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ABSTRACT Objectives: Global health guidelines suggest that youth should accumulate at least 60 minutes of daily, moderate-to-vigorous-intensity physical activity (MVPA). The relationship between meeting physical activity (PA) guidelines and motor competence (MC) in youth is relatively unknown. This study assessed levels of MVPA and MC among socially vulnerable youth and determined if meeting the PA guidelines was associated with MC. Design: Cross-sectional. Method: A total of 1,017 youths aged 314 years from three schools participated in the study. Participants wore accelerometers for seven consecutive days to assess PA. Motor competence was assessed using the Test of Gross Motor
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Development, 2nd Edition and the Körperkoordinationstest für Kinder. MVPA and MC were compared by sex and school levels (preschool, elementary school and middle school). Binary logistic regression models examined the predictive power of meeting PA guidelines and age on MC. Results: The
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prevalence of meeting PA guidelines declined across school levels among both girls (72% in preschool to 21% in middle school, p


re



levels were low and also declined across age in both sexes (p


lP



adolescent boys, meeting PA guidelines was not associated with higher MC. Public health policies should focus on the quantity and quality of MVPA within schools and on alleviating the decline in PA



na



and MC across childhood and adolescence, with special attention to girls and disadvantaged families.
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Practical implications 



These data indirectly support previous research that demonstrates PA continues to decline across childhood and adolescence.







In contexts of social vulnerability, age (older) may be a consistent predictor of low MC, independently of meeting PA guidelines.







Specific sociocultural factors may influence the association between PA and MC.







PA guidelines for youth should be revised to consider the needs of specific populations and sociocultural contexts Public health policies should focus on addressing the decline in PA (both quality and quantity)
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within schools, especially in socially vulnerable populations and specifically in girls.



-p



Introduction
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Regular physical activity (PA) during youth promotes physical, motor, cognitive and social development, with positive consequences for quality of life and the prevention of chronic-degenerative



lP



diseases.1 Motor competence (MC) is defined as the ability to perform motor skills with adequate proficiency and coordination2 and is an important factor for promoting and sustaining lifelong PA,2.3 health-related fitness and a healthy weight status.3,4 Children with low MC, a condition characterized



na



by an inability to perform motor skills at an age-appropriate level (e.g., below the 15th percentile based on age-normed scores), tend to avoid the practice of PA, which in turn further restricts motor



ur



development and can generate a negative behavioural cycle, increasing the likelihood of physical inactivity and associated non-communicable diseases.2,3,5 Strategies to improve population level PA



Jo



should consider the reciprocal and developmentally dynamic relationship between PA and MC,



2,3



ensuring youth are developing MC as part of their regular PA.6 The World Health Organization recommends that youth should accumulate at least 60 minutes



of daily, moderate-to-vigorous intensity physical activity (MVPA),7 including at least 30 minutes of MVPA during school.8 National-level policy-makers are the primary target audience of this recommendation, as this is expected to constitute a resource for them in the development of guidelines
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for health-enhancing PA.7,8 Surveillance of youth PA typically focuses on the proportion meeting daily recommendations.9,10,11 Evidence suggests low to moderate relationships (r range = 0.16 – 0.55) between PA and MC during youth.12 However, a recent meta-analysis did not find PA to be a consistent predictor of MC,13 in particular, the impact of meeting PA guidelines on the development of MC is not adequately known. Since PA guidelines should impact public health policies,7,8 and considering the importance of MC development during youth,2,3,4 it is important to verify if youth who meet these guidelines show adequate MC levels, particularly those from low-income families who are socially vulnerable. Social vulnerability



ro of



is not necessarily dependent on socioeconomic status;14 rather, it is defined as exposure to a set of underlying factors such as school failure, violence, and lack of appropriate public spaces that may drive the practice of PA and its association with MC.14 Thus, the effects of PA on the development of MC
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may be specific to the social context of that person.15,16 For this reason, there is a need for more evidencebased research that may contribute to the public health policies focused on promoting MVPA and MC



re



within the sociocultural contexts and circumstances of socially vulnerable populations. The objectives of this study were to assess levels of MVPA and MC among socially vulnerable youth and to determine



lP



if meeting the PA guidelines was associated with MC.
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Methods



