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Abstract

:

Detailed associations between physical activity (PA) and body composition in preschoolers remain unclear. The aim of this study was to assess body composition among preschool children differentiated according to their levels of PA and to assess whether meeting the current PA recommendations is associated with a lower risk of obesity, determined by body mass index (BMI) and body fat percentage (BFP). Free-living PA was measured using accelerometers for 7 days in children aged 5 to 6 years. Bioelectrical impedance analysis was used to estimate body composition. Significant differences in content of BFP, fat-free mass (FFM), and total body water (TBW) were found between boys meeting and not meeting moderate-to-vigorous PA (MVPA) recommendations. Meeting the MVPA recommendation was associated with a twofold lower risk of obesity determined by BFP in boys but not in girls. In contrast, the total number of recommended steps per day was not related to adiposity in boys or girls. No statistically significant differences were observed in body composition indices and quintiles of MVPA. Boys in the 3rd–5th quintiles of steps per day presented significantly lower BFP and higher muscle mass and TBW than their peers in quintile 1. However, different associations were observed between body composition indices and quintiles of PA.
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1. Introduction


Overweight and obesity in childhood is one of the most serious public health challenges of the 21st century, having multiple adverse health consequences [1]. Over 41 million children under 5 years of age are estimated to have excess body mass worldwide [2]. In Poland in 2016, the overall prevalence of overweight and obesity in children aged 5 to 6 years was 19.4% and 6.9%, respectively according to World Health Organization (WHO) definitions [3]. It is expected that a considerable fraction of these children with excessive body mass will become obese adults [4]. Therefore, early childhood is an important time frame that should be targeted by preventive strategies intended to reduce body fat, and consequently, decrease the risk of noncommunicable diseases. According to Evensen et al. preventive treatment initiatives among children at high risk of overweight and obesity should start before 5–7 years of age [5].



Although obesity is a multifactorial disease, it mainly results from an imbalance between energy intake and energy expenditure. The most modifiable component of energy expenditure is physical activity (PA), being a substantial factor affecting the energy balance equation [6]. Increasing evidence suggests that declining levels of PA are a major factor for the higher prevalence of overfat children [7]. Therefore, the WHO and most public health authorities around the world recommend that children aged 5–17 years should accumulate at least 60 min of moderate-to-vigorous PA (MVPA) daily [8]. In most public health guidelines worldwide, the minimum recommendation of 60 min of MVPA is associated with 10,000–14,000 free-living steps/day in preschool children (approximately aged from 4 to 6 years of age) [9]. Although there is substantial evidence that PA provides significant health benefits to young people, in most European countries, less than 50% of children and adolescents meet these recommendations [10].



The literature shows that there is an inverse relationship between the level of PA and overweight status in school-age children [11]. Available data are often based on the determination of obesity using the body mass index (BMI). However, individuals with increased BMI are not always obese in terms of body composition [12], and BMI is not a direct measure of body fat [13]. The studies also show that individuals can have normal body weight and at the same time excess body fat [14]. A reliable and accurate method for measuring fat content and other body components is bioelectrical impedance analysis (BIA). In addition, this method is fast, non-invasive, and relatively inexpensive [15]. Validation of a BIA device against dual-energy X-ray absorptiometry showed strong significant correlations between both methods for measuring fat mass, body fat percentage (BFP), and total fat-free mass (FFM) [16].



Relatively few studies have examined the association between objectively measured levels of PA and obesity status in preschool children [17,18,19] and, to the best of our knowledge, no studies have compared the compliance of daily PA recommendations and obesity status measured by BFP in 5- to 6-year-old children. Detailed associations between physical activity and body composition in preschoolers remain unclear. Moreover, there are no reports on the comprehensive analysis of actigraphy-based PA measurement with BIA-based body composition, considering different levels of PA among a large sample of preschool children aged 5 to 6 years. Most evidence concerns associations between habitual PA and adiposity.



Therefore, the aim of this study was to assess body composition among preschool children differentiated according to the levels of objectively measured PA and to assess whether meeting the current PA recommendations is associated with lower risk of obesity as determined by BMI and BFP.




2. Materials and Methods


2.1. Study Design and Study Sample


A cross-sectional study was conducted at 22 randomly selected kindergartens in Rzeszów, Poland. The study included healthy preschoolers aged 5 to 6 years. Participation in the study was voluntary and anonymous. Anthropometric measurements were taken between 8:00 a.m. and 10:00 a.m. by experienced researchers. Data were collected when preschoolers were attending kindergarten and excluded major holidays.



