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Background: An increased prevalence of psychological and behavioral conditions has been observed in youth and adolescents with DCD. The majority of research examining the relationship between motor skill proficiency and psychological problems has focused on older children and adolescents. The aim of the present study was to examine the relationship between motor skill proficiency and emotional and behavioral problems among pre-school age children with DCD to help determine how young children are when more severe problems begin to emerge (i.e., symptoms meet clinical thresholds) and the prevalence of comorbidity.

Methods: Children 4 to 5 years of age (n = 589) from the Coordination and Activity Tracking in CHildren (CATCH) study were divided into two groups: at risk for DCD (rDCD; n = 288) and typically developing (TD; n = 301). Inclusion in the rDCD group required a score ≤16th percentile on the Movement Assessment Battery for Children-2. Emotional and behavioral problems were assessed using the Child Behavior Checklist (CBCL) 1.5 to 5 year parent-report questionnaire. CBCL data were scored using the CBCL syndrome scales as well as the DSM V revised scale scoring.

Results: Seven children had missing or incomplete data on the CBCL and were excluded from the present analysis, leaving 582 participants. The mean age was 5.0 (SD 0.6) years and 57% of children were male (TD: 48% male, rDCD group: 67% male). After adjusting for sex, rDCD children scored significantly higher on all CBCL syndrome scales, all DSM-V scales, and all three summative scales. They were also significantly more likely to score at or above the syndrome scale clinical threshold on anxiety, withdrawn, emotionally reactive, aggression, ADHD, internalizing, externalizing, and total problems; and above the DSM-V thresholds on depression and autism. In addition, rDCD status was associated with a higher probability of meeting criteria for one, two, or more disorders in an ordinal logistic regression model.

Conclusion: Preschool-age children with rDCD have more parent-reported psychological problems, and are more likely to be above the clinical threshold for many psychological problems and meet criteria for multiple conditions.
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INTRODUCTION

Developmental coordination disorder (DCD) is a prevalent, neurodevelopmental disorder characterized by problems with fine and/or gross motor skills that are unrelated to other physical and/or intellectual impairments (1). DCD is thought to affect between 1.8 and 6% of children (1). Impairments in motor functioning are associated with attention, cognitive, social-emotional, and behavioral delays (1). Affected children also frequently present with poor physical fitness (2) and low physical activity (3), and are at increased risk of overweight and obesity (4).

Psychological and behavioral conditions associated with DCD in youth include both internalizing (e.g., depression/anxiety) (5–15) and externalizing problems (5–8, 12–14). Despite the recognized importance of the early childhood period for motor and psychosocial development, most research on these associations has focused on older children and adolescents. However, Livesey et al. (16) found that externalizing behaviors were related to ball skills in a small sample of 5- and 6-year-olds (n = 36), while MacDonald et al. (17) found that 3- to 5-year old children with lower object manipulation skill scores also demonstrated poorer social behaviors, including higher levels of externalizing/hyperactivity behavior. Given the difficulty of identifying emotional and behavioral problems in early childhood, some studies have instead elected to evaluate problem behaviors in the context of free play (18, 19). For example, Kennedy-Behr et al. (18) assessed aggressive incidents in preschool free play among 32 DCD and 31 matched children and found children with DCD significantly more likely to be both aggressors and victims.

While the majority of studies examining emotional and behavioral problems among children with motor coordination difficulties in early childhood have used observation or syndrome scales, an alternative is to use validated measures with clinical thresholds, such as the Child Behavior Checklist (CBCL). One study by Piek et al. (20) found that 3- to 5-year-old children at risk for DCD had significantly higher anxious/depressed subscale scores, but no difference in their withdrawn subscale scores, compared with their typically developing (TD peers). A larger study by King-Dowling et al. (21) examined 214 3- to 6-year-old children, 37 of whom were classified as having motor coordination difficulties. They found that children with motoric issues had higher levels of behavioral problems, with higher scores on the externalizing, aggression, and withdrawn subscales of the CBCL, but no significant difference in anxious/depressed nor overall internalizing behaviors. While there was a higher percentage of children with motoric deficits who scored above the clinical threshold in the total problem domain of the CBCL (8 vs. 3%), this difference was not statistically significant.

