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Abstract

Objective: To evaluate differences in levels of physical activity, body mass index
(BMI), and waist circumference between children with DCD and their typically
developing (TD) peers. Additionally, we correlated motor performance, BMI, and
physical activity levels in these children. Method: Three hundred twenty-nine
children aged 7-10 years participated: 96 with severe DCD (s-DCD), 94 with
moderate DCD (m-DCD), and 139 TD children. The Movement Assessment
Battery for Children-Second Edition (MABC-2) and the Physical Activity
Questionnaire for Children (PAQ-C) assessed motor performance and physical
activity levels, respectively. Children's BMI and waist circumference (WC) were
assessed using standard procedures. Results: Most children were classified as
sedentary (74.0% s-DCD, 80.9% m-DCD, 71.9% TD). No significant differences
in physical activity levels were found between motor performance groups. Children
with s-DCD had significantly larger waist circumferences (p < 0.01) and higher
BMIs (p = 0.03) than the TD group. Conclusions: The low levels of physical
activity observed, regardless of motor performance, are concerning. Children with
s-DCD had significantly higher waist circumference and BMI than other groups,
which is not explained by physical activity levels in this sample.
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Resumo

Objetivo: Avaliar diferengas nos niveis de atividade fisica, indice de massa corporal
(IMC) e circunferéncia da cintura entre criancas com transtorno do
desenvolvimento da coordenagio (TDC) e seus pares com desenvolvimento tipico
(TD). Além disso, nds correlacionamos os scores de desempenho motor, IMC e
niveis de atividade fisica das criangas. Método: No total, 329 criancas entre 7-10
anos de idade participaram do estudo, 96 com TDC severo (s-TDC), 94 com TDC
moderado (m-TDC) e 139 TD. A MABC-2 e o Questiondrio de Atividade Fisica
para criangas (PAQ-C) foram usados para avaliar o desempenho motor e os niveis
de atividade fisica, respectivamente. O IMC e a circunferéncia da cintura (CC) das
criancas foram avaliados por procedimentos padronizados. Resultados: A maioria
das criancas foi classificada como sedentdria (74% das s-TDC, 80,9% das m-TDC
e 71,94% das TD). Entretanto, nao foram observadas diferencas significativas nos
niveis de atividade fisica entre os grupos de criangas por desempenho motor.
Criangas com s-TDC tiveram significativamente maior CC (p<0,01) ¢ IMC mais
elevado (p = 0,03) do que o grupo TD. Conclusées: Os baixos niveis de atividade
fisica sio preocupantes, independente do desempenho motor. Criangas s-TDC
tiveram significativamente valores mais elevados de CC ¢ IMC do que os demais
grupos, o que nio foi explicado pelos niveis de atividade fisica na amostra estudada.

Palavras-chave: Transtorno do Desenvolvimento da Coordenacgio, Atividade
Fisica, Crianga, Comportamento Sedentdrio.

Introduction

Investments in health indicators have increased globally. Alarmingly, the prevalence of
overweight and obesity has also risen in recent years. Despite the wealth of knowledge
available today, there's a disconnect between this knowledge and people's lifestyles.
Maintaining physical activity is widely recognized as crucial for improving fitness and
reducing the risk of adverse health outcomes, including overweight and obesity. As reported
by Hands & Larkin (2006), decreased physical activity levels are associated with a higher
risk of overweight and obesity. Consequently, this can lead to cardiovascular diseases,
diabetes, and hypertension (Al-Goblan et al., 2014; Jiang et al., 2016; Telama et al., 2005).

Furthermore, certain populations appear to be at a higher risk of overweight or
obesity associated with low levels of physical activity. Among these groups, children with
developmental coordination disorder (DCD) are frequently cited in studies as a
potential risk group for overweight, obesity, and a sedentary lifestyle (Kwan et al., 2016;
Lietal., 2011; Lopes et al., 2012; Rivilis et al., 2011).