This study used a cross-sectional design and included a population of socially vulnerable youth



ur



between 3 and 14 years of age from three schools in the east region of São Paulo, Brazil. These schools serve around 2,180 students per academic year. The Ethics Committee of University of São Paulo



Jo



provided permission to conduct this study. Only those youths who provided assent, returned signed parental consent forms, and did not have a medical condition preventing PA practice or assessment of MC were included in the study. The final sample included 1,017 participants (M age = 7.21 ± 2.64 years; 45% girls), divided into preschool (3 to 6 years of age, n = 244 girls and 325 boys), elementary school (7 to 10 years, n = 141 girls and 168 boys) and middle school (11 to 14 years, n = 75 girls and 64 boys). Reporting was done following the STROBE Statement.17
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Participants’ demographic information included sex and postcodes of school and residence. Body weight and height were measured and used to calculate body mass index (BMI, kg/m2). Postcodes were used to identify the geographical area of living18 and then we used the social vulnerability map of the city of São Paulo,19 which considers the conditions of the place of housing such as access to public services, indicators of urban violence and economic deprivation of families. The schools were selected for convenience (non-probability convenience sample), with the criteria of being located in areas that represent the population living in places of social vulnerability in the city of São Paulo.19 Accelerometers (ActiGraph GT3X+, Pensacola, FL) were used to assess PA and data were
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downloaded with ActiLife software version 6 (ActiGraph Pensacola, FL). Participants wore an accelerometer on the right hip with an elastic belt, and were instructed to take it off only during aquatic activities and sleep.20 Telephone calls and text messages were used to remind parents about the need for
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youth to not take off the accelerometer. Activities were recorded in 1-second epoch at a sampling frequency of 30 Hz;9 participants were monitored for seven consecutive days. Non-wear time was



re



defined as 60 minutes of consecutive zeros allowing for 2 min of non-zero interruptions.9 A valid day was defined as at least 500 minutes of valid wear time between 6:00 a.m. to 11:00 p.m. Participants who



lP



had valid data for at least 3 days (including at least one weekend day) were included in the study.9 Standard cut-points proposed by Evenson et al.21 were used to define the mean daily minutes and



na



percentage of valid wear time spent in MVPA (≥2296 cpm). The proportion of participants meeting daily PA guidelines (mean MVPA ≥ 60 min)7 and in-school PA guidelines (mean MVPA ≥ 30 min)8



ur



was calculated. To examine the distribution of PA patterns, data were filtered to identify the absolute minutes and percentage of MVPA in-school, on weekdays (in-school and out-of-school), weekends and



Jo



during the full week.



MC was measured using the Test of Gross Motor Development-2 (TGMD-2)22 and the



Körperkoordinationstest für Kinder (KTK).23 Following the original protocols and their respective age range guidelines, children aged 3 to 10 years performed the TGMD-2 and youth between 5 and 14 years of age performed the KTK. The TGMD-2 provides process-oriented measures of fundamental motor skills competence and includes six locomotor and six object control skills. The KTK provides productoriented measures of competence in gross motor coordination and includes balance, laterality and
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agility. Previous studies have suggested the use of at least two assessments (process- and productoriented) to comprehensively assess MC.5,16 Further details of both assessments and protocols are provided elsewhere.16,22,23 Raw scores on each assessment (Table S1) were converted to age- and sexspecific percentile ranks using normative data of the respective manual.22,23 Scores at or below the 15th percentile are generally accepted as an indicator of motor impairment and scores above the 15th percentile are considered in the range of typical development.5 Therefore, the individual percentile values were used to classify participants as low MC (percentile ≤ 15) or adequate MC (percentile > 15), according to each assessment.
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Descriptive measures (mean, standard deviation and percentage), according to sex, school level and age group were calculated. For PA variables, multivariate kurtosis was calculated and Kline´s24 suggestion that critical ratios of >3 are of concern were adopted .24 None of the models showed
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problematic levels of skewness or kurtosis and homogeneity of variance was confirmed with a Levene test, allowing the use of parametric statistics.24 For MC variables (TGMD-2 and KTK), the values of



investigated using non-parametric statistics.24



re



Skewness and Kurtosis oscillated between ± 4 and statistical comparisons within this dataset were



lP



For the intergroup comparison, separate analyses of variance (ANOVA) were conducted to examine differences between girls and boys and school levels (preschool, elementary school and middle



na



school) in accelerometer wear time, total MVPA and percent of time spent in MVPA. Chi-square tests (χ2) were conducted to determine the association between school level and meeting PA guidelines within



ur



each sex. For the TGMD-2 and the KTK, intergroup comparisons were performed with the use of MannWhitney U tests to examine differences between girls and boys within age groups. Effect sizes (Cohen’s



