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ABSTRACT

ARTICLE HISTORY

Background: Low levels of physical fitness are associated with low physical and mental health. The aims
of this study were to assess the health-related physical fitness of children with intellectual disability (ID),
and study the association of physical activity and motor development with physical fitness.
Methods: One hundred and twenty-eight children with moderate to severe ID (83 boys; age 2–18 years)
visiting specialised day programme centres engaged in field-based physical fitness tests (body composition, muscular strength, muscular endurance, and cardiorespiratory fitness). Scores were compared to reference values, and with linear regression analysis the association between the fitness outcomes and
physical activity and motor development was studied.
Results: High rates of overweight (23–25%) and obesity (10–15%) were found. A majority of the participants (71–91%) scored below reference values for muscular strength, endurance, and cardiorespiratory fitness tests. Physical activity and motor development were positively associated with scores on several
fitness test (b ¼ 0.27–0.44; p < 0.05).
Conclusions: Children with moderate to severe ID visiting specialised day programme centres have strikingly low physical fitness levels. Policies and interventions to increase the physical fitness for this specific
group of children are urgently needed, in which increasing physical activity and motor skills are expected
to be effective components.
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ä IMPLICATIONS FOR REHABILITATION

 Strikingly low levels of physical fitness were seen in children and adolescents with moderate to
severe intellectual disabilities.
 This vulnerable group is in need of appropriate interventions to increase their physical fitness levels.
 Increasing the physical activity is a potential component in these interventions.
 Improving motor development will most likely lead to improved physical fitness as well.

Introduction
Low levels of health-related physical fitness have been found in
children and adolescents with intellectual disability (ID) [1–5].
These low levels are alarming since children and adolescents with
ID already start off with more health problems than typically
developing (TD) children [6] and poor physical fitness is a risk factor for cardiovascular diseases, diabetes mellitus, and poor mental
health [7–10]. Several longitudinal studies show that risk factors
of cardiovascular diseases, like hypercholesterolemia, hypertension, and overweight transfer from childhood to adulthood
[11,12]. Furthermore, physical fitness is important to perform
activities of daily living and low levels of strength and endurance
will limit independence in adulthood [13,14].
Such studies on physical fitness in children and adolescents
with ID have mainly been conducted in children with mild to
moderate ID. Children and adolescents with more severe levels of

ID were usually not well-represented in those studies [15], which
is understandable since evaluating these children poses some
challenges, like limited understanding of the task. Furthermore,
persons with ID experience more musculoskeletal problems than
the general population; cerebral palsy, congenital deviation of
feet and hip, hypotonia, and scoliosis are more likely to occur
[16–18]. These conditions have an effect on the physical ability to
perform tasks, but also on the potential to become physically
active and fit, and develop motor skills. Other conditions like epilepsy [17], respiratory problems [19], and sensorimotor dysfunction [20] can potentially limit these possibilities as well. In clinical
practice, caregivers and parents often attribute the low levels of
physical fitness, activity and motor skills to the cognitive and
physical disabilities of the child or adolescent, and thereby underestimate the potential these youngsters have. Previous research
has shown that improving the physical fitness, activity, and motor
skills in children and adolescents with ID is possible [21–25]. In
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the authors’ experience, current care and support focus mainly on
activities of daily living skills, like getting dressed and eating independently, while there is hardly any focus on improving physical fitness.
Since more severe levels of ID are related to a higher risk of
chronic health conditions, this lack of focus on physical fitness
in children with more severe levels of ID is even more striking
[17,26]. Therefore, more information is needed on the physical fitness and its correlates, in this group of vulnerable children and
adolescents. This information is relevant to prioritise the focus on
physical fitness, and to identify child characteristics that are associated with low levels of physical fitness, to be able to target
interventions to the most vulnerable groups in this population.
Characteristics of interest are sex, age, having Down syndrome
(DS), level of ID, physical activity levels, and motor development.
In TD children, boys have higher scores on physical fitness
tests than girls, and older children have higher scores than
younger children [27]. In children and adolescents with ID, these
sex and age-effects are seen, but evidence is not that distinct
[1,3,28,29]. Having DS and having more severe levels of ID are IDspecific child characteristics associated with low physical fitness
[4,30,31]. These above-mentioned child characteristics are nonmodifiable in order to improve the physical fitness.
Children’s physical activity and motor development are parameters that can be influenced and that are positively associated with
physical fitness [32–36]. Previous studies have shown that children
and adolescents with ID have lower physical activity levels [37–40]
and lower age-related motor competence [41] than TD peers.
However, little research has been conducted on the contribution of
physical activity and motor development to physical fitness in children and adolescents with ID [39]. The few studies that have been
undertaken included participants with mild to moderate ID. Results
on the relationship between physical fitness and activity were
inconclusive: two studies found an association between moderate
and/or vigorous physical activity and muscular and/or cardiorespiratory fitness [42,43] and one did not find a significant relationship
[44]. Physical fitness and motor competence were related in youth
with ID in two studies [45,46], but again, no information is available
on this relationship for children with more severe ID. Furthermore,
none of these studies included physical fitness, physical activity,
and motor development in the same analysis to study the complex
interaction between these characteristics.
Taken together, knowledge on physical fitness levels in children with moderate to severe ID, and the relationship with physical activity and motor development, will help researchers and
clinical professionals to better target interventions to increase
physical fitness in this specific and vulnerable population.
Moreover, more insight in the physical fitness levels and its correlates can motivate policy and decision makers to prioritise these
themes in care and school settings. Therefore, the aims of this
study were to assess the health-related physical fitness of children
with moderate to severe ID visiting specialised day programme
centres, and to study the association of physical activity and
motor development with physical fitness. Low physical fitness levels in this population are hypothesised, and physical fitness is
hypothesised to be associated with physical activity and motor
development.

