
 
 
 
 

Developmental Coordination Disorder and the risk of 
overweight and obesity: A systematic review. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Afstudeeropdracht Fysiotherapie Hogeschool Utrecht 
Door: Coen Hendrix 

Studentnummer: 1528732 
Datum: 10-05-2012 

 
 
 
 
 
 
 
 
 
 
 
 
 



Abstract 
 
Background: Developmental coordination disorder (DCD) is a neuro-developmental disorder that is 
characterized by fine and/or gross motor coordination problems that are not the result of any 
neurological condition or intellectual disability and interfere significantly with academic achievement 
or activities of daily living. Children with DCD find themselves to be less competent than typically 
developing (TD) children with regard to their physical abilities, often experience failure and have a 
higher risk of sustaining injuries. As a result, children with DCD are more likely to avoid participation 
in physical activities. Physical inactivity is considered to be an important risk factor for developing 
overweight and obesity.  
Objective: The aim of this systematic review was to assess whether children with DCD are at greater 
risk of developing overweight and obesity than their TD peers, and whether sex and age are predictor 
variables. 
Method: Six major electronic databases were systematically searched to identify studies containing 
data on body composition in children with DCD. Acceptable outcome measures included BMI(weight 
to height), body fat (in mass or percentage), and waist circumference. Acceptable DCD assessment 
tools were MABC, MABC-2, BOTMP and BOTMP-SF. The title and abstract of all studies from the 
search were judged for relevance. Remaining studies were subjected to full paper review. The quality 
of included papers was assessed and relevant data were extracted for comparison.  
Results: The search yielded 180 results, of which 14 studies were included. All were observational 
studies, made up of cross-sectional designs (n=11) and prospective cohorts (n=3). Participants’ ages 
ranged from 4 to 14 years(y). Only 3 studies contained children below 9y and only 1 of these included 
children under 6. All studies reported that children with DCD had higher BMI scores, larger waist 
circumference (WC) and greater percentage body fat compared to controls. Between group 
differences were found significant for one or more outcome measures by 12 studies. Gender effects 
were assessed by 8 studies and 7 found no significant difference. The effect of age was assessed by 
several studies containing only children > 9y and was not found significant. 1 study found no 
significant difference for children aged 4 to 9y, but did for 10 to 12 year olds.  
Conclusion: Children with DCD are likely to be at greater risk for both overweight and obesity, 
regardless of gender. This increased risk may not become apparent before a certain age, however 
more research is needed to confirm this. 
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Introduction 
Developmental coordination disorder (DCD) is described in the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) as a neuro-developmental disorder that is characterized 
by poor fine and/or gross motor coordination. These coordination problems are not the result of a 
neurological condition or intellectual disability. In order for a diagnosis to be made, the problems 
with motor coordination must significantly interfere with academic achievement or activities of daily 
living (ADL) (American Psychiatric Association, 2000). The DSM-IV criteria for DCD are presented in 



table 1. Depending on how stringently these criteria are applied, the prevalence of DCD is estimated 
to range from 1,7% to 6%, and, in boys is found four to seven times more often than in girls 
(American Psychiatric Association 2000; Gibbs, Appleton, & Appleton, 2007; Kadesjo & Gillberg, 
1999; Lingam, et al., 2009. DCD is a chronic disorder that continues into adulthood (Barnhart, et al., 
2003). 
The primary cause of DCD is not known; although literature has provided several theories over the 
years, none of which could be proven. Dyspraxia (planning execution of motor tasks), problems with 
the execution itself, proprioception, sensory integration and visual processing have all been 
theorized as possible causative factors. (Smyth & Mason, 1997; Smyth &Mason, 1998; Wilson & 
McKenzie, 1998; Sigmundsson, et al., 2003) The difference in theories may be explained by the fact 
that the group of children with DCD is a heterogeneous group, therefore each theory may explain the 
problems of different children in this population (Taft & Barowsky, 1989; Smyth, 1992; Willoughby & 
Polatajko, 1995). Lichtenstein (2010) found that DCD may have a genetic component, and also 
perinatal oxygen perfusion problems are associated with the disorder (Pearsall-Jones, et al., 2009).  
Children with DCD find themselves to be less competent than typically developing children with 
regard to their physical abilities, but also psychologically and socially (Cairney, et al., 2000; Lloyd, et 
al., 2006). Also, children with DCD find it very difficult to learn new skills, often experience failure and 
have a higher risk of sustaining injuries. Together, this makes that children with DCD are more likely 
to avoid participation in physical activities (Bouffard, et al., 1996; Hands & Larkin, 2002; Cairney, et 
al., 2005; Lloyd, et al., 2006). Along with unhealthy dietary habits, physical inactivity is an important 
risk factor for developing overweight and obesity (Tremblay & Willms, 2000; Faith, et al., 2001; 
Jolliffe, 2004; World Health Organization, 2009).  
Overweight and obesity have become an increasing problem in the past decades. The World Health 
Organization (WHO) (2008, 2009) has stated that the prevalence of overweight and obesity among 
children ranges from 5% to 25% in the European region alone, and up to 30% in the whole western 
world, and is still increasing rapidly. It seems that overweight and obesity in youth is an important 
predictor of overweight and obesity in adulthood (Biddle, et al., 2004). In adults, obesity is associated 
with a range of cardiovascular diseases (i.e. hypertension, hyperlipidaemia, ischemic stroke, coronary 
heart disease, type 2 diabetes), osteoporosis and psychosocial problems (Freedman et al., 2007; 
Imperatore, 2006; Malecka-Tendera & Mazur, 2006; WHO, 2009).  
Cairney (2009) found that the activity deficit among children with DCD does not diminish over time 
and their results indicate that it persists into adulthood. Therefore, children with DCD would seem to 
be at a higher risk of developing overweight or obesity. Only a few studies have looked directly at 
DCD as a risk factor for overweight or obesity (Cairney, et al., 2005; Cairney, et al., 2010; Cairney, et 
al., 2011). Several other studies, most of which were aimed at physical activity or fitness in children 
with DCD, included body composition as a measurement(Faught, et al., 2005; Tsiotra, et al., 2006; 
Schott, et al., 2007; Cantell, et al., 2008; Tsiotra, et al., 2009; Wu, et al., 2010; Li, et al., 2011; Wahi, et 
al., 2011; Fong, et al., 2011; Chirico, et al., 2011; Chirico, et al., 2012). The evidence found, consists of 
cross-sectional and longitudinal cohort studies. No systematic reviews have yet been published that 
directly studied the question whether children with DCD are at a greater risk of developing 
overweight and obesity than their typically developing peers. This will be the main aim of this review, 
complemented by the question whether age and sex are also predictor variables. 
A systematic review of the literature can give a deeper insight in the available evidence and its 
quality, and is valuable in understanding the problems that go along with DCD. This in turn could 
contribute to a full and complete treatment of the disorder and prevention of potentially negative 
aspects thereof. 
 
