rate their agreement on a 7-point scale (1= ‘absolutely disagree’ to 7= ‘absolutely 
agree’). Possible sum scores ranged from 10 to 70. Cronbach alpha for this scale was 
0.88, indicating sufficient internal consistency.23

Physical activity
Objective dynamic activity. The duration of dynamic activities (composite measure 
of the separately detected activities walking, including walking stairs and running, 
cycling, general movement and wheelchair-driving) was measured objectively during 2 
randomly selected weekdays using an accelerometry-based activity monitor (AM, Temec 
Instruments, Kerkrade, the Netherlands). Participants were fitted with the AM at their 
homes and instructed to perform their usual daily activities, but not to swim, or take a 
shower or bath during activity monitoring. To avoid measurement bias, the principles of 
the AM were explained to the participants after the measurements. All participants agreed 
with this procedure. Detailed methods are described elsewhere.10 Since no differences 
existed between the first and the second measurement day, we used average results, 
expressed in min/day, for further analyses. The AM has shown to be a valid and reliable 
instrument to quantify mobility-related activities, including wheelchair driving.24,25

Self-reported physical activity. Self-reported physical activity was assessed by interview 
using the physical activity scale for individuals with physical disabilities (PASIPD) to 
obtain insight in the composition of total physical activity behaviour.26 The Dutch 
version of the PASIPD is a 12 item, seven day recall questionnaire which consists of 
questions on leisure time, household and work related physical activities (Cronbach’s 
alpha = 0.60), from which a total physical activity score in kJ/kg body weight/day was 
calculated. We also presented duration of total physical activity and of separate types of 
activities presented in min/day. A previous study reported acceptable test-retest reliability 
and criterion validity which was comparable to other questionnaires.27

Physical fitness
Aerobic capacity. This was measured during a progressive maximal exercise test, based on 
the McMaster All-Out Progressive Continuous Cycling and Arm test.28 Depending on 
whether the main mode of ambulation was walking or wheelchair driving, participants 
performed the test on an electronically braked cycle ergometer (Jaeger ER800) or an 
arm ergometer (Jaeger ER800SH; Jaeger Toennies, Breda, the Netherlands), respectively. 
Detailed descriptions of the test can be found elsewhere.12 We defined aerobic capacity 
as the mean oxygen uptake during the last 30 seconds of exercise (peakVO2, in l/min).

Body fat. Thickness of skin-folds (biceps, triceps, subscapular, suprailiac) was measured   
twice on the right side of the body with a calliper (Harpenden, Burgess Hill, UK), and 
the average sum of the 4 skin-folds (in mm) was used as indicator of body fat. 
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Muscle strength. The strength of hip flexors and knee extensors was measured in persons 
whose main mode of ambulation was walking, and the strength of shoulder abductors 
and elbow extensors in persons whose main mode of ambulation was wheelchair driving, 
using the “break” testing method and a hand-held dynamometer (Microfet, Hoggan 
Health Industries Inc. West Jordan, USA). The positions and performance of the 
measurements were according to Van der Ploeg and co-workers.29 The average value of 
3 repetitions of the dominant side was used for further analyses. Detailed descriptions 
of the testing method can be found elsewhere.12 To assess whether muscle strength was 
subnormal, values were normalized to Z-scores using reference values of healthy males and 
females.30,31 A person’s lowest Z-score of upper or lower extremity was used as indicator 
of muscle strength, dichotomizing it into normal (Z-score > -2) or subnormal (Z-score 
≤ -2) muscle strength. 

Statistical analyses
Data on sports participation were presented as mean (standard deviation SD) for the total 
group and for subgroups regarding gender and ambulatory status. Logistic regression 
analyses were performed to study correlates of sports participation and linear regression 
analyses to study whether participating in sports was associated with higher levels of 
physical activity and physical fitness. Gender and ambulatory status were potential 
confounders adjusted for in all multivariable analyses. Due to high collinearity between 
type of ergometer and ambulatory status, ambulatory status was used as a proxy measure 
for type of ergometer.12 Odds ratios (OR) were presented for the logistic regressions and 
regression coefficients (RC) for the linear regressions, including 95% confidence intervals. 
p-values ≤ 0.05 were considered significant and p= 0.05-0.10 as a trend. 

Results

Sports participation 
Results on sports participation are presented in Table 1. Thirty-five (69%) adolescents 
and young adults participated in sports, for an average of 30 (SD 24) min/day, which 
on average accounted for 3.3 (SD 2.5) kJ/kg/day. The top 5 sports were hand biking, 
(cardio) fitness, swimming, wheelchair basketball, and wheelchair tennis. The majority 
of the sports participants mentioned fun and improving fitness as main reasons for 
participating in sports. Other reasons were to improve health, for social contacts or 
cosmetic reasons. Lack of time and lack of interest were the most frequently reported 
reasons for non-participation; others mentioned lack of energy, lack of transport, physical 
inability, not having a sports mate or fear of being criticized. 
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Table 1 Descriptive results for sports participation of adolescents and young adults with myelomeningocele. 

Total group Males Females Ambulators Non-ambulators
(n= 51) (n= 26) (n= 25) (n= 23) (n= 28)

Sport, n (%) 35 (69) 21 (81)* 14 (56)* 15 (65) 20 (71)
Time spent on sports for 
doers† (min/day), mean (SD) 30 (24) 32 (27) 27 (17) 31 (29) 29 (20)
Total sport score for doers† 
(kJ/kg/day), mean (SD) 3.3 (2.5) 3.5 (2.8) 3.1 (2.0) 3.2 (2.6) 3.4 (2.4)

*Difference between males and females, p= 0.08. †Persons reporting participation in sports. SD= standard 
deviation.

Table 2 Association between sports participation and personal, disease-related, and psychosocial factors. 

Independent variable Dependent variable Logistic regression analyses
Sports No Sports
(n= 35) (n= 16)

Personal and disease-related factors n (%) n (%) OR (95% CI) p-value
Gender, male 21 (60) 5 (31) 0.30 (0.09, 1.06) 0.06†
Ambulators 15 (43) 8 (50) 0.75 (0.23, 2.46) 0.64
Hydrocephalus 26 (77) 15 (94) 0.16 (0.02, 1.54)1 0.11
Educational level, low 12 (34) 5 (31) 0.93 (0.24, 3.53)1 0.91

mean (SD) mean (SD) OR1 (95% CI) p-value
Age 20.8 (4.8) 21.8 (4.1) 0.97 (0.86, 1.13) 0.84
Functional independence

Motor functioning 6.03 (0.95) 6.21 (0.49) 0.81 (0.31, 2.09) 0.66
Cognitive functioning 6.43 (0.70) 6.58 (0.49) 0.65 (0.19, 2.18) 0.49

Psychosocial factors
Social support

Friends 11.7 (4.3) 8.8 (4.5) 1.17 (0.97, 1.40) 0.09†
Family participation 24.4 (7.0) 19.4 (7.1) 1.12 (1.00, 1.25) 0.05*
Family rewarding 13.2 (1.3) 11.5 (2.9) 2.12 (1.16, 3.86) 0.01*

Perceived competence
Scholastic competence 12.9 (3.0) 11.7 (3.6) 1.08 (0.88, 1.33) 0.47
Social acceptance 15.2 (2.9) 14.4 (3.2) 1.05 (0.85, 1.31) 0.66
Athletic competence 13.5 (3.4) 8.4 (3.3) 1.47 (1.17, 1.86) 0.001*
Physical appearance 13.5 (3.3) 10.4 (4.3) 1.24 (1.02, 1.50) 0.03*
Behavioural conduct 15.4 (2.9) 15.2 (3.7) 1.07 (0.87, 1.33) 0.51
Close friendships 16.3 (3.6) 15.6 (3.3) 1.05 (0.88, 1.26) 0.60
Global self-worth 16.0 (2.9) 13.9 (3.9) 1.20 (0.98, 1.48) 0.10†

Enjoyment 56.8 (10.9) 49.4 (13.3) 1.05 (0.99, 1.11) 0.10†
 1Adjusted for gender and ambulatory status. *p≤ 0.05. †p=0.05-0.10. OR= odds ratio. CI= confidence 
interval. SD= standard deviation.  
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Correlates of sports participation
Table 2 shows correlates of sports participation. Females tended to be less likely to 
participate in sports than males (OR= 0.30, p= 0.06). Ambulatory status, the presence 
of hydrocephalus, educational level, age, and motor and cognitive functioning were not 
related to sports participation. 

People who received more social support from family were more likely to participate 
in sports (OR= 1.12 to 2.12, p≤ 0.05). In addition, those who received social support 
from friends (OR= 1.17, p= 0.09) and those who reported higher enjoyment of exercise 
(OR= 1.05, p= 0.10) tended to be more likely to participate in sports. Furthermore, 
sports participation was associated with athletic competence (OR= 1.47, p= 0.001) and 
physical appearance (OR= 1.24, p= 0.03), and appeared to have some association with 
global self-worth (OR= 1.20, p= 0.10). 

Table 3 Association between sport participation and physical activity and physical fitness parameters.

Dependent variable  Sports No Sports Linear regression analyses
(n= 35) (n= 16)
Mean (SD) Mean (SD) RC (95% CI)1 p-value

Objective physical activity, AM
Dynamic activity (min/day) 84 (65) 74 (57) 12 (-23, 47) 0.49
Self-reported physical activity, PASIPD
Total score (kJ/kg/day) 58.6 (37.5) 29.7 (23.6) 29.6 (7.7, 51.6) 0.009*
Total duration (min/day) 285 (191) 179 (141) 115 (0.6, 230) 0.05*
Leisure activity (min/day)

Non-exercise related walk/wheel 122 (84) 73 (83) 56 (4, 109) 0.04*
Light exercise 16 (50) 6 (19) 4 (-23, 32) 0.75
Moderate+vigorous+strength exercise 44 (45) 3 (7) 39 (14, 63) 0.002*

Household activity (min/day) 41 (67) 46 (59) 5 (-36, 45) 0.82
Occupational activity (min/day) 61 (67) 51 (96) 11 (-51, 74) 0.72
Physical fitness
PeakVO2 (l/min) 1.58 (0.53) 1.27 (0.50) 0.19 (-0.06, 0.44) 0.13
Sum 4 skin-folds (mm) 74.0 (38.6) 75.5 (39.4) 7.78 (-11.3, 26.9) 0.42

% subnormal % subnormal OR (95% CI)1 p-value
Muscle strength, normal (0) versus 
subnormal (1)

52 81 0.26 (0.06, 1.15) 0.08†

1Adjusted for gender and ambulatory status. *p≤ 0.05. †p=0.05-0.10. SD= standard deviation. RC= linear 
regression coefficient. OR= odds ratio. CI= confidence interval.  

Influence on physical activity behaviour and fitness
Table 3 presents results on physical activity and physical fitness and the association 
with sports participation. The 2-day objective measurements with the AM showed that 
participants spent on average 84 (SD 65) minutes on dynamic activities per day. According 
to the AM, after adjusting for gender and ambulatory status, sports participants spent 12 
min longer on dynamic activities during the day than persons who did not participate 
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in sports; however, this difference was not significant (p= 0.49).
Self-reported physical activity recalled over the previous 7 days with the PASIPD, 

showed that sport participants spent on average 285 (SD 191) minutes combined in 
leisure, household and occupational activities, corresponding with an average total score 
of 58.6 (SD 37.5) kJ/kg/day. Results of the PASIPD showed that persons who engaged 
in sports were more physically active during the day, as indicated by total score (p= 
0.009) and by total duration of physical activities expressed in min per day (p= 0.05). 
In addition, besides spending on average 39 minutes more on sports and exercise per 
day (p= 0.002), they also reported 56 minutes more on non-exercise related walking or 
wheelchair driving (p= 0.04). 
Fig. 1 shows the contribution of occupational tasks, household tasks, sports and exercise, 
and non-exercise related walking or wheelchair driving to total self-reported physical 
activity as measured with the PASIPD. In sports participants, the contribution of sports 
and exercise to total physical activity was 16%. Time spent on household and occupational 
activities did not differ between persons who participated in sports and those who did 
not (Fig. 1; Table 3).

Average peakVO2 was 0.19 l/min higher in persons who participated in sports 
compared to those who did not; however this difference was not significant (p= 0.13). 
The percentage of participants with subnormal muscle strength tended to be lower in 
those who participated in sports (52%) compared to those who did not (81%; OR= 0.26, 
p= 0.08). Sports participation was not associated with body fat. 

Figure 1 Contribution of sports to total physical activity behaviour as measured with the PASIPD.

Black: sports and exercise. Grey: non-exercise related walking or wheeling. White: household taks. 
Dashed: occupational tasks.
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Discussion

Sports and physical activity behaviour 
The present study contributes to the understanding of sport behaviour in adolescents 
and young adults with MMC. Two-third of the participants reported to be engaged in 
sports, which accounted for 30 min each day on average. Comparably, 6 out of 10 able-
bodied persons aged 18-24 years participate in sports in the Netherlands.32 Of people with 
various physical disabilities (including persons after stroke, back disorders, neurological 
disorders, chronic pain and orthopaedic disorders), 53% participated in sports one year 
after rehabilitation.33 Although the proportion of adolescents and young adults with MMC 
participating in sports was not lower than in people with other physical disabilities, the 
estimated energy expended per day due to self-reported sports activities, as indicated by 
total sport score, was almost half as low; 3.3 kJ/kg/day in people with MMC vs 6.3 kJ/
kg/day in people with other physical disabilities.33 It is unclear whether this difference is 
due to less time spent on sports or due to lower intensity sports. In addition, self-reported 
levels of physical activity, as measured with the PASIPD were considerably lower than 
those mentioned in persons with a variety of physical disabilities: average PASIPD 
scores reported by Washburn and co-workers26 and by Van der Ploeg and co-workers33 
– these were 84.5 kJ/kg/day and 63.7 kJ/kg/day respectively, whereas the current study 
showed an average score of 58.6 kJ/kg/day in sport participants and 29.7 kJ/kg/day in 
non-participants. This is in line with result from previous studies reporting that persons 
with MMC have inactive lifestyles.9,10

Correlates of sports participation 
Results showed that ambulatory status, the presence of hydrocephalus and functional 
independence were not related to sports participation. This is an important contribution 
to knowledge on physical activity behaviour in persons with MMC. In addition to lack 
of time and lack of interest being the most frequently mentioned barriers for sports 
participation, it supports the view that engaging in sports seems to be due to personal 
preferences rather than physical ability. Therefore, persons with MMC should be 
encouraged to become more physically active, and sports participation may be a way to 
accomplish this. Rehabilitation centres may provide a good setting to increase physical 
activity levels.13,33 

A large proportion of persons with MMC show cognitive impairments of some 
sort,34 which may influence sports participation. In the present study, however, sports 
participation was not associated with educational level or cognitive functioning. 
Nevertheless, impairments in executive functioning rather than general intelligence might 
be associated with physical activity levels.35 Future studies are necessary to investigate 
the association between sports participation and cognitive impairments. 

In the context of promoting physical activity behaviour, modifiable environmental 
and personal determinants, are the most interesting targets in interventions. In able-
bodied adults, the association between social support and physical activity behaviours 



Chapter 5

74

is inconclusive.36 However, the present results support the view that social support is 
important for adolescents and young adults with MMC to participate in sports. This 
study did not include other environmental influences,7 however in 113 adults with 
mobility impairments, Kinne and co-workers found that exercise maintenance was 
not significantly associated with environmental barriers, whereas motivational barriers 
and self efficacy were.5 In contrast, other studies reported lack of transportation and 
accessibility facilities to be important barriers to exercise.6,7 Future studies should 
provide insights in the role of such environmental barriers to sports participation and 
physical activity in general in persons with MMC. In line with results of Kinne and 
co-workers,5 the present study showed that adolescents and young adults with MMC 
who perceived higher athletic competence were more likely to participate in sports than 
those who perceived lower athletic competence. In addition, sports participation was 
associated with perceived physical appearance and tended to be associated with global 
self worth. Due to the cross-sectional study design, it is unclear whether persons with 
higher athletic competence, perceived physical appearance and global self-worth are 
more likely to participate in sports or whether participating in sports results in higher 
perceived competence for these aspects.  

Furthermore, the present study showed that persons who perceived higher enjoyment 
during sports tended to be more likely to participate in sports. This is in line with 
previous results in persons with spinal cord injuries, that enjoyment was an important 
reason for participating in sports.37 Therefore, interventions aiming to increase physical 
activity levels should be tailored individually ensuring that each person finds a type of 
physical activity they enjoy. 

Sports participation and physical activity
The present study found some evidence that persons who participated in sports had 
more active lifestyles than those who did not, regardless of gender and ambulatory 
status. Sports participation contributed to 16% of the total daily physical activity in 
persons who participated in sports. This is an important contribution to total physical 
activity behaviour because apparently, non-participants do not seem to compensate with 
other physical activities, such as household and occupational. In addition, those who 
participated in sports reported that they also spent more time on non-exercise-related 
walking or wheeling. Objective measurements of physical activity with the AM pointed 
in the same direction, i.e. persons who participated in sports spent on average 12 minutes 
more on dynamic activities, but it was not significantly different. In addition, there was 
a substantial difference in the total duration of physical activity measured with both 
instruments; the AM registered an average duration of 84 minutes per day whereas the 
PASIPD reported 285 minutes per day. Both measures have limitations, which may have 
contributed to the discrepancy in results. Questionnaires are prone to overestimation of 
physical activity levels due to social desirability and recall difficulties.38 Furthermore, 
objective measurements with the AM covered 2 consecutive weekdays, whereas the self-
reported PASIPD was a 7 day-recall, also including weekend-days. Although in this study 
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the measurement days overlapped, the PASIPD covered a period more representative for 
usual physical activity patterns and probably recorded usual activities that may be missed 
by the AM, especially in the weekend. Moreover, both instruments measure somewhat 
different aspects of physical activity. The AM measures mobility-related activities 
whereas the PASIPD includes several physical activity domains, i.e. leisure, household 
and occupational activities, of which not all are necessarily mobility-related and therefore 
not detected with the AM. We therefore consider both measures to be complementary 
using the PASIPD to describe the contribution of specific activity domains to total 
physical activity behaviour.

Sports participation and physical fitness
Although the present study failed to show significant correlations, data showed higher 
values of peakVO2 and higher muscle strength in sports participants. Fitness is known 
to be an independent risk factor for lifestyle related diseases, but low values in persons 
with MMC are reported.12 Therefore, increasing sport participation may be important 
to increase and maintain health of persons with MMC. The correlation between sports 
participation and fitness has been found previously in persons with spinal cord injuries.39 

Due to the relatively small sample sizes in the present study, correlations may have failed 
to show significances. There did not seem to be a correlation between sport participation 
and body fat levels. 

Considering that the primary mode of ambulation elicits the highest values of peakVO2 
we used different exercise modes to assess aerobic capacity for ambulatory and non-
ambulatory persons. Arm and leg exercise are known to have different physiological 
responses. In the analyses, we adjusted for ambulatory status as proxy measure for type 
of ergometer.12 

Study limitations 
Some limitations should be taken into account when interpreting the results of the study. 
The response rate of the study was low, which may have led to selection bias with people 
who were more interested in physical activity being more likely to participate in the 
study. This may have resulted in the high proportion of sports participation. However, 
it is unlikely that this selection bias has influenced the relevant correlates of sports 
participation as well as its relation with fitness. Another limitation was the relatively 
small sample size and low statistical power, which might have led to overlooking some 
of the relevant relationships. 

Furthermore, both the sport score and the PASIPD score were based on MET values 
derived from the general population. It is possible that MET values for the same activity 
differ between the general population and the persons with MMC. Consequently, the 
absolute values of the sport score and the PASIPD score might not be completely accurate, 
and comparability with the general population may be limited. However, during several 
daily activities, oxygen uptake did not differ between persons with MMC and aged-
matched peers, although physical strain was higher in persons with MMC.40 
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In conclusion, sports participation seems to be due to personal preferences rather than 
physical ability, it could benefit from social support (particular from family) and perceived 
competence, and is associated with higher self-reported physical activity. Conclusive 
evidence is needed on whether sports participation improves aerobic capacity. Improving 
physical activity behaviour and fitness in persons with MMC is important for health 
and increasing sports participation may contribute. 
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Abstract

We aimed to study relationships between lifestyle-related factors, participation and health-
related quality of life (HRQoL) in adolescents and young adults with myelomeningocele 
(MMC). 

Fifty-one persons aged 21.1 ± 4.5 years participated in this cross-sectional study. 
Participation was assessed with the Life Habits questionnaire and HRQoL with the Short 
Form 36. We assessed physical activity using an accelerometry-based activity monitor, 
fitness (peak oxygen uptake) during a maximal exercise test, and the sum of 4 skin-folds 
as indicator of body fat. Relationships were studied using logistic regression analyses.

Of the participants, 63% perceived difficulties in daily activities and 59% in social 
roles. Participants perceived lower physical HRQoL than a Dutch reference population. 
Participants with higher levels of physical activity and fitness perceived less difficulty in 
daily activities (p≤ 0.05) and a higher physical HRQoL (p≤ 0.05). Persons with higher 
fitness tended to perceive less difficulty in social roles (OR= 5.3; p= 0.08). Body fat was 
not related with participation and HRQoL.

