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Featured Application: Elevation of the mandatory number of physical education lessons in school
curricula is an efficient strategy for reducing obesity in school-aged children.

Abstract: (1) Background: Overweight children usually have lower levels of physical activity (PA)
than their normal-weight peers. Low PA predisposes to an increase in body fat mass. The aim of
this study was to evaluate the effectiveness of school-based PA intervention on the anthropometric
indicators and body composition of overweight and obese children during a two-year observation
period, from the age of 10 to 12. (2) Materials and methods: The research included 148 children with
overweight or obesity who were born in 2007. There were two groups of children with standard and
elevated PA at school (SPA and EPA; 4 and 10 h of physical education lessons a week, respectively).
Anthropometric and body composition measurements were carried out. Body mass index (BMI),
fat mass (FM), fat-free mass (FFM), skeletal muscle mass (SMM), and total body water (TBW) were
estimated. In total, five measurements were conducted at intervals of 5–6 months. (3) Results: In
EPA group, the percentage of obese children decreased from 46% to 35.25%, and in SPA group, this
percentage increased from 42.75% to 46%. Only 3.33% of children in the standard PA group (one
child) and 17.2% in the elevated PA group (six children) changed their BMI and FM categories from
overweight to normal body mass. In EPA children, FM decreased from 28.65% to 26.41%, and in SPA
children, it increased from 30.31% to 31.75%. The highest increase in FFM was in EPA boys, while
SPA boys recorded the highest decrease. In SPA children, SMM increased by 0.43% from 38.85% to
39.28%, and in EPA children, it increased by 2.51% from 40.27% to 42.78%. In EPA children, TBW
slightly increased from 53.26% to 53.59%, and in SPA children, it decreased from 50.70% to 49.93%.
(4) Conclusions: Elevated PA at school has a positive effect on the BMI and body composition of
children who are overweight or obese. Increasing the mandatory number of physical education
lessons in school curricula is an efficient strategy for reducing obesity in school-aged children.

Keywords: children; obesity; BMI; body composition; adipose tissue; physical activity

1. Introduction

Childhood and adolescent obesity is one of the most serious public health challenges
of the 21st century. The prevalence of obesity is rapidly increasing worldwide and affects
societies of all countries, both developed and developing [1].

The World Health Organization (WHO) defines obesity as a chronic, recurrent dis-
ease associated with excessive body fat accumulation, which causes many health conse-
quences [2]. According to the World Obesity Federation, in 2035, every fourth person
in the world will struggle with obesity [3]. The steady increase in excess body weight
among children and adolescents is particularly worrying [4]. It is estimated that in Europe,
every fifth child is overweight or obese, including in Poland [5]. In Poland, the situation
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is particularly worrying, with research showing that Polish children are gaining weight
at the fastest rate in Europe [6,7]. Currently, every third eight-year-old is overweight [8,9].
It is estimated that at least 80% of obese school-age children will grow up to be obese
adults [10].

One of the dominant factors in the etiology of many metabolic diseases is the excess of
adipose tissue in the body [1–3]. Adipose tissue performs immunological, metabolic, and
endocrine functions associated with the secretion of adipokines, enzymes, growth factors,
and cytokines [11]. An increase in the amount of adipose tissue causes hormonal imbalance,
leading to an increase in the release of leptin and pro-inflammatory cytokines into the
circulatory system, and a decrease in the release of anti-inflammatory adiponectin [4,5]. In
connection with the above, obesity is associated with the occurrence of a state of chronic
inflammation (low-grade inflammation). In the state of inflammation of adipose tissue, the
activity of lipoprotein lipase (LPL) also increases, which leads to an increase in the concen-
tration of free fatty acids in the blood and dyslipidemia [3,10,11]. The inflammatory process
associated with the increase in the metabolic activity of adipose cells also contributes to the
development of insulin resistance [11]. The above is one of the main pathomechanisms of
the development of metabolic syndrome. In addition, excess adipose tissue is associated
with the activation of prothrombotic and pro-inflammatory processes, and, therefore, with
atherogenic factors [11–13]. There is a correlation between the excessive accumulation of
adipose tissue and chronic non-communicable diseases such as diabetes, hypertension,
and dyslipidemia and a steady increase in their incidence [1–4]. Therefore, actions to
counteract childhood obesity should be a major public health priority. Excess adipose tissue
despite a normal BMI has been termed normal weight obesity (NWO) syndrome [11] and
studies conducted in adults have shown that obese individuals with normal body weight
are insulin resistant, suffer from hyperinsulinemia, and are prone to type 2 diabetes and
premature coronary artery disease [11].