Methods
Participants
Participants were recruited for this cross-sectional study in the
seven children’s day programme facilities of a service provider for

people with disabilities in the Netherlands. These day programme
centres are specialised to support children that are unable to go
to a mainstream or special school, due to their severe developmental delay or additional medical or behavioural comorbidity.
Children were invited to participate in the study if they had an
age of 2–18 years with a moderate or severe level of ID, and sufficient motor capacities to walk independently. The level of ID
was evaluated by the behavioural therapist or psychologist of the
child by reviewing existing testing results from the Bayley Scale
of Infant and Toddler Development, Third Edition (BSID-III; [47]),
the Snijders-Oomen Nonverbal Intelligence Test [48], or comparable tests. Children with test-results corresponding an IQ of 20–40
(severe ID) or 40–55 (moderate ID) were selected. Parents or legal
representatives of children who met the inclusion criteria received
an invitation letter with information about the study, and were
invited to sign the informed consent form. If informed consent
was provided, parents or legal representatives completed the
Physical Activity Readiness Questionnaire (PAR-Q) [49] to determine if the participant could participate safely in the study. If
there were any concerns, the physician was consulted for advice.
Children were not invited if their behavioural therapist, psychologist, physician, or nurse practitioner advised against participation
in the study because of an expected negative impact on behaviour or physical health of the child. Before testing started, the participant was asked to participate in the study. In case of any
verbal or non-verbal resistance before or during the testing, the
procedure was stopped immediately. This is according the Dutch
code of conduct for “minors” and “mentally disabled” [50,51].
Ethical approval was obtained (MEC-2013-491) from the Ethics
Committee of the Erasmus Medical Center. The study adheres to the
Declaration of Helsinki for research involving human subjects [52].
Measurements
Physical fitness tests
This study focused on the health-related physical fitness components according to the subdivision of the American College of
Sports Medicine (ACSM) [53]: body composition, muscular strength,
muscular endurance, and cardiorespiratory fitness. Flexibility is
another component, however, the relationship between flexibility
and health has not been confirmed in children [54,55] and, therefore, this component was not included in this study.
Appropriate tests for children with a moderate to severe ID
were selected based on three steps. In short, first a literature
review on the known psychometric properties of field-based physical fitness tests in children with ID was performed [15]. Second,
the tests included in the review with proper psychometric properties were discussed with a focus group of physical therapists. The
physical therapists discussed the feasibility of the tests (functionality, cognitive, and motor demands), and face validity. Based on
the outcome of the discussion, one or more suitable test per
physical fitness component was selected for the pilot study. The
pilot study was step three, in which selected tests were studied
on feasibility and reliability. This was done in a sample of 39 children with moderate to severe ID, age 2–18 years [56]. Short-term
(during one session) and long-term (2–4 weeks in between) test–retest reliability were studied. Tests with sufficient reliability
(intraclass correlation > 0.7) were selected for this study: body
mass index (BMI), waist circumference, overarm throwing, stair
climbing, and modified 6-min walk test (6MWT).
Body composition. BMI was calculated as body weight in kg divided by height in meters squared. BMI-for-age-Z scores (zBMI) were
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calculated according to the WHO Growth references [57,58]. Based
on these Z-scores, weight status was determined. Participants were
classified as underweight when zBMI was < 2 SD. Participants at
age 0–5 years with BMI > 2 SD were classified as overweight, > 3
SD as obese. For older children (6–18 years), >1 SD was classified
as overweight and >2 SD as obese [59]. High test–retest reliability
results for BMI were found in children with moderate to severe ID