In conclusion, higher levels of physical activity and fitness are related with less 
difficulty in participation and higher HRQoL. Therefore, promoting healthy lifestyles, 
by improving physical activity and aerobic fitness, deserves attention in health care in 
persons with MMC. 
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Introduction

The increased life expectancy of people who are born with a physical disability such 
as myelomeningocele (MMC) raises new challenges in providing optimal health care 
and preventing secondary conditions. Many adolescents and young adults with MMC 
have medical problems such as urinary and faecal incontinence, reduced joint mobility, 
pressure sores, orthopaedic problems, i.e. scoliosis and contractures,1 and many are 
physically inactive, have low aerobic fitness and high levels of body fat.2 Promoting 
healthy lifestyles by improving levels of physical activity and aerobic fitness, and by 
reducing excessive body fat may benefit functioning and health in people with physical 
disabilities such as MMC. 

Functioning and health can objectively be studied by assessing participation in society, 
whereas health-related quality of life (HRQoL) is a subjective or self-perceived outcome.3 
Participation can be evaluated by assessing life habits, i.e. activities of daily living and 
social roles, addressing difficulty of performance and the assistance required.4 Many 
adolescents and young adults with MMC are independent in most functional activities 
but report dependency for sphincter control, locomotion and self-care,5,6 particularly 
those with hydrocephalus and higher lesion levels.6 Furthermore, many adolescents 
with MMC showed limited responsibilities in household tasks, decision making, money 
management, and engagement in activities with peers.5 

HRQoL refers to an individual’s perception of various aspects of his or her life that are 
affected by a specific condition. Results on HRQoL of adolescents and young adults with 
MMC are equivocal. Some studies showed that they perceived lower levels of HRQoL 
compared to the able-bodied population, particularly regarding aspects of physical 
functioning, including self-care, continence and mobility,7,8 but also on emotional, social 
and school domains.8 Other studies showed overall good HRQoL.9,10

Little information is available on whether improving lifestyle may benefit participation 
and HRQoL in adolescents and young adults with MMC. Studies in persons with other 
chronic conditions showed that physical activity and aerobic fitness are associated with 
participation and HRQoL.11 In able-bodied adolescents and young adults, obesity was 
associated with lower HRQoL, but no differences were found in HRQoL between obese 
and non-obese persons with MMC.8 

The present study assessed participation and HRQoL in a sample of adolescents and 
young adults with MMC. To study whether lifestyle interventions have the potential to 
improve participation and HRQoL in persons with MMC, we explored whether physical 
activity, aerobic fitness and body fat were associated with participation and HRQoL.
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Methods

Participants
Fifty-one adolescents and young adults (aged 21.1 ± 4.5 years) participated in the study 
of whom 26 (51%) were male. Recruitment of participants is described elsewhere.2 All 
participants and parents of adolescents aged less than 18 years gave written informed 
consent before participating in the study. The Medical Ethics Committee of Erasmus 
MC and of all participating institutes approved the study. 

Information regarding lesion level and presence of hydrocephalus was obtained from 
medical records. Lesion levels were registered as sacral (n= 7), lumbosacral (n= 21), lumbar 
(n= 15), thoraco-lumbar (n= 7) and thoracic (n= 1). Hydrocephalus was considered to be 
present when a shunt was placed (82%). 

According to the classification of Hoffer,12 participants were categorized as ambulatory 
(including community ambulators, n= 15, and household ambulators, n= 8) or non-
ambulatory (n= 28, also including non-functional ambulators). Education level was 
categorized as low (pre-vocational practical education or lower level, n= 17) or high 
(secondary theoretical education and higher education, n= 34).

Participation
Functioning in daily activities and social roles was assessed using the Life Habits 
Questionnaire (LIFE-H).13 The short version, the LIFE-H 3.0 consists of 69 life habits 
covering 12 categories: nutrition, fitness, personal care, communication, housing, 
mobility, responsibilities, interpersonal relationships, community life, education, 
employment and recreation. The first 6 categories refer to daily activities whereas the 
others are associated with social roles. The scoring is based on two specific elements: 
(i) the degree of difficulty in performing life habits (no difficulty, with difficulty, with 
substitution, or not accomplished); and (ii) the type of assistance required performing 
the habit (no help, technical assistance or adaptation, human assistance). Both elements 
are combined in a scale ranging from 0 – 9, with 0 indicating total handicap (the activity 
or social role is not accomplished or achieved) and 9 indicating optimal participation 
(the activity is performed without difficulty and without help). Mean scores for the two 
sub-domains (i.e. daily activities and social roles) were calculated and a mean score below 
8 was used to indicate difficulty in performance.14

Health-related quality of life
The Medical Outcomes Study 36-item Short-form Health survey (SF-36)15,16 was used to 
assess HRQoL in several domains: physical functioning, social functioning, role limitations 
due to physical problems, role limitations due to emotional problems, pain, mental health, 
vitality and general health perception. All raw scores were linearly converted to a 0 to 100 
scale providing sum scores for each domain. In addition, scores were summarized in two main 
scores: a physical component summary (PCS) and a mental component summary (MCS). 
Higher domain and summary scores indicate higher levels of functioning or well-being.15
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Lifestyle-related factors
Physical activity
We objectively measured the duration of dynamic activities (composite measure of the 
separately detected activities walking, including walking stairs and running, cycling, 
general movement and wheelchair-driving) during 2 consecutive weekdays using an 
accelerometry-based activity monitor (AM, Vitaport 3, Temec Instruments, Kerkrade, 
the Netherlands). The AM has shown to be a valid and reliable instrument to quantify 
mobility-related activities, including wheelchair-driving.17,18 Participants were fitted with 
the AM at their homes and instructed to perform their usual daily activities, but not 
to swim, or take a shower or bath during activity monitoring. Detailed procedures are 
described elsewhere.2 The level of physical activity was defined as the average duration 
of dynamic activities of the first and second measurement day expressed in min/day. 

Aerobic fitness 
Aerobic fitness was measured during a progressive maximal exercise test, based on 
the McMaster All-Out Progressive Continuous Cycling and Arm test. According to 
Bhambhani and co-workers who studied persons with cerebral palsy, the main mode of 
ambulation elicits the highest oxygen uptake.19 Therefore, depending on whether the 
main mode of ambulation was walking or wheelchair-driving, participants performed the 
test on an electronically braked cycle ergometer (Jaeger ER800) or arm ergometer (Jaeger 
ER800SH; Jaeger Toennies, Breda, The Netherlands) respectively. Detailed descriptions 
of the test can be found elsewhere.20 Aerobic fitness was defined as the mean oxygen 
uptake during the final 30 seconds of exercise (peakVO2, in l/min). 

Body fat
Thickness of 4 skin-folds (biceps, triceps, subscapular, suprailiac) was measured twice 
on the right side of the body with a calliper (Harpenden, Burgess Hill, UK) and average 
sum (in mm) was used as indicator of body fat.

Statistical analyses
Results were expressed as mean and standard deviation (SD) for the total group. In 
addition, group percentages of adolescents and young adults with difficulties in daily 
activities and social roles (score < 8) were presented. Using a one sample t-test, we 
compared scores of the 8 domains of the SF-36 with the average scores of a Dutch 
reference population aged 16-40 years16 and with persons with spina bifida aperta and 
hydrocephalus who participated in a national study on Adolescents with SPina Bifida 
in the Netherlands (ASPINE).7 PCS and MCS were compared with a Dutch reference 
sample aged 20-29 years.21 For all analyses, p-values ≤ 0.05 were considered significant 
and 0.05< p≤ 0.10 were reported as a trend.

Because data on participation and HRQoL were not normally distributed among 
our study sample, we dichotomized the outcome measures. For the sub-domains daily 
activities and social roles of the LIFE-H, individuals were classified as either perceiving 
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no difficulties (1) or as perceiving difficulties (0). For the PCS and MCS of the SF-36, 
individuals were classified as high HRQoL (1) or low HRQoL (0), based on the median 
score (44.0 for PCS and 57.8 for MCS). 

Using binary logistic regression analyses we built separate models to study whether daily 
physical activity, aerobic fitness and body fat were related to participation and HRQoL, 
and whether participation was related to HRQoL. The following variables were checked 
for potential confounding: age, gender, ambulatory status and level of education. Gender 
(0= female; 1= male) and ambulatory status (0= non-ambulator; 1= ambulator) were 
adjusted for in the analyses. In the relationships with aerobic fitness, ambulatory status 
was used as proxy for type of ergometer because of the high collinearity between the 
two variables.20 Odds ratios (OR), including 95% confidence intervals (95% CI), and 
explained variances (R2, Nagelkerke R square) were presented for relationships reporting 
significances or trends. 

Results

Participants spent on average 81 ± 62 minutes on physical activities per day, the average 
peakVO2 was 1.48 ± 0.52 l/min and average sum of 4 skin-folds was 74.4 ± 38.5 mm. 

Table 1 Participation of adolescents and young adults with MMC, as measured with the Life-H.

Life-H Mean ± SD Perceived difficulties (%)
Daily activities
Nutrition 8.0 ± 1.4 29
Fitness  7.8 ± 1.2 36
Personal care 7.3 ± 1.7 53
Communication 8.4 ± 0.8 33
Housing 7.2 ± 1.2 75
Mobility 6.5 ± 1.6 74
Daily activities sub-domain 7.5 ± 1.0 63
Social roles
Responsibility 8.1 ± 1.8 22
Relationships 8.7 ± 0.6 10
Community 7.4 ± 2.0 41
Recreation 6.3 ± 1.8 82
Education 7.4 ± 2.3 32
Employment 7.5 ± 1.2 56
Social roles sub-domain 7.5 ± 1.2 59
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Participation
Overall, 63% of the participants perceived difficulties in daily activities, mainly in 
personal care, housing and mobility, and 59% perceived difficulties in social roles, and 
in particular with recreation and employment (Table 1). Several personal and condition-
related characteristics were related to participation (Table 3). Males perceived less 
difficulty during daily activities than females (OR= 7.1; p= 0.004). Ambulators perceived 
less difficulty in daily activities (OR= 11.3; p< 0.001) and social roles (OR= 4.7; p< 0.001) 
than non-ambulators. Adjusted for gender and ambulatory status, individuals with a 
higher education level tended to perceive less difficulty with daily activities (OR= 4.1; 
p= 0.09) and perceived less difficulty with social roles (OR= 5.0; p=0.03).

Table 2 Health-related quality of life of adolescents and young adults with MMC and reference populations, as 
measured with the SF-36.

Domain SF-36 Total group Dutch reference sample16,21 ASPINE7

Mean ±  SD Mean p-value Mean p-value
Physical functioning 46.8 ± 23.7 93.1 < 0.001 34.4 0.001
Role physical 77.8 ± 34.1 86.4 0.08 68.9 0.06
Bodily pain 84.8 ± 20.1 80.9 0.18 75.6 0.002
General health 69.2 ± 23.7 78.2 0.01 64.9 0.20
Vitality 66.4 ± 15.9 70.7 0.06 64.3 0.36
Social functioning 81.1 ± 24.8 87.8 0.06 81.8 0.85
Role emotional 85.0 ± 29.3 85.4 0.92 85.2 0.96
Mental health 77.3 ± 16.7 78.7 0.54 76.8 0.85
Physical component summary 43.1 ± 9.0 53.2 < 0.001
Mental component summary 55.0 ± 9.7 47.8 < 0.001

Health-related quality of life
Average PCS was 43.1 (range 24.0 to 58.9) and average MCS was 55.0 (range 24.8 to 
68.8), see Table 2. Adolescents and young adults with MMC perceived lower physical 
HRQoL (p< 0.001) than a Dutch reference sample, particularly on the domains physical 
functioning (p< 0.001) and general health (p= 0.01). They generally perceived higher 
mental HRQoL (p< 0.001) than a Dutch reference sample, but vitality and social 
functioning tended to be lower in persons with MMC (0.05< p≤ 0.10). Compared to 
persons with spina bifida aperta and hydrocephalus of the ASPINE study,7 the participants 
of the present study perceived better physical functioning (p= 0.001) and less bodily 
pain (p= 0.002). 

Males perceived a higher physical HRQoL than females (OR= 3.4; p= 0.04) and 
ambulators perceived a higher physical HRQoL than non-ambulators (OR= 4.1; p= 
0.02), see Table 4. Adjusted for gender and ambulatory status, younger persons tended 
to perceive a higher physical HRQoL (OR= 0.87; p= 0.06) and perceived a higher mental 
HRQoL (OR= 0.86; p= 0.04). 
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Lifestyle, participation and health-related quality of life
Relationships between lifestyle and participation are presented in Table 3, and Table 4 
presents relationships with HRQoL. Adjusted for gender and ambulatory status, persons 
with higher levels of physical activity perceived less difficulty in daily activities (OR= 
8.8; p= 0.02) and a higher physical HRQoL (OR= 4.8; p= 0.02). Persons with higher 
peakVO2 perceived less difficulty in daily activities (OR= 29.7; p= 0.02), they tended to 
perceive less difficulty in social roles (OR= 5.3; p= 0.08) and perceived a higher physical 
HRQoL (OR= 30.2; p= 0.006). Lifestyle-related factors were not associated with mental 
HRQoL.

Persons who perceived no difficulties in daily activities (OR= 59.0; p= 0.002) and social 
roles (OR= 3.3; p= 0.08) appeared to perceive a higher physical HRQoL, but participation 
was not related to mental HRQoL.

Discussion

Participation 
Results showed that many adolescents and young adults with MMC perceived difficulties 
in daily activities and social roles, particularly regarding self care, housing, mobility, 
recreation and employment. Therefore, improving participation is one of the challenges 
in rehabilitation care for people with chronic conditions such as MMC. 

The finding that a large proportion of persons with MMC perceived difficulties in 
daily activities and social roles is in line with previous reports of dependency in various 
activities of daily living5,6 and subnormal levels of decision making and participation.5 
Also, compared to adolescents and young adults with cerebral palsy (CP) with normal 
intelligence, persons with MMC appeared to perceive more difficulties in participation; 
21% of persons with CP perceived difficulties in daily activities and 24% in social roles14 
compared with 63% and 59% in persons with MMC. 

Non-ambulators and persons with a low education level perceived more difficulties 
in participation. Comparably, in adolescents and young adults with CP, limitations 
in participation were mainly attributable to restricted gross motor functioning and 
low education level.14 Since both ambulatory status and education level are irreversible 
characteristics associated with the severity of MMC, it might be relevant to focus on 
modifiable lifestyle-related factors. 

Lifestyle and participation
Lower levels of physical activity and aerobic fitness were associated with perceiving 
difficulties in daily activities. Levels of physical activity and aerobic fitness did not differ 
among persons with low and high education level, indicating that these lifestyle-related 
factors are important for participation regardless of education level, which was also 
related with participation. Studies in adults with spinal cord injury showed higher levels 
of physical activity to be associated with lower levels of disability severity and handicap.22 
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Our study does not support the suggestion of Manns et al.22 that physical activity may 
play a more important role in participation than aerobic fitness. On the contrary, our 
results indicated that aerobic fitness was not only associated with daily activities but also 
tended to have a relationship with social roles, whereas physical activity did not. Possibly, 
increasing aerobic fitness may reduce physical strain and associated fatigue, which may 
result in increased performance in daily activities and social roles. However, due to the 
cross-sectional study design causality can not be established and future studies should 
confirm whether improving levels of physical activity and aerobic fitness has positive 
effects on the performance of daily activities and social roles. 

Health-related quality of life
Physical component
Adolescents and young adults with MMC perceived lower physical HRQoL compared 
to a Dutch reference sample, particularly regarding mobility, which confirms previous 
results.7,8 The finding that non-ambulators were more likely to have lower physical 
HRQoL confirms previous results that persons with MMC with lower mobility and 
self-care ability perceived lower physical HRQoL.23 On the other hand, they perceived 
higher physical HRQoL compared to adults with paraplegia, who had an average PCS 
of 29.24 In contrast to persons with MMC, who are restricted in mobility from birth, 
mobility problems of people with paraplegia are acquired at later ages which may result 
in lower perceived physical HRQoL. Furthermore, different results may be related to 
age; participants of our study were younger. We found that older individuals with MMC 
tended to perceive lower HRQoL, which underlines the need for paying attention towards 
improving HRQoL when growing into adulthood. 

Mental component
Compared to a Dutch reference sample, adolescents and young adults with MMC 
generally perceived higher mental HRQoL, but they tended to perceive lower vitality and 
social functioning. Results on the different domains of mental HRQoL were comparable 
to results of young adults with spina bifida aperta and hydrocephalus from the national 
ASPINE study.7

Mental health was associated with age, but not with ambulatory status, nor with 
participation. This is in contrast with the study of Padua et al.23 in a small sample of 
adolescents with spina bifida, who found that people with higher mobility and self-care 
ability perceived higher psychological distress and more severe role disability due to 
emotional problems.

Lifestyle and health-related quality of life
Results showed that higher levels of physical activity and aerobic fitness were related 
with higher perceived physical HRQoL, which supports the evidence for a strong focus 
in health care on increasing physical activity and fitness to maintain a healthy adult 
life in persons with chronic conditions such as MMC. However, causality needs to be 
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established in future study, since it may also be that participants were more physically 
active because they perceived a higher physical HRQoL.

We found no relationship between mental HRQoL and body fat which is in accordance 
with previous findings in persons with MMC, but in contrast with findings in the 
able-bodied population.8 Furthermore, unlike physical HRQoL, mental HRQoL was 
not associated with levels of physical activity and aerobic fitness, suggesting that mental 
HRQoL may be more influenced by factors other than lifestyle-related factors. Parental 
hope and other family factors, positive attitudes, communication efficacy, coping 
strategies and social support were suggested to be important.9,10 

Study limitations 
A selection bias may have occurred that the more active and fitter people had higher 
interest in participating in this study. This may have resulted in the perceiving of higher 
levels of physical functioning and less pain compared to participants of the ASPINE 
study. The hypotheses that individuals with lower participation and HRQoL may benefit 
more from improved physical activity levels and aerobic fitness should be tested in future 
longitudinal studies.

The strength of the monitoring physical activity with the AM is that it provides 
detailed objective information on mobility-related activities in both ambulatory and 
non-ambulatory persons. Its weakness lies in the 2-day monitoring which hampered 
measuring an individual’s actual activity pattern. However, analyses of variance showed 
that the variance between the two measurement days was small enough to be able to 
distinguish active and inactive people (intraclass correlation coefficient= 0.89). Therefore 
we assumed the relationships from the present study were reasonable.

Furthermore, the present study focused on HRQoL rather than on generic quality 
of life, and therefore does not include concepts such as life satisfaction or well-being. 
Results of the national ASPINE study showed that adolescents and young adults with 
spina bifida had similar overall life satisfaction as a population reference group, but had 
lower satisfaction with their sex life, partnership relations and self-care ability.25 

In conclusion, a large proportion of adolescents and young adults with MMC, in particular 
non-ambulators and females, perceived difficulties in participation and a low physical 
HRQoL. We found some evidence that lifestyle can be important for participation and 
HRQoL; higher levels of physical activity and fitness were related with less difficulty 
in participation and higher physical HRQoL. Therefore, promoting a healthy lifestyle, 
by improving physical activity and aerobic fitness deserves attention in health care in 
persons with MMC. 
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Abstract

Objective: To describe cardiovascular disease (CVD) risk factors in adolescents and 
young adults with myelomeningocele (MMC) and to explore relationships with physical 
activity, aerobic fitness and body fat.
Design: Cross-sectional study.
Setting: Outpatient clinic.
Participants: Adolescents and young adults (n= 31) with MMC (58% males) aged 16 
through 30 years; 13 were ambulatory and 18 were nonambulatory.
Interventions: Not applicable.
Main outcome measures: We studied biological and lifestyle-related CVD risk factors, 
including lipid and lipoprotein profiles, blood pressure, aerobic fitness (peakVO2), body 
fat, daily physical activity and smoking behavior. We considered subjects at increased 
CVD risk when 2 or more of the following risk factors clustered: systolic blood pressure, 
total serum cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and cigarette 
smoking. Relationships were studied using regression analyses.
Results: Levels of TC, low-density lipoprotein cholesterol, and triglycerides were elevated 
in respectively 29%, 38% and 3% of the participants. HDL-C was reduced in 19%. 
Hypertension was found in 20% and 19% were current cigarette smokers. Based on 
the clustering of risk factors, 42% of the participants were at increased CVD risk; 15% 
of ambulatory participants and 61% of non-ambulatory (P= .03). Adjusted for sex and 
ambulatory status, individuals with higher aerobic fitness tended to be more likely to 
have no CVD risk (OR= 13.0; P= .07). CVD risk was not associated to physical activity 
and body fat.
Conclusions: A large proportion of the study sample was at CVD risk, indicated by 
clustering of risk factors. Improving aerobic fitness in young adults with MMC may 
contribute in reducing CVD risk; this needs to be confirmed in future studies.
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Introduction

Lifestyle-related diseases such as cardiovascular diseases (CVD) are of major concern in 
industrialized countries.1,2 Although the clinical manifestations of CVD typically appear 
in adulthood, the process of atherosclerosis, causing CVD, lies early in childhood3,4 and 
seems to increase rapidly during adolescence and young adulthood.5 During the transition 
from adolescence to adulthood, people develop their own lifestyle. It may therefore be 
important to encourage healthy lifestyle behavior at these ages with the aim of delaying 
the development of atherosclerosis and reducing the incidence of CVD later in life. 

