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ARTICLE INFO ABSTRACT

Keywords: Background: Developmental Coordination Disorder (DCD) is a multifactorial, neurodevelop-
Developmental coordination disorder mental motor disorder that severely affects the activities of a child’s daily life and classroom
Child development performance. The aim of this study was to determine the prevalence of suspected DCD in a

Psychomotor performance
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sample of Spanish schoolchildren and its association with socio-demographic factors.

Methods: We conducted a cross-sectional study including a random sample of 460 children at-
tending mainstream schools in northwest Spain in 2017. A Developmental Coordination Disorder
Questionnaire-European Spanish was used to evaluate suspected DCD prevalence. We performed
multivariate logistic and linear regression analysis to determine the socio-demographic variables
associated with suspected DCD and problematic motor coordination performance.

Results: The prevalence of suspected DCD was 12.2%. According to the multivariate analysis,
DCD symptoms were significantly associated with males (OR = 3.0), ages above 10 years old
(OR = 5.0) and low participation in out-of-school physical activities (OR = 2.3). Preterm birth
children were twice as likely to show suspected DCD, although this association was not statis-
tically significant (OR = 2.1).

Conclusions: A high percentage of Spanish schoolchildren are at risk for developing DCD. There is
a strong connection between suspected DCD and socio-demographic factors. Protocols aimed to
detect DCD and intervention programmes in classrooms designed to promote motor coordination
skills need to take these factors into consideration.

What this paper adds?

This is the first study to investigate the epidemiology of suspected Developmental Coordination Disorder (DCD) in a large sample
of Spanish schoolchildren aged 6-12 years old. Approximately three children in a general Spanish classroom are at risk for DCD. Boys
are three times more likely to show coordination difficulties. Age, premature birth and low participation in out-of-school physical
activities are also associated with DCD symptoms. These findings indicate that factors associated with motor coordination difficulties
in schoolchildren span across neurological and socio-demographic domains, and should be addressed during early development to
promote prompt interventions. Schools offer the best setting to detect learning difficulties due to motor coordination issues, and
teachers and health care practitioners working in schools can use this study to design specific strategies to promote full participation
according to these children’s needs and characteristics.
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1. Introduction

Developmental Coordination Disorder (DCD) is a motor neurodevelopmental disorder characterized by a significant delay in the
acquisition and execution of coordinated motor skills as expected for the child’s chronological age and opportunities for learning
(American Psychiatry Association, 2013; Blank, Smits-Engelsman, Polatajko, & Wilson, 2012). DCD affects approximately 5-19% of
school-aged children, varying according to the diagnosis criteria and country (Blank et al., 2012; Beltrame et al., 2017; Faebo Larsen,
Hvas Mortensen, Martinussen, & Nybo Andersen, 2013; Lingam, Hunt, Golding, Jongmans, & Emond, 2009; Pulzi & Rodrigues, 2015;
Santos & Vieira, 2013; Valentini et al., 2012). The underlying motor and behavioural difficulties of DCD are chronic and severely
limit activities of daily living, including educational achievement and classroom performance (Magalhaes, Cardoso, & Missiuna,
2011). Children with DCD show great difficulties in social and academic tasks and in scholastic achievements (Blank et al., 2012). De
Milander, Coetzee, and Venter (2016) found that motor coordination difficulties were associated with impaired reasoning, numerical
skills, pattern repeating, fine motor skills and memory outcomes in children aged 5-8 and concluded that children with DCD ex-
perience more learning-related problems than children without DCD. Previous research has shown that this disorder significantly
interferes with classroom tasks and demands like reading and writing, maintaining attention and numerical-mathematical com-
prehension (Gomez et al., 2015; Huau, Velay, & Jover, 2015; Prunty, Barnett, Wilmut, & Plumb, 2016).

According to the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders (DSM-5), DCD is
defined by the following four criteria: A) Motor coordination performance is substantially below that expected given the person’s
chronological age and opportunity for skill learning and use; B) This motor coordination deficit significantly and persistently in-
terferes with typical chronological age activities of daily living, including school performance; C) Onset of symptoms is in the early
developmental period; and D) The motor coordination deficit is not better explained by intellectual disability or visual impairment
and cannot be attributable to a neurological condition affecting movement (American Psychiatry Association, 2013). The European
Academy of Childhood Disability recommends using the Movement Assessment Battery for Children-Second Edition (MABC-2) and
the Developmental Coordination Disorder Questionnaire (DCDQ) as assessment tools to evaluate criteria A and B, respectively (Blank
et al., 2012).