(ICC > 0.99) [56].
Waist circumference provides a measure of abdominal adiposity [60]. It was measured halfway between the iliac crest and
tenth rib, directly on the skin, using a flexible measuring tape
accurate at the 0.1 cm level (Seca 201, Hamburg, Germany). High
test–retest reliability results were found in this population (ICC >
0.99) [56]. The waist circumferences values were compared to age
and sex-matched Dutch reference values, in which the þ1.3 SD
was used as cut-off for overweight, and þ2.3 SD was used as cutoff for obesity [61].
Muscular strength. The muscular strength test was selected from
the Functional Strength Measurements (FSM), developed for TD
children of 4–10 years old [62]. Only one muscular strength test of
the FSM, the overarm throwing task, had sufficient test–retest reliability in children with moderate to severe ID (ICC = 0.76) [56]
and was selected for this study. In children with mild ID, the overarm throwing test had moderate convergent validity with handheld dynamometry [63]. In this test, the participant stands behind
a line and raises a bag of 2, 3, or 4 kg (dependent on the age)
behind the head and throws the bag as far as possible. The distance from the line to the distal side of the bag is measured in
cm. The actual test consists of three attempts, and the final score
is the best score of these three attempts. Some participants
needed extra guidance to perform this task correctly. In these
cases, the test instructors physically or verbally guided the participants to starting position behind the line, and handed over the
bag above their heads.
The muscular strength outcomes were compared to the reference values of 616 Dutch TD children, available for age 4–10 years
[64]. The 5th and 95th percentile were used as cut-off values.
Muscular endurance. For this component another test of the FSM
[62] was used: the stair climbing test. The participant walks the
stairs as fast as possible up and down (three steps up and three
down), turns and repeats this as many times as possible in 30 s.
The amount of steps in 30 s is the score. The test consists of three
attempts, and the final score is the best score of these three
attempts. If the participant had difficulties with turning, the test
instructor softly guided the turn.
In children with mild ID, the stair climbing test had moderate
convergent validity with handheld dynamometry [63]. A pilot study
indicated good test–retest reliability in children with moderate to
severe ID (ICC = 0.92) [56]. However, it also indicated a significant
improvement between the test and re-test; therefore, the children
performed the test twice. The best score of the two trials was the
final score. The muscular endurance outcomes were compared to
the reference values of 616 Dutch TD children of 4–10 years [64].
The 5th and 95th percentile were used as cut-off values.
Cardiorespiratory fitness. The 6MWT is a test of functional capacity, and is recommended by the ACSM to use as field-based
test for cardiorespiratory fitness in several populations with low
fitness levels [53]. The 6MWT was found to be a valid and reliable
test in adolescents with overweight or obesity and mild-to-moderate ID [65]. The test was modified to make it more feasible for
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children with moderate to severe ID [56]. During the modified
6MWT the participants walk as many meters as possible in 6 min
over a 20-m track, holding a loose hand of the instructor. The
heart rate was continuously monitored (Polar RS400, Polar Electro
Oy, Kempele, Finland). Peak heart rate was calculated afterwards.
The modified 6MWT outcomes were compared to the reference
values of 328 TD British children, age 4–11 years. Tenth and 90th
percentiles were used as cut-off values [66]. The scores were also
compared to an equation which predicts normal scores [67]: distance = 11.89  age (year) þ 486.1. This equation was based on
496 Swiss children age 5–16 years.
Physical activity
Participants were asked to wear of triaxial accelerometers
(Actigraph GT3xþ) on the right hip, for eight consecutive days.
Physical activity was expressed by steps per day. Data ware
sampled with a frequency of 30 Hz, and data was derived with
15 s epochs [68,69]. Non-wear time was defined as 20 min of
consecutive zeros, with no allowance of epochs with counts