The Framingham Heart Study has substantially contributed to the understanding of 
the causes of CVD and has identified numerous risk factors, such as cigarette smoking, 
hypertension, high total serum cholesterol (TC), and low levels of high-density lipoprotein 
cholesterol (HDL-C).1,6-8 It has been suggested to focus on multiple risk factors rather 
than on one specific risk factor because the severity of atherosclerosis increases as the 
number of CVD risk factors increases.4 This clustering of risk factors has proved to be 
a better measure of cardiovascular health in youth than single risk factors.9 

Other important risk factors for CVD are physical inactivity, obesity and low aerobic 
fitness6,7,10-12 which can play a major role in the prevention of CVD.6 Persons with chronic 
physical conditions may be at increased risk of developing CVD. Unfavorable CVD risk 
profiles in persons with a spinal cord injury (SCI) have been associated with inactive 
lifestyles and low aerobic fitness.13-15 Furthermore, CVD is among the most important 
causes of death in persons with SCI,16-18 occurring with a greater frequency compared 
to the general population.19 Also persons with myelomeningocele (MMC) have inactive 
lifestyles, low aerobic fitness and excessive body fat.20-24 Because they may be restricted in 
physical activity from birth, the risk of developing CVD may even be higher compared to 
persons with a SCI. Furthermore, deteriorating vascular properties in the lower extremities 
(small diameter, low flow, high shear stress), which are related to CVD, tend to be more 
pronounced in persons with MMC compared to persons with SCI.25 Since many persons 
with MMC nowadays survive into adulthood,26 CVD may be of increasing concern.

In contrast to the SCI population, no data are available on the number of deaths 
due to CVD in persons with MMC, and information on CVD risk factors other than 
physical inactivity, poor aerobic fitness and obesity is limited. Rendeli et al27 found that 
girls with MMC (aged 1-16 y) had higher levels of TC and very low density lipoprotein 
compared to their peers, and TC was higher in nonambulatory than in ambulatory 
girls. In contrast, Nelson et al28 did not find differences in lipid and lipoprotein profiles 
between adolescents with MMC and able-bodied peers. Because of the scarcity of studies, 
the present study aimed to describe CVD risk factors in adolescents and young adults 
with MMC, including ambulators and nonambulators. To study whether improving 
lifestyles might benefit cardiovascular health, we explored whether physical activity, 
aerobic fitness and body fat were related to other CVD risk factors.
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Methods

Participants
Recruitment
Adolescents and young adults with MMC (aged 16-30 y) from 4 university hospitals 
in the western part of the Netherlands (Rotterdam, Leiden, Utrecht and Amsterdam) 
and 5 rehabilitation centers in the adjacent region were invited to participate in a cross-
sectional study on physical activity and aerobic fitness. Exclusion criteria were complete 
dependence on an electric wheelchair, inability to understand the instructions necessary 
for the study, presence of disorders other than MMC that affect daily physical activity 
(e.g. rheumatoid arthritis), and presence of disorders that contra-indicate a maximal 
exercise test (e.g. exercise-induced ischemia or arrhythmias, uncontrolled hypertension 
and exercise limitation due to chronic obstructive pulmonary disease). Inclusion criterion 
was willingness to undergo blood tests. In total, 31 adolescents and young adults 
participated in the present study, which were a subset of a larger cross-sectional study (n= 
51) on physical activity and fitness in adolescents and young adults with MMC.24,29 All 
participants gave written informed consent. The Medical Ethics Committee of Erasmus 
MC and of all participating institutes approved the study. 

Characteristics
Mean age of the participants was 21.4 ± 4.4 y and 18 (58%) were male. We obtained 
level of lesion from medical records. We defined ambulatory status according to the 
classification of Hoffer et al30 and categorized participants as ambulators (community 
ambulators, n= 8, or household ambulators, n= 5) or nonambulators (n= 18, also including 
non-functional ambulators).30 

Personal and condition-related characteristics (i.e. age, sex, level of lesion and presence 
of hydrocephalus), ambulatory status, blood pressure, sum of 4 skin-folds, aerobic fitness, 
daily physical activity and smoking behavior did not differ between those who were 
willing to yield a blood sample (n= 31) and those who were not (n= 20), as tested with 
an independent t test or chi square test (table 1). Furthermore, we found no differences 
in personal and disease-related characteristics of responders (n= 51) and nonresponders 
of the larger cross-sectional study (n= 108).24 
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Table 1 Descriptive results of personal and condition-related characteristics, and biological and lifestyle-related 
risk factors of cardiovascular disease of responders and nonresponders of this study.

Responders
(n= 31)

Nonresponders
(n= 20)

Personal and condition-related characteristics n (%) n (%) P 
Gender (female) 13 (42) 10 (50) .77
Ambulatory status (non-ambulator) 18 (58) 10 (50) .78
Lesion level .37

Sacral 2 (7) 5 (25)
Lumbosacral 14 (45) 7 (35)
Lumbar 10 (32) 5 (25)
Thoraco-lumbar 4 (13) 3 (15)
Thoracic 1 (3) 0 (0)

Hydrocephalus 25 (81) 17 (89) .50
Mean ± SD Mean ± SD P

Age (years) 21.4 ± 4.4 20.6 ± 4.8 .55
Biological risk factors
Blood lipid and lipoproteins

Total cholesterol (mmol/l) 4.59 ± 0.94 NA
High-density lipoprotein (mmol/l) 1.27 ± 0.25 NA
Low-density lipoprotein (mmol/l) 2.96 ± 0.93 NA
Triglycerides (mmol/l) 1.09 ± 0.32 NA

Blood pressure
Systolic blood pressure (mmHg) 123.9 ± 13.2* 122.0 ± 37.5 .55
Diastolic blood pressure (mmHg) 80.9 ± 8.6* 80.5 ± 5.6 .88

Body fat, sum of 4 skin-folds (mm) 75.4 ± 40.6* 72.4 ± 37.5* .70
Aerobic fitness, peakVO2 (l/min) 1.47 ± 0.51 1.51 ± 0.56 .79
Lifestyle-related risk factors
Daily physical activity (min/day) 77.4 ± 72.1† 85.7 ± 45.5 .65
Smoking behavior (cig/day) 2.0 ± 4.9 0.6 ± 2.4 .25

Abbreviations: NA, not applicable. *n – 1. †n – 2. 

Biological risk factors
Blood lipids and lipoproteins
Nonfasting venous blood samples of approximately 10 ml were drawn from the vena 
antecubitus with a Vacutainer needlea and collected into an evacuated serum separator 
tube II (SST II tubea) while subjects were seated. TC and triglycerides (TG) were 
determined using an enzymatic calorimetric test (CHOD-PAP and GPO-PAPb). HDL-C 
and low-density lipoprotein cholesterol (LDL-C) were determined directly using a 
homogeneous enzymatic calorimetric test with polyethylene glycol modified enzymes 
and dextran sulfate (Roche/Hitachi 747, 902b).
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Blood pressure 
We measured blood pressure with an indirect method while subjects were seated for at 
least 10 minutes prior to the measurement. A standard pressure cuff was placed around 
the upper arm. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 
measured twice using a sphygmomanometer (Maxi-Stabil 3c), and the lowest values 
were recorded.  

Aerobic fitness
We measured aerobic fitness during a progressive maximal exercise test, based on the 
McMaster All-Out Progressive Continuous Cycling and Arm test.31 According to 
Bhambhani et al32 who studied persons with cerebral palsy, the main mode of ambulation 
elicits the highest oxygen uptake. Therefore, depending on whether the main mode 
of ambulation was walking or wheelchair driving, participants performed the test on 
an electronically braked cycle ergometer (Jaeger ER800d) or an arm ergometer (Jaeger 
ER800SHd) respectively. Detailed descriptions of the test can be found elsewhere.29 
We defined aerobic capacity as the mean oxygen uptake during the last 30 seconds of 
exercise (peakVO2, in l/min). 

Body fat
We measured thickness of 4 skin-folds (biceps, triceps, subscapular, suprailiac) twice on 
the right side of the body with a Harpenden calipere and used the average sum (in mm) 
as indicator of body fat.

Lifestyle-related risk factors
Level of daily physical activity
We objectively measured the duration of dynamic activities (composite measure of the 
separately detected activities walking, including walking stairs and running, cycling, 
general non-cyclic movement and wheelchair-driving) during 2 consecutive weekdays 
using an accelerometry based activity monitor (AMf; size: 15×9×3.5 cm; weight: 500 g). 
The AM has been shown to be a valid and reliable instrument to quantify mobility-related 
activities, including wheelchair-driving33,34 We fitted participants with the AM at their 
homes and instructed them to perform their usual daily activities, but to swim or take 
a shower or bath during activity monitoring. To avoid measurement bias, we explained 
the principles of the AM to the participants after the measurements. All participants 
agreed with this procedure. Detailed procedures are described elsewhere.24 We defined 
the level of daily physical activity as the average duration of dynamic activities of the 
first and second measurement day, expressed in min/day. 

Smoking behavior 
For each participant, we recorded the number of cigarettes smoked per day and designated 
them as a smoker (1; ≥ 1 cig/d) or nonsmoker (0). 
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Statistical analyses
We expressed results as mean and standard deviation (SD) or frequencies. We categorized 
values of TC, HDL-C, LDL-C and TG from normal to high according to the third 
report of the National Cholesterol Education, Adult Treatment Panel (NCEP ATP 
III)7,8 (cut-offs are presented in table 2). SBP and DBP were categorized according to the 
seventh report of the Joint National Committee on prevention, detection, evaluation and 
treatment of high blood pressure (JNC 7 Report)35 (see table 2). We tested differences 
in the proportion of males and females with subnormal levels and differences between 
ambulators and non-ambulators using a chi square test. To test differences in physical 
activity, aerobic fitness and body fat among subgroups, we used a t test for independent 
samples.

We selected the risk factors included in the Framingham Risk Assessment8 (i.e. TC, 
SBP, HDL and smoking) to assess the degree of clustering. It was thus possible for a 
participant to have between 0 and 4 risk factors. We defined clustering of risk to be present 
in persons with two or more risk factors36 and considered them being at increased CVD 
risk. Differences in the prevalence of an increased CVD risk between males and females 
and between ambulators and non-ambulators were assessed using a chi square test.

We conducted separate regression analyses to model the following outcome measures: 
each single risk factor from the Framingham Risk Assessment and the presence (0) 
or absence (1) of CVD risk. For each outcome measure, we included the following 
independent variables (continuous data) one at the time: (1) physical activity, (2) 
aerobic fitness, and (3) body fat. Sex (0= male; 1= female) and ambulatory status (0= 
nonambulator; 1= ambulator) were confounders, adjusted for in all regression analyses.  
In the regression analyses between aerobic fitness and the CVD risk factors, we used 
ambulatory status as proxy for type of ergometer because of the high collinearity between 
the two variables.29 Probability to enter a factor was set at P less or equal to .05, and the 
probability to remove was set at P greater than or equal to .10. We calculated standardized 
regression coefficients (RC) and odds ratios (OR) of the models and their 95% confidence 
intervals. For all tests, we considered P less than or equal to .05 significant and reported 
.05< P≤ .10 as a trend.
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Results

Single CVD risk factors
Table 2 presents descriptive results and frequencies of CVD risk factors. Nonambulators 
had lower levels of daily physical activity (P= .02) and a higher sum of 4 skin-folds (P= 
.05) compared to ambulators. Females had lower levels of daily physical activity (P= .05), 
lower aerobic fitness (P< .001) and a higher sum of 4 skin-folds (P< .001) compared to 
males. 

Based on the cut-off points of the NCEP ATP III, levels of TC, LDL-C, and TG were 
elevated in respectively 29%, 38% and 3% of the participants. HDL-C was reduced 
in 19%. Based on the cut-off points of the JNC 7 Report, 20% of the participants 
were hypertensive. Of all participants, 19% were current cigarette smokers. We found 
no significant differences in the proportion of participants with an unfavorable lipid 
and lipoprotein profile and smoking behavior among subgroups regarding gender and 
ambulatory status. The proportion of persons with a normal blood pressure tended to 
be higher in ambulators than in nonambulators (P= .10).

Clustering of CVD risk factors 
Increased CVD risk, as indicated by clustering of risk factors, was present in 42% of the 
participants (see table 2). A larger proportion of non-ambulatory persons with MMC 
had increased CVD risk compared to ambulatory (P= .03). 

Relations between CVD risk factors and physical activity, fitness and body fat
Physical activity, aerobic fitness and sum of 4 skin-folds were not associated with TC, 
HDL or smoking after adjusting for gender and ambulatory status (table 3). Results 
showed that individuals with higher values of peakVO2 had higher values of SBP (RC= 
12.4; P= .02) and individuals with higher sum of 4 skin-folds tended to have higher 
SBP (RC= 1.52; P= .07). Furthermore, we found that individuals with higher peakVO2 
tended to be more likely to have no CVD risk as indicated by clustering of risk factors 
(OR= 13.0; P= .07). Levels of physical activity and sum of 4 skin-folds were not associated 
with CVD risk. 
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Discussion

CVD risk factors
The present study provides an overview of biological and lifestyle-related CVD risk factors 
in adolescents and young adults with MMC. We did not find differences in blood lipids 
and lipoproteins values between subgroups regarding gender and ambulatory status. 

Average values of lipid and lipoproteins were comparable to those reported in the 
general male and female Dutch population of similar ages.37 This is in line with results 
from Nelson et al28 who did not find differences in lipid and lipoprotein profiles 
between persons with MMC and able-bodied peers. However, although average values 
seem normal, according to the NCEP ATP III guidelines, we found unfavorable TC, 
LDL-C and HDL-C in 29%, 38% and 19% of the participants, respectively. TC values 
5.2 mmol/l or higher were reported in approximately 4% and 15% of the general Dutch 
male and female population aged 16-19 years, respectively.37 We found that 24% of the 
males were hypertensive, which is somewhat higher than the 13% reported in the general 
Dutch male population aged 20 to 29 years.37 The proportion of hypertensive females 
with MMC (7%) was comparable to the general Dutch female population aged 20 to 
29 years (8%).37 In addition, in our study a large proportion of adolescents and young 
adults with MMC was prehypertensive and therefore at increased risk for progression 
to hypertension.35 According to the JNC 7 Report, people with prehypertension require 
health-promoting lifestyle modifications. In the general population, 10 kg weight loss can 
reduce SBP by 5-20 mmHg35,38,39 and regular aerobic physical activity can reduce SBP by 
4-9 mmHg.35,40,41 Considering the high body fat and the poor levels of physical activity 
and aerobic fitness found in persons with MMC,20,22-24,29 sufficient reductions in blood 
pressure might be achieved from counseling aimed at reducing body fat and increasing 
physical activity and aerobic fitness. However, the present results do not support the above 
hypotheses that also in persons with MMC, health promoting lifestyle modifications will 
reduce SBP. Unexpectedly, after adjusting for sex and ambulatory status, we found that 
higher SBP was associated with higher fitness. Possibly, also factors other than sex and 
ambulatory status may play a role in the relationship between SBP and fitness in persons 
with MMC, but the small sample size limited further adjustments for confounders. We 
therefore remain inconclusive about the relation between blood pressure and fitness and 
future studies in fitness training with close monitoring of blood pressure are warranted 
in persons with MMC.

CVD risk
It is assumed that clustering of risk factors is a better measure of CVD risk than single 
risk factors.4,9 Results showed that clustering was present in a large proportion (42%) of 
participating adolescents and young adults with MMC, particularly in non-ambulators. 
Berenson et al4 reported that 2 or more risk factors were present in 23% and Andersen 
et al36 reported clustering of risk to be present in approximately 15% of able-bodied 
adolescents and young adults. Although the proportion with multiple risk factors seems 
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higher in persons with MMC, it is difficult to draw conclusions due to the summing of 
different risk factors among studies.

The only factor that tended to be associated with the clustering of risk factors was aerobic 
fitness. This implies that increasing aerobic fitness may lower the CVD risk in adolescents 
and young adults with MMC. It is known that aerobic exercise training may lead to a 10 
to 20% increase in peakVO2.

42 Results showed that individuals are 13 times more likely 
to have no CVD risk with every liter increase in peakVO2. Correspondingly, with every 
220ml increase in peakVO2 (which is an increase of approximately 15%), people with 
MMC are 1.8 times more likely to have no CVD risk; future longitudinal studies are 
needed to confirm this relationship. In the general population, improvements in aerobic 
fitness over time have been shown to improve the prognosis of developing CVD.11,43

The finding that aerobic fitness was related to the CVD risk, whereas physical 
activity was not, is in line with the general conclusion emerging from six longitudinal 
observational studies in the general population44-49 in which aerobic fitness was found to be 
predictive for a healthy CVD risk profile at a later age, whereas physical activity was not.50 
In these longitudinal studies, physical activity was assessed by means of questionnaires, 
and therefore, measurements of fitness offered greater objectivity compared to physical 
activity, which might have contributed to this conclusion. In contrast, the present study 
objectively assessed both aerobic fitness and physical activity. Because we found no 
relation with physical activity, this might contribute to the evidence that aerobic fitness 
seems to be more directly associated with the quality of the cardiovascular system than 
physical activity.50 A possible explanation might be that physical activity is, in contrast 
to aerobic fitness, a behavior; therefore, measurements of physical activity could be 
momentary whereas aerobic fitness is an attribute that people have or achieve51 and 
thus more or less the result of an active lifestyle over time. The history and intensity of 
physical activity was not assessed in the present study, but they may play a role in the 
relation with CVD risk. 

Although obesity is considered a CVD risk factor, we found no relation between body 
fat and CVD risk. In persons with MMC, besides ambulatory status, perhaps factors 
such as aerobic fitness are more important for determining CVD risk than body fat. 
Similarly, Myers et al12 found that aerobic fitness was the most important predictor of 
CVD mortality in able-bodied adult men and that it was more powerful than other 
established risk factors. 

Limitations of the study
The present study had some limitations. First, the small sample size may hamper the 
generalization of the results, as indicated by large confidence intervals. However, because 
personal and disease-related characteristics did not differ between participants and 
nonparticipants of the present study or between participants and nonparticipants of 
the larger cross-sectional study, we consider the results to be sufficiently representative. 
Furthermore, results will have to be interpreted with caution because the sample size was 
rather small with regard to the number of independent variables (n= 3) in the regression 
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models.
Second, for practical reasons, we did not obtain a fasting blood sample for the 

measurements of blood lipids and lipoproteins, which may have influenced the values. 
However, there is evidence that differences between nonfasting and fasting levels of 
TC, HDL-C and LDL-C are clinically irrelevant52-54 and the NCEP ATP III guidelines 
consider nonfasting values for TC and HDL-C to be appropriate.7 Nonfasting TG levels 
must be interpreted carefully because they are significantly higher than fasting TG.52,53 
Since we did not include TG in the clustering of CVD risk factors, we assumed that the 
relationships between CVD risk and levels of physical activity, aerobic fitness and body 
fat were not influenced by the non-fasting blood samples. 

Third, we used the presence of clustering of risk factors to determine whether an 
individual was at increased CVD risk but, unlike the Framingham Risk Assessment, the 
risk factors were not weighted. However, because the Framingham Risk Assessment is only 
validated for individuals aged 20 years and older, we were restricted to study unweighted 
clustering of risk factors. Considering that the purpose of this study was not to predict 
future CVD events, but to study whether levels of physical activity, aerobic fitness and 
body fat were associated with CVD risk, we consider our approach valid.

Finally, objective monitoring of physical activity with the AM was restricted to 2 days. 
The strength of the AM measurements is that it provides detailed objective information 
on mobility-related physical activities in both ambulatory and non-ambulatory persons. 
However, we did not characterize an individual’s actual activity pattern which needs at 
least 7 days of activity monitoring.55 Therefore we may have underestimated the relation 
between physical activity and CVD risk. In a previous study, White et al56 found evidence 
supporting that a 24 hrs measurement with the AM is of adequate duration to assess 
activity level. Analyses of variance showed that the variance between the two measurement 
days was small enough to be able to distinguish active and inactive people (intraclass 
correlation coefficient= .89). Therefore, we assumed that a sample of 2 random days during 
the week was sufficient to adequately assess an individual’s physical activity level.

Conclusions
We found that a large proportion of the sample of adolescents and young adults with 
MMC, particularly the nonambulators, was at increased CVD risk as indicated by 
the clustering of risk factors. Individuals with higher aerobic fitness tended to be more 
likely to have no CVD risk. Improving aerobic fitness in persons with MMC deserves 
attention in health care as it may contribute in reducing cardiovascular risk. This needs 
to be confirmed in future studies. 
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Abstract

Objective: To identify barriers and facilitators of physical activity (PA) in adolescents and 
young adults with a physical disability.
Methods: We reviewed the literature to obtain insight in barriers and facilitators of PA in 
young adults with a physical disability. Both quantitative and qualitative studies from 
1998 to 2008 were included. In addition, we performed 3 focus groups including 16 
participants aged 22.4 ± 3.4 years to study additional barriers and facilitators in adolescents 
and young adults with a childhood onset physical disability.
Results: People with physical disabilities perceived several personal and environmental 
barriers and facilitators of PA. Personal barriers and facilitators from the quantitative 
studies included 10 demographic and biological variables, 15 physical variables and 8 
psychological variables. We identified 7 barriers or facilitators concerning the social 
environment and 11 concerning the physical environment. In addition, lack of time, 
money and information were barriers to PA. The literature review and focus groups 
showed that lack of energy, existing injuries or complications or fear for developing them, 
lack of motivation, facility limitations, or lack of information and knowledge appeared 
to be barriers to PA in people with a physical disability. Fun and social contacts were 
most frequently mentioned as facilitators of PA.
Conclusion: People with physical disabilities perceived several barriers and facilitators 
to PA. Rehabilitation has the potential to offer support in overcoming many of these 
barriers. Personalized tailored PA counselling is important to ensure that people have 
fun during PA, which was identified as an important facilitator of PA. 
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Introduction

Health promotion during adolescence and young adulthood
The majority of people who are born with a physical disability, such as myelomeningocele 
(MMC) or cerebral palsy (CP), or with a physical disability acquired early in childhood, 
such as traumatic brain injury (TBI) or spinal cord injury (SCI), now survive into 
adulthood.1-3 This raises the importance of a healthy lifestyle in this population. As a 
consequence, health care shifts from disability prevention towards health promotion, to 
prevent secondary conditions and to ensure a healthy adult life.4 Secondary conditions 
affecting people with a physical disability include osteoporosis, decreased balance, muscle 
strength and endurance, aerobic fitness, and flexibility, increased spasticity, overweight 
and depression.4 With increasing age, lifestyle-related diseases, such as diabetes mellitus 
and cardiovascular diseases may also be of concern. Encouraging physical activity (PA) 
is an important health promoting activity, and is assumed to have positive effects on 
secondary conditions. 