 

 
 
 
 



Table 1. DSM-IV diagnostic criteria for DCD 
A. Performance in daily activities that require motor coordination is substantially below that 

expected given the person’s chronologic age and measured intelligence 
B. The poor motor performance significantly interferes with academic achievement or activities 

of daily living (ADL) 
C. The disturbance is not due to a general medical condition (e.g., cerebral palsy, hemiplegia, 

muscular dystrophy) 
D. If intellectual disability (i.e. mental retardation) is present, the motor difficulties are in excess 

of those usually associated with it 
 
 

Method 
 
Search strategy 
The literature was systematically reviewed to identify studies containing measurements of body 
composition in children with DCD. A search strategy was adopted that combined two groups of 
terms, namely (1) Developmental Coordination Disorder and (2) body composition.  DCD is the 
preferred term to describe problems with motor coordination in children. However, different terms 
have been used in the past, and, in some places are still in use. (Magalhães, et al., 2006). To make 
sure that all possible studies on the subject were found, the first group consisted of a range of 
different terms concerning motor coordination and problems therewith, including: developmental 
coordination disorder, developmental dyspraxia, motor skills disorder, coordination disorder, 
incoordination, clumsy, motor proficiency, motor competence, motor difficulties, motor impairment, 
motor coordination. The purpose of the second group of terms was to capture all possible outcome 
measurements of body composition. These terms  included: overweight, obesity, body composition, 
body mass index (BMI), body fat, adiposity. Studies were only included if the title and abstract 
contained at least one term from each group (example in table 2).  
A systematic search was performed in the following six databases: Pubmed, Cochrane Library, Cinahl, 
Academic Search Premier, Science Direct, and Pedro. In this search, no limits were set for date of 
publication of studies. All articles found were judged for relevance, based on the title and abstract. 
To make sure that no studies were left out of the search, the reference lists of the articles that met 
inclusion criteria were screened for any relevant studies that may not have been captured by the 
search of the databases. All articles that seemed relevant were then subjected to a full paper review.  
 
Table 2. Example of Pubmed search 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

((((((((((("overweight"[Title/Abstract]) OR "obesity"[Title/Abstract]) OR 
"body composition"[Title/Abstract]) OR "coordination 
disorder"[Title/Abstract]) OR "incoordination"[Title/Abstract]) OR  
"Clumsy"[Title/Abstract]) OR "Motor proficiency"[Title/Abstract]) OR 
"Motor competence"[Title/Abstract]) OR "Motor 
difficulties"[Title/Abstract]) OR "Motor impairment"[Title/Abstract]) 
OR "Motor coordination"[Title/Abstract]) AND 
((((((("overweight"[Title/Abstract]) OR "obesity"[Title/Abstract]) OR 
"body composition"[Title/Abstract]) OR "Body mass 
index"[Title/Abstract]) OR "bmi"[Title/Abstract]) OR "Body 
fat"[Title/Abstract]) OR "Adiposity"[Title/Abstract]) 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Magalh%C3%A3es%20LC%22%5BAuthor%5D


Inclusion and exclusion criteria 
All articles in which body composition was measured in a group of children and/or adolescents with 
DCD, with or without comparison to typically developing peers, were included. Articles that tested 
for DCD in a group of overweight and/or obese children were not included in the review. If only part 
of the participants in a study met the inclusion criteria, data of that part alone was extracted for 
analysis if possible. If, in such a case, it was not possible to discriminate between participants that did 
and did not meet inclusion criteria, the study was excluded from the review. 
 
Body composition 
Measurements of body composition include: BMI(weight to height), body fat (in mass or percentage), 
and waist circumference.  
 
DCD 
In research, it is not uncommon to find that not all of the DSM IV criteria are met. One often finds 
DCD to be described as ‘probable DCD’ (pDCD) because of these limitations. Therefore, articles were 
not required to meet all the DSM IV criteria in order to be included. DCD or pDCD were assumed if 
participants met at least criterion A of the DSM IV. Criterion A is seen as the most important because 
it requires the motor coordination to be assessed. The Movement Assessment Battery for Children 
1st editon(MABC) or 2nd editon (MABC-2) (Henderson & Sugden, 1992; Henderson &  Sugden, 2007), 
or the long or short form of the Bruijninks-Oseretsky Test for Motor Proficiency (BOTMP) (BOTMP-SF) 
(Bruininks, 1978) had to have been used to identify DCD or pDCD. The MABC, MABC-2 and the 
BOTMP and BOTMP-SF are the most commonly used tests to identify DCD in children (Crawford et 
al., 2001; Miller, et al., 2001). Both the MABC(1st and 2nd edition)and the BOTMP and BOTMP-SF have 
been found to have a good reliability and validity (Crawford, et al., 2001; Tan, et al., 2001; 
Henderson, et al., 2007). 
The MABC and MABC-2 are two versions of an individually administered test that assesses motor 
impairment. It consists of eight testing items and has three subscales measuring manual dexterity, 
ball skills and balance. The MABC is divided into four age bands for children in the age of 4 to 12 
years old. The MABC-2 is divided into three age bands for children in the age of 3 to 16 years old.  
The BOTMP is an individually administered test that assesses motor proficiency of children in the age 
of 4.5 to 14.5 years old. The assessed parameters include running speed and agility, balance, bilateral 
coordination, strength, upper limb coordination and dexterity, and response speed. In research, the 
BOTMP-SF is often used instead of the full version. The short form consists of only 14 of the 46 items 
in the original version, increasing its feasibility. 
A cut off point used for applying Criterion A varies widely among different studies. The 2006 Leeds 
consensus statement on DCD recommends the cut off point to be applied to performance at or 
below the 5th percentile (Sugden, 2006). At the same time it is recognized that the 5th percentile is 
arbitrary and it is also recommended to monitor children scoring at or below the 15th percentile. 
Articles written before 2006 are likely to not have used the 5th percentile as a cut off point and many 
different percentile rates are still used in literature. Therefore no limits were set for the percentile 
rate used in the articles. 
 
 
Methodological quality assessment 
Because methodological quality is open to different interpretations in observational studies, it should 
be noted that in this review it is regarded as ‘susceptibility to bias’. The articles included in this 
review consisted of longitudinal cohort studies and cross-sectional studies, and thus were all 
observational in nature. As no gold standard currently exists for assessing the methodological quality 
of observational studies, objective measurement of that quality is impossible. However, guidelines 
now do exist on the reporting of observational studies (Strengthening the Reporting of Observational 
Epidemiological studies – STROBE), but these guidelines have been regularly misused in systematic 
reviews of such studies as a quality assessment tool (da Costa, et al., 2011). Although a gold standard 



is lacking, many different tools for appraisal of the quality of observational studies have been created 
and used in systematic reviews (Mallen et al, 2006; Sanderson et al, 2007).  
Mallen (2006) and Sanderson (2007) both found that a consensus on what items should be included 
in quality assessment tools of observational studies, has clearly not yet been reached and no single 
tool was found to be adequate for generic use. However, they both did find a number of criteria, 
used in these tools, that represent the principal potential sources of bias and were generally 
considered to be important. These criteria include: appropriate selection of case/controls, use of 
accurate and appropriate outcome measures in all participants, appropriate statistical analysis, 
adjustment for confounding, and assessment of loss to follow-up. All studies included in this review 
were subjectively appraised on these five criteria. For each criterion several questions were 
formulated that could be answered with ‘yes’, ‘no’, ‘unknown’ or ‘not applicable’. This resulted in a 
list of 11 questions on which the included studies were screened by the author(table 3). 
 
