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A B S T R A C T

Background: In recent decades, improving fitness has become an important goal in rehabilitation
medicine in children and adolescents with cerebral palsy (CP).
Aims: To compare body mass index (BMI), performance-related fitness, and cardiorespiratory
fitness of children with CP measured in 2014 with a comparable sample from 2004.
Methods and procedures: In total, 25 high-functioning children with CP (i.e., GMFCS I–II) mea-
sured in 2004 (13 boys; mean age 13.2 (2.6) years) were matched to 25 children measured in
2014. Outcomes included body mass and BMI, muscle power sprint test (MPST), 10 × 5 m sprint
test, and a shuttle run test (SRT). Data of 15 participants from 2004 (10 boys; mean age 12.6 (2.5)
years) were matched and analysed for VO2peak.
Outcomes and results: Body mass and BMI were higher (both: p < 0.05) in the 2014 cohort
compared to the 2004 cohort. Further, performance-related fitness was better for the 2014 cohort
on the MPST (p= 0.004), the 10 × 5 m sprint test (p= 0.001), and the SRT (p < 0.001).
However, there were no differences for VO2peak.
Conclusions and implications: In high-funcitoning children with CP, there are positive ecological
time trends in performance-related fitness, but not in VO2peak between 2004 and 2014. The
substantial higher body mass and BMI is alarming and requires further investigation.
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What this paper adds

In recent decades, improving fitness levels of children and adolescents with cerebral palsy (CP) has become an important goal in
rehabilitation medicine. Published studies related to exercise training programs for children and adolescents with CP have shown
positive effects. However, it usually takes time for scientific results to be implemented in clinical practice. This study has the unique
opportunity to study, with an timeframe of 10 years, if body mass, BMI and fitness levels of children with CP has been changed. We
were able to compare two datasets collected in a similar way in the same country (and regions) in children and adolescents with CP.
These datasets have the same outcomes on body mass and BMI, performance-related fitness and VO2peak. The present study shows
positive ecological time trends in performance-related fitness in children and adolescents with CP between 2004 and 2014. However,
the higher body mass and BMI, and the unchanged VO2 peak requires further investigation.

1. Introduction

Improving physical fitness has become an important aspect during rehabilitation. Over the last decades, the number of studies on
physical fitness in children and adolescents with cerebral palsy (CP) has grown exponentially. It is recommended that all children
with CP should engage, to the extent they are able, in aerobic, anaerobic and muscle strengthening activities. (Maltais, Wiart, Fowler,
Verschuren, & Damiano, 2014; Verschuren, Peterson, Balemans, & Hurvitz, 2016) It is generally acknowledged that children and
adolescents with CP can be trained according to general exercise physiological training principles, without exacerbating spasticity.
(Darrah, Fan, Chen, Nunweiler, &Watkins, 1997)

Physical fitness can be divided into subcomponents including performance-related fitness and cardiorespiratory fitness.
Performance-related fitness is the combined result of coordinated exertion with a variety of physiological functions. (Åstrand, 2003)
Coordination, speed, agility, and short-term muscle power are often described as outcome measures related to performance. Car-
diorespiratory fitness, generally expressed as peak oxygen uptake (VO2peak), is a strong predictor for cardiovascular disease later in
life. (Ruiz et al., 2009)

In the typically developing population, previous ecological time trend studies showed that both performance-related fitness and
cardiorespiratory fitness has declined in children and adolescents over recent decades. (Boddy, Fairclough, Atkinson, & Stratton,
2012; Dos Santos et al., 2015; Dyrstad, Aandstad, & Hallén, 2005; Huotari, Nupponen, Laakso, & Kujala, 2010) Performance on both
20-m Shuttle Run Test (SRT) (Boddy et al., 2012) and 10 × 5 m sprint test have decreased. (Dos Santos et al., 2015) In addition,
running performance on a time trial decreased by 10% and 6% for boys and girls, respectively, in Finnish adolescents between the
1980s and 2000s. (Huotari et al., 2010) Moreover, VO2 peak decreased by 8% in Norwegian adolescents from 1985 to 2002. (Dyrstad
et al., 2005)

Weight gain and the rising obesity prevalence among children and adolescents is becoming a serious health problem worldwide.
(Ng et al., 2014) Physical fitness levels are negatively associated with overweight. (Ruiz et al., 2009) Body weight and body mass
index (BMI) increased by 7% and 6%, respectively, in Norwegian adolescents from 1985 to 2002. (Dyrstad et al., 2005) Moreover,
BMI has been shown to be inversely associated with running performance, indicating higher BMIs over time may lead to poorer
fitness and running capacities. (Huotari et al., 2010) Since children and adolescents with CP have lower performance-related fitness
and cardiorespiratory fitness compared to children who are typically developing, (Balemans et al., 2013; Verschuren & Takken, 2010)
they are thought to be at increased risk for overweight.

A large number of studies have shown positive effects of exercise training in children with CP on performance-related fitness
(Verschuren, Takken et al., 2007 Verschuren, Ketelaar et al., 2007) and cardiorespiratory fitness. (Butler, Scianni, & Ada, 2010) These
insights in the positive effects of exercise training should ideally lead to implementation in clinical practice. The aim of the current
study is to compare body mass and BMI, performance-related fitness, and cardiorespiratory fitness in a convenience sample of
children with CP measured in 2014 with a comparable sample from 2004.

2. Methods

For the current study, data collected in 2014 (Zwinkels et al., 2015) were compared to two datasets from two different studies
performed in 2004. (Verschuren, Takken, Ketelaar, Gorter, & Helders, 2006; Verschuren, Takken et al., 2007; Verschuren, Ketelaar
et al., 2007) Data collection was administered similarly, since two researchers (OV, TT) involved in the 2004-studies supervised data
collection in 2014.

2.1. Setting and participants

All participants from both 2004 and 2014 samples were recruited from several schools for special education in the Netherlands.
Children and adolescents were included if they were diagnosed with spastic CP, classified at GMFCS level I or II, and between the age
of 7–18 years. Data of the 2014 study were used and matched with the data collected in 2004 according to sex, GMFCS-level and
height up to three centimetre difference. These characteristics are most related to both performance-related fitness and cardior-
espiratory fitness. (Verschuren & Takken, 2010) Height was used instead of age, because its more discriminative value for physical
fitness in this population. Matching was done for the two different datasets from 2004 to compose separate databases containing
either body mass, BMI and performance-related fitness, (Verschuren, Takken et al., 2007 Verschuren, Ketelaar et al., 2007) and
cardiorespiratory fitness. (Verschuren et al., 2006)
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