Physical activity  
PA is defined as any bodily movement produced by skeletal muscles that results in energy 
expenditure.5 PA can be divided into several categories such as leisure time, including 
sports and exercise, household tasks (e.g. cleaning, gardening and home repair), and 
occupation-related tasks. The Healthy People 2010 report emphasises that regular PA 
activity throughout life is important for maintaining a healthy body.6 Health benefits 
include a lower risk of hypertension, diabetes type II, cardiovascular disease, as well as 
improvements in weight loss or maintenance, fitness and quality of life.7-9 

In the Netherlands, only 52% of the adult population meets the Dutch Public Health 
PA guideline,10 i.e. 30 minutes of moderate PA for at least 5 days per week.11 In people 
with a physical disability, an inactive lifestyle is even more common than in the general 
population.6,7,12 Therefore, they are at risk to experience a vicious cycle: inactivity leading 
to a reduced fitness and an increase in body fat. This will result in higher physical strain 
during the performance of daily activities, which may lead to further physical inactivity.13 
Previous studies in adolescents and young adults with MMC and CP showed low levels 
of PA and low aerobic fitness, compared to able bodied people of the same age.14-16 PA 
counselling can increase PA, and consequently reduce the deconditioning and associated 
reductions in physical functioning and health.7 

Physical activity for people with a disability
In order to develop programs to promote PA in people with a childhood onset disability, it 
is important to understand the factors that determine PA behaviour in this population.17,18 
To describe relationships between PA, its correlates and functioning in people with a 
physical disability, Van der Ploeg and co-workers proposed the Physical Activity for 
people with a Disability (PAD) model (see Figure 1).19 The model uses the International 
Classification of Functioning, disability and health (ICF) as starting point. The ICF 
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model describes the functioning of an individual in a specific domain as a dynamic 
interaction or complex relationship with environmental and personal factors, given a 
certain health condition.20 In the PAD model, PA behaviour and its correlates were 
integrated into the ICF model.19 The model can be used as a theoretical framework for 
future interventions and research on PA promotion in people with a disability.19

According to the PAD model, several personal and environmental factors may influence 
PA behaviour. Whereas for healthy adolescents and young adults knowledge on barriers 
and facilitators of PA is increasing,21-23 less information is available for people with a 
physical disability.12 Therefore, we reviewed the literature to obtain insight in barriers and 
facilitators of PA in adolescents and young adults with a physical disability. In addition, 
we performed focus groups to study additional barriers and facilitators in adolescents 
and young adults with a childhood onset physical disability.

Figure 1 Physical Activity for people with a Disability model.19

 

Printed with permission from the author H.P. van der Ploeg.
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Methods

Literature review
We conducted a computer search (PubMed) in the English language using the following 
keywords: physical activity, exercise, sports participation, adolescents, (young) adults, 
physical disability, mobility limitation, determinants, correlates, barriers and facilitators. 
In addition, we conducted manual searches using the reference lists from relevant 
articles. 

We included both quantitative and qualitative studies on barriers and facilitators of 
PA and sports participation in people with various types of physical disabilities from the 
past 10 years (1998-2008). We excluded studies that focused on people with primarily 
intellectual disabilities, learning disabilities, psychiatric disorders, visual impairments 
and hearing impairments, studies including people who were completely dependent 
on electric wheelchairs, and studies focusing on older adults (average age > 50 years) 
or parents of children with a disability. Furthermore, we excluded studies focusing on 
correlates in which disability or health benefits were used as an outcome measure of PA 
or those studying consequences of physical inactivity. 

The quality of the selected studies was determined according to the study design and 
the instruments used to assess PA levels. We considered longitudinal studies to be of 
highest quality (quality A) because such design allows identification of true mediators 
of change, i.e. to study whether changing a correlate resulted in improvement in PA 
behaviour. In these studies, both PA and the determinant are assessed at several points in 
time. Cross-sectional studies assessing both PA as well as the determinant were considered 
as medium quality. We defined studies on barriers and facilitators of objectively assessed 
PA (quality B) as having higher quality than those of self-reported levels of PA (quality 
C). Finally, because qualitative studies did not assess actual PA levels, we considered 
the barriers and facilitators mentioned in these studies as having lower quality than 
the quantitative studies. A distinction was made between qualitative studies that used 
standardised questionnaires (quality D) and studies that used (semi-structured) interviews 
or focus groups (quality E). Qualitative studies were used as supporting evidence for 
relevant barriers and facilitators found in the quantitative studies. Studies with small 
sample sizes (n< 50) were interpreted with caution.

Similar to the PAD model,19 this study focused on personal and environmental factors 
that may influence PA. Personal factors were subdivided into the following categories: 
demographic and biological factors, physical factors, and psychological factors (including 
a person’s intention and attitude towards PA and self-efficacy). Environmental factors 
included social influences as well as factors from the physical environment. The factors 
obtained from the quantitative studies were coded as having a positive (+), inverse (-) or 
no significant (0) association with PA. 
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Focus groups
Studies on barriers and facilitators of PA in adolescents and young adults with a childhood 
onset physical disability are scarce. Therefore, focus groups were conducted to identify 
main barriers and facilitators of PA in these people. 

Participants
Three focus groups were conducted with convenience samples of adolescents and young 
adults with childhood-onset physical disabilities from the Rehabilitation department 
of Erasmus MC and Rijndam Rehabilitation Centre, both in Rotterdam, and Sophia 
Rehabilitation in The Hague. The Medical Ethics Committee of Erasmus MC approved 
this study. In total, 16 (75% male) adolescents and young adults aged 22.4 ± 3.4 years 
participated, of whom 50% were wheelchair dependent. Seven participants were diagnosed 
with MMC, 4 with CP, 2 with acquired brain injury and 2 with rheumatoid arthritis.

Procedures
Focus groups were facilitated by two members of the research team (LB and TW). At 
the beginning of each focus group session, the purpose of the study was explained and 
written informed consent was obtained. A semi structured questioning route was used in 
the focus groups. Participants were asked about factors influencing their PA behaviour, 
including daily PA and sports; assessing reasons for participation or non-participation. 
Furthermore, participants were asked about their preferences on how to improve PA, 
which resulted in additional facilitators of PA. Groups ran for approximately 1.5 hour.

Data analyses
Focus groups were audio-taped, and tapes were transcribed verbatim to ensure systematic 
analyses of the interviews. Tape recordings of focus groups were content analysed by two 
members of the research team (LB and TW), which involved the systematic examination 
of the transcripts to identify major categories of barriers and facilitators of PA. 
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Results

Literature review
In total, 18 quantitative studies (Table 1) and 8 qualitative studies (Table 2) were included. 
There were two longitudinal studies that examined mediators of PA improvements.24,25 
One study objectively assessed levels of PA in people with SCI during inpatient 
rehabilitation and in the year after discharge. Lesion characteristics, both level of lesion 
and completeness of lesion, were determinants of PA improvements after discharge,25 
whereas age and gender were not. Another longitudinal study measured intervention 
induced improvements in self-reported PA behaviour in people with various types of 
physical disabilities using a questionnaire, and showed several determinants of PA change, 
which are worth targeting in interventions. These addressed psychosocial determinants: 
attitude and self-efficacy towards PA, social influences from family and friends concerning 
PA, the barriers: limited environmental possibilities, poor health conditions and lack of 
energy, and the perceived benefits: improved health and reduced risk of disease, better 
feeling about oneself, improved fitness and improved daily functioning.24 Furthermore, 
8 studies included objective PA measurements16,18,26-31 and self-reported measurements 
of PA were included in 11 studies.15,18,28,30,32-38 Three studies focused only on exercise or 
sports, which is a sub-category of PA that is planned and structured.32,33,38

Quantitative studies
Personal barriers and facilitators of physical activity 
Table 3 presents personal barriers and facilitators of PA that were mentioned in the 
quantitative studies. The review identified 10 demographic and biological variables, of 
which 6 were studied more than 3 times, and included objective PA assessments. The most 
frequently studied variables were age, gender, education and marital status. Among the 
studies including different age ranges, results on whether older people were less physically 
active than younger people were inconsistent. The majority of the studies, including 3 
studies with objective PA assessments, showed no differences in PA between males and 
females. Furthermore, one study using objective PA assessments showed no association 
between PA and education, which was supported by 3 of the 4 studies using self-reported 
PA assessments. The study with objective PA assessment showed no association between 
income and PA, which was supported by 2 of the 3 studies that used self-reported PA 
assessments. Marital status was not associated with PA.

The review identified 15 physical variables, of which 6 were included in more than 3 
studies (Table 3). Studies using objective PA assessments showed that people with higher 
mobility were more physically active. This was supported by half of the studies using 
self-reported PA assessments. Furthermore, a better general health or health condition 
appeared to be associated with being more physically active, and improvements in this 
variable appeared to increase PA. Also reduced lack of energy or fatigue appeared to 
increase PA. This association was supported by 2 other studies using self-reported PA 
assessments. However the only study that assessed PA objectively did not report this 
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association. Overweight or obesity was not associated with PA in all studies, except for 
one study using objective PA assessments. Inconsistent results were found regarding the 
association between PA and duration of disability or treatment, however, the only study 
that included objective PA assessments showed no association.

The review included 8 psychological variables of which self-efficacy was studied most 
often. Except for one study using both objective and self-reported PA assessments in people 
with a broad age range and various types of diagnoses, all studies reported a positive 
association between self-efficacy and PA. Also improving self-efficacy appeared to increase 
PA. One longitudinal study showed that mental health was a mediator of improved PA; 
however one study using objective PA assessment and 3 studies using self-reported PA 
assessments did not show an association between PA and mental health.

Environmental barriers and facilitators of physical activity
Table 4 presents environmental barriers and facilitators of PA mentioned in the quantitative 
studies. Lack of time and lack of money appeared to be barriers to PA. Furthermore, the 
review identified 7 variables of the social environment and 11 variables of the physical 
environment, of which social support and accessibility of facilities or services were studied 
most often. Studies on social support were inconsistent but the higher evidence studies 
showed no association with PA. Furthermore, studies that used objective PA assessments 
showed that better access to facilities or services was associated with higher PA levels; 
however this was not supported by studies that used self-reported PA assessments.   

Table 3 Personal factors and the association with physical activity.

Personal factors Association References
Quality A Quality B Quality C

Demographic and biological variables
Age - 29 15, 18, 35, 37

0 25a 18 32, 33, 36, 38
Gender, being male + 38

0 25a 16, 29 15, 32 , 37
Education level + 35

0 29 32 , 36, 37
Cognitive functioning + 27a

0 33
Employment, having a job + 29 35, 37

0 36
Social economic status 0 15
Income + 37

0 29 32, 36
Ethnicity + 37

0 29 36
Marital status 0 29 32, 36, 37
Having children at home + 35

0 29
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Table 3 Continued.
Association References

Quality A Quality B Quality C
Physical variables
Type of disability + 29 36

0 32
Duration of disability/treatment 0 29 37

- 35, 36
Functional status/independence + 31 36

0 26a 32, 35, 38
Daily functioning + 24
Arm-hand limitations 0 33
Lesion characteristics (level/completeness) - 25a

0 26a

Mobility + 16, 26, 29 15, 36
0 33, 38

Need for assistance ADL - 36
General health, health condition + 24 18, 33, 35, 37

0 18 32
Lack of energy / fatigue - 24 32, 35

0 18
- 34a

0 18 18, 36
(Perceived) Fitness 0 35

+ 24 16
Overweight-obesity - 18

0 16 18, 32, 37, 38
Thermosensitivity 0 29
Psychological variables
Self-efficacy + 24 28, 31 28, 32, 35, 36, 

38
0 18 18

Attitude towards PA + 24 35
PA enjoyment + 28 28, 38
Motivation + 32

0 18 18, 35
Stage of readiness to change + 18

0 18
Health improvement, reduced risk of 
disease 

0 35

+ 24
Mental health, (better feeling, less 
depression) 

0 18 18, 35, 36

+ 24
Physical appearance + 38

ADL= activities of daily living. PA= physical activity. an< 50. - barrier. + facilitator . 0 no association.
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Table 4 Environmental factors and the association with physical activity.

Environmental factors Association References
Quality A Quality B Quality C

Lack of time - 35
Costs, lack of money - 30 35

0 30, 32
Lack of information/education 0 32
Social environment
Social support family/friends + 18, 38

0 24 18 32, 35, 36
Health professionals + 18, 32

0 18
Social integration/meeting people 0  35, 36
Presence of active others 0 30 30
Personal assistance + 36
Having insurance + 36

0 37
Caregiver’s attitude + 33
Physical environment 
Total physical environment/ 
aesthetics neighbourhood

0 18, 30 18, 30

Lack of transportation 0 32 , 35
Accessible facilities/services + 30, 31

0 30, 32, 33
Proximity of services + 30, 31

0 30
Proximity of public transportation + 30

0 30
Environmental possibilities 0 30 30, 35

- 24
Dwelling density 0 30 30
Heavy traffic 0 30 30
Crime 0 30 30
Type of residence + 33
Number of motor vehicles at home 0 30 30

- barrier. + facilitator. 0 no association.



Barriers and Facilitators of Physical Activity

129

Qualitative studies
Personal barriers and facilitators of PA mentioned in the qualitative studies are 
summarized in Table 5 and environmental barriers and facilitators are summarized in 
Table 6. The review showed that more studies focussed on barriers than on facilitators. 
Two studies used a standardized questionnaire to assess barriers to PA,39,40 however 
among different diagnoses. This may have caused the differences in the percentages of 
people that perceived a certain variable as a barrier to PA. 

Personal barriers and facilitators of physical activity
The physical variables health condition and fatigue, injuries, or lack of energy, were 
physical barriers to PA. Health was most frequently mentioned as a PA facilitator. Lack of 
motivation, lack of interest, boredom, being too lazy, or exercise being too difficult were most 
often mentioned as psychological barrier to PA. Most frequently mentioned psychological 
facilitator of PA was enjoyment. Furthermore, a large proportion of people with SCI reported 
emotional distress (69%) and physical appearance (66%) to be barriers to PA.41

Environmental barriers and facilitators of physical activity
Lack of time and high costs were frequently mentioned as environmental barriers to PA. 
Approximately one-third of the populations that were studied mentioned social support 
to be a facilitator of PA. Social contacts and competition were also perceived as important 
facilitators. Negative social attitude and lack of assistance were perceived as barriers to PA. 
Regarding the physical environment, many people perceived a lack of knowledge on 
how and where to exercise, lack of transportation and inaccessibility of environment 
and facilities as barriers to PA. Access to facilities, equipment and programmes were 
mentioned as important facilitators of the physical environment.
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Table 5 Personal barriers and facilitators of physical activity mentioned in qualitative studies.

Personal Factors % perceived References
Quality D Quality E

Physical variables
Barriers

Self care problems 47 41a

Pain 25 41, 42a

Poor health condition 25-53 39, 40 41a

Exercise will not improve condition 8-15 39, 40
Injury/falls/illness/ worsening condition 11-17 39, 40 42
Fatigue/ lack of energy 12-66 39, 40 42

Facilitators
Functional independence 43a

Health 43, 46
Improving fitness 46

Psychological variables
Barriers

Mental health problems 47 41a

Emotional distress 69 41a

Physical appearance 66 41a

Lack of motivation 41-54 39, 40
Lack of interest 18-33 39, 40
Boredom 18-32 39, 40
Fear of unknown 45a

Being too lazy 24-32 39, 40
Exercise is too difficult 15-32 39, 40

Facilitators
Enjoyment 43, 46
Goal setting 43a

Role model 43a

Creating Routine 43a

an < 50.
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Table 6 Environmental barriers and facilitators of physical activity mentioned in the qualitative studies.

Environmental factors % perceived References
Quality D Quality E

Barriers
Lack of time 8-32 39, 40 42
Costs/finances 13-84 39, 40 41, 42, 45a

Facilitators
More money, less expensive activities 12 42

Social influences
Barriers

Negative societal attitude 9 41, 44, 45a

Negative attitude family and friends 13 41a

Dissatisfaction social support 19 41a

Problems facility staffing 45a

Lack of/concerns about assistance/preparation 34 41, 42, 45a

Facilitators
Social support family, friends, significant others 24-34 42, 43a

Social contacts 43, 46
Reference framework 43a

Support or assistance 16 42
Competition 43, 46

Physical environment

Barriers
Lack of programs 17 42
Lack of information 38 41, 45a

Not knowing how to exercise 28-37 39, 40
Lack of knowledge where to exercise 36-58 39, 40 41, 45a

Lack of transportation 8-61 39, 40 42, 45
Inaccessibility to environment, facilities, 
equipment, programs   

17-72 41, 42, 44, 45a

Movement possibilities in/around house 16-25 41a

Inclement weather/ harsh temperature 12 42
Facilitators
Access to facilities, equipment, programs 22 42-44a

an< 50.
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Focus groups 
Nearly all focus group participants had been involved in sports somewhere during 
childhood. Some of them stopped sports participation during adolescence or young 
adulthood due to injuries, complications associated to their condition, or other priorities. 
Results of this qualitative study showed that there were several personal and environmental 
barriers and facilitators to PA in adolescents and young adults with a childhood onset 
physical disability. These are listed in Table 7. 

Personal barriers and facilitators
Several physical aspects were mentioned as barriers to PA, including having an injury 
or complication associated with the condition, and lack of energy or being fatigued. 
In addition, some people mentioned not perceiving health benefits as a barrier to PA, 
whereas others mentioned perceiving health benefits as a facilitator of PA. Furthermore, 
maintenance of fitness, muscle strength, or functional independence, and physical 
appearance were mentioned as reasons for engaging in PA. 

Psychological barriers that were mentioned in the focus groups included feeling 
uncomfortable, or ashamed when engaging in PA, fear for complications or injuries 
and several motivational barriers. Fun was frequently mentioned as a reason to engage 
in sports or PA. Furthermore, attitude (If I want to be active, I will), wanting to win or 
achieve a goal, and clearing the mind were mentioned as reasons for being physically 
active. In addition, several motivational facilitators were mentioned, including being 
rewarded after exercise by for example social events or perceived benefits. Other reasons 
for being physically active were active transport, e.g. cycling to work or wheeling to the 
shops, and because people had done so since childhood.

Environmental barriers and facilitators
Lack of professional support was mentioned as a PA barrier of the social environment. 
Social contact was frequently given as a reason to be physically active. Furthermore, PA 
was often facilitated by others; they had an important role in stimulating the adolescents 
or young adult for being physically active, as well as facilitating transportation to facilities 
and having somebody to be active with.

Also aspects of the physical environment appeared to influence PA. Bad weather was 
mentioned as a barrier to PA, whereas good weather was a facilitator. Having a car was 
a barrier to active transport, but it appeared to facilitate the ability to go to sports and 
exercise facilities. Other frequently mentioned barriers were associated with facilities, 
equipment, lack of information and knowledge, and transportation. Possibilities to engage 
in PA (e.g. sports or exercise classes) appeared to be limited, particularly in rural areas, 
or they were focussed on the elderly population. Furthermore, people were restrained 
from purchasing expensive equipment unless they were very sure that it is worth the 
investment, and second-hand equipment is scarce. Also, the duration of acquiring 
equipment restricts people from purchasing. Finally lack of time due to school or work 
was mentioned as a barrier to PA.
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Table 7 Barriers and facilitators of physical activity in adolescents and young adults with childhood-onset 
physical disabilities.

Personal factors

Physical barriers Physical facilitators
Injury/complication Maintenance fitness/muscle strength
Lack of energy/fatigue Maintenance of functional independence

- Walking ability
- Wheelchair skills

No perceived health benefits Health benefits
Physical appearance

- Weight loss/maintenance
- Muscles

Psychological barriers Psychological facilitators
Feeling uncomfortable or ashamed Fun
Fear for complications/injuries Attitude 
Motivational barriers Motivational facilitators

- Wake up early - Feelings of fulfilment 
- Other priorities (e.g. tv, computer, social 
  activities)

- Physical challenge

- Too much effort (e.g. changing clothes) - Enjoyment
- Rewarding
- Goal setting

Achieve goals/ wanting to win 
Clear the mind

Other personal barriers Other personal facilitators
Active transport
Habit

Environmental factors

Barriers of the social environment Facilitators of the social environment
Lack of professional support Social contacts

- Social support 
- Parents
- Professional
- Peers/friends
- Sports team
- School 

Barriers of the physical environment Facilitators of the physical environment
Bad weather Nice weather 
Having a car Having a car 
Facilities

- Limited possibilities, particularly for young 
  people and in rural areas
- Distance to facilities
- Opening hours
- Crowdedness
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Table 7. Continued.

