



The influence of obesity on the motor coordination in children between 6 and 9 years of age.

L'influence de l'obésité sur la coordination motrice chez les enfants entre 6 et 9 ans.

Abstract: Objective: Obesity is the most common childhood illness in developed countries and its prevalence continues to increase. The objective was to analyze the influence of obesity on the motor coordination of children between 6 and 9 years old. Equipment and Methods: A number of 52 pupils of both genders participated for evaluation of the prevalence of obesity using the measurement of the abdominal perimeter and the Body Mass Index (BMI) categorized as Normal-Weighted, Excess Weight and Obesity. The assessment of motor coordination was performed by the KTK test. SPSS (version 19.0) was used for statistical purposes. Results: Girls had lower levels of performance rather than boys, and the pupils presented worse levels of motor performance as the age progressed. Regarding the prevalence of obesity, the two-gender obtained high mean values ​​for the Normal-weighted category, whereas 25% is overweight. Regarding the level of motor coordination, 57.7% of the pupils had Normal Coordination and 40.4% had coordinative difficulties. Pupils with higher values ​​of BMI and abdominal perimeter obtains lower results of motor coordination.
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1. Introduction
In the last thirty years, it has been verified that a higher number of investigations have been developed related to obesity: whether it is a disease, what are its possible causes, why its growth, how to prevent it, what is the best way to measure and classify it, and what consequences it may have. This is all because obesity is the most common childhood illness in developed countries and its prevalence continues to increase. We are undoubtedly facing a public health case, because of obesity untreated can become a pathology that accompanies the individual throughout life and whose severity may evolve. Childhood obesity is a complex pathology that results from an imbalance between intake and energy expenditure and which results in an increase in weight accompanied by an increase in the amount of adipose tissue [1]. The development of new technologies is a factor that has contributed for children and adolescents to become less and less active, which together with low quality and high amounts of food are more likely to develop obesity [2]. With this situation, children are increasingly immature and sedentary, and that this problem will have consequences in a long term, since pathologies such as obesity and cardiovascular diseases may be associated in the future [3]. Unfortunately, however, it is not only these pathologies that are associated with children sedentary, affections related to the emotional and affective issues may be another consequence, as well as a lack of socialization of the children. The same authors point out that it is necessary to change the mentality in schools and families, as this will influence school success, the degree of happiness of the children and the difficulties of adaptation in adult life. Regular exercise helps control and prevent obesity [4-5]. Overweight children clearly prefer more sedentary activities which leads to the development of childhood obesity [6]. In order to change this phenomenon of physical inactivity, structured physical activities for the development of the child and a controlled and healthy diet to combat overweight are important [7]. The study of body composition is a relevant factor for the valorization of nutritional status, besides the body image that allows to detect eventual nutritional problems such as overweight and obesity [4]. The relationship between excess fat and several pathologies has contributed to the development of new body composition analysis techniques [8].
As referred, overweight and obesity in childhood is related to lower motor skill levels and linked with less active lifestyle’s habits. [9]. The excess body weight could lead to a more difficult movement hiding the development of adequate motor skill levels as children become more inactive. Its observable that lower motor competence can be considered a precursor for being overweight or obese with lower incomes of PA levels and this might act as an important mediator [10]. Also, children with poorer motor skills are less likely to be physically active and that could lead to a sedentary adult life as well [11]. 
Several authors suggested that overweight and obesity in young children are associated with a lower level of motor development, as the prevalence of impairment in gross motor skills tends to be higher among these [12-13]. Other comparative studies demonstrated signiﬁcant differences in motor coordination according to children’s weight status. Overweight and obese children have poorer performance in motor coordination and general movement once compared with others having normal-weight [14].
Considering the frequent prevalence of overweight in children and the relevance of motor skill development for the general motor development of these individuals, the objective of this study is to verify the influence of obesity on motor coordination in physical education classes in boys and girls from six to nine years of age. According to this objective we have formulated the following hypothesis: There are significant differences in motor coordination among children in the variables analyzed and between genders.