 
Table 3. Subjective assessment of quality 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Data extraction 
Relevant data were extracted for comparison. Data that were extracted from the articles included: 
Author, year of publication, study design, population (sample size, age, sex), DCD assessment tool 
and the percentile rate(s) used, outcome measure(s), outcomes/results, conclusion(s) made in the 

Appropriate selection of case/controls 
1)Was there a clear description of the characteristics of participants? 
2)Were participants representative of the population? 
3)Was any information provided on the possibility of selection bias? 
 
Use of accurate and appropriate outcome measures in all participants 
4)Was there a clear description of the outcomes to be measured in the study? 
The outcomes of the study were to be mentioned in the introduction and/or method section for this 
question to be answered with a ‘yes’. 
5)Were the outcome measures used in the study valid and reliable? 
In order for this question to answered with a ‘yes’, the outcome measures had to have been described 
clearly. If it was not described, a referral to other work that establishes accuracy was found sufficient for 
a ‘yes’. 
 
Appropriate statistical analysis 
6)Were all statistical methods described clearly? 
7)Were the statistics used in the study appropriate for the main outcomes? 
 
Adjustment for confounding 
8)Have all important confounders (in/among the groups of participants) been clearly described? 
9)Was it made clear which confounders were adjusted for in the analyses and why?  
 
Assessment of loss to follow-up 
10)Were losses of participants to follow-up reported? 
11)Were these losses to follow-up taken into account? 
Obviously, if question 10 is answered with ‘no’, ‘unknown’ or ‘not applicable’, question 11 will 
subsequently be answered with ‘not applicable’. 
 



article(when relevant), and any relevant study limitations. These were then summarized(see results) 
and compared by the author. 

 
Results 
 
The search yielded a total of 284 articles. After removing duplicates, 180 articles remained. All 180 
articles were reviewed for relevancy by the author, based on title and abstract. 23 studies were 
found to be eligible for full paper review. A manual review of the reference lists yielded another 2 
studies, relevant for full paper review. Of the 25 studies that were subjected to full paper review, 14 
met inclusion criteria. A flowchart of the selection process is presented in table 4. 
 
 
Table 4. Flowchart of selection process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Quality assessment 
The results of the quality as assessed by the author are presented in table 5. All studies gave a clear 
description of the selection of participants, whereas only a few provided information on the 
possibility of selection bias. Outcome measures and their reliability and validity were clearly 
described by all but 1 article. This was also the only article in which it was unclear whether the used 
statistics were appropriate for the main outcomes. Except for 1 article, all described the statistical 
methods clearly. The majority of the articles described potential confounders and adjusted for these 
in the statistical analyses, 4 articles however did neither. Of the 3 longitudinal studies, only 1 
reported on losses to follow-up but it remained unclear whether this was taken into account. 

Pubmed 

n=98 

Cochrane 

n=19 

Cinahl 

n=45 

Academic 

Search 

Premier n=86 

Science 

Direct n=23 

Pedro 

n=13 

Results  

n=180 

Removal of 

duplicates 

Studies eligible for 

full paper review 

n=23 

Review title 

and abstract 

Included studies 

n=14 

Full paper 

review 

Review reference 

list for relevant 

articles not 

captured by search 

n=2 



 As this was a subjective assessment, any assumptions based on this assessment should be treated 
with caution. 
 
 
Table 5. Quality assessment outcomes 
                   Question 
Author 

1 2 3 4 5 6 7 8 9 10 11 

Cairney (2005)C Y Y N Y Y Y Y Y Y NA NA 

Cairney (2010)L Y Y Y Y Y Y Y Y Y N NA 

Cairney (2011)C Y Y N Y Y Y Y Y Y NA NA 

Wahi (2011)C Y Y N Y Y Y Y N N NA NA 

Faught (2005)C Y Y N Y Y Y Y Y Y NA NA 

Tsiotra (2006)C Y Y N Y Y Y Y N N NA NA 

Schott (2007)C Y Y N Y Y Y Y Y Y NA NA 

Cantell (2008)C Y U N Y Y Y Y Y Y NA NA 

Tsiotra (2009)C Y Y N Y Y Y Y Y Y NA NA 

Wu (2010)C Y Y Y Y Y N Y N N NA NA 

Fong (2011)C Y U Y Y Y Y Y Y Y NA NA 

Li (2011)L Y Y N N U Y U N N Y U 

Chirico (2011)C Y Y N Y Y Y Y Y Y NA NA 

Chirico (2012)L Y Y Y Y Y Y Y Y Y N NA 

Y=yes, N=no, U=unknown, NA=not applicable, C=cross-sectional, L=longtitudinal 
 
 
Study characteristics 
The data that were extracted are summarized in table 6. Of the 14 studies included in this review, 11 
used cross-sectional study designs and 3 were longitudinal studies. The longitudinal studies were all 
prospective cohorts, two of which had a follow up duration of 3 years and one had a follow up 
duration of 2 years. In the included studies, sizes of the samples of children with pDCD ranged from 
12 to 123. Ages of participants ranged from 4 to 14 years. Only 3 studies contained children below 
the age of 9 and only 1 study contained children under 6 years of age. All studies used control groups 
for comparison, frequently described as typically developing (TD) children. The MABC, MABC-2 or 
BOTMP-SF were used by most studies to identify children with pDCD. One study used the BOTMP 
and this was also the only study to make a formal diagnosis of DCD (i.e. meeting all DSM-IV criteria). 
Cut off points used in the studies to identify children as having DCD or pDCD (i.e. applying DSM-IV 
criterion A) ranged from the 5th to the 15th percentile. Two studies divided the group of children with 
pDCD into two subgroups. The first group consisted of children scoring at or below the 5th percentile. 
The second group consisted of children scoring between the 6th and the 15th percentile. One of these 
two studies also divided the group of TD children into two subgroups scoring either between the 16th 
and the 50th percentile or above the 50th percentile. The outcome measures used to assess body 
composition included BMI, body fat (in % or kg) and waist circumference. BMI was used in all but 3 
studies and 7 studies used a combination of two measures. 
 