All studies to date that have examined preschool-aged children with motor coordination difficulties have used small samples (ranging from 7 to 37 children with DCD or at risk for DCD), a fact that may account for the variability in the significant associations reported. In addition, no previous work has examined clinical or subclinical thresholds or comorbidity. In addition, no study has examined the comorbidity of emotional and/or behavioral problems as a marker of severity of mental health problems among children at risk for motor delays (including DCD). The current study aims to extend the limited literature currently available and examine these relationships in the preschool period using a large sample of children at risk for motor delays. Specifically, this study will assess whether young children at-risk for motor delays have higher levels of emotional and behavioral problems, and whether their symptom levels are more likely to meet clinical thresholds for single and multiple emotional and behavioral problems.



MATERIALS AND METHODS


Sample

The Coordination and Activity Tracking in CHildren (CATCH) study is a community-based, prospective cohort study of 589 children. Children were recruited from October 2013 to June 2017 in southern Ontario, Canada. The target sample size was 600 4- and 5-year-old children: 300 TD children and 300 children at risk for DCD (rDCD). Children and parents were eligible to participate if they could speak and read English and their children weighed more than 1,500 g at birth and did not have a diagnosed medical condition or physical disability affecting motor coordination (e.g., cerebral palsy or blindness). CATCH initially used two-stage screening, with parents first completing the Developmental Coordination Disorder Questionnaire (DCDQ) (22) over the telephone and then undergoing an initial selection before chosen individuals were invited to the laboratory to be assessed with the Movement Assessment Battery for Children, Second Edition (MABC-2) (23). Following the MABC-2 assessment, all children scoring at or below the 16th percentile and a random selection of children scoring above were invited to the longitudinal cohort. Due to the poor agreement of the DCDQ with the MABC, the process was modified (February 2015) to remove the initial screen. A higher-than-expected probability of motor impairment also necessitated changes to the randomization probabilities and processes to maintain approximate group balance. The screening and recruitment process is described more fully elsewhere (24). Ethical approval was obtained from the Hamilton Integrated Research Ethics Board at McMaster University. Informed, written consent was obtained from the parents of all participating children. This study examines the baseline data of the CATCH cohort.



Measures

Motor coordination was assessed with the MABC-2, which comprises eight tasks assessing manual dexterity, ball skills, and static and dynamic balance. Raw scores on each task are converted into standard scores based on the child's age, and these scores are combined to produce an overall standard score and percentile. Children scoring at or below the 16th percentile (-1 SD) were considered to be rDCD and those scoring above the 16th percentile were considered TD.

Emotional and behavioral problems were assessed using the CBCL 1 ½ to 5-year parent-report questionnaire. The CBCL was developed to provide a standardized and detailed measure of dysfunctional behavior among children (25). The CBCL was completed by the child's parent or guardian; for 87% (509 of 582), it was completed by the birth mother. The CBCL consists of 99 statements describing a wide range of emotional and behavioral symptoms. Parents are asked to rate each statement on a 3-point scale (0–2), 0 being “not true” of the child, 1 being “somewhat or sometimes true,” and 2 being “very true or often true.”

CBCL subscales were developed to correspond to conditions in the 4th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) as well as empirically derived syndrome scales; however, a subsequent scoring revision by the developers, based on expert consultation, makes it possible to produce totals for disorder definitions from the DSM-V (26). Here, we report on the original set of syndrome subscales and the revised DSM-V scales. CBCL syndrome scale scoring produces eight subscales (anxiety/depression, withdrawn, emotional reactivity, somatic, aggression, attention, sleep, and “other problems”) as well as totals for internalizing (anxiety/depression, withdrawn, emotional reactivity, and somatic complaints) and externalizing (aggression and attention/ADHD) domains. DSM-V scale scoring includes five subscales: depression, anxiety, autism, ADHD, and oppositional defiant disorder (ODD). The CBCL syndrome scales have demonstrated strong criterion-related and construct validity (27). Reported reliabilities vary between 0.66 (anxiety/depressed) and 0.92 (aggressive behavior) for syndrome scales, between 0.89 (internalizing) and 0.95 (total) for the summative scales, and between 0.63 (anxiety) and 0.86 (ODD) for CBCL DSM-IV oriented scales (27). To date, two studies have provided preliminary validation for the CBCL DSM-V scales assessing autism (28) and ADHD (29).