2. Equipment and Methods

2.1. Participants
The children in this study belong to an elementary school. The sample consisted of 52 pupils from 3 classes, of which 23 (44.20%) are girls and 29 (55.80%) boys, the pupils had a mean decimal age of 7.09 years from a minimum of 6.25 to a maximum of 9.83 (x = 7.09; sd = 0.66). Initially an authorization to carry out the data collection was requested, in person and in writing to the School Director through the Pedagogical Council, as well as informing on the objectives for the study. Before any procedures made, an informed consent has been delivered to children’s parents accepting the participation in this study. The study was also approved by the Ethics Committee of the faculty.	
2.2. Anthropometry
The evaluation of overweight and obesity was performed through BMI. To obtain the weight values, a digital scale (Salter Maxview) was used with values ​​up to 0.10 kg. Regarding height, it was evaluated between the vertex (upper point of the head in the median sagittal plane) and the reference plane of the ground using a tape measure (graduated in cm). Regarding the abdominal perimeter, the same tape measure was used and for its mediation the tape was placed at the midpoint between the lower rib border and the iliac crest. The Body Mass Index (BMI) was calculated using the formula: Weight / Height2, expressed in kg/m2. The International Task Force for the Study of Obesity (IOTF) criteria were used to classify the subjects of the sample regarding obesity and overweight, defining three classification orders: I) Normoponderal; II) Excess weight; III) Obesity.
The instruments used to assess motor coordination were the KTK (Körperkoordínationstest für Kinder [KTK]), developed by researchers [15]. The test involves components of body coordination such as: balance, rhythm, strength, laterality, speed and agility. These components were distributed in four tasks and all of them aim at the characterization of facets of total corporal coordination and the corporal domain and a motor quotient that qualifies the children in terms of motor coordination. It is a homogeneous battery [16]. The tasks of this test are the rear balance (RE); single-foot jump (SJ); the lateral jump (LJ) and lateral transposition (LT). To evaluate the coordinative level of the participants, original tables of the data colleting instrument were used it was necessary to transform the final result of each test into motor quotients (MQ) [15]. This procedure was performed by checking the reference tables for each test according to the gender and the age of the participant to finally perform the sum and obtain the total MQ. This total motor quotient referred to a new MQ, which, in turn, allowed to categorize the classification of motor coordination into five levels: 1) very good overall motor coordination; 2) good overall motor coordination; 3) normal global motor coordination; 4) insufficient global motor coordination; and 5) disturbance in global motor coordination. The objective of this investigation is to analyze the association between motor coordination and body mass index (BMI).

2.3. Tests Kõrpercoordinations Test für Kinder (KTK)
The children, prior to the application of the tests, were informed about the objectives and execution assessments of these tests, through a demonstration. For each task to be performed, the child had the opportunity to perform a previous exercise to adapt to the material.
2.4. Statistical procedures
Statistical analysis of the data was performed using the SPSS (V.20) program. The normality of the data was verified through the Kolmogorov-Smirnov test, where it was determined that the variables BMI (Body Mass Index) and WC (Waist Circumference) do not follow a normal distribution and the remaining variables follow a normal distribution. So, for the variables that follow a normal distribution, the Student's t-test for independent samples was used to ascertain the differences in motor coordination, according to gender, and the prevalence of obesity. The differences, according to the age groups, were tested through the analysis of simple variance (One Way ANOVA), resorting to the analysis of multiple comparisons to the Bonferroni method. To verify the association between the prevalence of obesity and MC (Motor Coordination), the Spearman correlation coefficient was used. For all the tests the confidence level of 95% was used.Figura 2 – Esquema e disposição do equipamento para o teste de Salto Mo


3. Results 
We first present the descriptive data regarding sample characterization for anthropometric variables and Motor Coordination. The results of comparisons between genders and between age groups related to anthropometric variables and motor coordination are also presented. Finally, we will consider the data regarding the correlations between motor coordination and BMI and between motor coordination and waist circumference.