Body mass index (BMI) is commonly used to categorize body weight. In children,
the interpretation of BMI is based on percentile charts [12,13]. However, BMI does not
provide information on body fat mass (FM) [12,13]. There are several methods for assessing
FM, with densitometric techniques, primarily dual-energy X-ray absorptiometry (DXA),
considered the “gold standard” [14]. DXA is considered a “reference” for body composition
assessment because of its safety, non-invasiveness, scanning speed, and precision. However,
its accuracy varies by manufacturer and software. This method is stationary and not
suitable for field research outside the laboratory. Therefore, one of the most commonly
used methods of estimating body composition, including FM, is bioelectrical impedance
analysis (BIA). BIA does not measure FM but estimates it with algorithms that consider
the parameters of resistance and reactance. BIA is characterized by high accuracy and
repeatability [12,13]. This method enables a non-invasive and quick estimation of body
composition, including fat tissue, lean body mass, skeletal muscle mass, water content, and
others [15]. The body composition of children and adolescents changes with age. During
puberty, girls usually show a significant increase in fat mass, while boys show a significant
increase in muscle mass [16–18].

In obesity, too high body fat content may lead to serious health threats such as hyper-
lipidemia, diabetes, hypertension, lower cardiorespiratory efficiency, and reduced muscle
strength and physical fitness [1,2,17]. The primary task of the program for the treatment
and prevention of obesity in school-aged children should be not only the reduction in body
weight but, above all, the normalization of fat tissue. Increasing PA is one of the most
important strategies to achieve this goal [19]. School-age children spend a significant part
of the day at school. Therefore, the level of PA during school time, especially the number
of hours of physical education (PE) lessons, may have a significant impact on children’s
BMI and body composition [20–22]. The purpose of this pilot study was to evaluate the
effectiveness of school-based PA intervention on the anthropometric indicators and body
composition of overweight and obese children during a two-year observation period, from
the age of 10 to 12.
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2. Materials and Methods
2.1. Participants

The pilot study was conducted from 2017 to 2019. Children from 6 elementary schools
in Siedlce—a medium-sized city in Poland—took part. There were 148 overweight and
obese children in two groups. The children taking part in the study came from similar
backgrounds and were similar in terms of socio-economic status.

In the first group, children took part in PE lessons for the standard amount resulting
from the school curriculum, which was 4 h a week (SPA—standard PA group; n = 88,
girls 50, boys 38). In the second group, children took part in a significantly elevated amount
of 10 h of PE per week (EPA—elevated PA group; n = 60, girls 40, boys 20). When the
study began, the children started the 4th grade of elementary school (age 10), and the
study ended when the children started the 6th grade (age 12). The sampling strategy was
convenience sampling; therefore, the selected groups were not equal. The sample size was
justified by power analysis in the G*power software (version 3.1.9.7; Universität Kiel, Kiel,
Germany) [23].

Before starting the study, the children were informed about the confidentiality of the
results and the purpose of the study. The project received a positive opinion from each
school’s management, teachers, and parents/guardians. All parents or guardians gave
written consent for their children to participate in the study. The parents declared that
they would prepare the child for measurements in accordance with specific guidelines. A
positive effect of parents’ involvement in preparing children for measurements has been
previously demonstrated [24]. The study was approved by the Research Ethics Committee
at the University of Siedlce (No. 2/2016).