Jo



d) were calculated with pooled standard deviations selected as denominator and interpreted as trivial (0– 0.19), small (0.20–0.49), medium (0.50–0.79) and large (0.80 and greater), following the procedures outlined by Cohen.25 Logistic regression was used to examine the probability of low MC (as opposed to adequate MC) as a function of meeting the PA guidelines (mean MVPA ≥ 60 minutes daily). Age was included as an independent variable because of its well documented association with both PA and MC.1,16 All models were adjusted for accelerometer wear time. The nested data structure was accounted for via the
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use of random effects of schools and classrooms within the logistic regression models. The magnitude of the associations was expressed as odds ratios (OR) and their respective 95% confidence intervals. As a result of sex and grade differences in PA and MC, all analyses were calculated separately for girls and boys and school levels. To analyse continuous MVPA and MC data, spearman rank order correlations were calculated between percent of valid accelerometer wear time in MVPA and percentile scores (MC) on each assessment, within each sex and school level. All analyses were performed using SPSS software version 26.0 with significance level set a priori at p < .05. Alpha was adjusted by the Bonferroni correction when carrying out multiple
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comparisons. No imputation or data modelling was used to replace missing data. A test for possible selection bias due to missing information on PA was carried out and no difference between the groups
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with or without valid PA data was found for age, BMI, TGMD-2 and KTK classification.



Results



re



Descriptive results and comparisons between sex and school levels in accelerometer wear time and MVPA during different periods of the week are shown in Table S2. Girls spent significantly less



lP



time in MVPA than boys in all school levels and periods of the week (p
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total, 54% of the girls and 78% of boys met the PA guidelines (χ2 = 28.00, p


ur



week. In general, the percentage of girls and boys meeting the guidelines declined dramatically across



Jo



school level (i.e., from preschool to middle school).



Table 1



Figure S1 shows the mean percentile scores for the TGMD-2 and KTK and comparisons between sexes within age groups. In general, MC levels were low across all age groups and there were declines in percentile classifications across age groups of both sexes, suggesting that MC declined with age in relation to normative samples.
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Tables 2 and 3 show that meeting PA guidelines was not predictive of MC levels (p > 0.1) during childhood (preschool and elementary school). Age was predictive of normative MC during preschool (i.e., 3 to 6 years of age) and meeting PA guidelines was predictive of MC (KTK) only in boys during middle school (p < 0.01). For girls, meeting PA guidelines was not predictive of MC at any school level.



Table 2
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Table 3



Spearman rank order correlations between percent of time in MVPA and percentile classifications of the TGMD-2 (global, locomotor and object control skills) and KTK revealed non-



-p



existent or low values (r range = 0.24 – 0.35) (Table S4).
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Discussion



The main purposes of this study were to assess levels of MVPA and MC among socially



lP



vulnerable youth and to determine if meeting the PA guidelines was associated with motor competence. There was a significant decline in PA and MC across school levels, mainly among girls. A high



na



prevalence of low MC was identified among participants who met the PA guidelines. During preschool, age was the main predictor of low MC. Although MVPA levels (62 and 75 minutes per day for girls and



ur



boys) and percentage meeting PA guidelines (54% of girls and 78% of boys) were higher than other studies9,20,26 using similar accelerometer cut-points for MVPA (≥ 2296 cpm), MC levels were similar or