DCD, a significant motor disorder affecting approximately 5% of school-age children
(American Psychiatric Association, 2022; Blank etal.,, 2019; Smits-Engelsman et al.,
2015) interferes with school, daily and leisure activities (American Psychiatric Association,
2022; Blank et al., 2019; Girish et al., 2016), which often results in a noticeable lack of
participation (Mandich et al., 2003; Mimouni-Bloch et al., 2016).

Moreover, children with DCD often prefer activities requiring less energy
expenditure, as they may experience frustration when participating in sports alongside
their typically developing peers (Cairney et al., 2005). Importantly, the activity deficit
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observed in children with DCD tends to persist into adulthood (Cairney et al., 2010).
Therefore, research to understand the relationship between physical activity levels and
overweight or obesity is crucial for a comprehensive understanding of DCD.

Straker et al. (2011) proposed a vicious cycle model to elucidate the relationship
between poor sensory-motor integration, reduced participation in leisure activities, and
the consequent health implications for children with DCD. In this model, children with
DCD are at a higher risk of having inadequate physical activity levels because their
leisure activities are not sufficiently linked to good fitness levels (Rivilis et al., 2011),
leading them to favor sedentary activities (Hay et al., 2004).

While a significant portion of children and adolescents can adhere to systematic
physical activity practices or programs promoted through public health campaigns, most
children with DCD lack sufficient motivation to engage in activities that would increase
their physical activity levels (Capistrano et al., 2015; Santos et al., 2020). They require
more than simple recommendations to change their sedentary lifestyle and become
active (Joshi etal., 2015). This aligns with the contextualization proposed by
Straker etal. (2011) and the activity deficit hypothesis by Bar-Or (2012). Both
arguments converge, suggesting that motor impairments in these children hinder their
adequate participation in physical activities, consequently leading them toward a
sedentary lifestyle rather than a physically active one. Therefore, targeted assessments
and interventions focusing on a dynamic biopsychosocial model may be more beneficial
for children with DCD (Blank et al., 2019). Furthermore, an accurate diagnosis is
crucial before researchers can plan specific interventions.

In Brazil, particularly, there is no formal diagnosis for children with DCD, and this
condition remains unfamiliar to many parents and teachers (Cagola & Lage, 2019).
Additionally, epidemiological estimates have revealed alarming data on the prevalence of
obesity in Brazilian citizens, reaching approximately 24% (Ferreira et al., 2019). This trend
is also observed in children and youth, with prevalence rates around 15% (Guerra et al.,
2016), strongly associated with low levels of physical activity (Guerra et al., 2016; Silva et al.,
2018). Considering that at least 5% of these prevalence rates comprise children with DCD,
it is crucial to be concerned about the negative impact of DCD on health (Santos et al.,
2020). Both DCD and overweight/obesity exhibit an early onset of characteristics,
suggesting they may share similar genetic and contextual risk factors (Gambra et al., 2024).
However, there is no clear evidence regarding the relationship between DCD and
overweight/obesity in children (Hendrix et al., 2014). Conversely, there is a strong link
between both DCD and overweight/obesity and not meeting the guidelines for daily
physical activity levels (Gambra et al., 2024; Rivilis et al., 2011), which for children should
exceed 60 minutes per day (World Health Organization, 2019, 2020).

Therefore, new and more specific investigations are needed to assess physical activity
levels and body mass index to understand whether Brazilian children with DCD are at a
greater risk of overweight, obesity, and low levels of physical activity compared to their
typically developing peers. We hypothesized that children with DCD would have
significantly lower levels of physical activity and higher BMIs than typically developing
children. Thus, this study aimed to evaluate differences in physical activity levels, body mass
index (BMI), and waist circumference between children with developmental coordination
disorder and their typically developing peers Additionally, we examined the correlations
between motor performance, BMI, and physical activity levels in these children.
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Methods

This is a cross-sectional study conducted in public and private schools in the city of
Sdo Carlos, Sao Paulo, Brazil. The local Ethics Committee approved this study (protocol
number 47091115000005504). All parents signed an Informed Consent Form to
authorize their children's participation in the study. Children also signed an Assent
Form before any research procedures.