above zero [70]. Non-wear time was excluded from analysis. Data
with at least 4 d of recording with a daily minimum of eight registered hours were included in the analysis [71]. In this selection
procedure, no distinction was made between week days or weekend days, as no significant differences were found between the
physical activity on week days or weekend days (data not shown).
Motor development
The gross motor subscale of the BSID-III [47] was completed by
physical therapists to give insight into the gross motor development of the participants. The BSID is designed to measure the
developmental status of young children up to 42 months, but it
can also be used to assess the development of individuals with
severe delays, such as children and adolescents with ID [72].
Based on clinical experience with children and adolescents with
moderate to severe ID and with motor testing, and the experience of consulted physical therapist in the field, the BSID-III was
chosen. A score of 42–43 on the gross motor scale corresponds to
the motor development of a TD child aged 12 months, a score of
57–24 months, 64 points to 36 months, and the maximum score
(67–72 points) to 42 months [47].
Adaptive behaviour
The relative age corresponding the adaptive behaviour was used
as a continuous indicator of the level of ID, since ID is a disability
characterised by significant limitations both in intellectual functioning and in adaptive behaviour [73]. Adaptive behaviour was
assessed by the Dutch version of the Vineland Adaptive
Behavioral Scale [74,75]. In this scale, three types of skills are covered: conceptual, social, and practical skills. The scale was filled in
by the caregiver of the child and scored and converted to relative
age score by the concerned behavioural therapist or physiologist.
Other child characteristics
Information on autism spectrum disorder and challenging behaviour was provided by the behavioural therapist or psychologist
of the participants. Information on age and DS was extracted
from the medical file, information for socioeconomic status, and
origin (Dutch or non-Dutch) was provided by the parents.
Socioeconomic status was based on the highest education of the
parents: primary and secondary school, and lower or intermediate
vocational school were classified as “low socioeconomic status,
higher vocational school or university were classified as high socioeconomic status”. Children were considered as having a non-
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Dutch origin when at least one of their parents was born outside
the Netherlands [76].
Procedure
The physical fitness tests were performed in a gymnasium at each
of the seven-day programme facilities during daytime, by one participant at a time. The tests were performed in a fixed order
within the test session: body composition, modified 6MWT, stair
climbing (1st trial), overarm throwing, and stair climbing (2nd
trial). In this sequence, the load on, respectively, the upper and
lower extremities were taken into account and familiarisation with
the tester and the test environment by starting with relatively
easy tests as body composition and the modified 6MWT. Resting
between tests was allowed. The instructors explained the tests
and demonstrated how to perform it correctly. For the more difficult muscular strength and muscular endurance tests, the participants could practice up to five times. When they performed it
correctly during this practice phase, the actual test started. During
all tests, the instructor encouraged the participants to perform
maximally. No standardised encouragement was used since every
child had their own preferences and communication style. The
test instructors judged if the participant understood the instruction performed the test with maximal effort, and according to
protocol. When the performance was not meeting these requirements, the reason of drop-out was noted and no score was written down. The gross motor scale of the BSID-III was performed at
another occasion, within a month of the fitness testing. All
instructors (physical therapist or human movement scientist) had
many years of experience with testing procedures and working
with children with moderate to severe ID.
Analysis
Descriptive statistics were used to describe the participant characteristics. Group differences between the total group and group
per test were determined using Pearson’s Chi-square tests for