Jo



lower than those reported in studies that also found a high prevalence of low MC in the KTK6,27 and in the TGMD-2.20,26,28 For example, the percentage of children from ES meeting the PA guideline (49% of girls and 82% of boys) was noticeably higher than the 10% and 23% of American girls and boys in the same age group that were found to meet the guideline in the study by De Meester et al.,20 however, MC levels (TGMD-2) were higher in the American sample [mean percentile 19.2 (± 22.2) versus 8.5 (± 9.4) in this study]. In contrast to the present study, there was a significant association between meeting the PA guidelines and MC in De Meester’s et al.20 In conjunction with the results of other studies20,26,28 the



9



present study advances current knowledge by reinforcing the understanding that the sociocultural environment can moderate associations between PA and MC15, particularly in youth living under social vulnerability. During preschool, independent of meeting the PA guidelines, each one-year increase in age represented an increase of 2.4 times of presenting low MC for girls (OR = 2.39, CI: 1.17 - 4.88) when using TGMD-2 data and by 11.2 times for girls (OR = 11.22, CI: 1.94 - 64.93) and 28.5 times for boys (OR = 28.51, CI: 2.88 - 282.42) when using the KTK data, suggesting that the restrictions associated with living in an area of social vulnerability may accumulate over childhood. Meeting PA guidelines
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was associated with MC (KTK) only for boys during middle school; boys who met the guidelines were 90% less likely to demonstrate low MC on the KTK (OR = 0.10, CI: 0.01 - 0.65), suggesting that during adolescence activities associated with meeting PA guidelines may have inherently included complex
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movement forms that promoted MC.29 This result partially supports the hypothesis that the strength of association between PA and MC may increase with age.3 In addition, the global foundation of locomotor



re



and balance tasks in the KTK may be more aligned to the environmental context associated with this sample and may be more related to quantitative aspects of PA, which could explain the stronger



lP



association between meeting PA guidelines and MC on the KTK among adolescent boys. The relationships (r ranges from 0.24 to 0.35) between continuous PA (%MVPA) and MC



na



(percentiles) scores found in the present study is consistent with previous research that has shown low to moderate relationships (r ranges 0.16 to 0.55) between PA and MC during youth.12 The present study



ur



extends previous research by showing that meeting the PA guidelines did not predict MC, reinforcing that the quantity of MVPA does not necessarily relate or lead to the development of MC.13 The social



Jo



vulnerability associated with this sample (i.e., public violence, limited access to gymnasiums and adequate outdoor environments and equipment)14,19 may limit youth’s opportunities to practice PA in structured (formal) and unstructured (leisure) settings and could impair the development of MC.13,14 Although MC is expected to increase with age to some degree,13 when the raw scores were converted into percentiles according to the normative database from Ulrich (2000, American children) 22 and Kiphard and Schilling (1974, German children),23 the youngest children outperformed the older age groups. That is, youth in the older age groups may have missed out on more opportunities to learn and
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develop MC due to experiencing social vulnerability for a longer period of time compared to children in the younger age groups, resulting in a negative age effect in MC.16 It is important to note that normative data provided in the manuals of the TGMD-2 and KTK include culture-specific populations that were assessed many years ago. It is possible that based on the sample included in the current study (i.e. socially vulnerable, Brazil) and the time of data collection (i.e. 2018) that there may be cultural and generational factors that explain results. Since current PA guidelines are primarily focused on quantitative aspects of PA associated with health-related fitness,1,8,30 there is a need to broaden this scope to include the development of MC as an important component of health promotion.
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Some limitations of this study should be mentioned. Considering the relative homogeneity of the sample in relation to the geographical area of living, generalization of results to other populations should be made with caution. Since the data were assessed in a cross-sectional study, longitudinal



-p



associations or causal inferences between variables could not be verified. Another limitation was the lack of control regarding the quality of PA. Future research is needed to further investigate the nuances



re



of the relationship between PA and MC in order to understand the impact of movement context on PA and subsequent MC development at different ages and sociocultural contexts. Strengths of this study



lP



included the use process- and product-oriented assessment of MC and a large sample and age range appropriate for motor assessment including the TGMD-2 (3-10 years) and KTK (5 to 14 years). The



na



adoption of the same criteria for accelerometry analysis over a wide age range (3 to 14 years), allowed a greater internal consistency in the comparison of the cross-sectional data. Additionally, this is the first



ur



study to report PA and MC indices in children and adolescents under social vulnerability in São Paulo



Jo



city, one of the largest cities in the world.