Research shows that the underlying mechanisms of DCD include both internal and external factors (Blank et al., 2012). It has been
proposed that neurological, behavioural and contextual variables influence movement performance through a dynamic systems
approach (Haywood, Roberton, & Getchell, 2012; Shumway-Cook & Woollacott, 2010). Recent meta-analysis studies have found that
children with DCD show anomalies in sensorimotor processes, attention and task-oriented process neurobiology that could contribute
to some of their underlying problems in anticipatory motor planning (Fuelscher et al., 2018; Gomez & Sirigu, 2015; Wilson et al.,
2017).

To understand the underlying factors of DCD, it is necessary to know how socio-demographics affect motor coordination de-
velopment. Although some variables are commonly associated with DCD, there is not a consensus regarding this topic. The pre-
valence of DCD is found to be higher in boys (Beltrame et al., 2017; Rivard, Missiuna, McCauley, & Cairney, 2014), while some
studies have not found a significant association with the sex of the children (Lingam et al., 2009; Silva & Beltrame, 2013). This fact
could be influenced by the tool used to assess DCD, since boys tend to score better on gross motor and aiming and catching tasks, but
girls usually perform fine motor activities better than boys (Amador-Ruiz et al., 2018; Beltrame et al., 2017; Delgado-Lobete &
Montes-Montes, 2017). Low gestational age at birth has been noted as a risk factor for developing DCD, especially in young children,
due to cognitive and behavioural outcomes (Faebo Larsen et al., 2013; Kieviet, Piek, Aarnoudse-Moens, & Oosterlaan, 2009; Lingam
et al.,, 2009). Low socio-economic family status has been previously associated with DCD, as well as poor motor coordination.
Children coming from disadvantaged families may have increased difficulties with accessing learning opportunities or resources,
which may be a risk factor for developing DCD (Barba, Luiz, Pinheiro, & Lourenco, 2017; Lingam et al., 2009; Valentini, Clark, &
Whitall, 2015). Another well-documented factor associated with DCD is low participation in out-of-school physical activities. Chil-
dren with DCD tend to engage less in physical activities and sports than children without motor difficulties (Cermak et al., 2015;
Magalhaes et al., 2011). While restrictions in physical activities limits the number of opportunities to practice and improve motor
skills, children with DCD show low self-perception about their physical competence, which may explain their reduced participation
(Batey et al., 2014; Schoemaker & Smits-Engelsman, 2015). The Spanish national curriculum for elementary education only requires
two weekly hours of physical education and previous research has suggested that this allotted time may not be in compliance with the
World Health Organization guidelines on physical activity for school-aged children (Calahorro Canada, Torres-Luque, Lopez-
Fernandez, & Alvarez Carnedo, 2014; Pons & Arufe, 2015). For this reason, it is important to assess participation in out-of-school
physical activity when addressing a DCD evaluation.

Due to the adverse impact that DCD can have on the daily life activities and classroom performance of schoolchildren, it is
necessary to know the epidemiology of this disorder in Spanish, general education classrooms to provide guidance and early iden-
tification programmes to teachers and schools. Considering DCD often goes undiagnosed, it is important that teachers and health
practitioners working in schools can detect children that struggle because of learning difficulties, due to motor coordination issues,
and the primary socio-demographic factors associated with DCD in schoolchildren (Missiuna et al., 2008). Early detection of motor
difficulties could prompt effective control of these children to prevent worse, secondary consequences, help teachers design an
Individualized Education Plan that accommodates the children’s strengths and needs or promote access to targeted materials and
resources (Missiuna, Moll, King, King, & Law, 2006).