Table 1. Characterization of the decimal age of the participants by gender and waist circumference, by the prevalence of obesity
	
	N
	Minimum
	Maximum
	Mean±SD

	Girls (Kg/m2)
	23
	6,25
	8,83
	6,98±0,58

	Boys  (Kg/m2)
	29
	6,33
	9,83
	7,18±0,71

	Normoponderal  (Kg/m2)
	39
	48
	65
	54,08±3,49

	Excess weight  (Kg/m2)
	8
	56
	70
	62,25±4,77

	Obesity  (Kg/m2) 
	5
	62
	73
	67,20±4,32

	Total
	52
	6,25
	9,83
	7,09±0,68



Given the characterization of the waist circumference determined in table 1, its visible that Obesity category is the one with the highest values, with minimum and maximum values of 62 and 73, respectively. Regarding the Excess Weight category, it has a minimum value of 56 and a maximum value of 70. Finally, the category Normoponderal is the category that has minimum and maximum values of 48 and 65.


3.1. Motor Coordination 
Table 2. Classification of levels of motor coordination, by gender and total.

	
	
	Frequency
	Percentage (%)

	Girls
	High Coordination
	0
	0%

	
	Good Coordination 
	0
	0%

	
	Normal Coordination
	12
	52,2%

	
	Perturbations in Coordination
	9
	39,1%

	
	Insufficient Coordination  
	2
	8,7%

	Boys
	High Coordination
	0
	0%

	
	Good Coordination 
	1
	3,4%

	
	Normal Coordination
	18
	62,1%

	
	Perturbations in Coordination
	6
	20,7%

	
	Insufficient Coordination  
	4
	13,8%

	Total
	High Coordination
	0
	0%

	
	Good Coordination 
	1
	1,9%

	
	Normal Coordination
	30
	57,7%

	
	Perturbations in Coordination
	15
	28,8%

	
	Insufficient Coordination  
	6
	11,5%



According to the classification of motor coordination levels, most pupils had normal motor coordination (57.7%), with 28.8% of pupils with coordination disorders and 11.5% of pupils are classified with insufficiencies in coordination, in contrast there are 1.9% of pupils with good coordination.

Table 3. Classification for levels of motor coordination by waist circumference.

	
	N
	Minimum
	Maximum
	Mean±SD

	High Coordination
	0
	0
	0
	0

	Good Coordination 
	1
	55
	55
	55

	Normal Coordination
	30
	49
	73
	54,93±5,15

	Perturbations in Coordination
	15
	48
	65
	57,40±5,42

	Insufficient Coordination  
	6
	53
	70
	63,17±6,74

	Total
	52
	48
	73
	56,60±5,88



Considering the data presented in table 3, its observable that the levels of insufficient coordination show the highest values, reaching a mean of 63.17%. In contrast, levels of Good and Normal coordination obtain mean values of 55% and 54.93%, respectively.

Table 4. Results comparison of the tests and MQ between genders.

	Tests
	Gender
	Mean±SD
	T
	Sig. (2-tailed)

	Rear Balance
	Girls
	101,87±13,24
	1,145
	0,258

	
	Boys
	96,97±16,80
	
	

	Single-foot Jump
	Girls
	78,87±14,80
	-2,700
	0,009

	
	Boys
	91,90±19,00
	
	

	Lateral Jump
	Girls
	81,74±7,58
	-2,868
	0,006

	
	Boys
	91,83±15,44
	
	

	Lateral Transposition 
	Girls
	89,13±11,64
	0,598
	0,553

	
	Boys
	86,79±15,60
	
	

	MQ Total
	Girls
	84,17±10,76
	-1,274
	0,208

	
	Boys
	89,62±18,10
	
	



In table 4, we can verify that the mean values of MQ obtained by the girls gender (x = 84.17, sd = 10.76) are lower than the values obtained by the boys gender (x=89.62, sd=15.08). It is verified that "Rear Balance" is the one that has the highest score (x=99.13, sd=15.38), followed by "Lateral Transposition" (x=87.83, sd=13.91), and "Lateral Jumps "(x=87.37; sd=13.46). The test in which pupils scored less high was the "Single-foot Jumps" (x=86.13; sd=18.31). The MQ of the participants shows values ranging from a minimum of 40 to a maximum of 116, with a mean of 87.21 (sd=15.40). Although the differences were not significant (p> 0.05), the girls obtained slightly higher results in the tests of Rear Balance and Lateral Transposition. However, in opposition they have obtained slightly lower results in the tests of Single-foot and Lateral jumps. 