Figure 1. Flow diagram of inclusion process.

dichotomous data, and independent t-tests for interval or ratio
data, to investigate selective drop out.
The outcome on the several physical fitness tests were displayed by use of descriptive statistics. In order to compare the
outcomes to the reference values, scatter plots were made, with
the reference values plotted in the graphs. The percentages of
participants that scored worse than the given age-related reference values were calculated. For the participants that fell outside
the reference values due to their age, the reference value of the
nearest age group was used.
To investigate the association of physical activity and motor
development with the physical fitness scores, multiple linear
regression analyses were performed. Each physical fitness test was
a dependent variable. The following independent variables were
entered in one block: sex, age, adaptive behaviour (as continuous
indicator of level of ID), the BSID score (motor development), and
steps per day (physical activity). Because of the small number of
participants with both valid accelerometer data and a score on
either the overarm throwing or stair climbing test, steps per day
was not entered in the regression analysis for these two fitness
tests. Assumptions of multicollinearity and homoscedasticity were
checked before conducting the analysis [77].
The data were analysed by use of SPSS version 24 (IBM statistics, Armonk, NY), Actilife 6 (Actigraph) and Excel (Microsoft 2016),
and alpha level was set at 5%.

Results
Participants
After inviting 219 children and adolescents to participate in the
study, a total of 128 children with a moderate or severe ID were
included. The flow diagram of the inclusion process can be found
in Figure 1.
In Table 1, the characteristics of the participants are described.
The total sample consisted of 83 boys and 45 girls, with an average age of 9.6 ± 4.1 years (range 2–18). More than half of the
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participants had a severe ID (n ¼ 73, 57%), with an average adaptive behaviour corresponding to the age of 1.4 ± 0.4 years. The
children with a moderate ID (n ¼ 54, 43%) had an adaptive behaviour corresponding to 2.7 ± 1.9 years. In total, 44 children had
been diagnosed with autism spectrum disorder, 30 with DS. The
included children were significantly younger than the nonincluded children (9.6 ± 4.1 vs. 10.5 ± 3.7 years; t(217) = 2.221;
p ¼ 0.03), but no difference between groups was found with
regard to sex (v2(1) = 0.056; p ¼ 0.81).
The included children performed at least one physical fitness
test according to protocol, 46 participants had scores on all five
fitness tests. The main reasons for drop out were challenging
behaviour, cognitive issues, and motor development issues. This
was comparable to the drop out that was encountered in the
pilot study [56]. Sample size per test ranged from 59 for overarm
throwing to 118 for BMI (Table 2). Because of the variable sample
size per test, participant characteristics differed per test. However,
only for overarm throwing and stair climbing significant differences compared to the total sample were found; the children that
correctly performed the overarm throwing test consisted of relatively more children with moderate ID (64%; v2(1) = 7.7; p < 0.01),
had more developed adaptive behaviour (2.6 ± 1.8 years; t(156) =
2.67; p ¼ 0.01) and a better motor development (63.6 ± 5.9;
t(167) = 3.51; p < 0.01). For stair climbing, the children also had
better motor development than the total group (63.6 ± 5.5; t(175)
= 3.38; p < 0.01). The participants’ characteristics per test can be
found in the Supplementary Table S1.
Sixty-eight participants had enough valid accelerometer data
to be included in the analysis. For the other participants, data
transfer problems occurred (n ¼ 15), not enough valid data was
Table 1. Participants’ characteristics for the total group.
N
Sex
Boys
Girls
Age (years)
2–6 years
7–12 years
13–18 years
Level of ID
Moderate ID
Severe ID
Adaptive behaviour (years)
Autism spectrum disorder
Down syndrome
Challenging behaviour
Low social economic status
Non-Dutch origin
Score on Bayley scale of infant development
Steps per day

N
128

%

83
45
128
44
44
40

[65]
[35]

54
73
111
44
30
86
46
33
118
68

[43]
[57]

[34]
[34]
[31]

[34]
[23]
[67]
[36]
[26]

M
–
–
–
9.6
–
–
–
–
–
1.9
–
–
–
–
–
59.5
6677

SD
–
–
–
±4.1
–
–
–
–
–
±1.3
–
–
–
–
–
±7.4
±2600

ID: intellectual disability.

on the accelerometer (n ¼ 31), or the accelerometer got lost
(n ¼ 1). For 58 of the 68 children, at least one weekend day was
included. Characteristics of the participants with physical activity
data were not significantly different from those of the non-participants [78].