 
Data synthesis 
All of the 14 studies included in this review reported that children with DCD or pDCD had higher BMI 
scores, larger waist circumference (WC) and greater percentage body fat compared to their TD peers 



(DCD-). 12 Studies found differences between groups to be statistically significant for one or more of 
these outcome measures(Cairney, et al., 2005; Cairney, et al., 2010; Cairney, et al., 2011; Wahi, et al., 
2011; Faught, et al., 2005; Tsiotra, et al., 2006; Schott, et al., 2007; Cantell, et al., 2008; Tsiotra, et al., 
2009; Fong, et al., 2011; Chirico, et al., 2011; Chirico, et al., 2012).  
Of the 11 studies using BMI as an outcome measure(Cairney, et al., 2005; Cairney, et al., 2010; 
Cairney, et al., 2011; Schott, et al., 2007; Cantell, et al., 2008; Tsiotra, et al., 2009; Wu, et al., 2010; 
Fong, et al., 2011; Li, et al., 2011; Chirico, et al., 2011; Chirico, et al., 2012), 8 studies found the 
differences between groups to be significant(Cairney, et al., 2010; Cairney, et al., 2011; Schott, et al., 
2007; Cantell, et al., 2008; Tsiotra, et al., 2009; Fong, et al., 2011; Chirico, et al., 2011; Chirico, et al., 
2012).  
Body fat was measured in 8 Studies (Cairney, et al., 2005; Cairney, et al., 2011; Faught, et al., 2005; 
Tsiotra, et al., 2006; Wu, et al., 2010; Li, et al., 2011; Chirico, et al., 2011; Chirico, et al., 2012), 6 of 
which found the difference to be significant(Cairney, et al., 2005; Cairney, et al., 2011; Faught, et al., 
2005; Tsiotra, et al., 2006; Chirico, et al., 2011; Chirico, et al., 2012). WC was used as an outcome 
measure in only 2 studies (Cairney, et al., 2010; Wahi, et al., 2011). Both found children with pDCD to 
have significantly greater WC than their TD peers. 
 
Percentile rate 
6 Studies contained groups for which the 5th percentile was the cut-off point  for DCD. 2 Of these 
studies found the differences in body composition between groups to be significant(Cairney, et al., 
2010; Cairney, et al., 2011). Wu (2010) and Li (2011) found the differences not to be significant but 
both did show a trend. 1 Study reported the difference between groups to be significant when using 
body fat as a measure and showed a  non significant trend when using BMI(Cairney, et al., 2005). 
Schott (2007) found significant differences, but only for children over 9 years of age. 
 
Overweight and obesity 
Several studies used the measurements to identify children being overweight and/or obese. Cairney 
(2005) reported 23% of DCD+ children were found overweight or obese vs. 12.1% of DCD- children 
based on percentage body fat. These numbers were 25% vs. 15%, respectively, when BMI was used. 
In a study by Wahi (2011), 46,0% of children in the pDCD group had abdominal obesity vs. 15,9% in 
the control group. Tsiotra (2006) tested for clinical obesity in a Canadian and a Greek sample. In both 
samples the DCD+ group contained a significantly higher percentage of clinically obese children than 
the DCD- group. Schott (2007) and Fong (2011) also found a significantly higher percentage of 
children with pDCD to be overweight or obese than their TD peers. One study by Cairney (2010) 
actually assessed the risk for overweight and obesity among children with and without pDCD. They 
found children with pDCD to be at significantly higher risk for overweight and obesity. For obesity, 
the risk increased over time among children with pDCD, whereas it remained constant in the TD 
group. 
 
Gender 
Of the 8 studies that assessed the effect of gender on the relationship between DCD and body 
composition, only the study by Cairney (2005) reported a significant difference between boys and 
girls. 
 
Age 
All of the studies, containing children aged 9 years or older, that assessed the effect of age found it 
not to be significant. One study found significant between group differences in overweight and 
obesity among children aged 10 to 12 years, however these differences were not significant for 
children aged 4 to 9 years (Schott. et al., 2007). 



Table 6. Summary of data extraction   

Author 
(year ) 

study 
design 

Population DCD assessment 
tool +percentile 
rate(s) used 

DSM-IV 
criteria 
assessed 

Outcome 
measure(s) 

Outcomes / results Relevant conclusions 
drawn in study 

Relevant study 
limitations 

Cairney
 

(2005)
 

Cross-
sectional 

590 children, age 9-14y 
 
44 children with pDCD 
(boys n=19, girls n=25) 

BOTMP-SF 
 
< 5

th
 percentile 

A,C BMI, Body fat 
(%) 

Body fat: DCD+ group 
23.3% overweight or obese 
/ DCD- group 12.1% 
overweight or obese. 
(significant; p=0.037) 
 
BMI: DCD+ group 25% 
overweight or obese / DCD- 
group 15% overweight or 
obese. (not significant; p= 
0.060) 
 
Gender differences: 
significant for boys, but not 
for girls. (BMI & body fat) 
No significant age 
differences 

For boys DCD may be risk 
factor for overweight or 
obesity in childhood and 
adolescence, but not for 
girls. 

Small sample size. 
 
No standard for 
food/water intake 
before measurement of 
body composition. 
 

Cairney 
(2010)

 
Longtitudinal 
(prospective 
cohort) 2Y 

2278 children, age 9-
10y at baseline 
 
111 children with pDCD 
(boys n=46, girls n=65) 
 

BOTMP-SF 
 
< 5

th
 percentile 

A,C,D BMI, waist 
circumference 

Baseline: DCD+ children 
15% higher BMI and 12% 
higher waist circumference 
(both significant). 
 
Risk for obesity increased 
over time for DCD+ children 
but remained relatively 
constant over time for DCD- 
children. 
 
No significant differences 
between boys and girls. 

Children with pDCD have a 
higher risk of overweight or 
obesity.  
 

Criterion C could not be 
fully addressed. 
 
Motor coordination 
testing was performed 
at different times for 
different students. 
 

Cairney 
(2011)

 
Cross-
sectional 

126 children, mean age 
12.4y (SD=0.5) 
 
63 children with pDCD 
(boys n=37, girls n=26) 
 

MABC-2 
 
< 5

th
 percentile. 

 
Between 6

th
 and 

15
th

 percentile. 

A,D BMI, body fat 
(%) 

Significant differences in % 
body fat among groups: 
28% in 5

th
 percentile group, 

23,6% in 15
th

 percentile 
group and 19,3% in TD 
group. 

Children with pDCD have 
much higher body fat than 
their peers, this difference 
increases with severity of 
observed motor 
coordination problems. 

Four children were 
included who had IQ 
less than 70 (Not 
including these children 
in the results however 
gave no differences). 



 
BMI was 24,0 in 5

th
 

percentile group, 21,3 in 
15

th
 percentile group and 

20,2 in TD group 
(significant). 
 
No significant differences 
between boys and girls. 

 
Children with DCD are at 
much greater risk for 
unhealthy weight than TD 
children 

  
Test for criterion D was 
merely a brief tool, not 
a comprehensive 
assessment. 
 

Wahi 
(2011)

 
Cross-
sectional 

126 children, aged 12.4 
(0.52 SD) 
 
63 children with pDCD 
(boys n=37, girls n=26) 

MABC-2 
 
< 15

th
 percentile. 

 

A Waist 
circumference 

Abdominal obesity: 29 
children (46,0%) in pDCD 
group, 10 children (15,9%) 
in control group.  
Difference was significant 
(p<0.01) 

Children with pDCD had 
significantly greater 
abdominal obesity. 
 

Gender not taken into 
account. 

Faught 
(2005)

 
Cross-
sectional 

571, ages 9-14y 
 
7,5%(+ 3) with pDCD 

BOTMP-SF 
 
< 10

th
 percentile. 

A Body fat (%) Children with pDCD had 
significantly higher % body 
fat than control group 
(p<0.001). 
 
Interactions between 
gender and DCD on body 
fat were not significant.  

Motor deficit leads to 
higher body fat. 
 