Participants

A total of 329 children aged 7-10 years, of both genders, enrolled in nine selected
schools participated in this study. All children were assessed according to the Diagnostic
and Statistical Manual for Mental Disorders — 5 (DSM-5) diagnostic criteria for DCD
(American Psychiatric Association, 2022) as follows: Children's motor performance was
evaluated using the Movement Assessment Battery for Children — second edition
(MABC-2) to identify motor deficits based on age and opportunities for practice
(Criterion A); Children's parents completed a Developmental Coordination Disorder
Questionnaire (DCDQ) to identify signs of DCD based on parental perception
(Criterion B); Children's parents answered specific questions regarding their children's
development (Criterion C) and the presence of disabilities or other clinical conditions
in their children (Criterion D).

Recruitment followed these steps: (i) Consent Forms, DCDQs, and sociodemographic
questionnaires (including specific questions about DSM diagnostic criteria for DCD) were
distributed to each enrolled child to take home to their parents; (ii) One week later, the
materials were collected at school to verify the number of fully completed questionnaires
and signed consent forms. A total of 329 out of 835 returned questionnaires were eligible
for this study; (iii) Physical activity levels, motor skills, and anthropometric assessments were
conducted for the 329 eligible children at their schools.

Variables and instruments

Children's motor performance was evaluated using the MABC-2, which comprises
three components: manual dexterity, aiming & catching, and balance. Within each
domain, children perform specific tasks, and their scores are based on time taken and
errors made. A total standard score and component scores are assigned to children based
on their age band and task performance. Children's motor performance is classified
according to percentile values: <5th percentile: presence of significant motor difficulties;
<16th percentile: at risk for motor difficulties; and >16th percentile: no motor
difficulties detected (Henderson et al., 2007). Specifically for this study, we classified
children following previous recommendations (Smits-Engelsman et al., 2015): <5th
percentile: severe DCD (s-DCD); <16th percentile: moderate DCD (m-DCD); and
16th percentile: typically developing children (TD).

Children's physical activity levels were assessed using the Physical Activity
Questionnaire for Children (PAQ-C). The PAQ-C is a self-administered questionnaire
with nine items related to participation in various physical activity settings over the past 7
days, including physical education (PE) classes and activities outside of school
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(Kowalski et al., 1997). The PAQ-C has been translated and adapted for Brazilian culture
(Guedes & Guedes, 2015), demonstrating reasonable psychometric properties, with
internal consistency (a = 0.71) and test-retest reproducibility (intraclass correlation
coefficient [ICC]) ranging from 0.68 to 0.82 (Guedes & Guedes, 2015). Each item is
scored from 1 (low physical activity) to 5 (high physical activity). The overall physical
activity level is determined by the mean score of the nine items, classifying children as:
sedentary (score < 2), moderately active (score > 2 and < 3) and Active (score > 3). The
PAQ-C was self-administered under the supervision of an assessor.

Children's height was measured using a stadiometer, and weight was measured using
an electronic scale. BMI (kg/m?) was calculated by dividing weight in kilograms by
height in meters squared. BMI classifications (underweight, healthy weight, overweight,
and obese) followed World Health Organization (2014) guidelines.

Waist circumference (WC) was measured at the midpoint between the iliac crest and
the lower rib after normal expiration, using an anthropometric measuring tape (World
Health Organization, 2000). All measurements were performed by a physical education
professional and a physiotherapist, each with over 10 years of experience in motor
development and trained with the instruments used.