Table 5. Comparison of minimum, maximum, mean, standard deviation and Total MQ in the KTK tests, for the different age groups.

	Age group
	N
	Minimum
	Maximum
	Mean±SD
	F
	Sig.

	6 years
	24
	265
	449
	375,46±44,82
	
1,859
	
0,167

	7 years
	25
	263
	433
	354,72±40,49
	
	

	8 years
	2
	315
	360
	337,50±31,82
	
	



In this comparison between the three age groups, the six-year group is the one that obtains the highest mean scores (x=375.46; sd=44.82); however, the group of eight years obtained the lowest mean scores (x=337.50; sd=31.82).

Table 6. Comparison of classification in the coordination test for body composition types.

	
	N
	Mean±SD
	T
	Sig. (2-tailed)

	Normoponderal
	39
	362,54±50,759
	0,525
	0,602

	Overweight
	13
	354,23±45,023
	
	



In table 6, we verified that the eutrophic pupils present a motor coordination (x=362.54; sd=50.759) superior to the pupils who are overweight (x=354.23; sd=45.023).

The correlation between BMI and classification in motor coordination tests is not significant (p=0.534), and that, although markedly low, it is in the opposite direction (ρ= -. 088). We therefore consider that the higher the BMI value, lower will be the value of motor coordination, while regarding the fact that the association between the variables is significantly low. The data in Table 7 show that the correlation between the waist circumference and the classification in the motor coordination tests is also not significant (p=0.815), it being verified that it is equally low and in an inverse direction (ρ= - .033). This corroborates with the considerations in table 7. The greater is the value of the waist circumference the lower is the value of motor coordination, also regarding the fact that the association between the variables is significantly low.

Table 7. Correlations between BMI and Waist Circumference with Motor Coordination.
	
	
	BMI
	Waist circumference

	Test classification
	(ρ)
	-0.088
	- 0,033

	
	P
	0,534
	0,815



3.2. Anthropometric variables
The results of our participants showed a mean value of Weight and Height of 24.31 kg and 122.61 cm for girls and 25.43 kg 3 126.52 cm for boys. Confronting the values ​​obtained with the studies referenced for the discussion, we found that our mean values ​​for these two items (Weight and Height) are lower than those presented by most of the studies used, however we observe that the values ​​of the girls gender are inferior to those of the boys gender for the two variables, as reported in other studies [17-20].

3.3. Prevalence of obesity
When analyzing the Prevalence of Obesity in our sample, we found that 78.3% of girls pupils and 72.4% of boys pupils are grouped into the Normoponderal category. Regarding the participants of the study, it was certified that 15.4% for pupils with overweight and 9.6% of pupils categorized as obese, leaving 75% referring to eutrophic pupils. In a study where was found that 63.80% of their sample were in the normoponderal category and the remaining 14.5% and 21.7% in the overweight and obesity categories, respectively [18]. Also other authors verified that 43.3% of the children are considered normoponderal and the rest are in overweight (25.4%) or obesity (31.2%) [20]. Another study found that 66.9% of the children had a normal weight, 21.5% had a weight above normal, while 11.6% of the children were considered obese, and in another group 70.1% of children are considered eutrophic, 19.7% are overweight and 10.3% are children with obesity [11, 21].



4. Discussion
4.1. Motor coordination
The results of our study showed that the mean of MQ value is 84.17 for the girls gender and 89.62 for the boys, with an average for all participants of 87.21. Similar averages for girls and boys genders of 90.62 and 100.61, respectively were found [16]. In a study developed, mean values ​​of MQ were found for the girls gender of 70.27 and for the boys gender of 82.36 [17]. Compared with the values ​​of these investigations, they are lower than those obtained by our study. This may be justified by the fact that it is a sample of Azorean children, presumably with characteristics different from those of our sample. Studies with the KTK test results showed that 47.6% of the children had normal motor coordination and that there were no pupils classified with good or very good coordination, meaning that most pupils (52.4%) had insufficient coordination or coordination disorders [22]. Other children’s obtained a percental balance in their sample, 33.8% of the pupils were classified with good coordination, 33.1% with normal coordination and 33.1% of the pupils were classified as having disorders or insufficient coordination [23]. In a study developed with children aged between 3 to 5 years old, with the practice of several and different activities the motor coordination have been improved from 7% to 13% [24]. As it appears, there is indeed a positive connection between continuous physical activity as a mean to preventing obesity and improving children's motor skills, in a gradual, consistent and healthy way.