None 

Tsiotra 
(2006)

 
Cross-
sectional 

591 Canadian children, 
average age 11.46y / 
329 Greek children, 
average age 11.3y 
 
Canadian children 8% 
DCD / Greek children 
19% DCD 

BOTMP-SF 
 
< 12

th
 percentile. 

A Body fat (%) Canadian: 23% of DCD+ 
group is found clinically 
obese / 12% of DCD- group 
is found clinically obese.  
 
Greek: 48% DCD+ group is 
found clinically obese / 25% 
of DCD- group is found 
clinically obese. 
 
Differences were found 
significant (p<0.05). 

None Gender not taken into 
account. 

Schott 
(2007)

 
Cross-
sectional 

261 children, ages 4-
12y (three groups: 4-6y, 
7-9y, 10-12y) 
 
123 pDCD (52 
moderate: boys n=24, 

MABC 
 
< 5

th
 percentile 

(severe DCD). 
 
Between 6

th
 and 

A,C,D BMI A significant difference 
(p=0.014) in % 
overweight/obesity 
between DCD+ and DCD- 
was found in age group 10-
12y(DCD severe: 50%, DCD 

None None 



girls n=28) 
( 71 severe: boys n=48, 
girls n=23) 

15
th

 percentile 
(moderate DCD). 

moderate: 23,1% vs TD 
medium: 5,6%, TD high: 
0%). 
 
In age groups 4-6y and 7-
9y, no significant difference 
was found. 
 
No significant differences 
between boys and girls. 

Cantell 
(2008)

 
Cross-
sectional 

110 children, divided in 
three age groups. Only 
age group 8-9y (n=29) 
met inclusion criteria 
 
Number of pDCD not 
clearly described 

MABC 
 
< 15

th
 percentile. 

 

A,B,D BMI Mean BMI in DCD- group, 
male=16,42 female=15,70 
Mean BMI in DCD+ group, 
male=20,76 female=18,52 
(difference significant). 
 
No significant differences 
between boys and girls. 

None Sample size unclear. 

Tsiotra 
(2009)

 
Cross-
sectional 

177 children, aged 10-
12y 
 
12 pDCD (boys n=6, 
girls n=6) 

BOTMP-SF 
 
< 10

th
 percentile. 

A,C BMI DCD+ group had 
significantly higher BMI 
than control group 
(p<0.05).  
 
Mean BMI values were 
23,51 in DCD+ boys vs. 
20,56 in DCD- boys, and 
22.84 in DCD+ girls vs. 
19,82 in DCD- girls. 
 
No significant differences 
between boys and girls. 

Children with DCD appear 
to have higher BMI values 
than their normal peers. 

Small sample size. 

Wu 
(2010)

 
Cross-
sectional 

41 children, aged 9-11y 
 
20 pDCD (boys n=9, 
girls n=11) 

MABC 
 
< 5

th
 percentile. 

A,C,D BMI, body fat 
(%) 

Mean % body fat: 22,6% in 
DCD+ group vs. 22,5% in 
DCD- group. 
 
Mean BMI: 19,1 in DCD+ 
group vs. 17,4 in DCD- 
group. 
 
Differences were not found 
to be significant (p=0.963 & 

None Children scoring 
between the 6

th
 and 

15
th

 percentile were not 
included in the 
laboratory tests. 
 
Gender differences 
were not taken into 
account. 
 



p=0.100 respectively). Small sample size. 

Fong  
(2011)

 
Cross-
sectional 

148 Children,  
mean age DCD group 
8.07y (+1.5y) 
mean age control group 
8.25y (+1.6y) 
 
81 DCD (boys n=63, 
girls n=18) 

BOTMP 
 
< 15

th
 percentile. 

 

A,B,C,D 
(i.e. formal 
diagnosis) 

BMI DCD+ group had mean BMI 
of 18,85 and DCD- group 
had mean BMI of 17,65. 
 
29,63% of children in DCD+ 
group were overweight or 
obese vs 7,46% of children 
in DCD- group. 
 
Differences were found 
significant (p<0.05). 
 
No significant differences 
between boys and girls. 

A higher proportion of 
children with DCD tended 
to be overweight than 
children without the 
disorder. 

None 

Li  
(2011)

 
Longtitudinal 
(prospective 
cohort) 3y 

50 children, aged 9y at 
baseline 
 
25 pDCD (boys n=11, 
girls n=14) 

MABC 
 
< 5

th
 percentile. 

A,C BMI, body fat 
(%) 

Mean % body fat: 
TD group 1

st
 year 20.1, 2

nd
 

year 19.9, 3
rd

 year 19.8 
DCD group 1

st
 year 22.9, 2

nd
 

year 23.0, 3
rd

 year 23.0 
 
Mean BMI: 
TD group 1

st
 year 16.8, 2

nd
 

year 16.9, 3
rd

 year 16.9 
DCD group 1

st
 year 18.0, 2

nd
 

year 18.5, 3
rd

 year 19.3 
 
Differences were not 
significant (p>0.05). 

None Children between 6
th

 
and 15

th
 percentile 

were not included in 
the study. 
 
Small sample size. 
 
Gender differences 
were not taken into 
account. 

Chirico 
(2011)

 
Cross-
sectional 

126 children, aged 12-
13y 
 
63 pDCD 

MABC-2 
 
< 15

th
 percentile. 

A,D BMI, body fat 
(%) 

Mean BMI in pDCD group 
was 23.4 and in control 
group 20.2 
 
Mean % body fat in pDCD 
group was 28.3 and in 
control group 20.0 
 
These differences were 
significant (p=0.001 for 
both BMI and % body fat). 
 

None Four children were 
included who had IQ 
less than 70 (excluding 
these children from the 
results however gave 
no differences). 
 
Gender differences 
were not taken into 
account. 



There were no differences 
between groups in fat free 
mass. 

Chirico 
(2012) 

Longtitudinal 
(prospective 
cohort) 3y 

86 children, aged 12y at 
baseline 
 
33 pDCD 

MABC-2 
 
< 15

th
 percentile. 

A,D BMI, body fat 
(kg) 

Mean BMI: 
DCD group 1

st
 year 23.2, 2

nd
 

year 24.4, 3
rd

 year 25.6  
TD group 1

st
 year 19.9, 2

nd
 

year 20.5, 3
rd

 year 21.3 
 
Mean kg body fat: 
DCD group 1

st
 year 18.4, 2

nd
 

year 21.5, 3
rd

 year 22.9 
TD group 1

st
 year 10.2, 2

nd
 

year 11.1, 3
rd

 year 11.3 
 
These differences were 
found significant (p<0.001 
for all, except for difference 
in BMI in first year which is 
p<0.01). 
 
Fat free mass did not differ 
between groups. 

None None 
 
Gender differences 
were not taken into 
account.  