Statistical analysis

Children's sociodemographic characteristics were presented as means, standard
deviations, and percentages. One-way ANOVA was used to compare differences in
PAQ-C scores, weight, height, BMI, and waist circumference between the children's
motor performance groups (s-DCD, m-DCD, TD). Pairwise comparisons with
Bonferroni correction were performed when significant differences were found. The
significance level for all comparisons was set at 5%. Additionally, Pearson's correlation
was used to assess the relationships between MABC-2 Total Score (MABC-2 TS), BMI,
and PAQ-C mean values. Correlation strength was interpreted based on the following:
1 — Negligible (0.00-0.10); 2 — Weak (0.10-0.39); 3 — Moderate (0.40-0.69); 4 — Strong
(0.70-0.89); and 5 — Very strong (0.90-1.00) (Schober et al., 2018). All analyses were
conducted using SPSS version 20.0.

Results

A total of 329 children participated in this study. Based on motor performance
classification, 96 children were identified as s-DCD, 94 as m-DCD, and 139 as TD.
These and other descriptive characteristics are shown in Table 1.

Regarding children's physical activity levels, the majority in all motor performance
classifications were classified as sedentary (74.0% s-DCD, 80.9% m-DCD, and 71.94%
TD). According to BMI evaluations, the most frequent classification in all motor
performance groups was “healthy weight” (45.83% s-DCD, 49.93% m-DCD, and
61.15% TD). However, combined, both s-DCD (33.33%) and m-DCD (32.97%)
groups had higher percentages of children with obesity compared to the TD group
(17.26%).
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Table 1. Descriptive characteristics of children between motor classification groups.

Variables s-DCD m-DCD TD Total
Age (years)* 8.87 (0.98) 8.59 (0.95) 9.17 (0.96) 8.92 (0.99)
MABC -2 TTS* 47.14 (8.30) 62.13 (3.30) 78.17 (7.21) 64.54 (14.62)
Gender**

Girls 36 (20.7%) 54 (31%) 84 (48.3%) 174 (100%)
Boys 60 (38.7%) 40 (25.8%) 55 (35.5%) 155 (100%)
PAQ-C**

Sedentary 71 (74.0%) 76 (80.9%) 100 (71.94%) 247 (75.07%)

Moderately active

22 (22.9%)

15 (16.0%)

33 (23.74%)

70 (21.27%)

Active 03 (3.1%) 03 (3.2%) 06 (4.31%) 12 (3.64%)

Total 96 (100%) 94 (100%) 139 (100%) 329 (100%)

BMI**

Underweight 01 (1.04%) 02 (2.12%) 01 (0.71%) 04 (1.21%)

Eutrophic 44 (45.83%) 46 (48.93%) 85 (61.15%) 175 (53.19%)
Overweight 19 (19.79%) 15 (15.95%) 29 (30.85%) 63 (19.14%)
Obesity 32 (33.33%) 31 (32.97%) 24 (17.26%) 87 (26.44%)

*Data showed in mean and standard deviation. **Data showed in absolute and relative (%) frequencies.
s-DCD: severe Developmental Coordination Disorder; m-DCD: moderate Developmental Coordination
Disorder; TD: Typically Developing.

Significant differences in waist circumference (p < 0.01) and BMI (p = 0.03) were
observed between groups (Table 2). Pairwise comparisons showed that the s-DCD
group had a significantly larger waist circumference (p < 0.01) and a higher BMI (p =
0.03) than the TD group. No significant differences were found between s-DCD and
m-DCD (p = 0.94) or between m-DCD and TD (p = 0.16) for waist circumference.
Similarly, no significant differences were found between s-DCD and m-DCD (p = 1.00)
or between m-DCD and TD (p = 0.26) for BMI.

A Pearson correlation analysis was performed to estimate the strength of the
relationships between MABC-2 and BMI, and between MABC-2 and PAQ-C. A
significant negative correlation was observed between MABC-2 and BMI (r = -0.175; p
< 0.01). However, no significant correlation was found between MABC-2 and PAQ-C
(r=0.07; p = 0.21) (Table 3).