Equipment
- Expensive
- Duration to purchase equipment

Lack of information/knowledge on
- Where to exercise
- How to exercise
- Physical and medical consequences

Transportation problems
- Duration (waiting for taxi)
- Costs (public transport, taxi)
- Dependency upon others
- Carrying equipment in public transport

Other environmental barriers Other environmental facilitators
Financial/costs

- Expensive equipment
- Expensive entrance of facilities
- Transportation to facilities

Lack of time

Discussion

The literature review showed that only few studies are available on barriers and facilitators 
of PA in people with childhood-onset physical disabilities, and often, these studies 
included small sample sizes.26,27,34 Furthermore, the majority of the studies in these 
populations focused on non-modifiable factors such as age, gender, mobility, or functional 
independence. In regard to development of intervention, identification of such factors 
are important for defining subgroups who are at increased risk of developing an inactive 
lifestyle, or subgroups that need a different approach to promote PA. However, to change 
PA behaviour, it is relevant to focus more on modifiable correlates such as psychological 
factors and several physical factors. A study on sports participation in adolescents and 
young adults with MMC showed that sports participants perceived higher self-efficacy, 
exercise enjoyment, physical appearance than non-participants, and they had more social 
support.38 However, sports participation is a planned and structured sub-category of PA 
and future studies should investigate whether these factors are also important barriers 
and facilitators of daily PA in general.

The literature review was extended to adolescents and young adults with other than 
childhood-onset physical disabilities, such as MS, SCI, and neuromuscular or neurological 
disorders. These studies showed that many barriers and facilitators of PA are related to 
attitude, motivation and self-efficacy, which is comparable to the general population.21,23 
Also for exercise maintenance, perceiving lower motivational barriers and self-efficacy 
seemed to be important.32 However, in contrast to the general population, lack of energy, 
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having injuries or complications associated with the condition, as well as fear for injury 
or complications, and lack of professional support were frequently identified as barriers 
to PA. The present focus group results support these findings for people with a childhood 
onset physical disability. However, quantitative data should provide more insight in 
barriers and facilitators of PA in people with a childhood onset physical disability.

Compared to personal factors, fewer studies have investigated environmental factors 
influencing PA. Many people with physical disabilities, including adolescents and young 
adults with a childhood onset physical disability as shown in the results of the focus 
groups, perceived a lack of knowledge on how and where to exercise, and perceived 
difficulties with access to facilities, equipment and programmes. However, most of these 
barriers were identified from qualitative studies and only one quantitative study showed 
that limited environmental possibilities was a barrier to PA.24 Future insight in the role 
of the environment in PA behaviour is warranted.

For people with physical disabilities, Rehabilitation medicine can have an important 
role in promoting PA and overcoming barriers to PA. Rehabilitation medicine can inform 
patients on important health benefits of an active lifestyle and on where and how to 
exercise, it can facilitate in equipment and programmes, and supervise and assist during 
exercise. A previous study of van der Ploeg and co-workers in the Netherlands, showed 
that a rehabilitation intervention, providing both tailored sports advice and personalised 
tailored PA counselling, can successfully improve levels of PA of people who acquired 
a physical disability during adulthood on the short and long term.47,48 However, future 
studies are warranted to obtain insight in whether such intervention also improves 
PA levels of people with a childhood onset physical disability. Individual tailoring is 
important to ensure that each person find the type of activity he or she enjoys. This is 
very important considering that fun or enjoyment is most frequently mentioned as a 
facilitator of PA in both quantitative and qualitative studies.

Qualitative studies, such as focus groups, are useful to examine reasons and motives 
behind people’s behaviours, and they have the advantage to allow collection of a large 
amount of data in a short period of time.49 However, they do not allow statistical testing 
necessary to differentiate between the importance of several barriers and facilitators. 
Therefore, we were unable to draw conclusions on which barriers and facilitators have the 
largest impact. To identify personal- and environmental correlates or determinants of PA, 
quantitative studies including simultaneous objective assessments of PA and variables are 
warranted. Therefore, there is a need to develop valid and reliable assessment instruments 
that measure both personal and environmental factors relevant to PA behaviour of people 
with physical disabilities. 

Conclusion
People with physical disabilities perceived several barriers and facilitators to PA. First, 
several barriers related to attitude, motivation and self-efficacy were important, which 
is comparable to the general population. In addition, lack of energy, existing or fear for 
developing injuries or complications, facility limitations, and lack of information and 



Chapter 8

136

knowledge appeared to be barriers to PA. Rehabilitation medicine has the potential to 
play an important role in health promotion. It can offer support in overcoming many 
perceived barriers to PA. Personalised tailored PA counselling is important to ensure that 
people have fun during PA, which was identified as an important facilitator of PA. 
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Abstract

Objective: Previous studies showed that many people with childhood-onset physical 
disabilities have low levels of physical activity (PA) and fitness. This may have serious 
consequences for health. Nevertheless health promoting efforts are limited. This paper 
presents the design and procedures of the intervention ‘Active Lifestyle and Sports 
Participation’ which is offered in the outpatient rehabilitation department for young adults 
of Erasmus MC and Rijndam Rehabilitation Centre. Furthermore, two case reports are 
presented. The intervention aims to improve levels of physical activity and fitness.
Subjects: Adolescents and young adults with childhood-onset physical disabilities.
Methods: The main approach of the intervention consists of personalized tailored 
counselling sessions with a PA counsellor who serves as a personal coach. A tailored 
PA advice is given, and together with the personal coach, participants discuss their 
involvement in other components of the intervention, which are sports participation, by 
means of tailored sports advice and sport specific training, and fitness training. 
Main outcome measures are self-reported levels of PA, using two self-reports, and fitness, 
as evaluated by a sub-maximal 6 minutes walk or wheel test, and a maximal exercise test 
on an arm or cycle ergometer. Furthermore, participants rate their satisfaction with the 
intervention on a numeric scale from 0 to 10. 
Results: This paper presents case reports of a 17-year old man with myelomeningocele 
and a 23 year old woman with unilateral cerebral palsy. Both participants improved their 
PA levels, and one of them improved the level of fitness. Furthermore, both participants 
were satisfied with the intervention.
Conclusion: The intervention ‘Active Lifestyle and Sports Participation’ seems to be a 
promising intervention to increase levels of PA and fitness of adolescents and young 
adults with a childhood onset physical disability. Future studies on its effectiveness are 
warranted. 
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Introduction

The majority of children who is born with a physical disability, such as myelomeningocele 
(MMC) or cerebral palsy (CP), or who acquired a physical disability early in childhood, 
such as traumatic brain injury (TBI) or spinal cord injury (SCI), now survive into 
adulthood.1-3 During adolescence and young adulthood, people develop their own lifestyle, 
and encouraging healthy lifestyles at these ages may be important to prevent secondary 
conditions and to ensure a healthy adult life.4 Physical activity (PA) and fitness are 
important health components: sufficient levels of PA and fitness are important for disease 
prevention, maintenance of functional independence, participation, social integration 
and life satisfaction.5-7 Low levels of PA and fitness were found in adolescents and young 
adults with MMC and CP.8-10 Nevertheless, health promotion efforts by increasing PA 
among people with physical disabilities are limited.4 

Health promotion in rehabilitation
Rehabilitation medicine can be an important partner in health promotion for people 
with physical disabilities. It can offer the collective expertise in client centeredness at the 
individual level, Rehabilitation professionals can be important educators and coaches 
for behavioural change, and many facilities for sports and other physical activities are 
available.4,11 

In the Netherlands, a previous study of Van der Ploeg and co-workers showed that a 
rehabilitation intervention can successfully improve levels of PA on the short and long 
term.12,13 They used two PA promotion programmes, focusing on people who acquired 
physical disabilities: (i) ‘Rehabilitation and Sports’ (R&S), which provided tailored 
sports advice including sports locations near peoples home, and aimed to improve 
sport participation after discharge from the rehabilitation centre, and (ii) ‘Active after 
Rehabilitation’ (AaR), which aimed to improve levels of PA in daily life and used 
personalised tailored counselling, based on the stages of behavioural change concept 
of the Transtheoretical model.14 This model describes the stages a person goes through 
(precontemplation, contemplation, preparation, action, maintenance, relapse) when 
changing his or her health behaviour. Interventions focusing on the promotion of health 
behaviour should approach people in each stage of change in a different stage-specific 
way.14,15 Van der Ploeg and co-workers showed that only the combination of R&S and 
AaR increased sport participation and daily PA behaviour.12 Based on these results, we 
integrated both personalised tailored PA counselling and tailored sports advice into the 
‘Active Lifestyle and Sports Participation’ intervention for adolescents and young adults 
with a childhood onset physical disability. Fitness training was also incorporated in 
the intervention to provide the opportunity to improve fitness levels in addition to PA 
levels. In this paper, we present the development and procedures, including standardized 
assessments, of the intervention ‘Active Lifestyle and Sports Participation’, which is 
offered in the outpatient rehabilitation department for young adults of Erasmus MC 
University Medical Centre and Rijndam Rehabilitation Centre, both in Rotterdam, the 
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Netherlands. The intervention aims to increase levels of PA and fitness of adolescents and 
young adults with a childhood onset physical disability, and attempts to overcome main 
barriers to PA that have been recognized in this population, such as lack of information 
on how and where to exercise, lack of motivation, and lack of muscle strength and 
endurance.16 In addition, this paper presents case reports of two persons who received 
the intervention.

Methods

Development of the intervention ‘Active Lifestyle and Sports Participation’
The intervention is developed for adolescents and young adults aged 15 to 25 years with 
childhood-onset physical disabilities without severe learning disabilities and without 
contra-indications for maximal exercise (e.g. cardiac arrhythmias). The aim of the 
intervention is to improve their levels of daily PA and physical fitness. Adolescents and 
young adults with physical disabilities prefer to participate in their own goal setting and 
to have their viewpoints and concerns taken seriously.17 Therefore, in health care, it is 
important to take into account the wishes, desires, knowledge base, capabilities, and 
rights of the person involved.18 Personalised tailored counselling provides a good method 
to accommodate this. Therefore, the main approach of the ‘Active Lifestyle and Sports 
Participation’ intervention consists of personalised tailored counselling sessions with a PA 
counsellor (e.g. physical therapist, movement therapist), who serves as a person’s ‘personal 
coach’. Together with the personal coach, participants discuss their involvements in other 
components of the intervention, which are sports participation (tailored sport advice and 
sport specific training) and fitness training, taking into account possible overuse injuries 
or cardiovascular limitations. This way, they will conduct a personalised programme, 
tailored to their needs.

Personalised tailored physical activity counselling
Similar to the AaR programme,12,13 persons receive 4 individual counselling sessions. 
The AaR programme is based on the stages of change concept of the Transtheoretical 
model.14 This concept divides participants into the precontemplation, contemplation, 
preparation, action, and maintenance stage of the PA behaviour change.14 In the first 
session of approximately 45 minutes, possibilities, barriers and facilitators of PA are 
identified, leading to a tailored PA advice, supported by a brochure specific to stage of PA 
change according to materials from EMGO institute VUmca and Health Partners and 
Health Behavior groupb.12 Three other 15-20 minutes counselling sessions are completed 
during face-to-face contact (preferably), or by telephone at 4, 8 and 12 weeks after the 
first session. In these sessions, the current PA level is discussed and attention is paid to 
find possible solutions for barriers and to accommodate the use of new PA possibilities. 
The stage of PA change is assessed in all sessions and when individuals move to another 
stage, they additionally receive the brochure relating to that stage.12 Table 1 shows a time 
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schedule for the different parts of the intervention.

Sports participation 
This part of the intervention includes tailored sports advice and sport specific training. 
Sports advice is based on the R&S programme which consists of 2 to 4 structured 
counselling sessions with a sport counsellor.12,13 If a person requires sports advice, the 
personal coach refers him or her to the sports counsellor and an appointment is made 
within 2 weeks. During the first session of approximately 30 minutes, sport history, 
preferences, possibilities, barriers and facilitators are identified. This results in a tailored 
sports advice from the sport counsellor, including information on available, accessible and 
appropriate sports facilities in the person’s living environment. Aspects as transportation, 
finances, and supervision are also taken into account to ensure long term effects. The 
second session is after 4 weeks, during which sports participation and the satisfaction with 
the advice are evaluated, and additional advice can be given. If needed, the participant 
can follow a third and fourth session. In sport specific training, we offer participants the 
opportunity to be introduced to several movement activities and different sports adjusted 
to their possibilities, as well as the ability to practice. This way, participants are able to 
experience which sports they like and prefer, and are able to perform. 

Table 1 Time schedule of the ‘Active Lifestyle and Sports Participation’ intervention.

Week Assessment PA counselling Sports advice Fitness training
Department Home

1 Pre-test
2 PA session 1
3 Sports Session 1
4 Training 1 Training 2
5 Training 3 Training 4
6 PA session 2 Training 5 Training 6
7 Sports Session 2 Training 7 Training 8
8 Training 9 Training 10
9 Training 11 Training 12
10 PA session 3 Training 13 Training 14
11 (Sports Session 3) Training 15 Training 16
12 Training 17 Training 18
13 Training 19 Training 20
14 PA session 4 Training 21 Training 22
15 (Sports session 4) Training 23 Training 24
16 Post-test

PA= physical activity.
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Fitness training
This part of the intervention is considered important for people with a low aerobic 
fitness (i.e. peakVO2). Besides being an important risk factor for secondary conditions 
as cardiovascular disease,19-22 low aerobic fitness is associated with high physical strain 
during the performance of daily activities,23 which may cause early fatigue and discomfort, 
exaggerating the barrier to increase levels of PA. Furthermore, higher fitness may benefit 
participation and quality of life.7,24 In a previous study in adolescents and young adults 
with MMC, we found an association between levels of PA and aerobic fitness in those 
with a very low fitness.10 This suggests that a minimum level of aerobic fitness may be 
a requirement for being physically active during the day.10 Increased aerobic fitness may 
therefore break through the vicious cycle of low PA leading to low fitness and further 
reduction in PA levels. Furthermore, in people with physical disabilities, muscle strength 
was associated with aerobic fitness, and it has been suggested that adding strength exercises 
to aerobic training has additional value in increasing aerobic fitness.25-29 Therefore, fitness 
training consisting of aerobic exercises, as well as strength exercises is offered in a 12 
week programme, including 1 one-hour group session per week at the rehabilitation 
department and take home exercises for once a week. 

Intensity of aerobic training is determined using the Karvonen formula30 that uses the 
peak heart rate (peakHR) obtained from baseline maximal exercise test and the heart 
rate (HR) at rest (restHR) to calculate the training heart rate (trainingHR).31 During 
the 12-week training programme, the duration of aerobic exercises increases from 15 to 
30 minutes. The training intensity starts at a HR of HRrest + 40% of the maximum 
heart rate reserve (HRR= peakHR – restHR) to a maximum of 80%, using ergometers 
(cycle, arm, rowing or cross-country).

Strength exercises focus on the large muscle groups. The training load is based on a 
percentage of the baseline 1-Repetition Maximum (1-RM),31 depending on the training 
status of the participant. The 1-RM refers to the maximum load that a person is able 
to lift once. Training intensity starts with one set of 10-15 repetitions of 30% of the 
1-RM during the first week and increases towards 3 sets of 15 to 20 repetitions of 75% 
RM in week 12. 

Several fitness equipments are available for strength exercises of the upper extremity 
(En-Qc for pull down and push-up, EN-Tree Pulleyc for proprioceptive neuromuscular 
facilitation (PNF) exercises of the shoulder), lower extremity (EN-Dynamic Seated Leg 
Pressc) and abdominal exercises (EN-Dynamic Abdominal Trainerc). Also hand weights 
are available for additional biceps and triceps exercises. At home, similar strength exercises 
can be performed with a Thera-Bandd. Resistance can be increased by shortening the 
band or doubling the band. This basic framework can be adjusted to the individual 
capabilities to ensure that it is a challenge for each participant. 
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Procedures
Participants enrol into the program after referral by a Rehabilitation physician of the 
outpatient Rehabilitation department for young adults of Erasmus MC or Rijndam 
Rehabilitation Centre. Before referral, the Rehabilitation physician checks whether it is 
safe for a participant to undergo a maximal exercise test. 

Individual tailoring of the intervention requires assessments of relevant information 
at the start of the intervention. Therefore, before the start of the programme, pre-test 
measurements of PA and fitness levels takes place in the human performance laboratory 
at the Rehabilitation department of Erasmus MC, in addition to assessments of personal 
and condition-related characteristics. Furthermore, before the maximal exercise test, the 
Checklist Physical Activity Readiness Questionnaire (PAR-Q) is administered in the 
laboratory.32,33 Participants are requested to refrain from smoking or caffeine consumption 
3 hours prior to the measurements. The Medical Ethics Committee of Erasmus MC 
and Rijndam Rehabilitation Centre approved the study design and procedures, and 
informed consent procedure. 

The feasibility of the intervention is evaluated using primary outcome measures of the 
intervention, i.e. levels of PA and fitness. Furthermore, the participant’s overall satisfaction 
with the intervention is rated on a numeric scale from 0 (very unsatisfied) to 10 (very 
satisfied). Secondary outcome measures include assessments of body composition and 
blood pressure. 

Measurements
Ambulatory status 
The Hoffer criteria are used to indicate level of ambulation.34 Community ambulators 
walk indoors and outdoors for most of their activities and may use a wheelchair only 
for long trips. Household ambulators walk only indoors. Non-functional ambulators 
are the so-called exercise walkers, and only walk during therapy sessions. Non-
ambulators are persons who are wheelchair bound. In addition, an additional category 
of normal ambulators35 is added to define participants who do not use walking aids 
or a wheelchair at all. For people with CP, we used the Gross Motor Functioning 
Classification System (GMFCS),36 in which levels of motor functions are identified 
based on functional limitations, the need for assistive devices and, to a lesser extent, 
quality of movement.36,37

Educational level 
The highest educational level of each participant is recorded. 

Body composition 
Body height of non-ambulators is measured with a flexible tape while participants are 
lying. In case of contractures, measurements are performed from joint to joint. Body 
height of ambulators is measured during standing. Body weight of ambulatory persons 
is obtained while standing on a Seca scale, and of non-ambulatory persons while sitting 
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on an electronic scale.e Body mass index (BMI) is calculated by dividing the body weight 
(in kg) by height (in m) squared. 

Waist circumference of ambulatory and non-ambulatory participants is measured with 
a flexible tape during standing or lying, respectively.

Thickness of four skin-folds (biceps, triceps, subscapular, and suprailiac) is measured 
twice on the right side of the body with a Harpenden calliper,f and mean values are used 
for further analyses. If the two measurements of each skin-fold differ by more than 1 
mm, a third measurement is performed, and skin-fold thickness is taken as the average 
over the three measurements.

Blood pressure 
Blood pressure is measured with an indirect method while participants are seated for at 
least 10 minutes prior to the measurements. A standard pressure cuff is placed around 
the upper arm. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) are 
measured twice using a sphygmomanometer (Maxi-Stabil 3g), and the lowest values are 
recorded.

Smoking behaviour
The number of cigarettes smoked per day is assessed by questionnaire.

Alcohol consumption
The average number of alcohol consumptions per week is assessed by questionnaire.

Physical activity 
Self-reported PA is assessed during a structured interview using the physical activity 
scale for individuals with physical disabilities (PASIPD).38 The Dutch version of the 
PASIPD is a 12 item, seven day recall questionnaire including leisure time, household 
and work-related physical activities, from which a total physical activity score in kJ/kg 
body weight/day, can be calculated. Previous studies reported a Cronbach alpha of 0.60 
for total score, acceptable test-retest reliability and a criterion validity that was comparable 
to other questionnaires.38,39

Self-reported PA level will also be assessed on a horizontal Visual Analogue Scale.40 
Participants will be instructed to rate their own PA level on a 100mm line in which 0 
means not active at all, and 100 means very active.

Aerobic Fitness
Ambulatory participants perform a sub-maximal 6 min walk test.41 Participants will be 
instructed to walk, not run, as far as they can along a 30-m marked tape in an open gym 
area for 6 minutes. Non-ambulatory participants perform the same test in a wheelchair. 
Participants are allowed to stop and rest during the test, but are instructed to resume 
walking or wheeling as soon as they feel able to do so. The 6 min walk or wheel distance 
(6MWD) is used as indicator of sub-maximal exercise capacity. 
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After the 6 min walk or wheel test, aerobic fitness is measured during a progressive 
maximal exercise test. According to Bhambhani and co-workers who studied persons 
with cerebral palsy, the main mode of ambulation elicits the highest oxygen uptake.42 
Therefore, depending on whether the main mode of ambulation is walking or wheelchair 
driving, participants perform the test on electronically braked cycle (Jaeger ER800h) or 
arm ergometer (Jaeger ER800SHh).29 The test is preceded 5 min rest while seated, to 
obtain resting values, followed by a 3 min warm-up (5 Watt for arm ergometry and 20 
Watt for cycle ergometry). During the test, every minute, the resistance increases with 
10, 12, 15, 17 or 20 W per minute during cycle ergometry and with 5, 7, 10, or 12 W 
per minute during arm ergometry, depending on the capabilities of the participant. The 
pedal/crank rate for both arm and cycle ergometry is 60 to 70 rpm and strong verbal 
encouragement is given throughout the test. The test terminates when the participant 
stops due to exhaustion or when the participant is unable to maintain the pedal/crank 
rate. Gas exchange is measured continuously using a breath-by breath measurement 
system (Oxycon Proj). Calibration with reference gases are performed before each test. 
Heart rate is measured continuously using a heart rate (HR) monitor (Polark) which is 
attached to the system, and participants are fitted with a transmitter belt around the 
chest. Aerobic fitness is defined as the mean oxygen uptake during the last 30 s of exercise 
(peakVO2). Peak work load (peakW) is defined as the highest work load maintained for 
at least 30s. HR and respiratory exchange ratio (RER) are used as objective criteria for 
maximal exercise. Subjective strain is measured immediately after the final stage using 
the modified Borg scale of rating perceived exertion (RPE), which is a vertical scale 
labelled from 0 (no effort at all) to 10 (maximal effort).43,44

Results: Case Reports

This section describes case reports of two participants who enrolled into the intervention 
and underwent the assessment procedures as described above.