Discussion 

The main aim of this review was to assess whether children with DCD are at a greater risk of 
developing overweight or obesity and whether age and gender are predictor variables. At first sight 
the majority of the included studies appear to support the hypothesis that children with DCD are 
indeed at a higher risk of developing overweight and obesity. Several potentially limiting aspects of 
these studies however need to be taken into account. 
Part of the measurements that were used to assess body composition, present issues. BMI is a 
frequently used measure in assessing overweight and obesity, however its correlation with fat mass 
in young children has been shown to be weak (Dietz, et al., 1998; Pietrobelli, et al., 1998). 
Furthermore, because BMI does not discriminate between different tissues, it can overestimate body 
fat (Rowland, 1996). Although waist circumference has been found valid for estimating abdominal fat 
in children (Taylor, et al., 2000), a consensus on cut off points for overweight and obesity is lacking.  
The percentile rate that is used to identify children as having DCD, also needs to be addressed. The 
5th percentile has been proposed by the 2006 Leeds consensus (Sugden, 2006) as the cut off point for 
diagnosing DCD, however it is also advised to monitor children scoring at or below the 15th 
percentile. Different studies have used different cut off points for assigning children to the DCD 
group. This makes that the results of different studies may not be directly comparable, as (probable) 
DCD groups might differ in severity of motor impairment. Besides the issue of comparability, there is 
also the question whether results based on children scoring above that 5th percentile are 
representative of the population (i.e. children with DCD).   
Another important factor is the lack of a complete diagnosis of DCD. A formal diagnosis of DCD 
requires all four of the DSM-IV criteria to be met. Most studies did not asses all of these criteria, and 
as a result the term ‘probable’ DCD is often used to describe children that represent the population 
of children with the disorder.  
Of all the included studies, only one actually met all four of the DSM-IV criteria and was able to make 
a formal diagnosis of DCD (Fong, et al., 2011). Consistent with most other studies, they did find 
children with DCD to have significantly higher BMI values and greater risk of overweight and obesity 
compared to TD children. Although these results are promising, the cut off point used for assigning 
children to the DCD group was the 15th percentile. Strikingly, while mean BMI was 18.85 in the DCD 
group vs. 17.65 in the control group, the percentages of overweight and obese children were 29.63 
vs. 7.46 respectively. An explanation for these different numbers was not given. 
 Among the other studies that used BMI as a measure, the majority also reported significant between 
group differences. In a 2 year prospective cohort study by Cairney (2010), BMI was used to calculate 
the risk for overweight and obesity. Children in the DCD group were found to be at higher risk for 
overweight and obesity than their TD peers. For obesity this risk actually increased over time in the 
DCD group, whereas it remained the same in the TD group. Most of the studies that used body fat as 
a measure also found significant between group differences. Tsiotra (2006) used body fat as a 
measure in a study that compared a Canadian and a Greek sample. Interestingly, percentages of 
body fat in both groups of the Greek sample were much higher compared to the Canadian sample. 
The given explanation for this difference was that Greek children are generally less active than 
children from other countries. The 2 studies that used WC as a measure both found the differences 
between groups to be significant. 
In 3 of the included studies, between group differences were not significant.  2 Studies reported no 
significant differences in BMI as well as percentage body fat between children with pDCD and TD 
children (Wu, et al., 2010; Li, et al., 2011). Possibly, results were influenced by the small sample sizes 
in both these studies (DCD groups n=20 and n=25 respectively). Furthermore, both studies scored 
relatively low on the methodological quality assessment compared to the other studies. Cairney 
(2005) also used both BMI and body fat to measure body composition. Between group differences 
were found significant when body fat was used but not when using BMI. These contradictory findings 
could perhaps also be explained by the small sample size (n=44) in that study, however it could also 



be the result of a difference in sensitivity between measures.  Although differences were not found 
significant in these studies, all three did show a trend. 
Results from only those studies that used the 5th percentile as a cut off point, were also compared as 
there exists a consensus on that cut off point for identifying children as having DCD. Surprisingly, all 
of the 3 studies with negative results(Wu, et al., 2010; Li, et al., 2011; Cairney, et al., 2005) were 
among the 6 studies using the more stringent cut off point. Again, the small sample sizes and poor 
methodological quality of these studies however may explain the aberrant results. Using much larger 
sample sizes (DCD groups ranging from n=63 to n=123), the other three studies all did find significant 
differences between groups. Cairney (2011) used both the 5th and the 15th percentile as cut off points 
to create 2 DCD groups, in order to test for a dose-response relationship. Their results showed that 
children in the DCD groups not only had much higher body fat than their peers, but that this 
difference increased with the severity of motor impairment. 
The effect of gender on the relationship between DCD and body composition was assessed by 8 of 
the included studies. All but one found no significant difference for boys and girls. Cairney (2005) 
reported between group differences to be significant for boys only. It is possible that the relatively 
small sample size in this study accounted for this aberration.  
Age effects were assessed by several studies containing children aged 9 years or older, all of which 
found no significance. In fact, only three studies contained children under 9 years of age and only 
one of these provided information on possible age effects. Schott (2007) included children aged 4 to 
12 years old and divided them into three age groups. They found significant between group 
differences for children 10-12 years old but not for children aged 4 to 9 years. Possibly, the risk for 
overweight and obesity increases over time and does not become apparent before a certain age. This 
seems to be supported by the findings of Cairney (2010), who saw the risk for obesity increase over 
time among children in the DCD group. However, more longitudinal research on the potential effect 
of age on the relationship between DCD and body composition is needed to confirm this. 
Certain aspects of this review need to be addressed as they form potential limitations. First of all, the 
methodological quality of the included studies was assessed through subjective analysis, as a gold 
standard is currently lacking. This makes that assumptions, based on this assessment, should be 
treated with prudence. Second, there is the question of causal ordering. Although the majority of 
research on the relationship between DCD and body composition assumes that poor motor 
coordination leads to overweight or obesity, the opposite has also been proposed (Wagner, et al., 
2011). There is some evidence that overweight and obesity negatively affect gross and fine motor 
skills in children (D'Hondt, et al., 2008; Morano, et al., 2011). However, signs of DCD are usually 
presented much earlier than the actual overweight or obesity. Furthermore, as research has shown a 
dose-response in the relationship between DCD and body fat, it remains more likely that DCD is a risk 
factor for overweight and obesity. 
In spite of any limitations, the evidence presented in this review seems to clearly supports the 
hypothesis that children with DCD are indeed at substantially greater risk of developing overweight 
and obesity than their typically developing peers. It is therefore strongly recommended that 
prevention and treatment of overweight and obesity be integrated in the existing therapies for DCD. 
As children scoring at or below the 15th percentile have also been shown to be at greater risk for 
overweight and obesity, merely monitoring these children might not be sufficient.  
More Longitudinal research is needed for a full understanding of the effect of age on the relationship 
between DCD and overweight and obesity. In future research, it would seem advisable to make a full 
diagnosis of DCD as this strengthens any conclusions based on the results. The preferred  measures 
for body composition in future research are WC and body fat as the sensitivity of BMI may not be 
sufficient. As some evidence exists on a dose-response effect in the relationship between DCD and 
body fat, it would also be advised to use different cut off points (i.e the 5th & 15th percentile) for 
identifying moderate and severe DCD groups.  
 
 
 



Conclusion 
Children with DCD are likely to be at greater risk of developing overweight and obesity than typically 
developing children, regardless of gender. This risk seems to increase with the severity of observed 
motor coordination problems. Also, this risk may increase over time and might not become apparent 
before a certain age.  
 