An invitation to participate in the study was sent to all parents of children aged between 5 to 6 years attending kindergarten. The consent of 707 parents was obtained for child participation in the measurements for the purpose of this study. Of those respondents, 31 were excluded from the study for the following reasons: a functional state that does not allow for self-maintenance of a standing position (n = 1), strong anxiety of examination (n = 3), taking medication affecting body composition (n = 3), a failure to return or complete the survey (n = 18), or lack of valid accelerometer data (n = 6). Ultimately, the study group consisted of 676 students (51% girls).




2.2. Anthropometric Measurements


Anthropometric measurements (body mass, height) were performed under standard conditions. Body height was measured in an upright position, barefoot, to the nearest 0.1 cm using a portable stadiometer (Tanita HR-200, Tokyo, Japan). Body mass was assessed with an accuracy of 0.01 kg using a body composition analyzer (BC-420 MA, Tanita, Tokyo, Japan). The participants were measured in light clothing and wearing no shoes. Body mass index was calculated as body mass/height (kg/m2). Based on BMI values, the BMI percentile of individual participants was calculated. Polish BMI percentile charts specific for age, sex, and body height were used [20]. Based on the BMI percentile values, two groups of participants were distinguished: (1) No obesity: <95th percentile of BMI, and (2) Obesity: ≥95th percentile of BMI [21].




2.3. Body Composition


Foot-to-foot BIA was used to estimate body composition with a body composition analyzer (BC-420, Tanita). The foot-to-foot method of BIA is a reliable and accurate tool for the measurement of body composition in the pediatric population, however the BIA-BFP overestimated dual-energy X-ray absorptiometry (DEXA) BFP by a mean of 2.53% (limits of agreement are 4.29% and 9.36%) [15]. BIA monitors have been validated against dual-energy X-ray absorptiometry (DEXA) in mixed populations. Results showed strong significant correlations between both methods for fat mass, BFP, and total FFM [16]. BIA was performed in the early morning. Parents of participants were instructed about the necessity of overnight fast before examination (for at least 8 h), because food or beverage consumption may decrease impedance by 4–15 Ω over a 2–4 h period after meals, representing an error smaller than 3% [22]. Associations between body composition and PA levels were assessed. Additionally, two groups of participants were distinguished based on BFP content: (1) No obesity: <95th percentile of BFP; (2) Obesity: ≥95th percentile of BFP. For this purpose, BFP centile values by age and sex were used [23].




2.4. Physical Activity


Level of PA was objectively monitored using the tri-axial accelerometer (GT3X-BT Monitor; ActiGraph, Pensacola, FL, USA) and was analyzed using the ActiLife 6.13 data analysis software. The device detects body movement acceleration in three planes. ActiGraph accelerometers are a widely used tool to objectively measure PA level in preschool children [24]. The device was attached to the participant’s right hip. Children and parents/ caregivers received detailed instructions on the use of the accelerometer. They were instructed to wear the monitor for 24 h daily for seven consecutive days and nights during all activities, except for water-related activities. In addition, they were asked to maintain their PA patterns. Accelerometer data were collected from October to November each year from 2018 to 2019.



As the accelerometer was worn for 24 h per day, it was necessary to identify nocturnal sleep episode time distinctly, and this was done using a published automated algorithm [25]. After exclusion of the nocturnal sleep episode time, non-wear time was determined as 60 min of consecutive zeros allowing for 2 min of non-zero interruptions [26]. Once nocturnal sleep episode time and non-wear time were computed, waking wear time and different PA levels were calculated and identified using 5 s epoch data. The findings suggested that using 5 s epochs is better adapted to preschool PA patterns [27]. A waking wear time of ≥500 min/day was used as the criterion for a valid day, and ≥4 days were used as the criteria for a valid 7 day period of accumulated data (including ≥3 valid weekdays and ≥1 valid weekend day) [28]. For each participant, the mean MVPA (min/day) and the mean daily step count were calculated. The cutoff points from Evenson et al. were selected to determine the time spent on MVPA [29]. MVPA time was calculated as mean daily minutes ≥2296 counts/min from all valid days. Daily step count was calculated as the mean daily step count from all valid days. Participants with at least 60 min of MVPA per day were considered to have met the PA guidelines, and those with daily MVPA < 60 min were considered to have not met PA guidelines [8]. Regarding the number of daily steps, participants with at least 12,000 steps per day were considered to be sufficiently physically active [30].