The inclusion criteria for the research were the following: (1) overweight (BMI ≥ 85
< 95 percentile) or obesity (BMI ≥ 95 percentile), determined based on BMI percentile
charts [17,25,26]; (2) good health (no newly diagnosed chronic diseases, injuries, or wounds
and good well-being); (3) age of 10 years at the beginning of the study; (4) consent of the
management, teachers, and parents to take part in the study. Failure to meet any of the
criteria in any measurement session prompted exclusion from the research. Exclusion
criteria were the following: (1) age other than 10 years at baseline; (2) lack of consent from
the child or parent to take part in the study or one of the measurement sessions; (3) absence
from one of the measurement sessions; (4) no promotion to the next grade of school;
(5) chronic disease; (6) having an implanted pacemaker, which could have influenced the
BIA measurement result; (7) BMI other than overweight or obesity; (8) change in BMI
during the study period from excessive to normal body weight; (9) hospitalization or newly
diagnosed disease; (10) lower extremity injury precluding PA or disability; (11) resignation
from participation in the research at any time; (12) injuries, wounds, and feeling unwell
during the measurement session.

2.2. Procedure

The research included the assessment of anthropometric parameters and the body
composition of school-age children with excessive body weight (overweight and obesity).
The measurements were performed by a qualified and trained team of dietitians. Mea-
surements were made at 5–6-month intervals. The measurements were carried out on the
following dates: initial session—September 2017, second—May 2018, third—September
2018, fourth—May 2019, and final—September 2019. Measurements were performed with
the same equipment in all schools. The obtained values were referred to percentile charts
appropriate for age and gender [17,24,25]. Anthropometric measurements and body com-
position analysis were performed according to the methodology described in our previous
works [21,27].

The pilot study was conducted in accordance with the 1975 Helsinki Declaration [28].
The tests were carried out from 10 a.m. to 11 a.m. in the gym, in the presence of a physical
education teacher with the teacher’s participation, and following the guidelines necessary
for accurate measurement of weight, height, and body composition analysis. Parents were
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asked to refrain from allowing their children to eat heavy and large meals after 9:00 p.m.
in the evening before the measurement, and on the day of measurement, children were
advised to eat a light breakfast. The research team recommended that the last organized
physical activity, apart from essential housework, should not be performed at least 12 h
before the measurement. Just before the measurement, children were asked not to eat or
drink until the measurement was completed [29,30].

2.3. BMI

Body weight (kg), height (cm), and BMI were determined. BMI was calculated as
body weight divided by height (kg/m2). BMI percentile charts were used to interpret the
results [25,26]. Measurements were performed according to standard procedures described
by the International Society for the Advancement of Kinanthropometry (ISAK) [31]. Height
was measured in an upright position using a SECA 214 stadiometer with an accuracy of
1 cm. Weight was measured with a Tanita SC-240MA device (Tanita Cooperation, Tokyo,
Japan) with an accuracy of 0.1 kg [29,30,32]. The procedures for measuring body weight
and height have been described in more detail in previous works [21,27].

2.4. Body Composition Analysis

BIA measurements were performed using the Tanita SC-240 MA body composition
analyzer. The analysis allowed for the estimation of fat mass (FM), free-fat mass (FFM),
skeletal muscle mass (SMM), and total body water (TBW). The collected results were
indicative only because the Tanita SC-240 MA analyzer did not provide the parameters of
resistance, reactance, impedance, and phase angle.

The tests were always carried out between 10:00 and 11:00 a.m. while standing, fol-
lowing the measurement guidelines [29,30,32]. The detailed procedure related to preparing
children for body composition analysis was described in previous work [27]. Reference
curves for Caucasian children and adolescents were used to interpret the results [16,17].
FM% values were referenced with the recommendations of McCarthy et al. (2013) [17]. The
85th percentile indicated children with excess body fat, and the 95th percentile indicated
obese children [17].

2.5. Statistical Analysis

Student’s t-test, Shapiro–Wilk test, Mann–Whitney U test, and one-way ANOVA were
used to analyze the results for statistical analysis. The normality of the distribution was
checked with the Shapiro–Wilk test, and the assumption of homogeneity of variance was
verified with the Levene test for p > 0.05. Parameters without a normal distribution were
tested using the Mann–Whitney U test. The effect size (ES) for the average for children’s
FM was calculated based on Co-hen’s d. The threshold values for ES statistics were as
follows: >0.2 low, >0.5 medium, >0.8 high, and >1.3 very high [33].