In this context, Spanish classrooms may have a difficult time detecting and assessing this disorder because of several factors, such
as the lack of information and underdiagnosis of DCD in the Spanish population (Amador-Ruiz et al., 2018; Carballal Marino et al.,
2018). To our knowledge, only one study has explored DCD in Spanish children, but it used a small study sample to evaluate criterion
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A, did not include children older than six years old, and did not consider gestational age at birth or participation in out-of-school
physical activities (Amador-Ruiz et al., 2018). Considering the existing problems for the diagnosis of DCD in children under 5 years of
age and the lack of stability of DCD at early ages (Blank et al., 2012), their findings may differ in older Spanish children. Additionally,
the absence of health care practitioners who are familiar with DCD and could assist in detecting children with motor coordination
difficulties in mainstream schools, like occupational or physical therapists, adds to the difficulty of detecting and assessing DCD in
Spanish classrooms. For this reason, knowing the suspected prevalence of DCD and associated socio-demographic factors in Spanish
schoolchildren can provide useful information to guide specific detection strategies and intervention programmes. International
researchers could compare the prevalence of suspected DCD in Spanish schoolchildren in relation to other regions due to socio-
demographic or cultural differences. Additionally, knowing how interconnected socio-demographic factors associate with motor
coordination difficulties can contribute to the theoretical background explaining the underlying factors involving DCD.

To date, few studies have explored the underlying associations between DCD, motor coordination dimensions and socio-demo-
graphic factors using multivariate regression models, and no study has established suspected DCD prevalence in a large sample of
Spanish school-aged children. It is important to explore how socio-demographic factors individually associated with DCD inter-
connect in schoolchildren. Teachers and health care practitioners working in schools can easily obtain children’s sex, age, partici-
pation in out-of-school physical activity, family socioeconomic background and preterm status. Knowing how these factors associate
with DCD could help teachers and health practitioners in Spain, and other regions, to design strategies for the early detection of
children more vulnerable to the development of motor coordination difficulties that could impact academic achievement, social
performance and behaviour in classrooms.

The objective of this study was to estimate the prevalence of suspected DCD in a large sample of Spanish children aged 6-12 years,
attending mainstream schools, and to determine the associations between suspected DCD, problematic motor coordination ability in
different areas and socio-demographic factors.

2. Methods
2.1. Procedure and participants

We conducted a cross-sectional study in A Coruna, northwest Spain. According to the Galician Institute of Statistics, 14,466
schoolchildren between six and twelve years of age were eligible for the study (Instituto Gallego de Estadistica, 2017). With 95%
confidence limit, an expected DCD prevalence of 15% and a precision of .035, the required sample size was 432 as calculated by
EPIDAT 3.1.

Eight general education schools, randomly selected, were invited to participate in the study, of which six agreed to collaborate. A
dossier including the Developmental Coordination Disorder Questionnaire-European Spanish (DCDQ-ES) and a socio-demographic
questionnaire was issued to 1002 randomly selected parents of children from first to sixth grade (aged 6 to 12 years). Parents were
also asked whether their children had a clinical diagnosis of any developmental disorder or learning difficulties. The dossiers were
anonymously answered at home and then returned to schools and then collected by the researchers. Only fully completed DCDQ-ES
were considered valid and therefore included in the study.

Ethical approval for this study was obtained from the Autonomic Research Ethics of Galicia Committee (code 2017/166). All
participants consented to take part anonymously and confidentially.

2.2. Assessment measures

Children were defined as having suspected DCD using the European Spanish cross-cultural adaptation of the DCDQ (to be pub-
lished). The DCDQ is a parent-questionnaire consisting of 15 items that asses three coordination factors when performing activities of
daily living: control during movement, fine motor/handwriting and general coordination. Each item scores from 1 to 5, where lower
scores are indicative of coordination difficulties. As recommended by Wilson et al. (2009), children were defined as having suspected
DCD if they had a total score of 46 or below (ages 6 years to 7 years 11 months), 55 or below (ages 8 years to 9 years 11 months) or 57
or below (ages 10 years to 12 years 11 months). The DCDQ has shown good psychometric properties (Cronbach a = 0.94; overall
sensitivity = 85%; overall specificity = 71%) (Wilson et al., 2009). The DCDQ is a well-validated tool, useful as a first step diagnostic
assessment, especially to support and operationalize criterion B (Blank et al., 2012).

Covariables included were gender, age, gestational age at birth, participation in out-of-school physical activities and educational
and occupational family levels. The parents’ educational level was measured using the International Standard Classification of
Education (UNESCO Institute for Statisfics, 2012), while occupational level was assessed with the occupational classification pro-
posed by the Spanish Society of Epidemiology and the Spanish Society of Family and Community Medicine (Domingo-Salvany,
Regidor, Alonso, & Alvarez-Dardet, 2000).