Participant A was a 17 year old man, diagnosed with MMC and hydrocephalus (non-
functional ambulator). He lives with his parents and attends pre-vocational theoretical 
education. He smokes 6 cigarettes per day and has approximately 4 alcohol consumptions 
per week. Participant B was a 23 year old woman, diagnosed with CP (GMFCS level 
1, walking indoors and outdoors without limitations). She attends university, and lives 
independently in a student house. She is non-smoker and has 2 alcohol consumptions per 
week, on average. Table 2 presents baseline assessments of both participants. Participant A 
performed the maximal exercise test on an electronically braked arm ergometer in which 
the resistance increased with 10 W per minute. Participant B performed the maximum 
exercise test on an electronically-braked cycle ergometer in which the resistance increased 
with 20 W per minute.
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Table 2 Baseline assessments of participant A and B.

Participant A Participant B
Gender Man Woman 
Age 17 23
Ambulatory status Non-functional ambulator GMFCS 1

Anthropometry 
Height (cm) 176 162
Weight (kg) 90.0 63
BMI (kg/m2) 29.1 24
Waist circumference (cm) 92 77
Sum 4 skin folds (mm) 114 77

Blood pressure
SBP (mmHg) 140 130
DBP (mmHg) 78 70

Physical activity
PASIPD, total score kJ/kg/day 43.0 33.9
VAS (mm) 76 19

Fitness
Distance 6MWD (m) 698 507
PeakVO2 (l/min) 1.94 2.20
PeakPO (W) 120 180
Rest HR (bpm)  84 88
PeakHR (bpm) 184 179
PeakRER 1.17 1.14
% of peakHR predicted 101 91
Rate of perceived exertion 8 5

Intervention 
After the baseline measurement, both participants had a consultation with the personal 
coach. It appeared that participant A plays wheelchair basketball once a week and 
wheelchair tennis twice a week (Stage 5 ‘maintenance’), but he was interested in other 
possibilities to increase his level of daily PA and physical fitness. Together, the participant 
and the personal coach decided that he would attend the fitness training and visit the 
sports counsellor for sports advice and sport-specific training. He trained weekly at the 
Erasmus MC. In the fitness training sessions, he performed aerobic exercises on an arm 
ergometer (MOTOmed Viva 2l), and strength exercises for the abdomen and upper 
extremity muscles, see Table 3. Because he already participated in other wheelchair sports 
he did not want to do a second training session at home. He visited the sports counsellor 
three times. During sports advice, he appeared to be interested in hand biking, which 
he had never tried before. He found the hand bike a nice opportunity for future active 
transportation. Furthermore, he was interested in skiing and he will thus be approached 
by the rehabilitation centre when they arrange a daytrip to practice indoor skiing. 
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Table 3 Fitness training as followed by participant A.

Aerobic training Strength exercises

Arm ergometer Abdominal muscle Pull down Push up PNF exercises
week min %HRR %1-RM Rep %1-RM Rep %1-RM Rep %1-RM Rep
1 15 54 55 3 x 15 49 3 x 15 58 3 x 15 50 3 x 15
2 15 51 55 3 x 15 49 3 x 15 58 3 x 15 50 3 x 15
3 20 53 58 3 x 15 - - 58 3 x 15 55 3 x 15
4 × × × × × × × × × ×
5 20 56 61 3 x 20 49 3 x 15 58 3 x 15 59 3 x 15
6 × × × × × × × × × ×
7 20 66 65 3 x 15 49 3 x 20 58 3 x 15 64 3 x 10
8 20 76 67 2 x 20 65 3 x 10 - - 64 3 x 10
9 25 76 70 3 x 15 - - - - 68 3 x 15
10 25 76 73 3 x 15 73 3 x 10 75 3 x 8 - -

min= duration in minutes. %HRR= percentage of heart rate reserve. %1-RM= Percentage of 1-Repetition 
Maximum. Rep= number of repetitions. PNF= proprioceptive neuromuscular facilitation. 

Participant B stopped judo at the age of 17 due to a lack of time. Now, she would like to 
be more active and play sports again, but she did not know where to go and wanted to 
have more information about her possibilities. During the counselling sessions, she started 
to realize that it is important to have an active lifestyle. She became more conscious of 
how to become more physically active during the day, and, whenever possible, she used 
the bicycle for active transport and the stairs instead of the elevator. She improved from 
stage 2 (i.e. ‘contemplation’) to stage 4 (i.e. ‘action’). In addition to PA counselling, 
she attended the fitness training and visited the sports counsellor for sports advice and 
sport-specific training. During her weekly fitness training at the Erasmus MC, she 
performed aerobic exercises on a cycle ergometer, and additional sessions on a rowing 
ergometer and/or cross country ergometer, and she performed strength exercises for the 
abdomen, upper and lower extremity muscles (see Table 3). At home, she was advised 
to go for a bicycle ride of comparable duration as during the training on the ergometer 
and to use the Theraband for upper extremity strength exercises. For strength of the 
lower extremity, she was instructed to stand against the wall with her knees and hips in 
90 degrees flexion. She had 3 sessions for sports advice in which possibilities of hockey, 
badminton and rowing were discussed. Together with the sports counsellor, she arranged 
meetings to practice these sports. She realized that it is not necessary to be a good athlete 
to practice sports, and that it is fun to do. She now considers going to a badminton club. 
She mentioned that she felt better being more physically active, and that she has more 
energy for other activities.
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Table 4 Fitness training as followed by participant B.

Aerobic training Strength exercises
Cycling Rowing Cross 

country
Abdominal muscle Leg press PNF exercises

week min %HRR min min %1-RM Rep %1-RM Rep %1-RM Rep

1 10 45 5 5 50 3 x 15 50 3 x 15 55 3 x 15
2 15 40 5 5 54 3 x 15 55 3 x 15 64 3 x 12
3 20 56 6 6 60 3 x 15 58 3 x 15 64 3 x 15
4 20 68 6 - 60 3 x 15 65 3 x 15 68 3 x 15
5 20 80 6 6 65 3 x 15 67 3 x 15 73 3 x 15
6 20 81 6 6 65 3 x 15 70 3 x 15 73 3 x 15
7 × × × × × × × × × ×
8 20 85 6 - 75 3 x 15 73 3 x 15 77 3 x 15
9 × × × × × × × × × ×
10 20 89 6 6 69 3 x 15 69 3 x 15 82 3 x 15
11 20 70 6 - 69 3 x 15 73 3 x 15 82 3 x 15
12 20 78 6 - 69 3 x 15 75 3 x 15 82 3 x 15

min= duration in minutes. %HRR= percentage of heart rate reserve. %1-RM= Percentage of 1-Repetition 
Maximum;. Rep= number of repetitions. PNF= proprioceptive neuromuscular facilitation.

Outcome 
Changes in the main outcome measures after the intervention are presented in Figure 1. 
Self-reported PA as measured with the PASIPD increased from 43.0 to 65.0 kJ/kg/day in 
participant A and from 33.9 to 59.4 kJ/kg/day in participant B. Self-reported PA as rated 
on the VAS, increased from 76 to 97 in participant A and from 19 to 92 in participant 
B. Furthermore, the 6MWD increased with 16.0% in participant A and with 8.5% in 
participant B. Participant A also showed increased PeakVO2 from 1.94 to 2.70 l/min. At 
baseline, his level of peakVO2 was higher than the average values assessed during arm 
exercise of non-ambulatory males with MMC (1.57 l/min)10 and males with paraplegic 
spinal cord injuries with lesions below T10 (1.98 l/min).45 His PeakPO increased from 
120 to 160W. Baseline peakVO2 of participant B was close to reference values of females 
with the same age (2.3 l/min) assessed during cycle ergometry,46 and did not improve after 
intervention. The secondary outcome measures body composition and blood pressure 
remained unchanged in both participants.

Both participants were satisfied with the intervention. Ratings were 10 for participant 
A and 7 for participant B. Both participants missed several training sessions (see Table 
3 and 4) due to time constraints, transportation problems, illness, or holiday. However, 
participant A completed 67% of the training sessions at Erasmus MC and participant B 
83%, indicating reasonable compliance.
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Figure 1 Changes in physical activity and fitness after the intervention.

Black bars: Participant A. White bars: participant B. 

Discussion

It appeared to be feasible to offer the intervention ‘Active Lifestyle and Sports Participation’ 
in the outpatient Rehabilitation department for young adults with a childhood onset 
physical disability. Regarding the main outcome measures, levels of self-reported PA, and 
sub-maximal exercise capacity seemed to have improved after the intervention in both 
participants, and aerobic fitness increased in one of them. Furthermore, both participants 
were satisfied with the intervention. 

The substantial increase in aerobic fitness of participant A may be a direct result of 
the fitness training, but it may have also motivated him to train harder during his other 
sports. For participant B, the frequency of fitness training may not have been sufficient 
to improve aerobic fitness. Although self-reported levels of PA have increased, the results 
should be interpreted with caution because questionnaires are prone to overestimation 
of PA levels.47 Furthermore, participant A may not have been a typical example of the 
population that needs PA counselling, as he was already physically active before he started 
the intervention. Nevertheless, he seemed to have increased his fitness, and for him it 
was a worthwhile experience to try out the hand bike. 

Future directions
In the future, this intervention will also be offered in other rehabilitation centres in 
the Southwest of the Netherlands. In future evaluation of the intervention, we will 
include pre- and post-test assessments of a larger study sample and a control sample not 
receiving the intervention, to evaluate whether the intervention increases levels of PA 
and fitness. In addition, follow-up assessments are needed to obtain insight in long-term 
effectiveness of the intervention. Our future evaluation of the intervention will also 
include objective PA monitoring during 7 days using the GTM1 ActiGraphm, which 
is a uni-axial accelerometer. Previous studies in a laboratory setting and in free-living 
conditions established its validity for ambulatory adults48,49 and children,50-52 and for 
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wheelchair-use.53,54  
Studies showed that endurance training may positively inf luence respiratory 

function.55,56 Therefore, future evaluation will also include spirometry tests to assess 
respiratory function, focusing on the small airways (forced vital capacity (FVC) and 
forced expiratory volume in one second, FEV1) and the large airways (peak expiratory 
flow, PEF). Furthermore, cost-effectiveness studies of the intervention are needed.

In conclusion, the intervention ‘Active Lifestyle and Sports Participation’ seems to be a 
promising intervention to increase levels of daily PA and physical fitness of adolescents 
and young adults with  childhood-onset physical disabilities. Future studies on its 
effectiveness are warranted.
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The aim of this thesis was to obtain insight in levels of daily physical activity and 
fitness of adolescents and young adults with myelomeningocele (MMC) and to study 
the associations with personal and environmental factors. Furthermore, we studied 
whether levels of daily physical activity and physical fitness were associated with each 
other and with participation and health-related quality of life, and the risk of developing 
cardiovascular disease later in life.

This chapter will start with the main findings that have been presented in the previous 
chapters. Furthermore methodological issues related to the study will be discussed, as 
well as clinical implications of the study and suggestions for future research.

Main findings

Physical activity, fitness and associated factors
A large proportion of adolescents and young adults with myelomeningocele (MMC) 
were physically inactive, had low aerobic fitness and high levels of body fat (Chapter 2). 
Non-ambulators generally had lower levels of physical activity, lower aerobic fitness and 
higher body fat compared to ambulators. Females had lower aerobic fitness and more 
body fat than males, but we found no gender differences in levels of physical activity. 

Factors associated with physical activity and fitness are summarized in Figure 1. 
Chapter 2 showed that levels of physical activity and aerobic fitness were not associated 
with body fat, suggesting that other strategies, such as reducing energy intake, may 
be more important in reducing body fat than increasing levels of physical activity and 
aerobic fitness. An association between levels of physical activity and aerobic fitness was 
only found in non-ambulatory persons, who generally have very low levels of aerobic 
fitness. This may suggest that a minimum level of aerobic fitness is needed to be able to 
be physically active during the day. Other factors are also likely to play a role in physical 
activity behaviour since > 70% of the variance was left unexplained. Many personal 
and environmental factors can be perceived as a barrier or facilitator of physical activity 
(Chapter 8), and it is likely that parameters such as self-efficacy, social support, lack of 
motivation, not knowing where to exercise and lack of facilities play a role (Chapter 5 
and 8). 

Half of the variance in aerobic fitness was explained by gender and ambulatory status 
(Chapter 3). In addition, we found a small but significant association between aerobic 
capacity and muscle strength, suggesting that adding strength training to aerobic training 
may be of additional value in increasing aerobic capacity.

Energy cost per unit time of locomotion and household activities in ambulatory 
adolescents and young adults with MMC was comparable with able-bodied persons of 
the same age; energy cost per unit time during wheelchair driving was lower (Chapter 4). 
However, because of low aerobic capacity, persons with MMC performed these activities 
at a high percentage of their aerobic capacity, indicating high physical strain. This suggests 
that increasing aerobic capacity may reduce physical strain of daily activities.
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Two third of the participants engaged in sports (Chapter 5). Sports participation was 
not associated with ambulatory status, the presence of hydrocephalus or functional 
independence, which supports the opinion that sports participation is due to personal 
preferences rather than physical ability. Social support from family and friends, perceived 
competences (athletic competence, physical appearance and global self worth) and 
exercise enjoyment showed positive associations with sports participation and may serve as 
important facilitators to target in interventions. Participating in sports is a way to increase 
physical activity behaviour of adolescents and young adults with MMC; it contributed 
to 16% of total physical activity behaviour. Sports participants may have higher levels 
of physical fitness than non-participants, but conclusive evidence is needed. 

Figure 1 Factors associated with physical activity and fitness in adolescents and young adults with 
myelomeningocele.
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Benefits of physical activity and aerobic fitness
Chapter 6 and 7 provided some evidence that health care should incorporate improving 
levels of physical activity and aerobic fitness because it may benefit participation and 
health-related quality of life. Furthermore, a higher level of aerobic fitness was associated 
with better cardiovascular health. Of adolescents and young adults with MMC, 63% 
were restricted in daily activities and 59% in social participation (Chapter 6). They 
had poorer health-related quality of life than the Dutch reference population regarding 
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physical functions, but not regarding mental functions. Results in Chapter 6 showed 
that higher levels of physical activity and aerobic fitness were associated with a better 
participation and a better physical health-related quality of life. 

Average lipid and lipoprotein profiles of adolescents and young adults with MMC did 
not differ from those found in the general male and female Dutch population of similar 
ages (Chapter 7). Nevertheless, elevated levels of total cholesterol, low-density lipoprotein 
cholesterol and triglycerides were found in 29%, 38% and 3% of MMC participants 
respectively. High-density lipoprotein profile was reduced in 19%. Hypertension was 
found in 20% and 19% were current cigarette smoker. Multiple risk factors were present 
in a large proportion (42%) of adolescents and young adults with MMC, leaving them at 
risk of developing cardiovascular disease (CVD). Non-ambulatory persons with MMC 
were more likely to be at CVD risk than ambulatory persons with MMC. Individuals 
with lower aerobic fitness tended to be more likely to be at CVD risk. No associations 
were found between CVD risk and levels of physical activity and body fat. This suggests 
that increasing aerobic fitness may benefit cardiovascular health. 

Methodological issues

Response rate and generalizability
This was a multi-centre study in which participants aged 16 to 30 years were recruited 
from 4 university hospitals from the Netherlands (Rotterdam, Leiden, Utrecht and 
Amsterdam), and all rehabilitation centres from the southwest of the Netherlands 
(Rijndam Rehabilitation Centre Rotterdam, Sophia Rehabilitation The Hague and 
Delft, Rijnlands Rehabilitation Centre Leiden, Rehabilitation Centre ‘de Waarden’ 
Dordrecht and Foundation for Rehabilitation Medicine Zeeland Goes). These regions 
covered the most densely populated part of the country. However, the generalization 
of the study is hampered by the low response rate; of the 171 people who were invited, 
only 51 participated in the study, which is a response rate of 30%. 

We checked whether responders and non-responders differed regarding several personal 
and condition-related characteristics (see Chapter 2, Table 1). Age, gender, level of lesion 
and the presence of hydrocephalus did not differ between responders and non-responders 
which support generalization. In addition, high prevalence of middle-level (lumbosacral) 
and high-level (lumbar or thoracolumbar) lesions was in line with participants from the 
national Adolescents with SPina Bifida in the Netherlands (ASPINE) study in which 
119 people with spina bifida aperta and hydrocephalus participated.1,2 The ASPINE 
study addressed a fairly representative sample of adolescents and young adults with spina 
bifida in the Netherlands; patients were recruited from 11 of the 12 multidisciplinary 
spina bifida teams from the Netherlands as well as from the Association of Physically 
Disabled Persons and their parents (BOSK). Considering the similarity of personal and 
disease-related characteristics between responders and non-responders and between our 
study sample and the sample from the ASPINE study, we assumed the study sample to 
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be sufficiently representative. 
Nevertheless, there may have been a selection bias that the more active and fitter people 

had higher interest in participating in this study. Of the participants, 69% participated 
in sports (Chapter 5). This percentage is higher than 53% found in people with various 
physical disabilities one year after rehabilitation.3 Furthermore, adolescents and young 
adults who participated in this study perceived better physical functioning and less 
pain compared to people with spina bifida aperta and hydrocephalus who participated 
in the national ASPINE study (Chapter 6). This selection bias may have resulted in 
an overestimation of levels of physical activity and fitness. However, main reasons for 
non-participation in the study were no interest in the study, lack of time, duration 
and extensiveness of the measurements, or feeling uncomfortable with the 48-hour 
measurement with the activity monitor (AM), rather than physical functioning.

Study design and statistical power
The cross-sectional design of the study limits the ability of being conclusive about benefits 
of improving levels of physical activity and aerobic fitness on functioning and health. 
This applies to the findings that individuals with higher levels of physical activity and/or 
aerobic fitness perceived less participation restrictions and a better health-related quality 
of life (Chapter 6) and were more likely to have no cardiovascular disease risk (Chapter 
7). In addition, the findings that physical activity and aerobic fitness were not associated 
with body fat (Chapter 2) suggest that it is unlikely that increasing levels of activity and 
aerobic fitness would reduce body fat. 

Because some dependent variables were dichotomous or in some cases were dichotomized 
because of non-normally distributed data, we used logistic regression analyses (Chapters 
5, 6 and 7) to determine relationships among variables. However, logistic regression has 
limited statistical power in small sample sizes. Although a sample size of 51 is relatively 
large considering the prevalence of the condition, the absolute number is quite small. Some 
studies were based on a sub-group of this sample (Chapter 4 and 7) and thus included 
even smaller sample sizes. Therefore, regarding some relationships, the sample size was 
barely sufficient to include a number of independent variables, and some conclusions will 
have to be interpreted with caution, as indicated by large confidence intervals. 
 
Outcome measures
Physical activity
Because we measured physical activity objectively with the AM, we were restricted to 2 days 
of monitoring. Therefore, we were not able to characterize and individual’s actual activity 
pattern which is assumed to require at least 7 days of activity monitoring.4 However, the 
strength of the AM measurement is that it provides detailed objective information on 
mobility-related physical activities in both ambulatory and non-ambulatory persons. 
Some evidence has been published that a 24-hour measurement with the AM is of 
adequate duration to assess activity levels.5 Furthermore, analyses of variance of the 48-
hour measurements showed that the variance between the two measurement days was 
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small enough allowing to distinguish active and inactive people (intraclass correlation 
coefficient= 0.89). Therefore, we assumed that a sample of 2 random days during the 
week was sufficient to adequately assess an individual’s physical activity level. 

Aerobic capacity
We used different exercise modes to assess aerobic capacity for ambulatory and non-
ambulatory persons. Measurement in people with cerebral palsy showed that the main 
mode of ambulation elicits the highest oxygen uptake.6 However, due to large differences 
in active muscle mass, arm and leg exercise have different physiological responses. 
Nevertheless, we pooled the data from arm and leg exercise, because we assumed that 
we measure a person’s highest measurable oxygen uptake (peakVO2). In the analyses we 
corrected for differences in exercise mode by using ambulatory status as proxy for type of 
ergometer. There was a high collinearity between type of ergometer and ambulatory status 
(r= 0.92; p< 0.001) and we found ambulatory status to be more clinically meaningful. 
Peripheral local fatigue may have caused exercise cessation before reaching maximum 
oxygen uptake. However, based on objective (heart rate and respiratory exchange ratio) 
and subjective criteria of maximal exercise (rate of perceived exertion), we consider the 
peakVO2 a reasonable estimate of a person’s peak performance (Chapter 3).