4.2. Comparison by Gender
When analyzing our sample regarding gender, we can verify that the results obtained by the boys gender in the tests of Motor Coordination are superior to those obtained by the girls gender. However, we found that the boys obtained better results only in the Single-foot Jump and Lateral Jump, although they were close to the values ​​reached by the girls in the remaining races. A study demonstrated a higher concentration of girls with low levels of coordination and boys with higher levels, being well patented in the values ​​obtained in the KTK tests [20]. In other studies developed the boys gender presented significantly results, superior to the girls gender in all the tasks except in the test of real balance, where the girls present better results although the differences were not significant [16,25],. Also, other pre-school children had in girls lower values of central obesity with higher levels of locomotor skills rather than boys [26]. According to most of the literature, there is a tendency for the boys gender to show better results in several tests performed, and the girls gender with better indicators in terms of central obesity.
4.3. Comparison according to the prevalence of Obesity
In this study the results of normoponderal population seem better than the results of overweight population, although it reveals little or nothing significant. Results of 83% of the girls population with moderately high fat percentages showed low levels of motor performance, while 76.6% of the boys population with a moderately high fat percentage found regular and low motor performance [20]. According to other authors weight loss promotes a greater balance control in obese persons, improving the postural stability and the ampleness of body articulations. Most results indicate that children with lower obesity and fat mass are more active and present better results in all tasks in terms of motor development [25]. 

4.4. Correlation MC / BMI and the correlation MC / Waist circumference 
In this study, we verified that the correlation between the BMI and motor coordination tests is not significant, but it reveals an inverse sense and so we consider that the higher the BMI value is, lower is also the value of motor coordination. Authors that analyzed the coordinated performance of the sample, noticed that there was no significant interaction of the level of motor coordination and the level of BMI [28]. Meanwhile, other research recorded in their research that BMI has a weak to moderate influence, on the results of each test, attesting that overweight children achieved results lower than those being eutrophic children [16]. They concluded that the adiposity values ​​recorded are slightly correlated with the levels of coordinated development, with a more marked influence in the boys gender.

5. Conclusions
Briefly, and with the objective of verifying the influence of obesity on motor coordination with physical education in children from 6 to 9 years of age, a trend has been highlighted that at the level of the anthropometric variables, although the girls gender has lower values ​​than the boys gender, significant differences weren’t found. By analyzing the differences between genders, we have concluded that the girls gender had lower levels of performance than the boys gender, possibly due to more active lifestyle of the boys, with other games that allow a greater development of motor skills. Also, it would appear that pupils presented worse levels of motor performance as the age advanced, which may be the result of a natural disinterest in older children for physical activities.
Regarding the prevalence of obesity, the girls gender and the boys gender obtained high mean values ​​and similar for the normoponderal category. Still in this field and comparing the levels of BMI, it also appears that the normoponderal population showed better results than the overweight population, although it showed little or nothing significant. According to the relation of the waist circumference to the prevalence of obesity, we conclude that they present a significant and positive relationship, since so many waist circumferences values ​​and BMI levels are expressively increasing.
Regarding the possibility of a correlation between motor coordination and the prevalence of obesity, it has a weak correlation, in the opposite direction, meaning that the higher is the BMI, the lower is also the motor coordination. So, according to the waist circumference we can consider that its correlation with the BMI obtained similar results, meaning that the value of the waist circumference is inversely proportional to BMI.
According to these results found in this study, a strong intervention in the promotion and protection of health is essential, focusing on dynamics of control of eating habits, promoting and increasing the practice of physical activity through the accessibility to sports infrastructures and the vital restructuring of the school program, emphasizing ludic and expressive activities, and fundamentally in the discipline of physical education.
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