Table 2. Comparison analyses of weight, height, waist circumference, BMI and PAQ-C between
groups of children.

Variables* s-DCD m-DCD TD p-value
Weight 37.60 (+11.39) 36.04 (+13.30) 35.43 (+8.51) 0.32
Height 137.78 (x0.79) 135.78 (£0.96) 139.06 (£0.71) 0.49

Waist circumference 68.45 (+11.39) 66.84 (£12.87) 64.01 (£9.24) <0.01
BMI 19.53 (£4.42) 19.07 (+4.73) 18.15 (£3.18) 0.03
PAQ-C 2.59 (£0.60) 2.51 (£0.54) 2.66 (£0.59) 0.17

*Data showed in mean and standard deviation. s-DCD: severe Developmental Coordination Disorder; m-DCD:
moderate Developmental Coordination Disorder; TD: Typically Developing.
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Table 3. Correlation analysis between MABC-2 TS and BMI of children.

Variables r p-value
MABC-2 TS/BMI -0.175 <0.01
MABC-2 TS/PAQ-C 0.07 0.21
Discussion

This study aimed to identify differences in physical activity levels, body mass index
(BMI), and waist circumference between children with DCD and their typically
developing peers. Additionally, we examined the correlations between motor
performance, BMI, and physical activity levels in these children.

No significant differences in physical activity levels, as measured by PAQ-C scores,
were observed between the motor performance groups. We had hypothesized that
children with DCD would exhibit significantly lower physical activity levels compared
to TD children. However, previous studies (Batey et al., 2014; Cermak et al., 2015) did
find significantly lower levels of physical activity and more sedentary behavior in
children with DCD compared to their typically developing peers. In contrast, another
study reported no significant differences in physical activity levels between children with
and without motor delays (King-Dowling et al., 2018). It's important to consider some
differences between the children in these studies and our own. For instance, our study
included children aged 7-10 years, while King-Dowling etal. (2018) focused on
children around 5 years old, and Batey etal. (2014) examined children aged 13-14
years. Only Cermak etal. (2015) had a similar age range of 6-11 years. These age
discrepancies might contribute to the variation in results. However, if inadequate habits
persist throughout childhood and adolescence, sedentary behavior is likely to become
ingrained in the routines of school-age children.

In this regard, sedentary behavior was the most frequent classification across all
children's groups. This finding suggests that Brazilian children need to engage in more
playground activities or sports, and this issue appears to be independent of motor
coordination problems, at least within this population. As observed in our study, the
majority of school-age children in Brazil are sedentary, regardless of their motor
performance classification related to DCD. This reinforces previous evidence from
Brazilian studies (Guerra et al., 2016), which found that high body weight and low
levels of physical activity were the most common factors associated with sedentary
behavior in children and adolescents in the country.

Complementarily, the World Health Organization (2011) recommends a minimum
of 60 minutes of moderate-to-vigorous physical activity per day for children and
adolescents aged 5-17 years. Our results indicate that Brazilian children are far from
meeting this recommendation. These findings may be attributed to cultural factors and
raise concerns about a potential public health problem.

This finding also underscores the role of Physical Education (PE) classes during the
school years in Brazil. For decades, PE teachers in Brazil primarily focused on sports
rules and offered limited activities. However, there’s a shift towards promoting
opportunities for children to explore their motor skills through various activities.
Unfortunately, many PE teachers still lack awareness about DCD (Cagola & Lage,
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2019). Moreover, PE classes may not be an inclusive environment for all children. In
many cases, children might participate but not be actively engaged. A study conducted
in the Brazilian context (Coledam etal., 2018) revealed that students actively
participating in PE classes had the best health-related outcomes. However, the current
structure of PE classes in Brazilian schools may not adequately protect students from
overweight or obesity (Coledam et al., 2018). Collaboration between occupational
therapists (OTs) and PE teachers could be an effective strategy to achieve better
outcomes at schools. Additionally, more engaging physical activity programs are
recommended, especially for children with engagement difficulties, such as those with
DCD (Zaragas et al., 2023). Alternatively, active video games (Cavalcante Neto, 2020)
offer a promising avenue to promote regular physical activity for children with DCD
(Cavalcante Neto etal., 2019). These games can increase motivation, provide
immediate feedback (Mouatt etal., 2019), and improve motor skills, potentially
opening doors for children with DCD to engage in non-virtual activities with greater
confidence and motivation (Cavalcante Neto et al., 2020). Furthermore, active video
game interventions can be supervised by a multidisciplinary team, including PE
teachers, OTs, or physiotherapists, which is widely recommended for children with
DCD (Blank et al., 2019).