The majority of children (n = 741, 77.8%) had complete 7 day actigraphic data; 170 (17.8%) and 42 (4.4%) children had 6 and 5 day actigraphic data, respectively. Average monitoring included 6.7 days of recordings.




2.5. Statistical Analysis


Statistical analysis was performed using SPSS 20 software (IBM, North Harbour, UK). The data were presented as the mean ± standard deviation (SD) for continuous variables. The normality was tested by the Kolmogorov–Smirnov test. None of the analyzed variables showed compliance with a normal distribution, therefore non-parametric tests were applied. Therefore, the Mann–Whitney U test was used. The odds ratio (OR) with a 95% confidence interval (95% CI) was calculated using logistic regression. To assess the dose–response relationship between PA and body composition indices, participants were divided into 5 groups according to the MVPA and steps per day quintiles. To investigate differences among PA quintiles the Kruskal–Wallis test was used. The level of statistical significance was adopted at p < 0.05.




2.6. Ethics


Written informed consent was obtained from parents or legal guardians and participating children prior to participation in the study. The study was approved by the Bioethics Committee at the Medical Department of the University of Rzeszów, decision no. 2018/01/05 on 11 January 2018, and it was conducted in accordance with ethical standards laid down in an appropriate version of the Declaration of Helsinki.





3. Results


The final sample consisted of 676 preschoolers aged 5 to 6 years (mean age 5.55 years; 49% male). Mean height was 117.21 ± 6.06 cm and mean weight 21.67 ± 3.89 kg. No significant differences were found with regard to body composition between girls and boys. Mean MVPA was significantly lower in girls than in boys (p < 0.001) (Table 1).



Table 2 shows body composition distribution among participants with different levels of MVPA. Twenty-four percent (24.3%; n = 164) of the children accumulated 60 min/day MVPA as recommended by WHO for children. Children with higher levels of MVPA had lower BFP content (p = 0.005), and higher content of muscle mass, FFM, and TBW (p = 0.026, 0.034, and 0.015, respectively). A higher level of MVPA among boys was significantly associated with a lower content of BFP (p = 0.001) and higher content of FFM and TBW (p = 0.022 and 0.021, respectively). There were no statistically significant differences in body composition among girls with different levels of MVPA.



Table 3 shows body composition distribution among children with different levels of PA measured by the number of steps per day. Higher muscle mass content was found in the total sample and in boys with greater number of daily steps (p < 0.001 and p = 0.001, respectively).



Table 4 presents odds ratios for the prevalence of obesity, determined according to BMI or BFP, depending on the MVPA level. It was found that boys who met the WHO recommendation regarding daily MVPA level had a twofold lower risk of obesity categorized based on BFP, than their peers who did not meet the WHO recommendation.



Table 5 presents odds ratios for the prevalence of obesity categorized according to BMI or BFP depending on the daily number of steps. No significant associations were found between the occurrence of obesity, determined by both BMI or BFP, and the level of PA assessed by the number of steps per day.



There were no statistically significant differences in body composition indices between quintiles of MVPA (Table 6).



In boys, BFP showed a significant dose-related trend through the steps per day quintiles, indicating a significant negative correlation between steps per day and BFP. Boys in the 3rd–5th quintiles of steps per day presented higher muscle mass and TBW than boys in the first quintile (Table 7).




4. Discussion


To our knowledge, this is the first study to examine comprehensive associations between body composition and objectively measured levels of PA in a large sample of preschool children aged from 5 to 6 years. The present results showed that in the total sample of preschoolers aged from 5 to 6 years, a level of MVPA below the WHO recommendation was significantly associated with higher content of body fat by 1.18% and lower content of muscle mass, FFM, and TBW by 0.8%, 1.19%, and 0.64%, respectively. When analyzing the above associations according to gender, it was found that these relationships were more apparent in boys. Body fat content in boys, who accumulated at least 60 min of MVPA daily, was significantly lower by 1.62% than in their less-active peers. In girls, these relationships occurred but were not statistically significant. However, different associations were observed when body composition indices were analyzed with quintiles of PA. No statistically significant differences were observed in body composition parameters and dose-related MVPA. Boys in the 3rd–5th quintiles of steps per day presented significantly lower BFP and higher muscle mass and TBW than their peers in quintile 1.