To be able to compare individuals, it is common practice to normalize values of 
peakVO2 for body mass or fat free mass. However, throughout this thesis, we used 
absolute values of peakVO2 because many persons with MMC have excessive body fat, 
particularly non-ambulatory persons, and therefore normalizing for body mass seemed 
inappropriate. We have considered normalizing peakVO2 for fat-free mass; however, 
estimation of fat-free mass would be based on skin fold measurements using algorithms 
developed from an able-bodied reference population, which may not be applicable to the 
MMC population. In persons with cerebral palsy, these algorithms were be invalid.7 In 
the analyses we used absolute values of peakVO2 corrected for gender and ambulatory 
status which covers part of the differences in fat-free mass: ambulatory persons typically 
being taller than non-ambulatory persons and males typically having more fat-free mass 
than females (Chapter 2). 

To limit the duration of all assessments, we did not measure ASIA motor levels of 
lesions. Instead, we obtained information on lesion level from medical records. From the 
ASPINE study it is known that this information might be unreliable because lesion levels 
were determined at different ages, sometimes using motor, sometimes using sensory levels, 
and sometimes, no description of the method was given.8 Although ambulatory status 
is a more global measure, it is significantly correlated to lesion level (r= 0.58; p< 0.001) 
and therefore, ambulatory status, according to the classification of Hoffer,9 was used as 
relevant clinical characteristic of people with MMC. Since ASIA data are lacking, we 
were however, unable to distinguish which part of low fitness in ambulatory persons was 
due to deconditioning and which part to reduced active muscle mass caused by paresis 
of lower extremity muscles. 
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Clinical implications

Results showed that many adolescents and young adults with MMC had low levels of 
physical activity and low fitness. In addition, higher levels of physical activity and aerobic 
fitness were associated with better participation and health-related quality of life. Higher 
aerobic fitness was also associated with a better cardiovascular health. With increasing 
life-expectancy of people with chronic conditions such as MMC, improving levels 
of physical activity and fitness deserves attention in health care to prevent secondary 
conditions and to ensure a healthy adult life. 

Rehabilitation medicine has the potential to play an important role in promoting 
physical activity in people with chronic conditions. It can inform patients on important 
health benefits and on where and how to exercise, it can facilitate in equipment and 
programmes, and supervise and assist during exercise. Whereas a general practitioners 
could play an important role in improving physical activity behaviour in the general 
population,10 a rehabilitation physician can fulfil this position in people with a childhood 
onset physical disability. This is recognized by the Netherlands Society of Rehabilitation 
and Physical Medicine (VRA), who recently started a project group ‘Bewegen en Sport’ 
(Physical activity and Sports) to emphasize the importance of physical activity and fitness 
for health, and to raise the focus on this topic in Rehabilitation medicine. 

Interventions aiming to increase physical activity behaviour and fitness are warranted. 
Chapter 9 describes the design of the intervention: ‘Active Lifestyle and Sports 
Participation’, an intervention aiming to improve levels of physical activity and fitness 
in adolescents and young adults with childhood-onset physical disabilities. Together 
with a ‘personal coach,’ each participant conducts a personalised programme tailored 
to his or her needs. Previously, the study of van der Ploeg and co-workers showed that 
the combination of both personalised tailored physical activity counselling and tailored 
sports advice increased sport participation and daily physical activity behaviour after 
rehabilitation in people with physical disabilities.3,11 Therefore, the integration of both 
approaches formed the base of the intervention. Furthermore, other results of this thesis 
have contributed to the design of the intervention. Several personal and environmental 
barriers and facilitators of physical activity and sports participation have been identified 
in Chapter 5 and Chapter 8. The intervention focuses at overcoming the barriers to 
become more physically active.  

Furthermore, we included fitness training as a component of the intervention. Chapter 
7 shows that low aerobic fitness was associated with higher risk of cardiovascular disease, 
which is in line with previous studies in people with spinal cord injuries.12-14 Low 
aerobic fitness was also associated with higher physical strain during the performance 
of daily activities, and lower participation and health-related quality of life. Increasing 
aerobic fitness may break through the vicious cycle of inactivity leading to low fitness 
exacerbating inactivity. Furthermore, in line with previous studies,15-18 the results from 
Chapter 3 support the enclosure of strength exercises in addition to aerobic training as 
it may contribute to improving aerobic fitness. 
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In addition to adolescents and young adults, health promotion efforts should also focus 
on children with a childhood onset physical disability. Several initiatives to improve 
fitness have been shown in children with cerebral palsy19,20 and ambulatory children 
with spina bifida,21 and should be further encouraged. 

Suggestions for future research

Physiological responses to exercise
Maximal exercise tests showed low aerobic fitness in many adolescents and young adults 
with MMC (Chapter 2 and 3), but little information is available on to what extent this is 
the result of reduced active muscle mass caused by paralyses of lower extremity muscles 
or to deconditioning. To determine whether a person has a low aerobic fitness regarding 
his or her condition, normative values including adjustments for lesion level and testing 
method (arm or cycle ergometer) are useful. Furthermore, training studies may provide 
insight in the aerobic fitness gain that is achievable by training. 

From studies in persons with spinal cord injury it is known that absence of sympathetic 
vasoconstriction below the lesion and absence of the leg muscle pump results in disturbed 
distribution of blood during exercise and venous blood pooling. As a consequence there 
is a diminished increase in venous preload and in stroke volume during exercise.22 To 
compensate for the lower stroke volume, heart rate increases in order to maintain a 
stable cardiac output. People with lesions below the 6th thoracic vertebrae are able to 
compensate completely for a lower stroke volume by an increase in heart rate.23 Thus in 
most people with MMC, it is unlikely that oxygen transport capacity during exercise is 
limited by a limited cardiac output. Nevertheless, due to limited information in people 
with MMC, future studies should provide insight in physiological responses to exercise 
in adolescents and young adults with MMC with various lesion levels.

Measurements of physical activity
Self-reported physical activity assessments are prone to overestimation of physical activity 
levels,24 and may lack sensitivity to low physical activity levels. Therefore, motion sensors 
are more appropriate for quantifying physical activity behaviours.25 The AM we used 
in the studies provides detailed information on which activity is performed for how 
long. However, the AM has several practical concerns. Until now, measurements are 
restricted to 48-hour measurements and the device we used was rather large, heavy to 
wear, and people can not take a shower or bath during activity monitoring. Currently, 
projects focus on remodelling this sophisticated device to make it more user-friendly and 
to allow more days of monitoring. For larger study samples, objective physical activity 
monitoring with a simpler device and less detailed information may be an alternative. 
For example, the ActiGraph activity monitors are small and can be worn on the hip, 
ankle or wrist. They integrate information about motion frequency, duration, they are 
sensitive to light activity, small in size, comfortable to wear, able to collect and save data 



General Discussion

167

over long duration, and showed good validity in ambulatory people.26-28 In contrast to the 
detection of physical activity in the ambulatory population, little information is available 
regarding the detection of wheelchair driving. Laboratory measurements showed that 
an ActiGraph, an uniaxial accelerometer, was a valid indicator of energy expenditure for 
wheelchair users.29 One study reported on its use in free-living conditions and showed 
concurrent validity with a self-report measure of activity intensity and frequency in 
wheelchair users.30 Future studies on the use of simpler devices to detect physical activity 
are warranted.
 
Determinants of physical activity
Few studies are available on factors associated with physical activity levels in people 
with physical disabilities (Chapter 8) and in particular in adolescents and young adults 
with childhood-onset physical disabilities. Chapter 5 reported some correlates of sports 
participation, which is a sub-category of physical activity that is planned and structured.31 
Chapter 8 presented perceived barriers and facilitators as measured using a qualitative 
study. Future quantitative studies on barriers and facilitators of physical activity using 
objective physical activity monitoring are warranted, as well as longitudinal studies on 
this topic to identify mediators of physical activity improvements. Furthermore, because 
of scarcity of information, these studies should include environmental factors, including 
both the physical and social environment, in changing physical activity behaviour. 

In addition, many young adults with MMC are impaired in executive functioning, 
including divided attention, in memory and verbal learning and in reaction speed.32,33 
Results of a small sample of adolescents and young adults suggested that impairments 
in executive functioning were related to levels of physical activity.33 It is worthwhile 
to study the influence of cognitive functioning on levels of physical activity in larger 
sample sizes.

Intervention ‘Active Lifestyle and Sports Participation’
Chapter 9 presents the design of the intervention ‘Active Lifestyle and Sports Participation.’ 
The intervention offers a personalised programme tailored to the needs of each participant, 
and aims to increase levels of physical activity and fitness. It seems to be a promising 
approach to offer the intervention in the outpatient Rehabilitation department for young 
adults. However, only 2 case studies are presented and future evaluation is warranted to 
determine whether the intervention effectively increases levels of physical activity and 
fitness in adolescents and young adults with a childhood onset physical disability, both 
on the short and long-term. In addition, cost-effectiveness of the intervention should 
be evaluated. 

A possible future direction of the intervention ‘Active Lifestyle and Sports Participation’ 
lies in computer tailoring. Personal counselling, which forms the base of the intervention, 
may be too time-consuming and too expensive to apply for every individual with a 
childhood onset disability. Computer tailoring makes personalization of education 
applicable to large groups of people at relatively low costs.34 Furthermore, it enables long-
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distance personal counselling34 which is a major advantage for people with transportation 
problems and for those living far away from the rehabilitation centre. 

Reducing overweight and obesity
Many adolescents and young adults with MMC are overweight and obese. Excessive 
body fat is the result of a positive energy balance, i.e. the energy intake is higher than 
the energy expenditure. Physical activity, which results in energy expenditure, showed 
no relationship with body fat (Chapter 2). Besides the duration of physical activity, as 
measured in this thesis, also the intensity of physical activity influences the amount 
of expended energy. Future studies focusing on energy expenditure and energy intake 
(dietary intake) may obtain insight in the energy balance in adolescents and young 
adults with MMC. Furthermore, hormonal analysis of metabolism and medication are 
warranted to study underlying mechanisms of excessive body fat, as is may originate 
from the condition itself.35 In addition to increasing physical activity, future behaviour-
change interventions should also focus on improving dietary behaviour in adolescents 
and young adults with a childhood onset physical disability, such as MMC. 
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The introductory Chapter 1 describes the various types of spina bifida, including the 
most severe myelomeningocele (MMC), and its associated symptoms. Furthermore, it 
introduces new challenges that rise in medical care with the increased life expectancy 
of children who are born with this condition. Similarly to persons with other chronic 
conditions, there is a shift from disability prevention towards prevention of secondary 
conditions. Sufficient levels of physical activity and fitness are important for disease 
prevention, maintenance of functional independence, participation and quality of life. 
Studies on this topic in people with MMC are scarce. Therefore, this thesis aimed to 
obtain insight in the levels of daily physical activity and fitness of adolescents and young 
adults with MMC and to study the associations with personal and environmental factors, 
participation, health-related quality of life and cardiovascular disease (CVD) risk.

Chapter 2 shows that many adolescents and young adults with MMC were inactive, 
as measured with an accelerometry-based activity monitor; they had low aerobic fitness 
and high body fat compared to normative values. Differences existed between subgroups 
regarding gender and ambulatory status. Non-ambulators generally had lower levels of 
physical activity and aerobic fitness, and higher body fat than ambulators. Females had 
lower aerobic fitness and more body fat than males, but the level of physical activity 
was comparable. In non-ambulators, who were most inactive, we found an association 
between physical activity and aerobic fitness, suggesting that a minimum level of aerobic 
fitness might be needed to have an active lifestyle. Physical activity and aerobic fitness 
were not associated with body fat suggesting that increasing levels of activity and fitness 
may not be sufficient to reduce body fat. 

Aerobic fitness, or aerobic capacity, is one component of health-related physical fitness. The 
other components are muscle strength and endurance, flexibility and body composition. 
Chapter 3 describes health-related physical fitness components of adolescents and young 
adults with MMC and studies relationships between aerobic capacity and the other 
components. Results showed that both ambulatory and non-ambulatory adolescents and 
young adults with MMC had low health-related physical fitness. In addition to reduced 
aerobic capacity and excessive body fat, the majority had subnormal muscle strength and 
mobility restrictions. A large part of the variance of aerobic capacity was explained by 
gender and ambulatory status. In addition, we found a small, but significant relationship 
between aerobic capacity and muscle strength, suggesting that adding strength training 
to aerobic training may have additional value in increasing aerobic capacity.

Chapter 4 studies the energy cost and physical strain of daily activities of ambulatory 
and non-ambulatory adolescents and young adults with MMC, and age-and gender 
matched comparison people without physical disabilities in a laboratory setting. During 
an activity protocol consisting of locomotion-related (walking, wheelchair driving, 
cycling) and housekeeping-related activities, oxygen uptake was measured to assess the 
energy cost. Physical strain was calculated by dividing the energy cost per unit time by 
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a person’s aerobic capacity. Results showed no differences in oxygen costs of all activities 
between ambulatory persons with MMC and comparison people. Non-ambulators 
had lower energy cost during wheelchair driving than the comparison people during 
walking. Furthermore, results showed that people with MMC perform daily activities at 
a higher percentage of their aerobic capacity than comparison people, indicating a higher 
physical strain. This may increase fatigue and discomfort and subsequently contribute 
to an inactive lifestyle. The high physical strain was mainly caused by a reduced aerobic 
capacity, suggesting that improving aerobic capacity may therefore be an important 
treatment goal for this population. 

Sports and exercise can be seen as a sub-category of physical activity which is planned, 
structured and repetitive. Sports-related physical activities can easily be provided through 
rehabilitation services and could increase levels physical activity and fitness. Chapter 5 
showed that two-third of the participating adolescents and young adults with MMC 
reported to be engaged in sports. Ambulatory status, the presence of hydrocephalus and 
functional independence were not related to sports participation, which supports the 
view that engaging in sports is due to personal preferences rather than physical ability. 
Sports participation was associated with social support from family, perceived athletic 
competence and physical appearance and tended to be associated with global self-worth, 
which makes them interesting targets for interventions that aim to improve physical 
activity behaviour. Furthermore, persons who perceive higher enjoyment during sports 
tended to be more likely to participate in sports. Therefore, interventions aiming to 
increase physical activity levels should be tailored individually ensuring that each person 
finds the type of activity they enjoy. Results showed that sports participation has the 
potential to increase physical activity and fitness. Sports participants reported higher 
levels of self-reported physical activity than non-participants. Sports contributed to 16% 
of total physical activity. Non-participants did not seem to compensate with other physical 
activities such as household and occupations. Although the present results indicated that 
sports participants may have higher aerobic capacity and higher muscle strength than 
non-participants, conclusive evidence is warranted.

This thesis found some evidence that improving levels of physical activity and fitness 
should be incorporated in health care of adolescents and young adults with MMC, since 
higher levels of physical activity and fitness were associated with fewer participation 
restrictions, better health-related quality of life (HRQoL), and reduced CVD risk.

 Chapter 6 focused on participation and HRQoL. Results showed that many 
adolescents and young adults perceived difficulties in the performance of daily activities 
(63%) and social roles (59%), particularly regarding self care, housing, mobility, recreation 
and employment. Furthermore, adolescents and young adults with MMC perceived 
lower physical HRQoL compared to a general Dutch reference population, particularly 
regarding mobility. In general, they perceived good mental HRQoL, but perceived 
somewhat lower vitality and social functioning than the reference population. People 
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with higher levels of physical activity and higher aerobic fitness were less likely to perceive 
difficulties during the performance of daily activities and perceived a higher physical 
HRQoL. Also, people with higher aerobic fitness tended to perceive less difficulty in 
social roles. Body fat was not related with participation and HRQoL.

Chapter 7 describes biological and lifestyle-related CVD risk factors including lipid and 
lipoprotein profiles, blood pressure, aerobic fitness, body fat, daily physical activity and 
smoking behaviour. From literature, it is known that the severity of atherosclerosis, causing 
CVD, increases as the number of CVD risk factors increases, and that this clustering 
of risk factors is a better measure for cardiovascular health. Therefore, participants were 
identified as being at increased CVD risk when 2 or more of the risk factors from the 
Framingham Risk Assessment (total cholesterol, systolic blood pressure, high-density 
lipoprotein cholesterol, and smoking) were present. Based on this criterion, 42% of the 
participants were at increased CVD risk. Non-ambulators were more likely to be at 
risk than ambulators. Results showed that people with higher aerobic fitness tended to 
be more likely to have no CVD risk. Levels of physical activity and body fat were not 
associated with CVD risk. 

In order to develop programs to promote physical activity in people with a childhood 
onset physical disability, such as MMC, it is important to understand factors that 
determine physical activity behaviour. Chapter 8 provides an overview of previous 
studies on personal and environmental barriers and facilitators of physical activity in 
young adults with a physical disability. Furthermore in presents results of focus groups 
that we held in adolescents and young adults with a childhood onset physical disability 
to obtain additional insight in their perceived barriers and facilitators of physical activity. 
The literature review and focus groups showed that lack of energy, existing injuries of 
complications or fear for developing them, lack of motivation, facility limitations, or lack 
of information and knowledge appeared to be important barriers to physical activity. Fun 
and social contacts were most frequently mentioned as facilitators of physical activity. 
This indicates that tailored physical activity counselling is important to ensure that 
persons have fun during physical activity.

Chapter 9 presents the design of the intervention ‘Active Lifestyle and Sports Participation’ 
which is offered in the outpatient Rehabilitation Department for young adults of Erasmus 
MC and Rijndam Rehabilitation Centre. The main approach of the intervention consists 
of tailored physical activity counselling session with a physical activity counsellor, who 
serves a person’s “personal coach.” Together with the personal coach, participants discuss 
their involvement in other components of the intervention, which are sports participation 
by means of tailored sport advice and sport specific training, and fitness training. In this 
way, participants will conduct a personalised programme tailored to their needs. Two 
case studies are described and future directions of the intervention are presented.
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Finally, Chapter 10 discusses the main findings of the studies and presents a schematic 
model of factors associated with physical activity and fitness in adolescents and young 
adults with MMC. Furthermore, it discusses some methodological issues related to the 
studies including the low response rate and the generalizability of the results, study 
design and statistical power and the choice of outcome measures. In addition, this 
chapter describes how important findings of the studies are integrated in the design of 
the intervention ‘Active Lifestyle and Sports Participation’. In the final part of this chapter 
we provide some suggestions for future studies. More insight in physiological responses 
to exercise is warranted, as well as studies on the use of simpler devices to objectively 
detect physical activity and studies on determinants of physical activity. Furthermore, 
future studies should focus on evaluation and refinement of the intervention ‘Active 
Lifestyle and Sports Participation’.
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Het inleidende Hoofdstuk 1 beschrijft de verschillende vormen van spina bifida, 
inclusief de meest ernstige vorm meningomyelocele (MMC), en de symptomen die 
daarmee samenhangen. Het introduceert nieuwe uitdagingen in de medische zorg die zijn 
ontstaan door de toegenomen levensverwachting van kinderen die met deze aandoening 
worden geboren. Net zoals bij personen met andere chronische aandoeningen vindt er 
een verschuiving plaats van behandeling van de primaire aandoening naar de preventie 
van secundaire aandoeningen. Voldoende lichaamsbeweging en een goede fitheid zijn 
belangrijk voor de preventie van ziektes, het behoud van de functionele onafhankelijkheid, 
de participatie en de kwaliteit van leven. Bij mensen met een MMC zijn hier nog maar 
weinig studies naar verricht. Daarom heeft dit proefschrift als doel om inzicht te krijgen 
in de hoeveelheid dagelijkse lichamelijke activiteit en in de fitheid van jongeren en 
jongvolwassenen met een MMC. Tevens bestuderen we de relaties met persoonlijke en 
omgevingsfactoren, de participatie, de gezondheidsgerelateerde kwaliteit van leven en 
het risico op het ontstaan van hart- en vaatziekten (HVZ).

Hoofdstuk 2 laat zien dat veel jongeren en jongvolwassenen met een MMC inactief waren, 
zoals gemeten met een activiteiten monitor die gebruik maakt van versnellingssensoren. 
Bovendien hadden ze een lage aërobe fitheid en overtollig lichaamsvet in vergelijking 
met norm waarden. We vonden verschillen tussen subgroepen; niet-ambulante jongeren 
en jongvolwassenen met een MMC waren lichamelijk inactiever en hadden een lagere 
aërobe fitheid en meer lichaamsvet dan ambulante jongeren en jongvolwassenen. Vrouwen 
hadden een lagere aërobe fitheid en meer lichaamsvet dan mannen, maar kregen evenveel 
lichaamsbeweging. In de personen die het minst actief waren, de niet-ambulante jongeren, 
vonden we een relatie tussen de hoeveelheid lichaamsbeweging en de aërobe fitheid. Dit 
suggereert dat er mogelijk een minimum niveau van aërobe fitheid nodig is om een actieve 
leefstijl te hebben. Lichamelijke activiteit en aërobe fitheid waren niet gerelateerd aan de 
hoeveelheid lichaamsvet, wat suggereert dat het bevorderen van het beweeggedrag en de 
fitheid mogelijk niet voldoende is om de hoeveelheid lichaamsvet te verlagen.