 

References 
-American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders (4th 
ed., text revision). Washington, DC, USA: American Psychiatric Association Press. 
-Barnhart, R. C., Davenport, M.  J., Epps, S. B., & Nordquist, V. M. (2003). Developmental coordination 

disorder. Physical Therapy, 83, 722–731. 
-Bouffard, M., Watkinson, E. J., Thompson, L. P., Dunn, J. L. C., & Romanow, S. K.  E. (1996). A test of 
the activity deficit hypothesis with children with movement difficulties. Adapted Physical Activity 
Quarterly, 13, 61-73. 
-Bruininks, R. H. (1978). Bruininks–Oseretsky Test of Motor Proficiency owner’s manual. Circle Pines 
(MN): American Guidance Service. 
-Cairney, J., Hay, J. A., Faught, B. E., & Hawes, R. (2005). Developmental coordination disorder and 
overweight and obesity in children aged 9 to 14 years. International Journal of Obesity, 29, 369–372. 
- Cairney, J., Hay, J. A., Faught, B. E., Mandigo, J.,  & Flouris, A. (2005). Developmental coordination 
disorder, self-efficacy toward physical activity and participation in free play and organized activities: 
Does gender matter? Adapted Physical Activity Quarterly, 22, 67–82. 
- Cairney, J., Hay, J. A., Faught, B. E., Wade, T. J., Corna, L., & Flouris, A. (2005). Developmental 
coordination disorder, generalized self-efficacy toward physical activity and participation in 
organized and free play activities. Journal of Pediatrics, 147, 515–520. 
-Cairney, J., Hay, J. A., Veldhuizen, S., Missiuna, C., & Faught, B. E. (2009). Developmental 
coordination disorder, sex, and activity deficit over time: A longitudinal analysis of participation 
trajectories in children with and without coordination difficulties. Developmental Medicine and Child 
Neurology, 3, e67-72. 
- Cairney, J., Hay, J. A., Veldhuizen, S., Missiuna, C., Mahlberg, N., & Faught, B. E. (2010). Trajectories 
of relative weight and waist circumference among children with and without developmental 
coordination disorder. Canadian Medical Association Journal, 182(11), 1167–1172. 
-Cairney, J., Hay, J., Veldhuizen, S., & Faught, B. E. (2011). Assessment of body composition using 
whole body air-displacement plethysmography in children with and without developmental 
coordination disorder. Research in Developmental Disabilities, 32(2), 830–835. 
-Cantell, M., Crawford, S. G., & Tish Doyle-Baker, P. K. (2008). Physical fitness and health indices in 
children, adolescents and adults with high or low motor competence. Human Movement Science, 
27(2), 344–362. 
- Causgrove Dunn, J. (2000). Goal orientations, perceptions of the motivational climate, and 
perceived competence of children with movement difficulties. Adapted Physical Activity Quarterly, 
17, 1–19. 
-Chirico, D., O’Leary, D., Cairney, J., Klentrou, P., Haluka, K., Hay, J., & Faught, B. E. (2011). Left 
ventricular structure and function in children with and without developmental coordination disorder. 
Research in Developmental Disabilities, 32(1), 115–123. 
-Chirico, D., O’Leary, D., Cairney, J., Haluka, K., Coverdale, N.S., Klentrou, P., Hay, J., & Faught, B.E. 
(2012). Longtitudinal assessment of left ventricular structure and function in adolescents with and 
without developmental coordination disorder. Research in Developmental Disabilities, 323, 717–725. 
-da Costa, B. R., Cevallos, M., Altman, D.G., Rutjes, A. W., & Egger, M. (2011). Uses and misuses of the 
STROBE statement: bibliographic study. BMJ Open, 1(1):e000048. 
-Crawford, S. G., Wilson, B. N., & Dewey, D. (2001). Identifying developmental coordination disorder: 
consistency between tests. Physical and Occupational Therapy in Pediatrics, 20, 29-50. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22da%20Costa%20BR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cevallos%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Altman%20DG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rutjes%20AW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Egger%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=uses%20and%20misuses%20of%20strobe


-D'Hondt, E., Deforche, B., De Bourdeaudhuij, I., & Lenoir, M. (2008). Childhood obesity affects fine 
motor skill performance under different postural constraints. Neuroscience Letters, 440(1), 72-75.  
-Dietz, W. H., & Robinson, T. N. (1998). Use of the body mass index as a measure of overweight in 
children and adolescents. Journal of Pediatrics, 132, 191-193. 
-von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gotzsche, P. C., & Vandenbroucke, J. P. (2008). 
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: 
Guidelines for Reporting Observational Studies. Journal of Clinical Epidemiology, 61(4), 344-349. 
- Faith, M. S., Berman, N., Heo, M., Pietrobelli, A., Gallagher, D., Epstein, L. H., Eiden, M.T., & Allison, 
D. B. (2001). Effects of contingent television on physical activity and television viewing in obese 
children. Pediatrics, 107, 1043–1049. 
-Faught, B. E., Hay, J. A., Cairney, J., & Flouris, A. (2005). Increased risk for coronary vascular disease 
in children with developmental coordination disorder. The Journal of Adolescent Health: Official 

Publication of the Society for Adolescent Medicine, 37(5), 376–380. 
-Fong, S. M., Lee, Y. L., Chan,  N. C., Chan, S. H., Chak, W., & Pang, Y. C. (2011). Motor ability and 
weight status are determinants of out-of-school activity participation for children with 
developmental coordination disorder. Research in Developmental Disabilities, 32, 2614–2623. 
-Gibbs, J., Appleton, J., & Appleton, R. (2007). Dyspraxia or developmental coordination disorder? 
Unraveling the enigma. Archives of Diseases in Childhood, 92, 534-539. 
- Hands, B., & Larkin, D. (2002). Physical fitness and developmental coordination order. In S. A. 
Cermak & D. Larkin (Eds.), Developmental coordination disorder (pp.172–184). Albany, NY: Delmar 
-Henderson, S. E., & Sugden, D. A. (1992). Movement Assessment Battery for Children (1st ed.). 
London: The Psychological Corporation. 
-Henderson, S., & Sugden, D. A. (2007). Movement assessment battery for children. San Antonio (TX): 
Psychological Corporation.- Jolliffe D. (2004). Extent of overweight among US children and 
adolescents from 1971–2000. International Journal of Obesity, 28, 4–9. 
-Kadesjo, B., & Gillberg, C. (1999). Developmental coordination disorder in Swedish 7-year-old 
children. Journal of the American Academy of Child and Adolescent Psychiatry, 38, 820-828. 
-Li, Y. C., Wu, S. K., Cairney, J., & Hsieh, C. Y. (2011). Motor coordination and health-related physical 
fitness of children with developmental coordination disorder: A three-year follow-up study. Research 
in Developmental Disabilities, 32, 2993-3002. 
-Lichtenstein, P., Carlström, E., Rastam, M., Gillberg, C., & Anckarsäter, H. (2010). The genetics of 
autism spectrum disorders and related neuropsychiatric disorders in childhood. American Journal of 
Psychiatry, 167(11), 1357–1363. 
-Lingam, R., Hunt, L., Golding, J., Jongmans, M., & Emond, A. (2009). Prevalence of developmental 
coordination disorder using the DSM-IV at 7 years of age: A UK population-based study. Pediatrics, 
123, e693-e700. 
- Lloyd, M., Reid, G., & Bouffard, M. (2006). Self-regulation of sport specific and educational problem-
solving tasks by boys with and without DCD. Adapted Physical Activity Quarterly, 23, 370–389. 
-Magalhães, L. C., Missiuna, C., & Wong, S. (2006). Terminology used in research reports of 
developmental coordination disorder. Developmental Medicine & Child Neurology, 48(11), 937-41. 
-Mallen, C., Peat, G., & Croft, P. (2006). Quality assessment of observational studies is not 
commonplace in systematic reviews. Journal of Clinical Epidemiology, 59, 765-769. 
-Miller, L. T., Missiuna, C. A., Macnab, J. J., Malloy-Miller, T., & Polatajko, H. J. (2001). Clinical 
description of children with developmental coordination disorder. Canadian Journal of Occupational 