Statistical Analysis

We divided the sample into two groups based on measured level of motor proficiency: rDCD (MABC-2 percentile < = 16) and TD (percentiles 17-99.9). We identified children at risk for CBCL-measured conditions and calculated mean scores and percentages (prevalence) by group and sex. As the number of children scoring above the clinical thresholds for both the CBCL syndrome scales and DSM-V scales was relatively small, we used the subclinical threshold to identify children with possible problems. To test for differences by motor proficiency, we used multivariable linear, logistic, and ordered logistic regression, as appropriate, with group and sex as independent variables. We included sex because it is clearly associated with impaired motor functioning, and may also be associated with social-emotional problems. To identify possible differential associations by sex, we fit a further set of models including a group by sex interaction. To test independent associations between group membership and specific domains of functioning, we fit two logistic regression models with group membership as the dependent variable. In the first, we included gender and the internalizing and externalizing domain totals. In the second, we included gender and the five DSM-V subscales (which are fewer in number and capture broader areas of difficulty than the eight syndrome subscales). To obtain comparable coefficients, we standardized all subscales before fitting the models. We used Wald tests to obtain post-estimation comparisons of coefficients. We carried out all analyses for both syndrome scale and DSM-V categorizations of the CBCL subscales. Statistical significance was set at a p < 0.05, and all p-values were obtained from 2-tailed tests. We used Stata 14 (StataCorp) in all analyses.




RESULTS

The CATCH cohort contains 589 children (please see Cairney et al. (24) for further details of the full cohort). Seven children (1.2%) had missing or incomplete data on the CBCL and were excluded from the present analysis, leaving 582 participants. Of these, 320 (55.0%) were aged 4 and 262 (45.0%) were aged 5 years. Males comprised 57% (334 of 582) of the total sample. Based on their MABC-2 scores, 297 children (144 [48%] male, 153 [52%] female) were identified as TD and 285 (190 [67%] male, 95 [33%] female) as rDCD.

The results from the CBCL analysis using the syndrome scales are presented in Table 1 and compare rDCD and TD children both as a group and disaggregated by sex. After adjusting for sex, rDCD children scored significantly higher on all CBCL syndrome scales and all three summative scales (i.e., total problems, and internalizing and externalizing behavior). They were also significantly more likely to score at or above the subclinical threshold for anxiety/ depressed, withdrawn, emotionally reactive, aggression, and attention subscales, as well as the internalizing and externalizing behavior, and total problems. Finally, in an ordinal logistic regression model, rDCD status was associated with a higher probability for having a higher number of disorders. In a standard logistic regression, rDCD status was also associated with a higher probability of having multiple disorders, compared to having either a single disorder or no disorder at all (OR = 3.11, p = 0.002).


Table 1. CBCL syndrome scale scores and subclinical thresholds by group and sex.
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Table 2 presents the data comparing rDCD and TD children on the DSM-V scales. Similar to the results observed with the syndrome scales, after adjusting for sex, children with rDCD scored significantly higher on all DSM-V scales. Children with rDCD were also significantly more likely to score at or above the DSM-V subclinical threshold for depression and autism. As observed with syndrome scales, children with rDCD also had a higher probability of having a higher number of disorders than TD children in an ordinal model, as well as a higher probability of having at least 2 or more comorbid disorders compared to having either a single disorder or no disorder at all (OR = 3.56, p = 0.007).


Table 2. CBCL DSM-V scale scores and subclinical thresholds by group and sex.
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Next, we fit a series of linear, logistic, and ordinal logistic regression models to compare the rDCD and TD groups across the CBCL syndrome and DSM-V scales and comorbidity while adjusting for sex (see Table 3). Overall, the rDCD group had significantly higher mean scores on all syndrome scales and DSM-V subdomains as well as on syndrome scale totals for internalizing, externalizing, and total scores.