3. Results
3.1. Characteristics of the Group

At the beginning of the study, the children were on average 10.27 years old, and at the
end, they were 12.26 years old. A total of 148 children were included in this pilot study.
However, due to exclusions during subsequent measurement sessions, the final analysis
included the results obtained from 65 children who took part in all measurement sessions
(EPA 30, SPA 35; girls 63%, boys 37%). The main reason for exclusion was absence at one of
the five measurement sessions or a lack of willingness to participate in the measurements.

The most common reason for exclusion from the study was absence from one of the
measurement sessions (SPA 25%; EPA 28%) and BMI variability during the measurements
(SPA 15%; EPA 22%). Namely, 24% of boys and 20% of girls in the EPA group had a BMI
variability from overweight to normal body weight; in the SPA group, this was 18% and
12%, respectively. Over 44% of children with obesity (SPA 42.75%; EPA 46%) and 55.62%
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with overweight (SPA 57.25%; EPA 54%) were included. Table 1 presents the trends in body
mass category variability between the initial and final measurements.

Table 1. The BMI categories during the study period.

Measurement
Session

SPA EPA
* p

Girls Boys Mean Girls Boys Mean

Overweight

Initial 59% 55.5% 57.25% 58% 50% 54% 0.030
Final 47% 61% 54% 62.5% 67% 59.75% 0.021

Obesity
Initial 41% 44.5% 42.75% 42% 50% 46% 0.045
Final 53% 39% 46% 37.5% 33% 35.25% 0.050

A Change in the BMI Category from Overweight to Normal
Entire study

period 3.33% 0 3.33% 7.71% 11.43% 17.14% 0.001

EPA—elevated PA group; SPA—standard PA group; * p = t-test; p ≤ 0.05.

Table 1 shows the trends in the variation in body weight categories between the initial
and final measurements. Significant changes in BMI categories were noted between the
initial and final measurements (Table 1). SPA children were significantly more likely to
change their BMI category from overweight to obese compared to EPA. About 48% of EPA
children and 40% of SPA children did not change in their BMI category, i.e., stayed obese
or overweight throughout the study period. Throughout the study period, 25.3% of SPA
children and 24.75% of EPA children were obese (p = 0.034). EPA children were significantly
more likely than SPA to change their BMI category from obesity to overweight (21% and
11.5%, respectively; p = 0.001). During the study period, 3.33% of children in the SPA group
(one girl) and 17.2% in the SPA group (six children; two girls and four boys) changed their
BMI category from overweight to normal body mass (p = 0.001). No one changed their BMI
category from obesity to normal body mass.

After 2 years of observation, changes were noted in the structure of both groups. In
the EPA group, the percentage of obese children decreased from 46% to 35.25%, and that of
overweight children increased from 54% to 59.75%. This was due to a change in the BMI
category of some children from obesity to overweight. In the SPA group, the percentage of
obese children increased from 42.75% to 46%, and that of overweight children decreased
from 57.25% to 54%. This was caused by a change in the BMI category of some children
from overweight to obesity.

3.2. Anthropometric Indicators

The height, body mass, and BMI of children in both groups at the beginning and end
of the study are presented in Table 2. In the course of the study, the children’s body height
increased on average by nearly 14 cm (EPA 13.50 cm; SPA 14.17 cm; p = 0.000). The body
height of girls increased by 13.98 cm (SPA 14.17 cm; EPA 13.62 cm; p = 0.021), and that of
boys increased by 13.89 cm (SPA 14.16 cm; EPA 13.34 cm; p = 0.014). The weight gain of the
entire group was on average 13.83 kg (SPA 14.62 kg; EPA 13.05 kg; p = 0.001), including
13.62 kg in girls (SPA 14.04 kg; EPA 13.21 kg; p = 0.002) and 14.04 kg in boys (SPA 15.20 kg;
EPA 12.88 kg; p = 0.041). Girls had a lower body weight compared to boys (54.91 kg vs.
60.73 kg, respectively; p = 0.000).

Overall, SPA girls had a higher BMI than EPA girls (Table 2). The average BMI increase
in SPA girls over the entire study period was 1.80 kg/m2 and in EPA, this was 1.25 kg/m2

(p = 0.001). SPA boys started the study with a higher BMI than EPA boys (SPA 25.92 kg/m2;
EPA 22.65 kg/m2; p = 0.000). The average BMI increase in SPA boys was 1.31 kg/m2 and in
EPA boys, this was 1.56 kg/m2 (p = 0.004). Girls had a lower BMI compared to boys (23.17
vs. 25.01 kg/m2, respectively; p = 0.003).
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Table 2. Comparison of anthropometric indicators of children with excessive body weight between
the initial and final measurements.