There were no clear associations between body composition and levels of PA evaluated by number of daily steps. The mean value of muscle mass content was higher by 2.28% in boys with at least 12,000 steps per day. It was also found that boys who met recommendation of minimal level of MVPA per day had a twofold lower risk of obesity determined by BFP. However, these associations were not observed in participants who met the recommendation regarding number of steps per day. An opposite association was found by Vale et al., who showed that overweight and obese girls, not boys, were approximately four times more likely to not meet the minimum 60 mins of daily MVPA than their non-overweight counterparts [17]. This difference may result from, among others, discrepancies in the methods used herein and in other studies (body status evaluated by BMI and cutoff point for MVPA was ≥1680 counts/min). In a study by Diouf et al., 90% of the children aged 8–11 years, who accumulated at least 60 min/day of MVPA were of normal or underweight status as categorized by BMI values. A small proportion of overweight/obese children met that recommendation [31]. Similar results have been reported from previous studies on school age children, indicating that overweight children are significantly less likely to practice PA than their normal weight and underweight peers [32,33,34]. In middle-school girls, the odds of being overweight or overfat were substantially increased among girls who had low levels of physical activity (15th percentile) in comparison with girls who were active (85th percentile) (OR ranged from 1.59 to 3.82) [35].



Regarding MVPA levels in association with muscle mass, FFM, and TBW, the present results cannot be compared to those of similar studies. To the best of our knowledge, the literature contains no such reports. A study conducted among a group of 180 adolescents showed no association between PA variables and FFM, or between meeting/not meeting PA recommendations and FFM in adolescents studied [36]. Similar results were presented in study by Vicente-Rodriguez et al., who showed that meeting PA recommendations was not associated with higher levels of FFM, in prepubertal girls, which may indicate that other type of stimulus (e.g., regular sport participation) is needed in order to improve FFM [37]. Morelli et al. showed that adolescents performing vigorous-intensity PA have better body composition parameters reflecting lean metabolic active body mass [38]. The results of another study suggested that fifteen minutes of accumulated vigorous PA per day is associated with 0.36 lower percentage of body fat in children aged 4 years [39].



Physical activity has been considered a powerful marker of health in children and adolescents. However, the reported level of PA of children has decreased during the last decades [40]. A low level of PA is a significant and potentially modifiable cause of obesity in the pediatric population. An inverse cross-sectional association exists between MVPA and child adiposity [11]. Therefore, MVPA is stated as an important factor of pediatric obesity prevention, and at least 60 min MVPA per day is recommended to ensure childhood health [8]. Our findings for boys support the hypothesis that higher levels of habitual PA might have a protective role against higher levels of adiposity, even at young ages. The risk of obesity assessed by BFP was twofold higher in boys with MVPA below 60 min per day, than in peers who accumulated MVPA of least 60 min. However, there were no significant associations between the level of MVPA and prevalence of obesity assessed by BMI both in boys and girls. Moreover, no significant associations were found in the occurrence of obesity in the study population with different levels of PA assessed by the number of steps. The trend of obesity being less frequent in the total sample of children with at least 12,000 steps per day is noted, but this association is not statistically significant. This confirms that the main disadvantage of assessment of the level of PA by the number of steps is the inability to assess the intensity of PA, and consequently an inaccurate estimation of energy expenditure [41].



Due to our study design (cross-sectional), it is not possible to infer a causal relationship of PA with body composition. Moreover, we cannot be certain that confounders such as nutrition or genetic factors have not influenced our observations. Although accurate measures of energy intake would have enriched our ability to interpret the results, lack of those measures does not negate the relevance of this study to public health. The aim here was to show the associations between levels of MVPA with body composition in a free-living population of preschool children. The next limitation of the study was a single measurement of body height, thus intra-observer variability could not be calculated. However, body height measurement was always performed by the same researcher and there was no inter-observer variability between measurements. Another limitation of this study was not adjusting fat mass to an unrelated measure of body fat such as height that could improve interpretation when assessing adiposity [42]. In children, the fat mass index was demonstrated to better discriminate adiposity than the BFP [43,44]. Another limitation of the study was the fact that the accuracy of muscle mass (%) measurement by the device used in this study was unknown, and the socioeconomic status of the parents of the preschoolers was not included in the analyzes. Therefore, outcomes related to muscle mass should be interpreted with caution.