Conclusion



The present study shows that the majority of youth living in an area of social vulnerability met



the global PA guidelines, but this dramatically declined across age and the majority of youth demonstrated low levels of MC. These data suggest the need to review the PA guidelines that are currently focused on quantitative aspects of PA which do not necessarily promote the development of MC, as well as an understanding of the types of PA in which youth participate (and their underlying



11



determinants) to better understand how to alleviate the decline in PA and MC across childhood and adolescence. Further investigation of whether the MVPA component of the PA guidelines elicits positive gains across the range of physical fitness parameters may provide a greater understanding of whether the current guidelines are suitable and are achieving their recommended objectives. In addition, it is necessary to further explore and revise public policies to focus on the sociocultural contexts and circumstances of specific populations, with special attention to girls and the quantity and quality of MVPA promoted within the school.
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Table 1 - Number and proportion of students meeting PA guidelines within the school, on weekdays (inschool and out-of-school), on weekends and during the full week, according to sex and school level. * Boys



χ2 = 41.91, p < 0.001



χ2 = 59.16, p < 0.001



38 (42.2%)



68 (54.8%)



0 (0%)



2 (2.6%)



4 (9.5%)



27 (50%)



χ2 = 22.90, p < 0.001



χ2 = 13.84, p = 0.001



Preschool



60 (66.7%)



103 (83.1%)



Elementary school



37 (62.7%)



66 (85.7%)



Middle school



10 (23.8%)



33 (61.1%)



Weekends



χ2 = 32.05, p < 0.001



χ2 = 5.29, p = 0.071



Preschool



60 (66.7%)



92 (74.2%)



Elementary school



26 (44.1%)



50 (64.9%)



Middle school



6 (14.3%)



31 (57.4%)



χ2 = 30.52, p < 0.001



χ2 = 16.28, p < 0.001



65 (72.2%)



104 (83.9%)



29 (49.2%)



63 (81.8%)



In-school Preschool Elementary school Middle school Weekdays (including in-school and out-of- school)



Full week (including weekdays and weekends) Preschool
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Elementary school
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Girls
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Meeting PA guidelines



Middle school



9 (21.4%)



31 (57.4%)
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ur



na
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* Chi-Squares (χ2 ) tests the association between school level and meeting PA guidelines within the same sex.
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Table 2 - Logistic regression for predicting low MC (TGMD-2) during preschool and elementary school. TGMD-2



Preschool (PS) β



Odds ratio



Elementary School (ES)



Lower



Upper



n = 87



Girls Guidelines (yes)



-0.65 0.87



Age (years)



Odds ratio



Lower



Upper



n = 58 0.52



0.18



1.52



-0.23



0.80



0.21



2.96



2.39*



1.17



4.88



0.10



1.10



0.49



2.47



n = 116



Boys



β



n = 76



Guidelines (yes)



-0.73



0.48



0.15



1.56



-1.83



0.16



0.02



1.50



Age (years)



0.63



1.88



0.89



3.97



0.59



1.81



0.83



3.95



-p



ro of



*p


Table 3 - Logistic regression for predicting low MC (KTK) during preschool, elementary school



KTK



Preschool (PS)



n = 60



Girls



Elementary school (ES)



β



lP



Odds Lower Upper ratio



β



re



and middle school.



Odds LowerUpper ratio



n = 56



Middle school (MS)



β



Odds LowerUpper ratio



n = 38



0.45



1.57



0.32 7.66



-0.14



0.87



0.26 2.89 -1.04



0.35



0.05 2.34



Age (years)



2.42



11.22*



1.94 64.93



0.59



1.81



0.82 3.97 -0.08



0.93



0.38 2.27



n = 74



Boys



1.00



Age (years)



3.35



Jo



n = 75



n = 47



2.71



0.27 27.14



-1.19



0.30



0.08 1.20 -2.33



0.10*



0.01 0.65



28.51*



2.88 282.42



-0.05



0.95



0.52 1.74 -0.72



0.49



0.19 1.24



ur



Guidelines (yes)



*p


na



Guidelines (yes)
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