Indicator

SPA EPA

Total pInitial Final
p

Initial Final
p

Boys Girls Boys Girls Boys Girls Boys Girls

Height (cm) 151.25 145.08 165.41 159.25 0.001 144.66 147 158 160.62 0.000 0.000

Weight (kg) 59.98 47.60 75.18 61.64 0.012 47.50 48.67 60.38 61.88 0.003 0.001

BMI (kg/m2) 25.92 22.58 27.23 24.37 0.162 22.65 22.41 24.21 23.66 0.062 0.042

BMI
(percentile, c) 97 c 90 c 97 c 97 c 0.032 90 c 90 c 85 c 90 c 0.010 0.014

EPA—elevated PA group; SPA—standard PA group; BMI—body mass index (kg/m2); c—percentile corresponding
to BMI percentile charts; p—ANOVA; p ≤ 0.05.

SPA children were characterized by an average higher BMI percentile then EPA
(p = 0.014). During the study SPA boys’ BMIs indicated 97 c (p = 0.024); among girls,
it increased from 90 c to 97 c (p = 0.004). In EPA boys, a decrease in BMI was observed from
90 c to 85 c (p = 0.001); in EPA girls, it was at the same level of 90 c (p = 0.030).

3.3. Fat Tissue

Throughout the entire study period, EPA children had, on average, lower body fat
content than SPA ones. In EPA, there was an average decrease in FM from 28.65% to 26.41%
(p = 0.014), and in SPA, there was an average increase from 30.31% to 31.75% (p = 0.025)
(Figure 1). FM increased in SPA by an average of 1.44%, and in EPA, it decreased by 2.24%
(p = 0.000).
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Figure 1. Average body fat content (FM) at the beginning and end of the study, in %. EPA—elevated
PA group; SPA—standard PA group.

In SPA girls, FM increased by 5.3 kg; and in EPA, this increased by 3.22 kg (p = 0.001).
In SPA girls, FM increased from 31.62% to 32.65% (p = 0.025), and in EPA girls, it decreased
from 32.02% to 30.02% (p = 0.000) (Table 3). The highest average increase in adipose tissue
was recorded in SPA boys, and the lowest was recorded in EPA boys (Table 4). In EPA boys,
FM decreased by 3.4%, and in SPA boys, it increased by nearly 2%. Girls had higher FMs
than boys (31.33% vs. 27.23%, respectively; p = 0.000). The highest increase in FM occurred
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in SPA boys (2%), and the highest decrease was in EPA boys (3.4%). In EPA children, a
decrease in body fat content was observed from 91 c to 85 c in boys and from 91 c to 85 c in
girls (p = 0.000), while in SPA children, an increase was observed from 91 c to 95 c in girls.
Detailed FM values for particular measurement sessions are presented in Table 5.

Table 3. Comparison of the body composition of overweight girls between the initial and final
measurements.

Indicator
SPA EPA

Initial Final p Initial Final p

FM (kg) 15.02 20.32 0.001 15.65 18.87 0.001
FM (%) 31.62 32.65 0.025 32.02 30.02 0.000

FM (percentile, c) 91 c 95 c 0.024 91 c 85 c 0.000
FFM (kg) 32.50 41.17 0.001 32.07 43.01 0.001
FFM (%) 68.38 67.35 0.051 67.98 69.98 0.025
TBW (kg) 23.76 30.21 0.001 24.30 31.51 0.014
TBW (%) 50.15 49.62 0.003 51.95 52.20 0.000
SMM (kg) 18.47 23.35 0.001 18.75 24.12 0.001
SMM (%) 38.66 38.10 0.514 38.54 40.12 0.000

EPA—elevated PA group; SPA—standard PA group; FM—fat mass (in kg); c—percentile corresponding to fat
mass percentile charts; FFM—fat-free mass; TBW—total body water; SMM—skeletal muscle mass; p—ANOVA;
p ≤ 0.05.