It is possible that associations between PA and body composition would have been stronger if energy intake had been controlled. The study, however, benefits from a number of strengths: a relatively large sample size, a focus on PA levels in preschool children, and an assessment of compliance with PA recommendations using an objective PA measure. The 5 s epoch used in this study appears to capture a greater amount of data in preschool children. Moreover, body composition was measured by using the BIA method that has demonstrated excellent test–retest reliability, moderately strong absolute agreement with DEXA, and high specificity for overfat and obese classification. Compared to DEXA, BIA is a portable and efficient means of assessing BFP in school children [22].



Future research should include a greater emphasis on longitudinal studies to examine how objectively measured PA and body composition vary by age within an individual over time, taking into account possible confounding factors. Multiple longitudinal cohorts with different ages of participants would help to corroborate and extend our findings. Further research should also seek underlying mechanisms.




5. Conclusions


Among boys, failure to meet the daily recommendation for MVPA was associated with a higher risk of obesity categorized by BFP, as well as with a significant difference in content of BFP, FFM, and TBW. In contrast, the total number of recommended steps per day was not related to adiposity in both boys and girls. However, different associations were observed between body composition indices and levels of PA by quintiles. Prospective study designs are needed to determine the direction of the association between PA intensity and body composition in early childhood.
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Table 1. Characteristics of the study population.






Table 1. Characteristics of the study population.





	
Variable

	
All Subjects (n = 676)

	
Boys (n = 331)

	
Girls (n = 345)

	
p




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
Age (years)

	
5.55

	
0.50

	
5.55

	
0.50

	
5.56

	
0.50

	
0.742




	
Body height (cm)

	
117.2

	
6.1

	
117.9

	
6.1

	
116.5

	
5.9

	
0.006




	
Body mass (kg)

	
21.67

	
3.89

	
22.09

	
4.13

	
21.26

	
3.61

	
0.008




	
BMI

	
15.68

	
1.76

	
15.78

	
1.81

	
15.57

	
1.70

	
0.147




	
BFP (%)

	
20.36

	
4.73

	
20.33

	
4.68

	
20.38

	
4.79

	
0.291




	
Muscle mass (%)

	
76.65

	
4.66

	
76.52

	
4.35

	
76.77

	
4.94

	
0.619




	
FFM (%)

	
79.64

	
4.73

	
79.67

	
4.67

	
79.62

	
4.77

	
0.173




	
TBW (%)

	
58.40

	
3.19

	
58.49

	
3.03

	
58.31

	
3.34

	
0.201




	
MVPA day (min)

	
47.53

	
22.47

	
51.01

	
23.91

	
44.20

	
20.48

	
<0.001




	
Steps/day

	
9182.66

	
2322.82

	
9374.47

	
2548.14

	
8998.64

	
2070.99

	
0.034








p-value represents the differences between boys and girls; BFP—body fat percentage; BMI—body mass index; FFM—fat-free mass; MVPA—moderate-to-vigorous physical activity; TBW—total body water; significant associations are highlighted in bold.
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Table 2. Body composition among children with different levels of moderate-to-vigorous physical activity.






Table 2. Body composition among children with different levels of moderate-to-vigorous physical activity.





	
Variable

	
MVPA/Day

	
p




	
<60 min

	
≥60 min




	
Mean

	
SD

	
Me

	
Mean

	
SD

	
Me






	
All Subjects




	

	
(n = 512)

	
(n = 164)

	




	
BFP (%)

	
20.64

	
4.99

	
19.80

	
19.46

	
3.69

	
18.85

	
0.005




	
Muscle mass (%)

	
76.45

	
4.85

	
76.59

	
77.25

	
3.93

	
77.45

	
0.026




	
FFM (%)

	
79.35

	
4.98

	
80.2

	
80.54

	
3.67

	
81.15

	
0.034




	
TBW (%)

	
58.24

	
3.33

	
58.73

	
58.88

	
2.67

	
59.30

	
0.015




	
Girls




	

	
(n = 278)

	
(n = 67)

	




	
BFP (%)

	
20.51

	
4.92

	
20.05

	
19.86

	
4.16

	
19.00

	
0.241




	
Muscle mass (%)

	
76.65

	
5.07

	
76.72

	
77.29

	
4.32

	
77.84

	
0.186




	
FFM (%)

	
79.49

	
4.91

	
79.95

	
80.14

	
4.12

	
81.00

	
0.673




	
TBW (%)

