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Abstract

Children with developmental language disorders (DLD) often experience 
difficulty in understanding and engaging in interactive behavior with other 
children, which may lead to reduced daily physical activity and fitness levels. The 
present study evaluated the physical activity and physical fitness levels of 8 to 11 
year old children with DLD (n = 27) and compared this to typically developing 
(TD) age and gender matched controls (n = 27). In addition, it was investigated 
whether interrelationships existed between physical activity and physical fitness 
in children with DLD and in TD children. Physical activity was measured using 
accelerometers. Physical fitness was measured using five tests of the Eurofit 
test battery (standing broad jump (SBJ), sit-ups (SUP), handgrip (HG), 10x5 
m shuttle run (10x5m SR), and the 20m shuttle run test (20m SR)). Physical 
activity of children with DLD did not significantly differ from TD children. 
Physical fitness of children with DLD was significantly lower on the SBJ, SUP, 
HG and 10x5m SR than TD controls, while no significant difference was found 
on the 20m SR. Strong significant relationships were found between physical 
activity variables and sedentary behavior and some physical fitness measures 
(SBJ and SUP) in children with DLD, while in TD children a strong significant 
relationship was found between time spent in moderate to vigorous physical 
activity and performance on the SBJ. This study reveals important differences in 
fitness between children with DLD and TD children, which should be taken into 
account when creating physical activity interventions. Special attention has to 
be paid to children with DLD who show low physical activity and low physical 
fitness performance.
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4.1 Introduction

Language is a complex social behavior that requires a combination of motor and percep-
tual processes (Jacob, 2013). Language competency is important for the application 
of social communication skills and the initiation and maintenance of interpersonal 
relationships (Marton, Abramoff, & Rosenzweig, 2005), as well as for inner speech and 
thought. Children with developmental language disorders (DLD) are characterized by 
delayed language in the absence of a mental or physical handicap or a specific sensory or 
emotional cause (Bishop, 1992). Due to this language delay, children with DLD face major 
challenges during their development and are at risk for behavioral and social difficulties 
(Lindsay, Dockrell, & Strand, 2007). The prevalence of language delay in children in 
the Netherlands has been estimated to be between 5 and 10% (Reep-Van den Berg, De 
Koning, De Ridder-Sluiter, Van der Lem, & Van der Maas, 1998), and is more likely to 
affect boys than girls. Individuals with DLD show nonverbal intelligence quotients in 
the average range. However, DLD are not limited to language, but co-occur with other 
disorders such as Attention Deficit Hyperactivity Disorder (Ullman & Pierpont, 2005). 
Furthermore, there is increasing evidence that children with DLD also have difficulties 
with nonlinguistic tasks like nonverbal executive functions (Henry, Messer, & Nash, 2012) 
and motor skills (Visscher, Houwen, Scherder, Moolenaar, & Hartman, 2007; Webster et 
al., 2006). This might be explained by a common genetic risk or by neurologic deficits 
(Bishop, 2002; Diamond, 2000), but also by environmental factors, as communication 
difficulties negatively influence social acceptance and participation in play activities and 
organized sport (Fujiki, Brinton, Hart, & Fitzgerald, 1999; Laws, Bates, Feuerstein, Mason-
Apps, & White, 2012). Children with communication problems are therefore more likely 
to avoid activities that involve social interaction, which may result in less or less variable 
physical activity and consequently lower physical fitness levels. 

Physical activity is defined as all bodily movement produced by the muscular system 
that increases energy expenditure above normal physiological demands (Ortega, Ruiz, 
Castillo, & Sjöström, 2008), while physically inactive or sedentary behavior is marked by 
low energy expenditure. Physical activity can vary in type, duration and intensity (light, 
moderate, vigorous). Physical fitness is a set of attributes associated with the capacity to 
perform a variety of physical activities (Chaddock, Pontifex, Hillman, & Kramer, 2011; 
Ortega et al., 2008). Physical fitness consists of several dimensions of which muscular 
strength, muscular endurance, speed and cardiovascular endurance are the most important. 
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Physical fitness and physical activity have been related to general health and mental well-
being in children (Ortega et al., 2008; Strong et al., 2005). Besides, it is suggested that 
being physically active is important for the cardiovascular fitness of children (Andersen, 
Riddoch, Kriemler, & Hills, 2011; Strong et al., 2005). For example, it has been found that 
typically developing (TD) children aged 7-10 years who showed high levels and intensity 
of physical activity had less risk to develop overweight or obesity and performed better on 
an aerobic fitness test (Hussey, Bell, Bennett, O’Dwyer, & Gormley, 2007).