Table 4. Comparison of the body composition of overweight boys between the initial and fi-
nal measurements.

Indicator
SPA EPA

Initial Final p Initial Final p

FM (kg) 17.39 23.19 0.001 12.43 13.76 0.001
FM (%) 29 30.85 0.000 26.20 22.80 0.000

FM (percentile, c) 95 95 0.452 91 85 0.000
FFM (kg) 42.58 51.98 0.014 35.66 46.61 0.014
FFM (%) 71 69.11 0.001 73.80 77.20 0.001
TBW (kg) 30.73 37.77 0.025 25.64 33.31 0.000
TBW (%) 51.25 50.25 0.012 54.56 55.70 0.045
SMM (kg) 22.89 29.84 0.024 20.57 33.07 0.001
SMM (%) 39.05 40.46 0.071 42.01 45.45 0.001

EPA—elevated PA group; SPA—standard PA group; FM—fat mass (in kg); c—percentile corresponding to fat
mass percentile charts; FFM—fat-free mass; TBW—total body water; SMM—skeletal muscle mass; p—ANOVA;
p ≤ 0.05.

The assessment of body fat content (FM) in children was interpreted based on per-
centile charts, where the excess FM was ≥85 percentile [17]. During the entire study period,
overweight related to FM occurred in almost 68% of girls, including 60% of SPA girls and
75% of EPA girls (p = 0.001), and about 69% of boys, namely 53% and 84%, respectively
(p = 0.000). FM obesity was observed among 43.5% of SPA children, including 47% of boys
and 40% of girls (p = 0.001) and 20.5% of EPA children, namely 16% of boys and 25% of
girls, respectively (p = 0.000). In EPA children, a decrease in the percentage of children
with obesity was noted from 33.5% to 15%, while in SPA children, this was from 58.8% to
44.50% (p = 0.000). Similarly to BMI, during the study period, one girl in the SPA group
and two girls and four boys in the SPA group decreased their FM category from excess FM
to normal FM (p = 0.001). No one changed their FM category from obesity to normal FM.
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Table 5. Children’s fat mass (FM) in particular measurement sessions percentage (%) and mass units (kg).

Fat Mass, % (kg)

Measurement
Session

Average Age
(Years) Mean Total *

SPA EPA
p ** ESs

Mean Median Min. Max. SD 95% CI Mean Median Min. Max. SD 95% CI

Average

I 10.27 29.48 (15.11) 30.32 (16.20) 30.50 17.50 47.40 5.61 4.45–7.59 28.65 (14.03) 30.00 18.80 37.30 5.00 3.98–6.73 0.018 0.789

II 10.90 29.35 (16.01) 30.62 (17.67) 29.05 17.10 47.90 5.76 4.67–7.51 28.08 (14.35) 28.00 16.60 38.00 5.42 4.29–7.38 0.029 0.830

III 11.27 29.28 (17.04) 31.18 (19.32) 30.10 18.50 48.00 6.17 4.93–8.25 27.39 (14.76) 29.00 17.70 39.00 5.45 4.29–7.48 0.043 0.904

IV 11.90 29.21 (18.05) 31.44 (20.59) 30.50 18.80 48.50 6.36 5.18–8.23 26.98 (15.54) 28.50 17.89 38.90 6.31 5.04–8.44 0.041 0.744

V 12.26 29.08 (19.03) 31.75 (21.75) 29.76 19.10 48.90 6.43 5.24–8.32 26.41 (16.31) 29.30 16.50 38.50 5.50 4.35–7.49 0.033 0.643

Mean from all sessions 29.28 (17.04) 31.06 (19.11) 27.50 (15.00) 0.001 0.320

Girls

I 10.27 31.77 (15.33) 31.62 (15.02)
91 c 31.20 27.00 34.40 2.28 1.67–3.59 31.93 (15.64) 91 c 31.87 27.80 38.30 3.01 2.24–4.58 0.062 0.322

II 10.90 31.33 (16.08) 31.79 (16.21)
91 c 31.70 27.60 37.30 2.88 2.15–4.39 30.87 (15.95) 91 c 31.43 27.30 38.00 3.61 2.67–5.60 0.027 0.287