2.3. Data analysis/calculation

We conducted a descriptive analysis calculating percentages with their 95% confidence interval (CI) for categorical variables
(e.g., suspected DCD, sex, family educational level, etc.), and means and standard deviation (SD) for numerical variables (e.g., age,
motor coordination factors). Student t test, ANOVA analyses and Chi Square were used to determine the associations between

suspected DCD, problematic ability in the coordination factors and socio-demographic variables. Student t tests were conducted for
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Table 1
Socio-demographic characteristics of participants.
Participants Mean =+ SD or % (95% CI)

Age 459 8.66 = 1.8
6-7 years 143 31.1 (26.8-35.4)
8-9 years 154 33.5(29.1-37.9)
10 and more years 163 35.4 (31.0-39.9)
Sex (girls) 244 53.0 (48.4-57.7)
Developmental disorders or learning difficulties 1 0.2(0.0-1.2)
Full term birth 326 83.6 (79.8-87.4)
Out-of-school physical activity (=3h/week) 221 49.1 (44.4-53.8)
Father educational level (third level studies) 304 70.7 (66.3-75.1)
Mother educational level (third level studies) 361 80.8 (77.0-84.5)
Family educational level (third level studies) 389 84.9 (81.6-88.3)
Father occupational level (occupation corresponding to university studies) 109 25.6 (21.3-29.9)
Mother occupational level (occupation corresponding to university studies) 123 27.6 (23.3-31.78)
Family occupational level (occupation corresponding to university studies) 160 35.1 (30.6-39.6)

SD = standard deviation; 95% CI = 95% confidence interval.

assessing associations between problematic ability in motor coordination factors and sex, gestational age at birth, out-of-school
physical activity and father, mother and family educational and occupational levels, while ANOVA analyses were conducted for
assessing associations between motor coordination factors and age groups. Chi Square tests (X2) were used to explore the associations
between suspected DCD and socio-demographic variables (e.g., sex, age groups, gestational age at birth, etc.). Finally, logistic and
linear regression models were used to determine which variables were associated with suspected DCD and problematic coordination
performance. All analyses were performed using SPSS v. 20 and EPIDAT v. 3.1. A minimum alpha level of 0.05 was set for all
statistical tests.

3. Results

The sample for this study was comprised of 460 schoolchildren (45.9% rate of valid response) (M. = 8.66, SD = * 1.79;
girls = 53.0%). Only one child had a parent reported, clinical diagnosis of Attention Deficit and Hyperactivity Disorder (ADHD, 0.2%,
95% CI = 0.0-1.2) and was included in the study. Socio-demographic characteristics are shown in Table 1. Fifty-six children were
identified as having suspected DCD (12.2%, 95% CI = 9.1%-15.3%). Boys were more likely to show suspected DCD than girls in all
age groups as shown in Fig. 1.

Suspected DCD was associated with being male, age, preterm birth, low out-of-school physical activity and family educational
level (Table 2). Prevalence of suspected DCD was higher among boys (16.2% vs 8.6%, X? = 6.19, df = 1), children older than 10

X?2=4.92
0% p=0.026
35%
0,

30% X?=6.19 ,

g p=0.012 X 270-(2);3 X2=0.00 26,30%
p=0. -
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]
g 15% 12,60%
g . 180%  11,60% S
w
9,70%
10% 8,60% Y
5%
0,00%
0% :
Boys Girls Boys Girls Boys Girls Boys Girls
Total <8years 8-9 years 10 and more years

Fig. 1. Suspected DCD prevalence differences according to sex and age groups. X>=chi square value; p = p value.
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Table 2
Association between socio-demographic factors and suspected DCD using Chi-square test.
No DCD N (%) Suspected DCD N (%) X2 P OR 95% CI

Sex 6.19 0.013 2.05 1.2-3.7
Boys 181 (83.8) 35 (16.2)
Girls 223 (91.4) 21 (8.6)

Age 14.26 0.001
6-7 years 136 (95.1) 7 (4.9) 1 -
8-9 years 136 (88.3) 18 (11.7) 0.22 0.1-0.5
10 and more years 132 (81.0) 31 (19.0) 0.57 0.3-1.1

Gestational age at birth 4.27 0.039 2.12 1.0-4.4
Preterm 52 (81.2) 12 (18.8)
Full term 294 (90.2) 32(9.8)