To date, no studies have investigated the daily physical activity behavior of children 
with DLD. In addition, there is little information on the physical fitness levels of these 
children. An observational study on playground behavior showed that children with 
DLD aged 7-11 years were less active than their TD peers (Fujiki, Brinton, Isaacson, & 
Summers, 2001). They also showed that children with DLD spent significantly more time 
isolated from peers, and that children with DLD were not able to compensate for their 
language difficulties by engaging in nonverbal games. Furthermore, it is possible that 
withdrawal from physical activity opportunities as a consequence of language and possible 
comorbid motor impairment, will result in fewer opportunities to improve existing and 
develop new physical abilities. This can affect functioning in daily life, and may result 
in decreased physical fitness levels in DLD children compared to their TD peers (see 
also Golubović, Maksimović, Golubović, & Glumbić, 2012; Hands & Larkin, 2006). In 
a study on sensorimotor function, it was found that children with mild DLD performed 
significantly worse on a vertical jump test compared to TD peers, probably due to a 
deficient ability to coordinate the leg muscles (Müürsepp, Aibast, Gapeyeva, & Pääsuke, 
2014). However, children with mild DLD showed similar performance on a handgrip 
strength test compared to TD peers (Müürsepp et al., 2014). This test measures static force 
generation capacity. No other physical fitness measures were analyzed in the study by 
Müürsepp et al. (2014). In addition, it remains unclear how the fitness performances are 
related to physical activity behavior of children with DLD. 

So far, no studies have evaluated the developmental profiles of children with DLD 
across physical activity and physical fitness domains. The aim of the current study was to 
evaluate physical activity and physical fitness of children with DLD and compare these 
results to age and gender matched TD children. In addition, we investigated whether 
interrelationships exist between physical activity and physical fitness of children with DLD 
and TD children. It was hypothesized that children with DLD would be less physically 
active and less physically fit than their TD peers. Furthermore, it was hypothesized that 
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more active children in both groups would have higher scores on physical fitness measures.

4.2 Materials and methods

Participants
A total of 36 children with DLD (26 boys, 10 girls) between 8 and 11 years old were 
recruited for this study. All children had been diagnosed as language-impaired, with both 
severe receptive and expressive deficits, and received special education for children with 
DLD in the northern Netherlands. Three children were excluded from analyses because 
they were categorized as having impaired hearing (loss of > 35dB), and six children were 
excluded as they had an IQ below 80. This resulted in a sample of 27 children (18 boys, 9 
girls), of which 9 children were diagnosed with Attention Deficit Hyperactivity Disorder 
or Attention Deficit Disorder. Table 4.1 shows the scores on two subtests of the CELF-4-
NL (Clinical Evaluation of Language Fundamentals-4th edition-NL) (Kort, Schittekatte, 
& Compaan, 2008) and the PPVT-3-NL (Peabody Picture Vocabulary Test-3rd edition-
NL) (Schlichting, 2005), for all participants and boys and girls separately. No statistical 
differences were found between boys and girls on non-verbal intelligence quotient (IQ) 
and scores on the CELF-4-NL subtests and PPVT-3-NL (Table 4.1). 

Table 4.1. Descriptive statistics for the total sample of children with DLD and for boys and girls separately. 