III 11.27 31.29 (17.34) 31.86 (17.86)
91 c 31.00 28.40 38.10 2.76 2.00–4.44 30.73 (16.83) 91 c 30.50 26.40 37.00 3.31 2.40–5.33 0.033 0.479

IV 11.90 31.13 (18.28) 32.14 (19.02)
95 c 30.00 28.50 39.20 2.98 2.25–4.40 30.12 (17.56) 91 c 30.10 25.80 37.90 4.07 3.03–6.20 0.025 0.137

V 12.26 31.33 (19.59) 32.65 (20.32)
95 c 31.35 28.80 39.60 3.16 3.16–2.40 30.02 (18.87) 85 c 30.05 25.60 37.50 3.40 2.51–2.27 0.004 0.571

Mean from all sessions 31.37 (17.32) 31.93 (17.69) 30.73 (16.97) 0.014 0.351

Boys

I 10.27 27.18 (14.91) 29.0 (17.39)
95 c 28.45 17.50 47.40 7.84 5.68–12.63 25.37 (12.43) 91 c 25.40 18.80 34.30 4.66 3.34-7.70 0.003 0.128

II 10.90 27.57 (15.94) 29.85 (19.13)
95 c 27.20 17.60 47.90 7.37 5.57–10.91 25.30 (12.75) 91 c 24.40 17.60 34.10 5.09 3.61-8.65 0.010 0.274

III 11.27 27.27 (16.74) 30.50 (20.79)
95 c 27.30 18.50 48.00 7.97 5.93–12.13 24.0 (12.69) 85 c 23.60 16.70 33.90 4.53 3.24-7.47 0.008 0.075

IV 11.90 27.30 (17.85) 30.75 (22.17)
95 c 26.00 18.80 48.50 8.00 6.05–11.84 23.85 (13.53) 85 c 24.00 16.89 32.00 5.45 3.95-8.78 0.020 0.386

V 12.26 26.82 (18.47) 30.85 (23.19)
95 c 24.50 19.10 48.90 7.64 5.73–11.45 22.80 (13.76) 85 c 24.30 16.50 31.40 4.71 3.33-8.00 0.032 0.339

Mean from all sessions 27.22 (16.78) 30.19 (20.53) 24.27 (13.03) 0.001 0.420

EPA—elevated PA group; SPA—standard PA group; * all children, i.e., SPA and EPA; c—percentile corresponding to fat mass. Measurement sessions: I—September 2017; II—March 2018;
III—September 2018; IV—March 2019; V—September 2019. Min.—minimum; Max.—maximum; SD—standard deviation; 95%; CI—confidence interval; ESs—effect sizes all children;
** Mann–Whitney U test; significant differences p ≤ 0.05.
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Table 6 compares children’s body composition with excess body fat (FM ≥ 85 per-
centile) between their initial and final measurements. Significant changes are visible
between SPA and EPA children. In girls, SPA FM increased by 5.4 kg; in EPA, this was by
4 kg (p = 0.001). In SPA girls, the mean FM increased from 31.95% to 33.05% (p = 0.025), and
in EPA girls, this decreased from 32.23% to 31.20% (p = 0.02000). In EPA boys, the mean
FM decreased from 27.22% to 25.13%, and in SPA boys, it increased from 30.61% to 32.25%.
On average, girls exhibited a higher FM increase compared to boys (32.10% vs. 28.80%;
p = 0.010). The greatest mean increase in frequency of FM was observed in SPA boys by
almost 2%. The largest mean FM decrease occurred in EPA boys by over 2%.

Table 6. The comparison of the body composition of children with excess FM (≥85 percentile)
between the initial and final measurements.