Out-of-school physical activity 5.52 0.019 2.03 1.1-3.7
< 3h/week 194 (84.7) 35 (15.3)
=3h/week 203 (91.9) 18 (8.1)

Father educational level 2.40 0.122 1.60 0.9-2.9
First or second level studies 106 (84.1) 20 (15.9)
Third level studies 272 (89.5) 32 (10.5)

Mather educational level 3.18 0.075 1.80 0.9-3.4
First or second level studies 71 (82.6) 15 (17.4)
Third level studies 323 (89.5) 38 (10.5)

Family educational level 5.27 0.022 2.16 1.1-4.2
First or second level studies 55 (79.7) 14 (20.3)
Third level studies 348 (89.5) 41 (10.5)

Father occupational level 2.13 0.144 1.74 0.8-3.7
Occupation not corresponding to university studies 274 (86.4) 43 (13.6)
Occupation corresponding to university studies 100 (91.7) 9 (8.3)

Mother occupational level 0.04 0.840 1.07 0.6-2.1
Occupation not corresponding to university studies 284 (87.9) 39 (12.1)
Occupation corresponding to university studies 109 (88.6) 14 (11.4)

Family occupational level 0.80 0.371 1.33 0.7-2.5
Occupation not corresponding to university studies 258 (87.2) 38 (12.8)
Occupation corresponding to university studies 144 (90.0) 16 (10.0

X?=chi square value; p = p value; OR = odds ratio; 95% CI = 95% confidence interval.

years of age (19.0% vs 8.4%, X2 = 14.26, df = 2), preterm children (18.8% vs 9.8%, = 4.27, df = 1), children who enjoy less than
three hours per week of out-of-school physical activities (15.3% vs 8.1%, X? = 552, df = 1) and children with a low family edu-
cational level (20.3% vs 10.5%, X> = 5.27, df = 1) regardless of family occupational level.

Logistic regression analysis outcomes are presented in Table 3. We found that being male [OR = 3.0, 95% CI (1.5-6.0)], being
above 10 years of age [OR = 5.0, 95% CI (1.9-13.1)] and having a low participation in out-of-school physical activities [OR = 2.3,
95% CI (1.1-4.7)] were statistically associated with suspected DCD. Family educational level and preterm birth were not statistically
associated factors according to this analysis, although preterm children were twice as likely to show suspected DCD compared to
children who were not preterm [OR = 2.1, 95% CI (1.0-4.6)].

Regarding the socio-demographic factors associated with coordination factors and the total DCDQ-ES score, girls, children who
participated in three or more hours in out-of-school physical activities and children whose families had high educational and oc-
cupational levels scored significantly higher in DCDQ-ES, showing fewer problematic levels of ability (Table 4).

Thus, the outcomes of the linear regression analyses showed that being female, age, engaging in out-of-school physical activity
and family educational level were associated with fewer problematic levels of motor coordination ability (Table 5).

Table 3
Logistic multivariate analysis to identify socio-demographic factors associated with suspected DCD.
Variable B SE p OR (95% CI)
Sex (boys) 1.081 0.358 0.003 3.0 (1.5;6.0)
Age 0.004
6-7 years 1
8y 9 years 0.932 0.518 0.072 2.5 (0.9;7.0)
10 and more years 1.603 0.496 0.001 5.0 (1.9;13.1)
Preterm birth (< 37 weeks) 0.745 0.397 0.06 2.1 (1.0;4.6)
Out-of-school physical activity (< 3 h/week) 0.838 0.364 0.021 2.3 (1.1;4.7)
Family educational level (first or second level studies) 0.450 0.426 0.291 1.6 (0.7;3.6)

B = B coefficient value; SE = standard error; OR = odds ratio; p = p value; 95% CI = 95% confidence interval.
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Table 5

Linear multivariate analysis to identify socio-demographic factors associated with motor coordination factors.
Variable Control during movement Fine motor/Handwriting General coordination Total score