	
58.25

	
3.43

	
58.51

	
58.55

	
2.97

	
59.10

	
0.366




	
Boys




	

	
(n = 234)

	
(n = 97)

	




	
BFP (%)

	
20.80

	
5.08

	
19.55

	
19.18

	
3.32

	
18.60

	
0.001




	
Muscle mass (%)

	
76.23

	
4.58

	
76.50

	
77.22

	
3.66

	
77.14

	
0.058




	
FFM (%)

	
79.19

	
5.06

	
80.45

	
80.82

	
3.29

	
81.40

	
0.022




	
TBW (%)

	
58.23

	
3.21

	
58.80

	
59.11

	
2.43

	
59.36

	
0.021








BFP—body fat percentage; FFM—fat-free mass; Me—median; MVPA—moderate-to-vigorous physical activity; TBW—total body water; significant associations are highlighted in bold.
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Table 3. Body composition among children with different numbers of steps per day.






Table 3. Body composition among children with different numbers of steps per day.





	
Variable

	
Steps/Day

	
p




	
<12,000

	
≥12,000




	
Mean

	
SD

	
Me

	
Mean

	
SD

	
Me






	
All Subjects




	

	
(n = 601)

	
(n = 75)




	
BFP (%)

	
20.46

	
4.83

	
19.60

	
19.52

	
3.75

	
18.80

	
0.103




	
Muscle mass (%)

	
76.45

	
4.70

	
76.65

	
78.23

	
3.94

	
78.46

	
<0.001




	
FFM (%)

	
79.54

	
4.83

	
80.40

	
80.48

	
3.72

	
81.20

	
0.294




	
TBW (%)

	
58.34

	
3.25

	
58.80

	
58.84

	
2.69

	
59.16

	
0.209




	
Girls




	

	
(n = 316)

	
(n = 29)

	




	
BFP (%)

	
20.39

	
4.85

	
20.00

	
20.24

	
4.10

	
19.10

	
0.844




	
Muscle mass (%)

	
76.68

	
4.99

	
76.86

	
77.82

	
4.28

	
78.80

	
0.113




	
FFM (%)

	
79.61

	
4.81

	
80.00

	
79.76

	
4.02

	
80.90

	
0.111




	
TBW (%)

	
58.31

	
3.39

	
58.64

	
58.22

	
2.87

	
58.70

	
0.800




	
Boys




	

	
(n = 285)

	
(n = 46)

	




	
BFP (%)

	
20.53

	
4.83

	
19.40

	
19.07

	
3.48

	
18.50

	
0.051




	
Muscle mass (%)

	
76.20

	
4.36

	
76.47

	
78.48

	
3.73

	
78.28

	
0.001




	
FFM (%)

	
79.47

	
4.81

	
80.60

	
80.93

	
3.43

	
81.50

	
0.879




	
TBW (%)

	
58.37

	
3.09

	
58.97

	
59.22

	
2.53

	
59.63

	
0.067








BFP—body fat percentage; FFM—fat-free mass; Me—median; TBW—total body water; significant associations are highlighted in bold.
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Table 4. Multinomial regression analysis showing the association between the MVPA recommendation and obesity status.
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Body Mass Category

	
MVPA/Day

	
OR (95% CI)

	
p




	
<60 min

	
≥60 min




	
n

	
%

	
n

	
%






	
All subjects




	
BMI

	
No obesity

	
488

	
95.3

	
158

	
96.3

	
0.77 (0.31–1.92)

	
0.578




	
Obesity

	
24

	
4.7

	
6

	
3.7




	
BFP

	
No obesity

	
406

	
79.3

	
141

	
86.0

	
0.62 (0.38–1.02)

	
0.058




	
Obesity

	
106

	
20.7

	
23

	
14.0




	
Girls




	
BMI

	
No obesity

	
267

	
96.0

	
64

	
95.5

	
1.14 (0.31–4.20)

	
0.846




	
Obesity

	
11

	
4.0

	
3

	
4.5




	
BFP

	
No obesity

	
235

	
84.5

	
59

	
88.1

	
0.54 (0.15–1.95)

	
0.342




	
Obesity

	
43

	
15.5

	
8

	
11.9




	
Boys




	
BMI

	
No obesity

	
221

	
94.4

	
94

	
96.9

	
0.74 (0.33–1.66)

	
0.465




	
Obesity

	
13

	
5.6

	
3

	
3.1




	
BFP

	
No obesity

	
171

	
73.1

	
82

	
84.5

	
0.50 (0.27–0.92)