All (n = 27) Boys (n = 18) Girls (n = 9)

Mean SD Mean SD Mean SD p-value

Nonverbal IQ 94.7 9.4 95.1 8.8 93.9 10.9 .77a

CELF-4 language structure 63.6 9.1 62.7 7.0 65.6 13.2 .57a

CELF-4 language content 74.8 11.7 75.9 11.1 72.7 13.2 .51a

PPVT-receptive 87.1 10.9 85.8 8.7 89.7 14.7 .40a

Note. a Student’s t-test. IQ = Intelligence Quotient. CELF-4 = Clinical Evaluation of Language Fundamentals 4. PPVT = 
Peabody Picture Vocabulary Test.

 
An age (as closely as possible) and gender matched control group of TD children was 
used to compare performance on physical activity and physical fitness measures to those 
of the children with DLD. None of the TD children had a history of language disorders. 
TD children from three primary schools in the same region were recruited, who were 
participants in a larger study in which physical fitness and physical activity was assessed. 
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No statistical differences were found between children with DLD and TD children with 
respect to age, height, weight, Body Mass Index (BMI) or the percentage of children with 
normal weight and overweight/obese, as depicted in Table 4.2. In all instances, informed 
consent was obtained from the children’s parents/guardians prior to participation. All 
procedures were in accordance with and approved by the ethical committee of the Center 
for Human Movement Sciences of the University Medical Center Groningen, University 
of Groningen.

Table 4.2. Descriptive statistics for children with DLD and TD children.

DLD (n = 27) TD (n = 27)

Mean SD Mean SD p-value

Age (year) 8.6 0.8 8.6 0.8 .87b

Height (cm) 137.4 7.4 140.3 7.1 .15b

Weight (kg) 32.6 7.1 34.0 6.9 .47b

BMI (kg/m2) 17.1 2.5 17.2 2.7 .94b

 % normal weighta 77 78
.94c

 % overweight/obesea 23 22

Note. a Calculated from cut-off criteria of Cole, Bellizzi, Flegal, and Dietz (2000). b Student’s t-test. c Non parametric Chi square 
test.

 
Instruments
Accelerometer. To measure physical activity, an accelerometer (ActiGraph GT3x+, 
Pensacola, FL, USA) was worn on an adjustable elastic belt around the waist, for seven 
consecutive days (Trost, Pate, Freedson, Sallis, & Taylor, 2000). The device measures 
acceleration in three directions and records with a frequency of 100 Hz. Children were 
instructed to wear the accelerometer the whole day, and only remove the device when 
going to bed, swimming or bathing, or during other activities that could damage the 
device. Only data from the vertical axis were used for the analysis. All data were analyzed 
using the data analysis software ActiLife6 (ActiGraph, ActiLife version 6.7.1). A recording 
epoch of 10 s was used, as the activity patterns of children are highly variable. Data 
were visually reviewed to check the quality of the data. When data were below a valid 
activity floor of 10 counts/min for 20 consecutive minutes, data were flagged as non-wear 
period and excluded from analysis. Criteria for a valid recording were a minimum of 4 
days (including 1 weekend day), of 9 hours of wear time per day. Remaining data were 
evaluated for the total volume of physical activity (mean counts/min), and time spent 
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at different intensity levels, using the cut-off points of Pulsford et al. (2011): sedentary: 
<100 counts/min, corresponding to activities such as lying and sitting; moderate: >2240 
and ≤3840 counts/min, reflecting brisk walking; vigorous: ≥3841 counts/min, which is 
best represented by an activity like jogging. Daily accumulation of moderate to vigorous 
(MVPA) physical activity was assessed by summing the time spent in moderate and 
vigorous physical activity. MVPA was taken as a measure of high intensity activity. 