Given that children with DCD often face challenges in actively engaging in physical
activities, the following recommendations are crucial for professionals in the field of
human movement, such as PE teachers and occupational therapists: Children with
DCD tend to be slower than their peers, perform movements with less accuracy, and
often require more effort for common movements. Considering these factors, some
strategies should be implemented for these children, including promoting group
instruction, providing cues for learning, utilizing goal setting and routine-based
approaches, adopting a product-based approach, and taking into account the
constraints-led perspective in movement skill acquisition (Cagola & Romero, 2015).
Additionally, partnering with children's parents is essential to raise awareness about
DCD in schools and society, and to enhance the participation of these children in
physical activities (O’Kelly & Fourie, 2023; Steenbergen et al., 2024).

Therefore, further research is needed to better understand sedentary behavior in
school-age children and explore other factors that might explain the expected
relationship between physical activity levels and motor performance in children.

Regarding BMI and waist circumference, children with s-DCD exhibited a higher
body mass index and larger waist circumference than typically developing children, but
this significant difference was not observed in children with m-DCD. Similarly, other
studies (Cermak etal., 2015; Hendrix etal., 2014; Joshietal., 2015) found a
significant association between body mass, increased overweight, and DCD
(considering all levels of motor difficulty). Joshi et al. (2015) and Hendrix et al. (2014)
also concluded that waist circumference was larger in children with DCD than in typical
controls. Collectively, these findings suggest an increased risk of overweight in children
with DCD. Our results further highlight that the greater the motor difficulty, the
greater the risk of becoming obese, which is also supported by the significant negative
correlation observed between MABC-2 and BMI values. As MABC-2 scores increase
(indicating better motor performance), BMI tends to decrease, and vice versa.
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Our findings reinforce the vicious cycle previously described (Straker et al., 2011),
as impaired motor skills can discourage children with DCD from participating in
physical activity, potentially contributing to weight gain and higher BMIs. Therefore,
it is crucial to break this cycle. By improving their motor performance, these children
can become more skilled and confident in engaging in physical activities, which may
help prevent weight gain and reduce the risk of various adverse health outcomes.

This study has two main limitations. First, we did not investigate the children's diets,
which could be associated with weight gain. Additionally, exploring compulsive eating
behaviors, often linked to anxiety and depression, could enhance our understanding of
these issues. Previous studies have reported symptoms of anxiety and depression in
children with DCD (Draghi et al., 2020, 2021), making a detailed investigation
considering all these factors a particularly interesting avenue for future research. Second,
we did not use more precise instruments to measure body fat percentage, which would
provide more detailed information about weight gain. However, despite its limitations,
BMI remains a valuable tool for assessing obesity risk. Its simple calculation, requiring
only weight and height, allows for efficient use of time in primary healthcare or
community settings. Especially in many Brazilian contexts, where resources are limited,

health-related assessments like BMI can help prevent serious risks in both childhood
and adulthood.

Conclusion

Children exhibited low levels of physical activity, irrespective of their motor
performance. Although no significant differences were observed in physical activity
levels between the motor performance groups, the s-DCD group had a higher waist
circumference and BMI, which cannot be explained by physical activity levels alone.
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