Physical fitness levels
For body composition, BMI and waist circumference was correctly
assessed in, respectively, 118 and 116 children. Average BMI was
19.3 ± 4.4 kg/m2, average zBMI 0.82 ± 1.21 (Table 2). Based on
these zBMI scores, 3% of the children were classified as having
underweight, 25% as having overweight, and 15% as having
obesity (Figure 2(A)). The average waist circumference was
65.4 ± 15.1 cm (Table 2). Twenty-seven children (23%) were
labelled as overweight, and 12 children (10%) were labelled as
obese. Graphs of the scores compared to the reference values can
be found in Figure 2(B,C).
The muscular strength test was performed by 59 participants
according to protocol. Average throwing distance was 155 ± 84 cm
(Table 2, Figure 2(D)). Compared to the reference values, 42 participants (71%) scored below the P5 cut-off values.
The muscular endurance test was correctly completed by 63
participants. Their maximum score of the two trials on the stair
climbing test was on average 32 ± 17 steps in 30 s (Table 2). The
majority of the participants achieved the maximum score in the
second trial (n ¼ 39, 62%), 13% (n ¼ 8) in first trial, and 25%
(n ¼ 16) had the same score in both trials. Compared to the reference values, 57 participants (91%) scored below the P5 cutoff values.
The modified 6MWT, as indicator of cardiorespiratory fitness,
was correctly performed by 102 children. They walked an average
distance of 349 ± 98 m in 6 min (Table 2), with an average HRpeak
of 142 ± 17 beatsmin1 (n ¼ 79). Compared to the reference values of Lammers et al. [66], 77 participants (75%) scored below the
P10 cut-off values. None of the children made enough distance to
reach the predicted distance by Ulrich et al. [67].
In the Supplementary Table S2, separated scores for boys and
girls on the physical fitness tests can be found.

Associations with physical fitness
Motor development was positively associated with overarm
throwing (b ¼ 0.27, p ¼ 0.02), stair climbing (b ¼ 0.44, p < 0.001),
and the modified 6MWT (b ¼ 0.34, p ¼ 0.02). Increasing number of
steps per day was only associated with an increasing score on the
modified 6MWT (b ¼ 0.33, p < 0.01) (Table 3).

Table 2. Average score on the physical fitness tests and percentage participants scoring worse than reference values.
Scoring worse than
reference valuesa

Score on test
BMI (kg/m2)
zBMI
Waist circumference (cm)
Overarm throwing (cm)
Stair climbing (n)
Modified 6MWT (m)

n
118
118
116
59
63
102

M ± SD
19.3 ± 4.4
0.82 ± 1.21
65.4 ± 15.1
155 ± 84
32 ± 17
349 ± 98

[95% CI]
[18.5–20.1]
[0.59–1.04]
[62.6–68.2]
[133–177]
[28–37]
[330–368]

%

[95% CI]

40
34
71
91
75

[31–49]
[25–42]
[59–83]
[85–97]
[67–84]

CI: confidence interval; BMI: body mass index; 6MWT: 6-min walk test.
Classified as >2 SD (0–5 years), >1 SD (6–18 years) for BMI [59], >1.3 SD for waist circumference [61], <P5 for overarm throwing and stair climbing
[64], and < P10 for modified 6MWT [66].

a

5

6
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Figure 2. Scatterplots of the individual scores on the physical fitness test, with reference values plotted in the graphs. A. zBMI. B. Waist circumference – males. C.
Waist circumference – females. D. Overarm throwing. E. Stair climbing. F. Modified 6MWT.