Physical fitness test. Participants’ fitness was measured with five tests from the 
European physical fitness test battery (EUROFIT) (Adam, Klissouras, Ravazzolo, Renson, 
& Tuxworth, 1988). The tests were the standing broad jump (SBJ, in cm), the number of 
sit-ups in 30 seconds (SUP, total number in 30s), the handgrip test (HG, in kg), the 10x5m 
shuttle run (10x5m SR, in s), and the 20m shuttle run test (20m SR, in stages). In the 
SBJ children are asked to jump as far as possible with two feet from a standing position, 
measuring explosive leg strength. In the SUP test children have to perform as many sit-
ups in 30 seconds, as a measure of their abdominal muscular power and endurance. 
Isometric strength of the hand and forearm was measured with the HG test, in which 
the child has to squeeze a handgrip dynamometer for several seconds. The 10x5m SR 
is a measure of speed and agility. In this test children are asked to cover a distance of 5 
meters, 10 times, by running back and forth between two lines. The 20m SR measures 
cardiovascular endurance. In this test children run back and forth between two lines 
20 meters apart, on the pace of a beep that increases in difficulty. The 20m SR test was 
assessed during a regular physical education class, while the remaining four tests were 
assessed in a circuit form during another regular physical education class. All tests were 
administered by trained examiners. The test-retest reliability, ranging from .62 to .97, and 
construct validity of the five tests for children are adequate (Léger, Mercier, Gadoury, & 
Lambert, 1988; Van Mechelen, Van Lier, Hlobil, Crolla, & Kemper, 1991). 

Data analysis
Data analyses were performed using SPSS 20.0 for Windows (IBM Corp., Armonk, 
NY, USA). Descriptive statistics were used to describe characteristics of children with 
DLD and TD children for both physical activity and physical fitness measures. To test 
for differences on physical activity and physical fitness measures between children with 
DLD and TD children, Student’s tests were used. Pearson’s partial correlation analyses 
were used to examine relationships between the physical activity and physical fitness 
variables, controlling for age, gender and total wear time. Cohen’s conventions to interpret 
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the strength of the correlations were used, with a correlation of .10 representing a small 
relationship, a correlation of .30 as moderate, and a correlation of .50 or larger representing 
a strong relationship (Cohen, 1992). P-values < .05 were regarded as significant.

4.3 Results

One child was excluded because the MVPA measure was more than 3 standard deviations 
above the median. A total of 26 children with DLD (17 boys, 9 girls) were included in the 
analyses, as well as their age and gender matched TD controls. A Student’s t-test revealed 
no differences on physical activity variables between children with DLD and children with 
DLD and an additional diagnoses of ADHD (p > .05). Besides, no significant correlations 
were found between scores on the two subtests of the CELF-4-NL and the PPVT-3-NL and 
any of the physical activity and physical fitness measures in children with DLD. Table 4.3 
shows the results on the physical activity and physical fitness variables for children with 
DLD and TD children. A Student’s t-test revealed no differences between children with 
DLD and TD children on the total volume of physical activity, time spent in sedentary 
behavior and time spent in MVPA. Also, no differences were found between children with 
DLD and TD children on the 20m SR test. Significant differences were found on the other 
physical fitness measures, with TD children performing significantly better than children 
with DLD on the SBJ, SUP, HG and 10x5m SR test (p < .05).

Table 4.3. Results for the physical fitness and physical activity measures of children with DLD and TD children.

DLD (n = 26) TD (n = 26)
Mean SD Mean SD p-valuea

Physical Activity
Total volume (counts/min) 560.5 138.3 555.5 110.2 .90
Sedentary behavior (min/day)  340.5 62.4 349.1 55.2 .65
MVPA (min/day) 50.1 19.4 46.4 15.0 .51

Physical Fitness
SBJ (cm) 114.8 25.7 132.9 15.7 <.05
SUP (number) 10 6.2 16 3.3 <.001
HG (kg) 14.3 4.8 17.0 3.8 <.05
10x5m SR (s) 25.8 2.5 22.7 1.9 <.001
20m SR (stages) 3.6 1.9 4.3 1.8 .23