Therapy, 68, 5–15. 
-Morano, M., Colella, D., & Caroli, M. (2011). Gross motor skill performance in a sample of 
overweight and non-overweight preschool children. International Journal of Pediatric Obesity, 6 
Suppl 2, 42-46. 
-Pearsall-Jones, J. G., Piek, J. P., Rigoli, D., Martin, N. C., & Levy, F. (2009). An investigation into 
etiological pathways of DCD and ADHD using a monozygotic twin design. Twin Research & Human 
Genetics, 12(4), 381–391. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22D'Hondt%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deforche%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Bourdeaudhuij%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lenoir%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=childhood%20obesity%20affects%20fine%20motor%20skill%20performance%20under
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Magalh%C3%A3es%20LC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Missiuna%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wong%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17044965
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morano%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Colella%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caroli%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21923296


-Pietrobelli,  A., Faith, M. S., Allison, D. B., Gallagher, D., Chiumello, G., & Heymsfield, S. B. (1998). 
Body mass index as a measure of overweight in children and adolescents. Journal of Pediatrics, 132, 
204-210. 
- Rivilis, I., Hay, J., Cairney, J., Klentrou, P., Liu, J., & Faught, B. E. (2011). Physical activity and fitness in 
children with developmental coordination disorder: A systematic review. Research in Developmental 

Disabilities, 32, 894–910. 
-Rowland, T. W. (1996). Body composition. In T. W. Rowland (Ed.), Developmental exercise 

physiology (pp. 49–59). Champaign, IL, USA: Human Kinetics. 
-Sanderson, S., Tatt, I. D., & Higgins, J. P. (2007). Tools for Assessing Quality and Susceptibility to Bias 
in Observational Studies in Epidemiology: a Systematic Review and Annotated Bibliography. 
International Journal of Epidemiology. 36(3), 666–76. 
-Schott, N., Alof, V., Hultsch, D., & Meermann, D. (2007). Physical fitness in children with 

developmental coordination disorder. Research Quarterly for Exercise and Sport, 78(5), 438–450. 
-Sigmundsson, H., Hansen, P. C., & Talcott, J. B. (2003). Do ‘clumsy’ children have visual deficits. 
Behavioral Brain Research, 139, 123. 
-Smyth, M. M, & Mason, U. C. (1997). Planning and execution of action in children with and without 
developmental coordination disorder. Journal of Child Psychology and Psychiatry, 38, 1023. 
- Smyth, M. M., & Mason, U. C. (1998). Use of proprioception in Normal and Clumsy Children. 
Developmental Medicine & Child Neurology, 40, 672. 
- Smyth, T. R. (1992). Impaired motor Skill (clumsiness) in otherwise normal children: a review. Child 
Care Health Development, 18, 283. 
-Sugden, D. (Ed.). (2006). Developmental coordination disorder as a specific learning difficulty. Leeds 
consensus statement. Cardiff, Wales, UK: The Dyscovery Trust. 
-Taft, L. T., & Barowsky, E. I. (1989). Clumsy Child. Pediatrics in Review, 10, 247. 
-Tan, S. K., Parker, H. E., & Larkin, D. (2001). Concurrent validity of motor tests used to identify 

children with motor impairment. Adapted Physical Activity Quarterly, 18, 168–182. 
-Taylor, R. W., Jones, I. E., Williams, S. M., & Goulding, A. (2000). Evaluation of waist circumference, 
waist-to-hip ratio, and the conicity index as screening tools for high trunk fat mass, as measured by 
dual-energy x-ray absorptiometry, in children aged 3–19 y. The American Journal of Clinical Nutrition, 
72, 490-495. 
-Tremblay, M., & Willms, J. (2000). Secular trends in the body mass of Canadian children. Canadian 
Medical Association Journal, 163, 1129–1133. 
-Tsiotra, G. D., Flouris, A. D., Koutedakis, Y., Faught, B. E., Nevill, A. M., Lane, A. M., & Skenteris, N. 
(2006). A comparison of developmental coordination disorder prevalence rates in Canadian and 
Greek children. Journal of Adolescent Health, 39, 125–127. 
-Tsiotra, G. D., Nevill, A. M., Lane, A. M., & Koutedakis, Y. (2009). Physical fitness and developmental 
coordination disorder in Greek children. Pediatric Exercise Science, 21, 186–195. 
-Wagner, M. O., Kastner, J., Petermann, F., Jekauc, D., Worth, A., & Bös, K. (2011). The impact of 
obesity on developmental coordination disorder in adolescence. Research in Developmental 
Disabilities, 32(5), 1970-1976. 
-Wahi, G., Leblanc, P. J., Hay, J. A., Faught, B. E., O’Leary, D.,  & Cairney, J. (2011). Metabolic 
syndrome in children with and without developmental coordination disorder. Research in 
Developmental Disabilities, 32, 2785-2789. 
- Willoughby, C., & Polatajko, H. J. (1995). Motor problems in chjldren with developmental 
coordination disorder: review of the literature. American Journal of Occupational Therapy, 49, 787. 
-Wilson, P. H., & McKenzie, B. E. (1998). Information processing deficits associated with 
developmental coordination disorder: a meta-analysis of research findings. Journal of Child 
Psychology and Psychiatry, 39,829. 
- World Health Organization. (2008). Obesity and overweight. Retrieved from 
http://www.who.int/mediacentre/factsheets/fs311/en/ 

http://www.ncbi.nlm.nih.gov/pubmed/17044965
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wagner%20MO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kastner%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Petermann%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jekauc%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Worth%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%B6s%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21596520
http://www.ncbi.nlm.nih.gov/pubmed/21596520


- World Health Organization. (2009). Prevalence of overweight and obesity in children and 
adolescents. Retrieved from http://www.euro.who.int/__data/assets/pdf_file/0005/96980/2.3.-
Prevalence-of-overweight-and-obesity-EDITED_layouted_V3.pdf 
-Wu, S. K., Lin, H. H., Li, Y. C., Tsai, C. L., & Cairney, J. (2010). Cardiopulmonary fitness and endurance 
in children with developmental coordination disorder. Research in Developmental Disabilities, 31(2), 
345–349. 