B 95% CI B 95% CI B 95% CI B 95% CI
Sex (boys) —0.140 —0.8-0.6 —-1.185¢ -1.7-(-0.7) -0.916" -1.6-(-0.3) -2.241" -3.8-(-0.6)
Age
6-7 years 0 0 0 0
8y 9 years 1.512¢ 0.7-2.4 0.954" 0.3-1.6 0.747 0.0-1.5 3.214° 1.3-5.2
10 and more years 1.090" 0.2-2.0 0.916" 0.3-1.6 0.928" 0.1-1.7 2.934" 0.9-4.9
Preterm birth (< 37 weeks) —0.316 —1.3-0.6 —0.079 —0.8-0.6 —0.329 —1.2-0.6 -0.724 -29-15
Out-of-school physical activity (< 3 h/week) —1.194° —1.9-(-0.5) —0.790" —1.3-(-0.3) —1.437° -2.1-(-0.8) —3.420° -5.0-(-1.8)
Family educational level (first or second level ~—1.101° -2.2-0.0 —-0.950° -1.7-(-0.2) -0.538 -1.5-0.4 —2.589" —5.0-(-0.2)
studies)

Family occupational level (occupation not —0.501 -1.3-0.3 —0.028 —0.6-0.5 -0.515 —-1.2-0.2 —-1.044 —-2.8-0.7

corresponding to university studies)

B = B coefficient value; CI = 95% confidence interval.
@ p < 0.05.
b p < 0.01.
¢ p < 0.001.

4. Discussion

This study aimed to determine the prevalence of suspected DCD and its associations with socio-demographic factors in Spanish
schoolchildren. To our knowledge, this is the first study to assess the prevalence of suspected DCD in a large sample of school-aged
children in Spain. In this study, 12.2% of children attending mainstream schools were identified as having suspected DCD and none of
children had a previous clinical diagnosis of DCD according to parent reports. These findings are in line with other studies that report
a similar rate of DCD. In Europe, the indication of DCD prevalence ranges from 4.9% in the United Kingdom to 19% in Greece, with
similar outcomes in other regions such as Canada and South Africa (De Milander et al., 2016; Lingam et al., 2009; Tsiotra et al.,
2006). However, it is noted that DCD prevalence rates may differ depending on the assessment used to establish DCD diagnosis. The
studies that defined DCD cases using only one of the criteria derived from the DSM-IV or DSM-5 usually found a higher prevalence of
DCD. For instance, Tsiotra et al. (2006) found that 8% of Canadian children and 19% of Greek children met DSM-5 criterion A of a
DCD diagnosis that assessed motor competence, but did not evaluate the impact of motor coordination difficulties on everyday
performance (i.e., criterion B). Using the MABC-2, 17.4% of Spanish pre-schoolers and 12% of South African grade 1 children were
defined as having either DCD or at risk for DCD, but their functional performance was not evaluated, as only criterion A was
considered (Amador-Ruiz et al., 2018; De Milander et al., 2016). The studies that have defined DCD primarily using criterion B
(everyday functional impairment due to motor coordination difficulties), have also found a higher prevalence of DCD or suspected
DCD. In Brazil, several studies using the DCDQ reported that approximately 30% of Brazilian children were classified as having DCD
(Cavalcante Neto, Sato, & Tudella, 2018; Della Barba, Luiz, Pinheiro, & Lourenco, 2017). By contrast, Lingam et al. (2009), conducted
a study with a large cohort of 7 and 8 year old children in the United Kingdom, assessing all DSM-IV criteria for DCD diagnosis, and
found a significantly lower DCD prevalence, where only 1.8% of the children were diagnosed with DCD. It is important to consider all
DSM-5 criteria to establish a DCD diagnosis, but this is often difficult when conducting large, population-based studies. While
questionnaires and motor coordination test battery alone can be useful in identifying potential motor coordination problems, a
definite diagnosis of DCD can only be established by considering all criteria (Blank et al., 2012). A recent study conducted in
northwest Spain showed that only 1.09% of children received a clinical diagnosis of a neurodevelopmental motor disorder (Carballal
Marino et al., 2018). Given the high prevalence of suspected DCD in our study, in line with the findings of Amador-Ruiz et al. (2018),
this fact suggests that in Spain, DCD is a hidden, unknown and underdiagnosed disorder.