Note. a  Student’s t-test. DLD = Developmental language disorders. TD = Typically developing. MVPA = 
moderate to vigorous physical activity. SBJ = Standing broad jump. SUP = Sit-ups. HG = Handgrip. 10x5m SR 
= 10x5m shuttle run. 20m SR = 20m shuttle run. 
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Table 4.4 shows the correlations between the three PA measures and scores on the five 
physical fitness variables for children with DLD and TD children. In children with DLD 
strong significant positive correlations were found between the total volume of physical 
activity and performance on the SBJ (r = .79) and SUP (r = .71), indicating that the more 
active the child, the better the performance on these fitness measures. Significant strong 
negative correlations were found between the time spent in sedentary behavior and both 
SBJ and SUP performance (r = -.68 and r = -.66 respectively) in children with DLD. This 
indicates that when time spent in sedentary behavior increases, performance on the 
SBJ and SUP decreases. Moreover, strong significant positive correlations were found 
between the time spent in MVPA and performance on the SBJ (r = .72) and SUP (r = 
.67) in children with DLD. This means that the more time a child is active at moderate to 
vigorous intensities, the better the performance on the SBJ and SUP. No other significant 
correlations were found between physical activity and physical fitness in children with 
DLD. In TD children, a strong significant relationship was found between time spent in 
moderate to vigorous physical activity and performance on the SBJ (r = .51). No other 
significant correlation coefficients were found between physical activity and performance 
on physical fitness measures in TD children.

Table 4.4. Correlations between physical fitness and physical activity measures of children with DLD and TD 
children.

Physical Activity

Physical Fitness Total volume Sed MVPA

SBJ 

SUP 

HG

10x5m SR

20m SR

DLD
TD

DLD
TD

DLD
TD

DLD
TD

DLD
TD

.79*
.35

.71*
.24
.44
.09

-.09
-.31
.31
.12

-.68*
-.17

-.66*
-.10
-.22
-.06
-.09
-.03
-.14
.37

.72*

.51*

.67*
.37
.47
.05

-.18
-.42
.44
.33

Note. N = 26. DLD = Developmental language disorders. TD = Typically developing. Sed = sedentary behavior. MVPA = 
moderate to vigorous physical activity. SBJ = Standing broad jump. SUP = Sit-ups. HG = Handgrip. 10x5m SR = 10x5m shuttle 
run. 20m SR = 20m shuttle run.  
*Significant r-value, p < .05
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4.4 Discussion

The aim of this study was to provide a comprehensive evaluation of the physical activity 
and physical fitness level of children with DLD in comparison to age and gender matched 
TD peers, and to examine the possible relationships between physical activity and physical 
fitness measures in both groups of children. Physical activity of children with DLD did 
not significantly differ compared to their TD peers. In contrast, children with DLD had 
significantly lower performance on four measures of physical fitness (SBJ, SUP, HG, 
10x5m SR, which measures explosive leg strength, abdominal strength and endurance, 
isometric hand strength, and speed and agility, respectively) compared to their TD peers. 
No difference between children with DLD and TD children was found on performance 
on the 20m SR test, which measures cardiovascular endurance. In addition, the results in 
children with DLD revealed strong negative relationships between sedentary behavior and 
two physical fitness measures of strength (SBJ and SUP), and strong positive relationships 
between the total volume of physical activity and MVPA and these two physical fitness 
measures. In TD children, a significant relationship was found between time spent in 
moderate to vigorous physical activity and performance on the SBJ.

No significant differences were found between children with DLD and TD peers on 
the physical activity variables. This is in contrast to our hypothesis, and to findings from 
Fujiki et al. (2001), in which it was shown that children with DLD were less physically 
active than their TD peers. However, in their observational study, children with DLD 
were attending regular education, and therefore playground behavior during recess 
of children with DLD interacting with TD peers was analyzed. In the current study, all 
children with DLD were within a specialized school setting, with no interaction with TD 
children during school hours. This might have had a positive effect on the physical activity 
behavior of children during school hours, as they could interact with peers that show 
similar problems, which will likely limit withdrawal from physical activity. However, the 
current study also incorporated physical activity outside school hours. Apparently, the 
language impairments did not negatively affect the overall physical activity behavior in 
this sample of children with DLD. 