	
0.025




	
Obesity

	
63

	
26.9

	
15

	
15.5








BFP—body fat percentage; BMI—body mass index; MVPA—moderate-to-vigorous physical activity; OR (95% CI)—odds ratio with a 95% confidence interval; significant associations are highlighted in bold.
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Table 5. Multinomial regression analysis showing the association between the steps per day recommendation and obesity status.
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Body Mass Category

	
Steps/Day

	
OR (95% CI)

	
p




	
<12,000

	
≥12,000




	
n

	
%

	
n

	
%






	
All Subjects




	
BMI

	
No obesity

	
573

	
95.3

	
73

	
97.3

	
0.56 (0.13–2.40)

	
0.43




	
Obesity

	
28

	
4.7

	
2

	
2.7




	
BFP

	
No obesity

	
481

	
80.0

	
66

	
88.0

	
0.55 (0.26–1.13)

	
0.098




	
Obesity

	
120

	
20.0

	
9

	
12.0




	
Girls




	
BMI

	
No obesity

	
304

	
96.2

	
27

	
93.1

	
1.88 (0.40–8.82)

	
0.418




	
Obesity

	
12

	
3.8

	
2

	
6.9




	
BFP

	
No obesity

	
268

	
84.8

	
26

	
89.7

	
0.85 (0.82–0.89)

	
0.099




	
Obesity

	
48

	
15.2

	
3

	
10.3




	
Boys




	
BMI

	
No obesity

	
269

	
94.4

	
46

	
100.0

	
0.64 (0.19–2.21)

	
0.482




	
Obesity

	
16

	
5.6

	
0

	
0.0




	
BFP

	
No obesity

	
213

	
74.7

	
40

	
87.0

	
0.44 (0.18–1.09)

	
0.070




	
Obesity

	
72

	
25.3

	
6

	
13.0








BFP—body fat percentage; BMI—body mass index; OR (95% CI)—odds ratio with a 95% confidence interval.
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Table 6. Body composition indices according to the quintiles of MVPA.
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Variable

	
MVPA/Day

	




	
Quintile 1

(<29.29 min)

	
Quintile 2

(29.29–39.31 min)

	
Quintile 3

(39.32–49.19 min)

	
Quintile 4

(49.2–63.29 min)

	
Quintile 5

(>63.29 min)

	
p




	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
All Subjects

	




	
BMI

	
15.85

	
2.19

	
15.61

	
1.76

	
15.66

	
1.59

	
15.78

	
1.75

	
15.48

	
1.39

	
0.766




	
BFP (%)

	
21.15

	
5.76

	
20.56

	
4.92

	
20.50

	
4.58

	
20.12

	
4.45

	
19.43

	
3.58

	
0.101




	
Muscle mass (%)

	
76.31

	
5.35

	
76.38

	
4.94

	
76.54

	
4.41

	
76.80

	
4.68

	
77.21

	
3.74

	
0.457




	
FFM (%)

	
78.85

	
5.12

	
79.44

	
5.05

	
79.50

	
4.84

	
79.88

	
4.70

	
80.57

	
4.26

	
0.180




	
TBW (%)

	
58.01

	
3.59

	
58.23

	
3.46

	
58.32

	
3.07

	
58.53

	
3.13

	
58.90

	
2.57

	
0.191




	
Girls

	




	
BMI

	
15.60

	
1.92

	
15.58

	
1.71

	
15.70

	
1.64

	
15.57

	
1.65

	
15.35

	
1.50

	
0.756




	
BFP (%)

	
20.62

	
5.69

	
20.53

	
4.87

	
20.46

	
4.54

	
20.12

	
4.17

	
19.95

	
4.22

	
0.787




	
Muscle mass (%)

	
77.03

	
5.65

	
76.29

	
5.17

	
76.88

	
4.73

	
76.75

	
4.47

	
77.07

	
4.24

	
0.804




	
FFM (%)

	
79.38

	
5.03

	
79.47

	
5.03

	
79.54

	
4.97

	
79.88

	
4.51

	
80.05

	
4.71

	
0.848




	
TBW (%)

	
58.30

	
3.67

	
58.17

	
3.55

	
58.23

	
3.27

	
58.45

	
3.03

	
58.47

	
2.99

	
0.859




	
Boys

	