Aërobe fitheid, ofwel aërobe capaciteit, is een van de componenten van gezondheidsgerelateerde 
fysieke fitheid. De andere componenten zijn spierkracht en spieruithoudingsvermogen, 
lenigheid, en lichaamssamenstelling. Hoofdstuk 3 beschrijft de componenten van 
gezondheidsgerelateerde fysieke fitheid van jongeren en jongvolwassenen met een MMC, 
en bestudeert de relaties tussen aërobe capaciteit en de andere componenten. Uit deze 
studie bleek dat zowel ambulante als niet-ambulante jongeren en jongvolwassenen met 
een MMC een lage gezondheidsgerelateerde fysieke fitheid hadden. Naast een lage aërobe 
capaciteit en overtollig lichaamsvet had de meerderheid ook een subnormale spierkracht 
en bewegingsbeperkingen. Een groot deel van de variantie in de aërobe capaciteit werd 
verklaard door het geslacht en het ambulantieniveau. Daarnaast vonden we een kleine, 
maar significante relatie tussen de aërobe capaciteit en de spierkracht. Dit suggereert dat 
spierkrachttraining als aanvulling op aërobe training van toevoegende waarde kan zijn 
om de aërobe capaciteit te verbeteren.
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Hoofdstuk 4 bestudeert de energiekosten en de fysieke belasting tijdens dagelijkse 
activiteiten bij ambulante en niet-ambulante jongeren en jongvolwassenen met een 
MMC, in vergelijking tot een referentie populatie bestaande uit een groep personen 
zonder lichamelijke beperking van dezelfde leeftijd en geslacht. De metingen werden 
uitgevoerd in een bewegingslaboratorium. Om de energiekosten te bepalen werd de 
zuurstofopname gemeten tijdens het uitvoeren van een activiteiten protocol, bestaande 
uit activiteiten die gerelateerd zijn aan de voortbeweging (lopen, rolstoel rijden, fietsen) en 
uit huishoudelijke activiteiten. De fysieke belasting werd berekend door de energiekosten 
per tijdseenheid te delen door de aërobe capaciteit van de persoon. De zuurstofkosten 
van alle activiteiten verschilden niet tussen ambulante personen met een MMC en de 
referentiegroep. Niet-ambulante jongeren hadden lagere energiekosten tijdens rolstoel 
rijden dan de referentiegroep tijdens lopen. Bovendien bleek dat mensen met een MMC 
de dagelijkse activiteiten op een hoger percentage van hun aërobe capaciteit uitvoerden 
dan de referentie groep, wat betekent dat ze een hogere fysieke belasting hadden. Een 
hogere fysieke belasting kan leiden tot vermoeidheid en vervolgens weer bijdragen aan een 
inactieve leefstijl. Aangezien de hogere fysieke belasting voornamelijk werd veroorzaakt 
door een verlaagde aërobe capaciteit, lijkt verbetering van de aërobe capaciteit een 
belangrijk behandelingsdoel te zijn voor deze populatie.

Sport en inspanning is een subcategorie van lichamelijke activiteit, welke gepland en 
gestructureerd is en herhaald wordt. Sportgerelateerde lichamelijke activiteiten kunnen 
gemakkelijk in de revalidatie worden aangeboden, en kunnen het beweeggedrag 
bevorderen en de fitheid verbeteren. Hoofdstuk 5 laat zien dat tweederde van de 
deelnemende jongeren en jongvolwassenen met een MMC aan sport deed. Het 
ambulantieniveau, het wel of niet hebben van een hydrocephalus en de functionele 
onafhankelijkheid waren niet gerelateerd aan sportdeelname. Het lijkt er daarom op 
dat deelname aan sport bepaald wordt door persoonlijke voorkeuren in plaats van 
fysieke mogelijkheden. Sportdeelname was gerelateerd aan de sociale steun van familie, 
en aan de competentiebeleving ten aanzien van sportieve vaardigheden en de fysieke 
verschijning. We vonden een trend met het algemene gevoel voor eigenwaarde. Deze 
factoren zijn daarom interessante doelwitten voor interventies die erop gericht zijn om het 
beweeggedrag te bevorderen. Tevens vonden we dat personen die meer plezier beleefden 
aan sport, eerder geneigd waren aan sport deel te nemen. Daarom is het belangrijk dat 
interventies ter bevordering van het beweeggedrag afgestemd zijn op het individu, om 
ervoor te zorgen dat elk persoon het type activiteit vindt waar hij of zij plezier in heeft. 
Uit de resultaten bleek dat sportdeelname de potentie heeft om het beweeggedrag te 
bevorderen en de fitheid te verbeteren. Sporters gaven aan lichamelijk actiever te zijn dan 
niet-sporters. De bijdrage van sport aan het totale lichamelijke activiteiten patroon was 
16%. Niet-sporters leken dit niet te compenseren met andere lichamelijke activiteiten 
zoals huishoudelijke of werk activiteiten. Hoewel de resultaten in de richting wezen dat 
sporters een betere aërobe fitheid en een hogere spierkracht hadden dan niet-sporters is 
dit nog niet voldoende aangetoond.
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Dit proefschrift levert enig bewijs dat bevordering van het beweeggedrag en de verbetering 
van de fitheid aandacht moeten krijgen in de zorg voor jongeren en jongvolwassenen 
met een MMC. Een lichamelijk actievere leefstijl en een betere fitheid hangen namelijk 
samen met minder beperkingen in de participatie, een betere gezondheidsgerelateerde 
kwaliteit van leven en een verminderd risico op HVZ. 

Hoofdstuk 6 richt zich op de participatie en de gezondheidsgerelateerde kwaliteit van 
leven. Uit de studie bleek dat veel jongeren en jongvolwassenen moeite ervaarden bij het 
uitvoeren van dagelijkse activiteiten (63%) en sociale rollen (59%). Bovendien ervaarden 
jongeren en jongvolwassenen met een MMC een lagere fysieke gezondheidsgerelateerde 
kwaliteit van leven vergeleken met een Nederlandse referentie populatie; het betrof 
hier voornamelijk de mobiliteit. Over het algemeen ervaarden zij een goede mentale 
gezondheidsgerelateerde kwaliteit van leven, maar hun scores op vitaliteit en het sociaal 
functioneren waren lager dan de referentie waarden. Mensen die lichamelijk actiever waren 
en een hogere aërobe fitheid hadden, ervaarden minder moeite tijdens het uitvoeren van 
dagelijkse activiteiten en hadden een betere fysieke gezondheidsgerelateerde kwaliteit van 
leven. Bovendien leken mensen met een betere aërobe fitheid minder moeite te ervaren 
met sociale rollen. We vonden geen relatie tussen de hoeveelheid lichaamsvet en de 
participatie en de gezondheidsgerelateerde kwaliteit van leven.

Hoofdstuk 7 beschrijft biologische en leefstijlgerelateerde risicofactoren van HVZ, 
zoals het lipide en lipoproteïne profiel, de bloeddruk, de aërobe fitheid, de hoeveelheid 
lichaamsvet, de dagelijkse lichamelijke activiteit en het rookgedrag. Vanuit de literatuur 
weten we dat de ernst van arteriosclerose, dat HVZ veroorzaakt, toeneemt naarmate 
het aantal risicofactoren dat aanwezig is stijgt. Het clusteren van de risicofactoren is 
een betere maat voor de cardiovasculaire gezondheid. We vonden dat de deelnemers bij 
wie 2 of meer risicofactoren van de Framingham Risk Assessment (totaal cholesterol, 
systolische bloeddruk, high-density lipoprotein cholesterol, en roken) aanwezig waren, 
een verhoogd risico hadden op HVZ. Op basis van dit criterium had 42% van de 
deelnemers een verhoogd risico. De kans op een verhoogd risico op HVZ was hoger bij 
niet-ambulante deelnemers dan bij ambulante deelnemers. Bovendien bleek dat mensen 
met een betere aërobe fitheid een lager risico hadden op het ontstaan van HVZ. De 
hoeveelheid dagelijkse lichamelijke activiteit en de hoeveelheid lichaamsvet vertoonden 
geen samenhang met het risico op HVZ.

Om voor kinderen met een aangeboren of jong verworven lichamelijke beperking, zoals 
een MMC, programma’s te ontwikkelen ter bevordering van het beweeggedrag is het 
belangrijk om inzicht te krijgen in de factoren die het beweeggedrag bepalen. Hoofdstuk 8 
presenteert een literatuurstudie naar persoonlijke en omgevingsfactoren die belemmerende 
of een bevorderende invloed hebben op het beweeggedrag van jongeren en jongvolwassenen 
met lichamelijke beperking. Bovendien beschrijven we de resultaten van de focusgroepen 
die we hebben gehouden met jongeren en jongvolwassenen met een aangeboren of jong 
verworven lichamelijke beperking. Deze focusgroepen hadden als doel inzicht krijgen in 
factoren die de jongeren en jongvolwassenen als belemmerend en bevorderend ervaren ten 
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aanzien van hun beweeggedrag. Uit het literatuuroverzicht en de focusgroepen kwamen 
een gebrek aan energie, de aanwezigheid van wonden, blessures en complicaties of de 
angst deze te ontwikkelen, een gebrek aan motivatie, beperkte mogelijkheden en gebrek 
aan informatie of kennis naar voren als belangrijke belemmerende factoren. Het plezier en 
sociale contacten werden het vaakst genoemd als bevorderende factoren voor bewegen. Dit 
onderstreept het belang van geïndividualiseerde bewegingscounseling om ervoor te zorgen 
dat personen plezier hebben tijdens lichaamsbeweging.

Hoofdstuk 9 beschrijft de behandelmodule ‘Actieve Leefstijl en Sportstimulering’. 
Deze module wordt aangeboden in de Polikliniek Jongvolwassenen van de afdeling 
Revalidatiegeneeskunde van het Erasmus MC en Rijndam revalidatiecentrum te Rotterdam. 
In deze module staat individuele bewegingscounseling met een bewegingscounselor 
(‘personal coach’) centraal. Samen met de personal coach bespreken de deelnemers of ze 
gebruik gaan maken van de andere componenten van de module; dit zijn sportstimulering, 
door middel van individueel sportadvies en sportspecifieke training, en fitheidstraining. 
Op deze manier volgen de deelnemers een geïndividualiseerd programma, afgestemd op 
hun eigen wensen en mogelijkheden. Verder worden er 2 case reports beschreven en worden 
de ideeën voor de toekomst van de module gegeven.

Tot slot worden in Hoofdstuk 10 de belangrijkste bevindingen van de studies besproken 
en wordt een schematisch model van de factoren die samenhangen met de lichamelijke 
activiteit en de fitheid van jongeren en jongvolwassenen met een MMC gepresenteerd. 
Bovendien worden methodologische aspecten van de studies besproken, zoals het lage 
responspercentage en de generaliseerbaarheid van de resultaten, de studieopzet en de analyses, 
en de keuze van de uitkomstmaten. Verder beschrijft dit hoofdstuk hoe de belangrijke 
bevindingen van de studies geïntegreerd zijn in het ontwerp van de behandelmodule 
‘Actieve Leefstijl en Sportstimulering’. In het laatste deel van dit hoofdstuk geven we enkele 
suggesties voor toekomstig onderzoek. Zo is er bijvoorbeeld meer inzicht nodig in de 
fysiologische reacties op inspanning. Ook zijn er meer studies nodig naar het gebruik van 
eenvoudigere meetinstrumenten om lichamelijke activiteit objectief te kunnen meten en naar 
determinanten van het beweeggedrag. Bovendien moeten toekomstige studies zich richten op 
de evaluatie en verfijning van de behandelmodule ‘Actieve Leefstijl en Sportstimulering’. 
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De afgelopen jaren heb ik met veel plezier aan dit boekje gewerkt. Velen hebben hieraan 
een steentje bijgedragen, die ik graag bij deze wil bedanken. Allereerst mijn beide 
co-promotoren Marij Roebroeck en Rita van den Berg-Emons, bedankt voor jullie 
begeleiding, ik heb veel van jullie geleerd. Marij, onze samenwerking begon 5 jaar geleden, 
toen ik op het ‘handenproject’ werd aangenomen. Ik vond het heel leuk dat ik onder 
jouw begeleiding door ging op het ‘spina project’. Je maakte altijd tijd als ik tussendoor 
een kleine (of wat grotere) vraag had, en was altijd bereid met me mee te denken hoe ik 
plannetjes het beste kon realiseren. Heel veel dank daarvoor! 

Rita, bij de start van mijn promotieonderzoek kreeg ik jou als tweede dagelijks begeleider 
erbij. Naast de vele gewone werkoverleggen, heb ik goede herinneringen aan een ‘spontaan 
ingelast werkoverleg’ nadat we samen na een stormachtige nieuwjaarsborrel op de 
Euromast gestrand waren in het fellow-appartementje bij Rijndam en we samen een deken 
moesten delen. Een gezellig diner in Amsterdam is nog zo’n voorbeeld waarbij we het 
nuttige met het aangename konden combineren (of het aangename met het nuttige).  

Veel dank gaat ook uit naar mijn promotor prof. Stam. Henk, bedankt voor je 
vertrouwen en alle mogelijkheden die je me hebt gegeven (en geeft). Daardoor kon ik 
mijn werk in Rotterdam op de 16e verdieping op een leuke manier afwisselen met congres 
bezoekjes, European school in Marseille, mountainbiken in de Ardennen, 5 maanden 
Sydney en een fantastisch ski-weekend.

Ook alle deelnemers van het onderzoek wil ik hartelijk danken. Af en toe voelde ik me 
wel bezwaard als ik jullie met het “grote kastje en alle plakkers” achter liet. Zonder jullie 
bereidheid om mee te doen, was dit boekje er niet geweest. 

Mijn dank gaat ook uit naar de contactpersonen van de deelnemende Revalidatiecentra, 
dr. Bergen, mw. Spijkerman (Rijndam revalidatiecentrum), mw. Rol (Sophia 
Revalidatie) mw. van der Heijden-Maessen (Rijnlands revalidatie centrum), hr. Buijs 
(Revalidatiecentrum de Waarden), mw Voogt (Stichting revalidatiegeneeskunde Zeeland), 
prof Arendzen, mw. dr. van Wijlen-Hempel (LUMC), prof. van Asbeck, dr. Post (UMC 
Utrecht) en mw. McDonald-ten Thij (VUmc). Door jullie inzet kon ik weer jongeren 
en jongvolwassenen aanschrijven voor deelname aan het onderzoek. 

Alle co-auteurs, Wim Janssen, Jetty van Meeteren, Rietje van Wijlen, Thilde Rol, prof 
van Asbeck, Annette Bruinings, Hélène van der Heijden-Maessen, Hidde van der Ploeg, 
Adrian Bauman, Wilma van der Slot, Willem van Mechelen en Lex Burdorf, bedankt 
voor jullie kritische blik op de artikelen. Lex, van een middag samen achter de computer 
heb ik veel geleerd van logistische regressie analyse. Bedankt daarvoor!

Hidde, ik weet niet hoe ik jou genoeg kan bedanken. Door jouw inzet werd het voor 
mij mogelijk om 5 maanden naar Australië te gaan. Ik vond het heel erg leuk om met je 
samen te werken! Adrian, thank you very much for having me at CPAH. I learned a lot 
from your perspectives on physical activity and public health, and enjoyed every single 
day at the office and in Sydney. CPAH people, thanks for making me feel at home. 
Friday drinks were never the same and always fun!



Dankwoord

187

Heika, als stagiëre kwam je op het project op het moment dat ik er mee begon. Dankzij 
je grote betrokkenheid bij het project en je nauwkeurigheid van werken kon ik een 
vliegende start maken met mijn promotieonderzoek. Bovendien had ik aan jou een 
maatje om mee te oefenen om de metingen onder de knie te krijgen, wat naast dat het 
nuttig was, ook erg gezellig was. Ook de andere stagiëres die ik samen met Marij of Rita 
heb mogen begeleiden wil ik bedanken voor hun inzet: Kim, Yvonne, Bertran, Evelien 
en Daphne, bedankt.
 
In het tweede deel van mijn onderzoek, raakten er meer mensen bij mijn project betrokken. 
Tessa, bedankt voor je inzet en enthousiasme als gespreksleider voor de focusgroep 
interviews. Ik heb dat met veel plezier samen gedaan, en werk ook nu nog met veel plezier 
samen aan het klusje dat er nog ligt. Ook Yvonne, Renée, Jetty, Wilma, Eline, Jiska en 
Winifred wil ik bedanken voor jullie enthousiasme, input en uitvoering ten aanzien van 
de module ‘Actieve Leefstijl en Sportstimulering’.

Veel dank gaat ook uit naar alle collega’s van de reva. De goede sfeer zorgde ervoor dat 
ik elke dag weer met plezier naar mijn werk ging. Mireille, roomy, fijn dat ik met jou een 
kamer mocht delen. Aan jou had ik een echte roomy, altijd kon ik een beroep op je kon 
doen als ik een klankbord of advies nodig had voor wat dan ook, bedankt! Mark, wat 
begon als een grap “Hé straks worden we nog collega’s”, toen we allebei in Rotterdam 
hadden gesolliciteerd, werd werkelijkheid. Ik heb het heel leuk gevonden om 3 jaar 
collega’s te zijn en heb onder andere je steun als “helpdesk” zeer gewaardeerd. Janneke, 
bij jou kon ik altijd terecht voor een vraag, een mening, advies en koffie. Altijd had je 
een goede suggestie waardoor ik een klinische boodschap net weer wat sterker wist te 
formuleren. Ik heb een goed voorbeeld aan je gehad, maar miste je wel hoor het laatste 
half jaar. Agnes, Berbke en Marian, door jullie continue aanwezigheid op de 16e, werden 
de zware laatste loodjes een stukje lichter. Uiteraard was de 16e de 16e niet zonder de 
gezelligheid van ook Channah, Laurien A, Fabienne, Wim, Robert, Diana en Bart.

Ruud, zonder jou was mijn eerste internationale congres niet zo’n succes geworden. 
Bedankt voor al je geduld: zelfs bij de zoveelste keer dat je mijn presentatie aanhoorde, 
bleef je geïnteresseerd luisteren en wist je elke keer weer een waardevolle tip mee te geven. 
Daarnaast was je wel te porren voor een borreltje na werk, en de Witte Aap was duidelijk 
favoriet. Herwin, samen een stuk treinen na een afdelingsborrel was altijd gezellig. Fijn 
dat iemand mij af en toe nog steeds helpt herinneren dat mijn sprintkwaliteiten na een 
afdelingsuitje wel eens te wensen over laten, met alle gevolgen van dien. 

Ook wil ik alle vrienden en familie bedanken voor de nodige steun en afleiding. Ondanks 
dat ik jullie niet allemaal persoonlijk kan noemen, is mijn dank niet minder groot. 
Dank ook naar de luitjes van de atletiek. Na een dag achter mijn bureautje zorgde het 
rennen voor mijn portie lichaamsbeweging, de nodige afleiding en gezelligheid, zodat ik 
daarna weer met een frisse blik naar eigen werk kon kijken. Martien, ook onze wekelijks 
terugkerende duurlopen waren altijd een succesje! De Amsterdamse Rotterdammers: 



Goedele, Dieuwke, Sjoerd, bedankt voor alle gezellige, en soms noodzakelijke, koffie 
dates bij het DE café. Sabine, onze vriendschap begon in de schoolbanken van de 1e klas 
van de middelbare school, iets waarvoor ik je nog altijd heel dankbaar ben. Ik ben super 
blij met jouw bijdrage aan mijn proefschrift. Je hebt een fantastische voor- en achterkant 
gemaakt! Maartje, dat onderzoek naar bewegen leuk is, weet jij als geen ander. Het aantal 
wijntjes dat we daarop gedronken hebben is niet meer op 1, 2, of 3 handjes te tellen, 
waarbij onze gesprekken zeker niet alleen maar over onderzoek gingen :-) Goedele en 
Nina, ik ben blij dat we onze gezamenlijke etentjes die zijn ontstaan in onze FBW tijd, 
er nog altijd in hebben gehouden. Ik had ze de afgelopen jaren niet willen missen! 

Nina, gedurende al onze serieuze en “wat minder serieuze” momenten die we in 
de kelder van het RCA hebben doorgebracht voor onze wetenschappelijke stage van 
bewegingswetenschappen, is mijn enthousiasme voor het onderzoek in de revalidatie 
steeds meer gegroeid. Ook gedurende mijn promotie traject hebben we veel serieuze en 
“wat minder serieuze :-)” momenten beleefd. Ik ben dan ook erg blij dat je als paranimf 
naast me wilt staan als ik ook deze fase afrond.

Lieve papa en mama, ik wil jullie bedanken voor alles wat jullie me hebben meegegeven, 
alle momenten dat jullie voor me klaar stonden en de mogelijkheid om te kunnen 
studeren. Papa, ik heb je helaas nooit over mijn onderzoek kunnen vertellen, maar in 
gedachte ben je er altijd bij geweest, en zo ook bij deze dag! Lieve Harmen, Tineke en 
Rutger, ik bof met jullie als broer, zus en zwaag. Jullie deur stond altijd open wanneer 
ik wilde aanschuiven voor een hap of zelfs vakantie. 

Tien, de afgelopen 28 jaar hebben we vanalles samen meegemaakt en ik vind het dan 
ook super dat jij als mijn paranimf ook deze dag met mij wilt meemaken.

Nu het boekje af is liggen er weer leuke nieuwe onderzoeksklusjes op me te wachten. 
Maar voor ik daarmee verder ga, is het eerst tijd voor vakantie!
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