Even though the performance difference on the 20m SR test failed to reach signi-
ficance, children with DLD performed worse on the other physical fitness measures 
compared to their TD peers. Several factors may account for the observed differences on 
physical fitness measures between children with DLD and TD children. Physical fitness 
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performance of children is determined by genetic potential, maturation and long-term 
physical activity patterns. Assuming that children with DLD show typical maturation, 
the lower physical fitness of children with DLD at school age might be the result of years 
of less or less varied physical activity and play during preschool years (Dwyer, Baur, & 
Hardy, 2009). According to the developmental skill-learning gap hypothesis (Wall, 2004), 
this would mean that when children grow older, the gap between children with DLD and 
TD children widens, as TD children will participate in increasingly more challenging 
and complicated physical activity settings, while children with DLD possibly miss the 
necessary practice and in turn fall even further behind their age-group peers. Without a 
carefully designed physical activity program, it will be difficult for them to catch up during 
school age years (Golubović et al., 2012). 

This study revealed strong relationships between physical activity variables and SBJ 
and SUP performance in children with DLD. It is interesting to discuss possible mechanisms 
underlying the present findings concerning the relatively high correlations in children 
with DLD, while in TD children only one significant relation was found, between time 
spent in moderate to vigorous physical activity and performance on the SBJ. Performance 
on the SBJ and SUP require a high degree of motor competence. As previous studies 
showed that there is an interrelation between physical fitness, physical activity and motor 
competence in children (Haga, 2008; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2006), 
motor competence level might have moderated the relationship between physical activity 
and physical fitness in our sample of children with DLD. In addition, more time spent 
in sedentary behavior was negatively related to performance on SBJ and SUP, suggesting 
that inactivity might negatively impact physical fitness by restricting the opportunities for 
developing adequate motor competence. In contrast, no such relationships were found in 
TD children. Perhaps their motor skills are at adequate levels that will not interfere with 
the physical fitness measures. 

Children with DLD thus showed comparable physical activity in terms of amount 
and intensity compared to TD children. In addition, it seems important for children 
with DLD to be physically active, as this was strongly related to performances reflecting 
explosive leg strength and abdominal muscle strength. However, one can argue that while 
the amount and intensity of the physical activity behavior was statistically at the same 
level across groups, there might be a difference in the type of activities that children with 
DLD and TD children were involved in, both during and outside school hours. This has 
for example been argued in studies on children with cerebral palsy (Majnemer et al., 
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2008), and children with autistic disorder (Ziviani, Rodger, & Peters, 2005). The majority 
of physical activity of children involves social interplay that becomes more complex over 
time (Dwyer et al., 2009). This requires communication and understanding, which is 
difficult for children with DLD, probably resulting in withdrawal and more solitary and 
less varied activities. Furthermore, physical activity of children mainly consists of high 
intensity bursts of anaerobic exercise, such as jumping and sprint running (Strong et al., 
2005; Tomkinson, 2007). The lower scores of children with DLD on the physical fitness 
measures compared to TD children, might indicate that they are possibly less involved 
in these kind of activities. It would therefore be interesting to investigate what kind of 
activities children with DLD are involved in, in addition to how much they do. This would 
be valuable information to address in future studies, and could be a starting point to 
develop specific physical activity programs.

The strengths of this study are the objective measures of physical activity and physical 
fitness in both children with DLD and TD children. Nevertheless, it is worth mentioning 
several points to consider in future studies. Because of the cross-sectional design of this 
study, the direction of the relationship between physical activity and physical fitness 
cannot be determined. It should also be noted that children with DLD showed very 
diverse scores on physical activity and physical fitness measures, as reflected by the high 
standard deviations. The heterogeneity of school-aged children with DLD, both in the 
type of language disorders as well in the presence of comorbidities, has been found in 
several studies (Webster et al., 2006), and is perhaps even a characteristic of this group. 
Despite these limitations, this study contributes to the sparse literature available about the 
physical activity and physical fitness of children with DLD.

4.5 Conclusions

This study shows that children with DLD show similar physical activity levels compared to 
TD peers. However, their physical fitness performance is significantly lower. In addition, 
physical activity in children with DLD is related to performance on the standing broad jump 
and sit-ups, which reflect leg and abdominal muscle strength and endurance. Given the 
hetero geneity of children with DLD, children with low physical activity or low physical fit-
ness should be identified and enrolled in training programs. These training programs should 
aim at improving physical fitness by means of a carefully targeted physical activity program. 
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