	
BMI

	
16.20

	
2.49

	
15.66

	
1.87

	
15.63

	
1.55

	
15.95

	
1.83

	
15.56

	
1.31

	
0.797




	
BFP (%)

	
21.87

	
5.82

	
20.62

	
5.06

	
20.53

	
4.65

	
20.12

	
4.70

	
19.10

	
3.09

	
0.058




	
Muscle mass (%)

	
75.31

	
4.77

	
76.54

	
4.54

	
76.24

	
4.12

	
76.84

	
4.88

	
77.29

	
3.41

	
0.103




	
FFM (%)

	
78.13

	
5.27

	
79.38

	
5.15

	
79.47

	
4.76

	
79.88

	
4.89

	
80.90

	
3.91

	
0.154




	
TBW (%)

	
57.62

	
3.47

	
58.34

	
3.32

	
58.40

	
2.89

	
58.59

	
3.24

	
59.17

	
2.25

	
0.088








BFP—body fat percentage; BMI—body mass index; FFM—fat-free mass; MVPA—moderate-to-vigorous physical activity; TBW—total body water.
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Table 7. Body composition indices according to the quintiles of steps per day.
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Variable

	
Steps/Day

	




	
Quintile 1

(<7281.40)

	
Quintile 2

(7281.40–8468.46)

	
Quintile 3

(8468.47–9472.28)

	
Quintile 4

(9472.29–10,926.74)

	
Quintile 5

(>10,926.74)

	
p




	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
All Subjects

	




	
BMI

	
16.06

	
2.09

	
15.76

	
1.75

	
15.56

	
1.70

	
15.50

	
1.65

	
15.50

	
1.50

	
0.116




	
BFP (%)

	
21.78

	
6.14

	
20.59

	
4.69

	
19.96

	
4.20

	
19.77

	
4.10

	
19.69

	
3.94

	
0.031




	
Muscle mass (%)

	
75.62

	
5.36

	
76.09

	
4.79

	
76.93

	
4.31

	
77.05

	
4.37

	
77.55

	
4.15

	
0.002




	
FFM (%)

	
78.22

	
5.20

	
79.41

	
4.73

	
80.04

	
4.93

	
80.23

	
4.59

	
80.42

	
4.57

	
0.425




	
TBW (%)

	
57.72

	
3.69

	
58.22

	
3.25

	
58.60

	
3.06

	
58.74

	
2.99

	
58.71

	
2.83

	
0.063




	
Girls

	




	
BMI

	
16.03

	
2.07

	
15.49

	
1.58

	
15.27

	
1.12

	
15.59

	
1.76

	
15.48

	
1.83

	
0.303




	
BFP (%)

	
21.81

	
5.90

	
19.97

	
4.44

	
19.47

	
3.73

	
20.39

	
4.85

	
20.32

	
4.59

	
0.248




	
Muscle mass (%)

	
75.60

	
5.79

	
76.72

	
4.81

	
77.66

	
4.20

	
76.91

	
4.93

	
77.05

	
4.71

	
0.172




	
FFM (%)

	
78.19

	
5.19

	
80.03

	
4.55

	
80.53

	
4.18

	
79.61

	
5.30

	
79.68

	
4.94

	
0.256




	
TBW (%)

	
57.45

	
3.81

	
58.58

	
3.25

	
58.95

	
2.71

	
58.30

	
3.50

	
58.20

	
3.26

	
0.223




	
Boys

	




	
BMI

	
16.09

	
2.13

	
16.20

	
1.92

	
15.84

	
2.09

	
15.43

	
1.55

	
15.51

	
1.18

	
0.124




	
BFP (%)

	
21.75

	
6.43

	
21.60

	
4.95

	
20.43

	
4.59

	
19.20

	
3.19

	
19.18

	
3.28

	
0.010




	
Muscle mass (%)

	
75.64

	
4.92

	
75.05

	
4.62

	
76.22

	
4.33

	
77.18

	
3.81

	
77.94

	
3.63

	
0.002




	
FFM (%)

	
78.25

	
5.22

	
78.40

	
4.90

	
79.57

	
5.58

	
80.80

	
3.71

	
80.82

	
4.24

	
0.207




	
TBW (%)

	
58.00

	
3.57

	
57.62

	
3.18

	
58.26

	
3.35

	
59.15

	
2.37

	
59.12

	
2.38

	
0.018








BFP—body fat percentage; BMI—body mass index; FFM—fat-free mass; TBW—total body water, significant associations are highlighted in bold.
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