Table 3. Linear and logistic regression analyses comparing rDCD and typically developing children to assess mean and subclinical threshold differences across CBCL syndrome scales and DSM-V scales adjusting for sex.
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For the subclinical threshold analyses using logistic regression, the rDCD group had a higher likelihood of meeting the threshold for all subdomains for the syndrome subscales with the exception of somatization and sleep. They were also more likely to meet the subclinical threshold for internalizing, externalizing, and total summative scores. For the DSM-V scales, the rDCD group were more likely to meet the subclinical threshold on depression and autism but not anxiety, ADHD, or ODD. Finally, for both the syndrome scales and DSM-V categorizations, the rDCD group were more likely to score above the subclinical threshold on two or more syndromes identifying a higher likelihood of comorbidity.

In the final analyses (not reported in tables), we examined group by sex interactions for the individual syndrome subscales and the comorbidity across subscales. The only significant group x sex interaction was for the CBCL anxiety syndrome scales, with the combination of female sex and rDCD status being associated with higher levels of anxiety on both syndrome scales and DSM-V subscales (syndrome scales, b = 0.79, 95% CI = 0.14 to 1.43, p = 0.017; DSM-V, b = 0.98, 95% CI = 0.21 to 1.75, p = 0.012). In addition, regressing group membership on internalizing and externalizing syndrome subscales showed that the association was somewhat stronger with external than with internal symptoms, but this difference was not significant (please see Supplementary Table 1). For DSM-V subscale totals, pairwise post-estimation comparisons suggest that group differences are significantly larger for autism (Chi Square = 4.68, p = 0.03) and attention (Chi Square = 3.92, p = 0.048) than for anxiety, though these contrasts should be interpreted with caution due to the number of comparisons performed.



DISCUSSION

The results of the study indicate that preschool age children with motor difficulties have more parent-reported emotional and behavioral symptoms than their TD peers. This was true of all CBCL syndrome scales as well as all three summative scales. These children were also more likely to be above the subclinical threshold on a wide range of psychological problems, and to meet CBCL subclinical thresholds for multiple conditions. These results provide evidence that young children with motor coordination difficulties may be experiencing more emotional and behavioral problems than previously recognized and a higher severity level than expected based on higher levels of comorbidity.

These results confirm findings from previous studies that have identified an association between motor impairment and externalizing behaviors in young children regardless of whether these studies used observational approaches or parent reports using validated instruments (16, 19–21). For example, two previous studies have shown that children with higher levels of motor skill are less likely to have externalizing problems. Livesey et al. (16) observed that higher ball skill scores were associated with lower externalizing behaviors on the Rowe Behavioral rating inventory in 5- and 6-year-old children. MacDonald et al. (17) found similar results in 3- to 5-year-olds: children with higher object manipulation skill scores demonstrated lower externalizing/hyperactivity behavior on the Social Skills Improvement System Rating Scale. Thus, it appears clear that there is an increased risk of externalizing behavior problems in preschool age children with motor coordination problems as it has been consistently observed in young children despite the different measures of emotional and behavioral problems used across studies.

Studies of older children and adolescents have consistently observed an association between poor motor skill proficiency and higher internalizing behaviors (5–7, 10–15), but only four studies have examined this relationship in young children (20, 21, 30, 31). Three of these studies observed higher internalizing problems in young children with poorer motor skill scores (20, 21, 30). Mancini et al. (30) found that lower motor skill scores were associated with greater internalizing problems on the SDQ. King-Dowling et al. (21) observed that children at risk for movement difficulties had significantly higher scores on the withdrawn subscale of the CBCL syndrome scale, but not on the overall internalizing subscale. In contrast, Piek et al. (20) found that children at risk for DCD had significantly higher scores on the anxious/depressed subscale but not on the withdrawn subscale (the internalizing total score was not evaluated). We found that rDCD children had significantly higher scores for all internalizing conditions, as well as on the internalizing subscale. Our larger sample size, and hence increased power to detect differences, is the likeliest explanation for differences between our study and previous research.