Boys showed a higher prevalence of suspected DCD and higher frequency of problematic levels of motor coordination ability than
girls, which has been reported by other studies and may be an indicator that boys are more likely to present motor coordination
difficulties during early development (Beltrame et al., 2017; Delgado-Lobete & Montes-Montes, 2017; Faebo Larsen et al., 2013). The
underlying causes are not clear, though it has been suggested that differences in neurobiological and cultural factors between boys
and girls may affect the development and quality of motor coordination (Blank et al., 2012; Rivard et al., 2014). It has been noted that
preterm boys show increased adverse neurological outcomes than preterm girls, which could be a reason for the greater prevalence of
DCD and other pervasive developmental disorders in boys (Fombonne, 2009; Zwicker, Missiuna, Harris & Boyd, 2012). Regarding
cultural factors, girls are often encouraged to engage in fine motor activities and therefore score higher in fine motor assessment tasks
and tend to show a better motor coordination performance during early development (Amador-Ruiz et al., 2018; Delgado-Lobete &
Montes-Montes, 2017). Conversely, some studies have not found differences in DCD prevalence between boys and girls (Amador-Ruiz
et al., 2018; Lingam et al., 2009; Silva & Beltrame, 2013). This fact could be attributed to methodological differences, such as the
selection of the assessment tools or the age of the children. Boys tend to score higher than girls in gross motor or aiming and catching
tasks included in most of the motor coordination assessment batteries used in those studies and as such, boys are less likely to be
identified as having DCD (Amador-Ruiz et al., 2018; Lingam et al., 2009).
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Older children showed a higher prevalence of suspected DCD but scored significantly higher in all motor coordination factors. As
noted in previous research, children aged eight and older are more likely to present DCD symptoms, while simultaneously scoring
better on the DCDQ (Cavalcante Neto et al., 2018; Faebo Larsen et al., 2013; Valentini et al., 2015). This could be because motor skills
improve with age, and therefore, the DCDQ scores increase. However, those children with poor motor skills are more likely to be
identified by the DCDQ as having suspected DCD. It has been noted that DCD diagnosis at early ages lacks stability (Blank et al.,
2012). Additionally, DCD is a chronic condition that affects everyday performance and academic achievement, even during ado-
lescence and adulthood (Harrowell, Hollén, Lingam, & Emond, 2018), therefore it is possible that DCD becomes more evident and
readily detected in older children because their motor coordination difficulties have a greater impact on their everyday activities.

In line with previous research, low gestational age at birth was associated with suspected DCD prevalence (Faebo Larsen et al.,
2013; Kieviet et al., 2009; Lingam et al., 2009). An immature central nervous system can severely affect psychomotor development,
which may explain why DCD is significantly more prevalent in preterm children, particularly among younger children. Low birth
weight and gestational age at birth have both been shown to affect cognitive and behavioural outcomes, which may contribute to
motor coordination difficulties in preterm children (Kieviet et al., 2009). In our study, low gestational age at birth was not statis-
tically associated with suspected DCD according to logistic regression analyses, although preterm children were two times more likely
to show DCD symptoms. This could be attributed to the age of the sample population, which included children older than eight years
old. A meta-analysis conducted by Kieviet et al. (2009) indicated that the effect of gestational age on motor development may
decrease as age increases, so older, preterm children and adolescents could show similar DCD prevalence than their term-born peers.

Children with low participation in out-of-school physical activities were more than twice as likely to present DCD symptoms and
problematic motor coordination ability skills. Children identified as having DCD tend to engage in less physical activities and sports
than their typically developing peers, and usually show lower self-perception about their motor competence (Batey et al., 2014;
Cermak et al., 2015; Fong et al., 2011; Magalhaes et al., 2011). Limited physical activity participation reduces the number of
opportunities to practice and improve motor skills, which may contribute to the development of DCD. Therefore, these children will
engage less in social play and sports that require the fundamental movement skills they lack, and this process is likely to become a
pattern that perpetuates itself (Schoemaker & Smits-Engelsman, 2015). As low physical activity has been associated with low bone
mineralization in children with DCD, this should be a major concern when approaching this disorder (Fong et al., 2018). Children
with DCD show higher clinical obesity and low cardiorespiratory fitness prevalence than children without DCD (Tsiotra et al., 2006).
Bone mineralization loss in obese, DCD children could contribute to the development of future clinical conditions.

Finally, low family educational level was also a factor associated with suspected DCD and problematic motor coordination skills.
While previous research has demonstrated that family socioeconomic status is associated with DCD, studies usually focus solely on
family economic level (Barba et al., 2017; Faebo Larsen et al., 2013; Lingam et al., 2009; Santos et al., 2015; Valentini et al., 2015). In
our study, family educational level predicted DCD and motor coordination regardless of the occupational level of the family. As
previously noted, children could be more likely to develop DCD if their parents have decreased recognition of motor coordination
disability and access to health care (Lingam et al., 2009). Parents with a high educational level may be more conscious of the
importance of psychomotor development or could be more likely to detect motor coordination difficulties, and thus could provide
more opportunities of stimulation or have more access to health care services.