Discussion
This study indicates that children with moderate to severe ID
visiting specialised day programme centres have very low levels
of health-related physical fitness. The relationship of the modifiable factors physical activity and motor development with cardiorespiratory fitness and muscular strength and endurance
indicate a potential way to improve physical fitness in
this population.
The current findings of low physical fitness levels in this specific group of children compared to TD children are similar to previous findings in children and adolescents with less severe levels
of ID. For example, Dutch children aged 8–11 years with borderline to mild ID scored significantly lower on the handgrip, standing broad jump, sit-ups and 20 m shuttle run tests compared to
TD peers [1]. Comparable results were seen for adolescents with
mild to moderate ID [3], adolescents with DS [2], and children

with borderline to mild ID [4]. High overweight rates were seen
before as well [3,5]. The current rates of overweight and obesity
are much higher than those of TD Dutch children: 40 vs.
13–15% [79].
A positive association was found between physical activity and
cardiorespiratory fitness, suggesting that cardiorespiratory fitness
of youth with moderate to severe ID might be improved with
increasing the amount of physical activity. These results are in
agreement with intervention studies in youth with ID and TD
youth which indicated positive effects of physical activity, like
exercise, on several physical fitness outcomes [23,80–84].
The current results show an association between physical fitness and motor development, for the components muscular
strength, muscular endurance, and cardiorespiratory fitness. This
is in agreement with the findings in TD children that high levels
of motor skills are related to high levels of physical fitness
[85–87]. The current results are comparable to two Asian studies

0.09
0.17
0.25#
0.34
0.33**

141.59
20.39
4.18
15.47
4.73
13.67
0.24
0.18
0.44
0.44
–
22.21
3.53
0.40
1.00
0.34
–
61.95
7.27
0.61
4.06
1.40
–
0.13
0.32
0.50
0.27
–
104.74
17.13
2.04
5.01
1.59
–

73%

204.69
23.57
7.18
24.22
4.04
–
0.13
0.65
0.17
0.05
0.14
13.32
2.73
0.29
0.86
0.21
0.51
4.90
1.02
0.11
0.32
0.08
0.20
Adjusted R2
Constant
Sexb
Agea
Adaptive behaviourc
Motor developmentd
Physical activitye

18.45
0.28
0.31
1.12
0.05
0.33

0.03
0.33
0.47
0.09
0.22

3.06
0.14
20.11
0.19
0.01
0.14

1.88
0.40
0.04
0.12
0.03
0.08

0.06
20.37
0.26
0.06
0.28

36.15
3.29
2.00
1.48
0.10
0.74

61%
9%
41%

B
b
SE B
B

BMI: body mass index; zBMI: BMI standardised for age; 6MWT: 6-min walk test; DS: Down syndrome.
ain years; b1 ¼ male; 2 ¼ female; cVineland Z score; dBayley scale of infant development, gross motor scale score; eSteps per day, unit per 1000; p < 0.05; p < 0.01; p < 0.001; #p ¼ 0.052.
Bold font indicates a significant association.

112.50
25.52
2.74
7.76
1.94
4.93

51%

b
B

SE B
69%

b
SE B

Stair climbing (n; n ¼ 46)

B
b
SE B

Overarm throwing (cm; n ¼ 41)

B
b
SE B
SE B

b

Waist circumference
(cm; n ¼ 54)
zBMI (n ¼ 54)
BMI (kg/m2; n ¼ 54)

Table 3. Association of fitness outcomes and predictor variables assessed by a multiple linear regression analysis.