Unique to the present study, we also observed that rDCD children more often met subclinical thresholds for externalizing and internalizing behaviors on both the syndrome scales and DSM-V oriented scales; few TD children met these criteria. For example, for the aggression and withdrawn syndrome subscales, only 1 child and 2 children, respectively, scored above the threshold, compared with 15 and 20 children in the rDCD group. King-Dowling et al. (21), the only other study to utilize the CBCL to examine emotional-behavioral problems in young children, had very few cases meeting the clinical threshold on the CBCL and there were no significant findings. This contrasting result is likely attributable to the small number of children identified with motor difficulties (n = 37 vs. n = 285 in the present study).

Children with motor difficulties had more parent-reported emotional and behavioral problems than their TD peers on both the CBCL syndrome scales as well as the DSM-V oriented scales; however, while the observed pattern was similar, it was somewhat inconsistent between the two scoring methods. Children in the rDCD group scored higher on all CBCL syndrome scales, all DSM-V scales and all three syndrome scale summative scores; however, when examining scores meeting subclinical thresholds, rDCD children only scored at or above the clinical threshold for the DSM-V depression and autism scales compared with all syndrome scales (save somatic and sleep). The inconsistency is not surprising as the two scoring methods were created using different methods in order for the data to be used by both researchers and clinicians (32). The syndrome scale scores were empirically derived using large samples of children and using exploratory factor analysis and principal component analysis (32), while the DSM-IV, and later DSM-V, oriented scales were created through expert consensus (32, 33). The majority of studies done to date have compared the DSM oriented scales with syndrome scales for the CBCL 6-18, only de la Osa et al. (34) have conducted this comparison among preschool age children using the CBCL 1½-5. The authors compared the syndrome scale scores and DSM-V scale scores to the results of a diagnostic interview conducted with parents to examine their clinical utility (34). They demonstrated that, in general, the DSM-V scales did not perform better than the original syndrome scales when compared to the results of the diagnostic interview; however, specifically, only the DSM-V ADHD scale performed better than did the Attention problems syndrome scales. We observed a similar finding in the present study: rDCD children were significantly more likely to score at or above the syndrome scale clinical threshold for attention but not on the DSM-V ADHD scale. Despite these inconsistencies, together the results provide strong evidence that preschool age rDCD children have more emotional and behavioral symptoms than their TD peers on a wide range of psychological problems.

We examined the interactions between sex and motor functioning in this context. Previous studies have either not considered sex differences (16, 18, 19, 21) or included sex only as a main effect (17, 30, 31). We found a significant interaction for the anxiety subscale in both syndrome scales and DSM-V versions, with symptoms most common among rDCD girls. In our data, the overall rDCD-TD difference in anxiety is, in fact, attributable entirely to the difference among girls; these scores did not differ among boys. Given the large number of comparisons carried out, however, it is not clear whether a genuine sex-specific association between motor functioning and anxiety exists. No group by sex interaction was observed for externalizing behaviors. Overall, findings indicate that both boys and girls with rDCD have higher levels of internalizing and externalizing symptoms than their TD peers, while the possibility of a specific sex difference for anxiety deserves further consideration.

This is the largest study to date of the association between motor and social-behavioral problems among preschool age children. At the same time, there are limitations. First, these data are cross-sectional, so precedence is not clear. In addition, emotional-behavioral symptoms were only assessed by the parents (few others are well-placed to report on preschool-aged children). Despite these limitations, these results indicate that both the prevalence and severity of emotional and behavioral problems may be greater than previously thought for preschool age children, indicating that opportunities for interventions may exist at early ages. Results are also based on a community sample. Although this sample was a local community-based one, these results are more likely to generalize to the general population of pre-school age children with poor motor skills than would a research-based sample with children recruited in clinical settings.

In conclusion, this study addressed a knowledge gap in the literature by evaluating the severity of emotional and behavioral problems among preschool age children with poor motor skills. We observed that, compared with their TD peers, children with motor coordination difficulties, irrespective of sex, more often had emotional and behavioral problems, and more often had problems in multiple areas. Future studies should continue to be done to investigate whether these findings can be replicated and whether these differences are maintained as children age.
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