Several limitations of this study should be considered. First, although we used an established measure of daily living related motor
skills, we could not establish a definite diagnosis of DCD since criterion A was not fully assessed and the DCDQ is not recommended
for population screening (Blank et al., 2012). While motor coordination ability should be assessed using objective tests, parental
reports can be valid instruments to assess motor coordination during everyday performance if the items are cross-culturally adapted
and allow parents to compare motor skills within the same age groups (Blank et al., 2012; Zysset et al., 2018). As we aimed to
evaluate a large sample size, the use of a motor coordination test battery was not feasible, and we chose to use a well-validated and
cross-culturally adapted questionnaire to identify those children with suspected DCD. A second limitation is that we used a parent
report of developmental disorders or learning difficulties without gathering clinical documentation. Only one child was reported as
having a clinical diagnosis of developmental disorder (ADHD). While the sample came from mainstream schools, this may suggest
that developmental disorders, and more precisely motor coordination disorders, are often underdiagnosed in Spain (Carballal Marino
et al., 2018). Socio-demographic factors associated with suspected DCD in our sample cannot be counted as risk factors due to the
cross-sectional nature of our study, although this is valuable information that can be used in future studies. Finally, there may be a
potential bias with the sample. It is possible that parent participation was influenced by their children’s own motor performance or
socioeconomic status. The sample comes from one city in Spain, and thus there may be differences when inferring to other Spanish
regions. Parents were randomly selected and came from different socioeconomic districts and from both public and private schools to
try to prevent this bias.

4.1. Implications for Spanish and international classrooms

This study has important implications for Spanish and international classrooms. Our findings show that at least three children in a
mainstream, Spanish classroom are at risk for developing DCD. This disorder is often hidden and underdiagnosed, not only in Spain,
but in other regions, and yet the largest proportion of children that receive school-based occupational therapy is referred for
handwriting difficulties (Missiuna et al., 2006, 2008). According to these findings, Spanish mainstream schools should consider
including occupational therapists who would contribute to detecting and addressing occupational and scholastic limitations derived
from motor coordination issues in children. Research has shown that task-oriented intervention methods are the most effective
strategies to improve motor performance, but contextual barriers and socio-demographic factors need to be considered to design
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specific, effective programmes that accommodate the child’s needs and characteristics (Blank et al., 2012). Schools in Spain and other
regions could use these findings to address appropriate detection protocols that include those socio-demographic factors known to be
associated with suspected DCD and to design strategies that allow children with suspected DCD to practice motor skills in an en-
vironment in which they can effectively engage in physical activities.

The DCDQ-ES scores provided here can be used by researchers in future studies and by teachers and health care practitioners in
their daily classroom or clinical work. Researchers can also use the suspected DCD prevalence found in our study to warn national
and international communities about this disorder. Future studies could explore the associations of additional socio-demographic and
contextual factors, alongside those included in this study, to further investigate the external variables that may contribute to the
development of DCD.

5. Conclusions

Suspected DCD affects approximately 12% of Spanish schoolchildren. Suspected DCD and problematic motor coordination ability
skills are associated with age, sex, limited participation in out-of-school physical activities, low gestational age at birth and family
educational status. These are important findings as they point to the need to consider socio-demographics as relevant factors when
assessing DCD in school-aged children. The impact of DCD on education achievement is not limited to childhood, but remains during
adolescence (Harrowell et al., 2018), and thus it should be addressed as soon as motor coordination difficulties are displayed during
development. Teachers and health care practitioners working in schools could use well-validated questionnaires to screen motor
coordination difficulties, since they are easily accessed tools and useful for collecting information about the child’s everyday per-
formance. However, a DCD diagnosis should always include complementary assessments and the evaluation of all criteria. Schools
offer the best environment for the early detection of motor coordination related learning difficulties and to develop strategies that
promote motor coordination and minimize the impact of DCD on academic achievement. Occupational and physical therapists
working in schools can help to detect and address this disorder using task-oriented intervention strategies that consider socio-
demographic and contextual factors associated with DCD.
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