B

Modified 6MWT (m; n ¼ 51)
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in samples of over 400 children and adolescents with mild to
moderate ID [45,46]. Both studies found statistically significant
correlations between motor skills and muscular strength, muscular
endurance, and CR fitness (r ¼ 0.19–0.52; p < 0.05).
In this study, body composition was not related to physical
activity and motor development. This is in line with previous studies in youth with ID [42,43,45,46,88]. However, in TD children, an
association between body composition and physical activity and
motor development is seen [89–91]. This difference could be
explained by the body composition measures used. The studies in
TD children used body fat measures, like skinfold thickness
[89–91]. In the studies with participants with ID BMI and waist circumference was measured which are anthropometric measures
that are surrogate measures of body fatness. These measures cannot discriminate between fat mass and fat-free mass. Another
explanation could be the study population. In youth with ID,
other factors might be more strongly related to body composition. Factors associated with overweight and obesity in people
with ID are nutritional habits, psychotropic medication, and
altered metabolic rate [92]. However, physical activity interventions did result in weight loss in children and adolescents with ID
[93,94], which suggest that a relationship between physical activity and body composition does exist.
The physical fitness tests used in this study were tested on feasibility and reliability in a pilot study of 37 participants [56]. Even
though high drop-out rates were seen for the muscular strength
and endurance tests both in this study and in the pilot study, the
test–retest reliability was sufficient for group analysis (ICC > 0.75).
Further research is required to find appropriate tests for the children and adolescents with moderate to severe ID, who were not
able to perform the selected tests. Especially the children with a
more severe level of ID, and children with less motor abilities, were
less able the perform the muscular strength and muscular endurance tests. For these components more research is needed on tests
which demand little cognitive and motor competence.
Implications
Even though children and adolescents with ID have to deal with
musculoskeletal problems and other physical challenges [16–18],
improvements in physical fitness, physical activity, and motor
skills are possible [21,22,95–101]. For example, motor skill training
sessions of 10–15 min, 3–5 times a week, can results in significant
improvements in motor functioning in persons with severe to profound ID [22].
In the Netherlands, the specialised day programme centres are
not obligated to organise physical education, in contrast to regular
primary schools. The children and adolescents with ID are physically active during day activities, but do not have physical education
sessions supervised by skilled professionals. Considering the low
physical fitness levels, associated with physical activity and motor
development, found in this study, and the vulnerable population,
the government and care organisations should make regular physical education supervised by skilled professionals a central standard
for specialised day programme centres.
Limitations
The group participants consisted of 128 children and adolescents
with moderate to severe ID. However, the sample size per test
ranged from 59 to 118 children. Drop-out in the different tests
has caused a bias in the muscular strength and muscular endurance tests, in which children with lower adaptive behaviour and
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less motor development were less likely to perform the
tests correctly.
For physical activity steps per day was chosen as outcome
measure. This measure reflects mainly the vertical axis activity,
and can, therefore, be seen as participants’ walking behaviour.
This measure was chosen because walking is likely to be the primary activity persons with ID engage in [102,103]. However,
choosing one outcome measure for physical activity is a limitation
of the study. Steps per day give no information on the amount of
minutes and intensity of physical activity in which the participants
engaged in.
The BSID test was used to indicate motor development was
originally developed for TD children up to 42 months.
Potentially, this could have caused a ceiling effect, since the participants in this study were between the 2 and 18 years old.
However, the scores were evenly distributed (range 42–72
points), with only one participant reaching the maximum score
(data not shown).
Due to the small sample sizes per test, this study was only
powered to control for a few child characteristics in the linear
regression analysis. The variables that were controlled for were
sex, age, and adaptive behaviour (as indicator of level of ID). This
was based on previous studies in TD children and children with
ID [1,30]. Preferably, future studies with larger sample size should
control for DS, social economic status, and origin as well, since
previous research has shown that these variables were also associated with physical fitness [104–106]. With regards to the influence
of DS, previous research has shown that persons with DS have
lower physical fitness values than persons with other causes of ID
[31]. Certain characteristics or comorbidities of DS can explain
these differences. One of the explanations of these low fitness values is the altered autonomic function [107]. Since 23% of the current sample had DS, this might have negatively influenced the
outcomes. However, univariate analyses indicated that the participants with DS did not score significantly lower than the participants with other causes of ID (data not shown).
The reference values that were used had limitation as well.
Only for body composition, standardised values for age were calculated. For the other fitness components, only norm-referenced
cut-off scores per age were available, and only for a small agebandwidth. To compare the scores of the participants that fell
outside the bandwidth, the reference values of nearest age group
were used, but these reference values most likely underestimate
the actual 95th percentile. Moreover, it is likely that a sex difference will appear during puberty on these components [108] and
the reference values that were used, were not sex-specific.
Due to the cross-sectional design of the study, no comment
can be made on the direction of the relationship between physical fitness, physical activity, and motor development. In the general population, these relationships are suggested to be
bidirectional and dynamic [85].
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