Indicator

SPA EPA

Total pInitial Final
p

Initial Final
p

Boys Girls Boys Girls Boys Girls Boys Girls

BMI (kg/m2) 26.18 22.34 27.94 25.16 0.120 23.12 22.57 25.12 24.40 0.002 0.002
FM (kg) 19.90 15.85 24.23 21.25 0.001 13.55 16.20 16.63 20.20 0.001 0.010
FM (%) 30.61 31.95 32.25 33.05 0.010 27.22 32.23 25.13 31.20 0.000 0.031

FFM (kg) 40.36 31.22 52.59 40.36 0.041 35.47 31.73 49.33 41.85 0.050 0.001
FFM (%) 67.17 68.13 66.45 66.58 0.001 71.95 65.31 72.90 67.03 0.002 0.000
TBW (kg) 29.78 23.16 38.50 29.61 0.032 25.81 24.15 35.00 30.00 0.000 0.002
TBW (%) 50.10 49.17 49.11 48.41 0.001 52.31 50.62 53.27 51.06 0.000 0.002
SMM (kg) 23.13 18.23 29.95 22.89 0.041 20.65 18.73 33.60 24.23 0.001 0.000
SMM (%) 38.75 38.52 39.95 37.95 0.050 41.10 38.37 42.86 39.25 0.000 0.001

EPA—elevated PA group; SPA—standard PA group; BMI—body mass index (kg/m2); FM—fat mass; FFM—fat-
free mass; TBW—total body water; SMM—skeletal muscle mass; p—ANOVA; p ≤ 0.05.

3.4. Fat-Free Mass

Significant changes in FFM were noted between the initial and final measurements
(Table 7, Figure 2). In the EPA group, the average FFM increased from 70.89% to 73.59%
(p = 0.000), and in the SPA group, this decreased from 69.70% to 68.23% (p = 0.024). On
average, boys had a higher FFM compared to girls (72.70% vs. 68.23%, respectively;
p = 0.000). The highest FFM was observed in EPA boys (75.60%), and the lowest was in SPA
girls (67.87%). Detailed FFM values in particular measurement sessions are presented in
Table 7.

In EPA girls, FFM increased from 67.98% to 69.98% (p = 0.047), and in SPA girls, it
decreased from 68.38% to 67.35% (p = 0.014). In EPA boys, FFM increased from 73.80%
to 77.20% (p = 0.000), and in SPA boys, it decreased from 71% to 69.11% (p = 0.001). The
highest increase in FFM was observed in EPA boys, and the highest decrease in FFM was
in SPA boys. On average, boys had higher FFMs than girls (72.69% vs. 68.23%, respectively;
p = 0.000).

3.5. Skeletal Muscle Mass

Significant changes were observed in the SMM (Tables 3 and 4, Figure 3). In SPA
children, it increased by 0.43% from 38.85% to 39.28% (p = 0.147), and in EPA children, it
increased by 2.51% from 40.27% to 42.78% (p = 0.001). In EPA girls, SMM increased from
38.54% to 40.12% (p = 0.001), and in SPA girls, it decreased from 38.66% to 38.10% (p = 0.024).
SMM was significantly higher in EPA boys and increased by 3.44% from 42.01% to 45.45%
(p = 0.000), and in SPA boys, this increased by 1.41% from 39.05% to 40.46% (p = 0.001).
SMM increased by 12.50 kg in EPA boys and 6.95 kg in SPA boys (p = 0.007). The highest
increase in SMM was recorded in EPA boys, and the highest decrease was in SPA girls.
On average, boys had a higher SMM compared to girls (41.74% vs. 38.89%, respectively;
p = 0.001).
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Table 7. Children’s fat-free mass (FFM) in particular measurement sessions.

FFM, % (kg)

Measurement
Session

Average Age
(Years) Mean Total *

SPA EPA
p ** ESs

Mean Median Min. Max. SD 95% CI Mean Median Min. Max. SD 95% CI

Average

I 10.27 69.80 (35.70) 69.68 (37.54) 69.50 60.50 74.00 4.30 4.20–6.14 69.97 (33.87) 68.20 64.50 76.00 4.20 3.80–5.17 0.288 0.262

II 10.90 70.69 (38.36) 69.53 (40.13) 68.70 59.00 75.50 4.70 3.80–5.42 71.85 (36.59) 70.60 64.00 76.50 3.41 3.60–5.90 0.013 0.258

III 11.27 70.66 (40.67) 68.76 (42.66) 66.90 60.20 74.00 3.90 4.18–6.30 72.57 (38.69) 71.59 65.50 76.00 3.90 4.15–6.24 0.020 0.620

IV 11.90 70.54 (43.41) 68.31 (44.73) 67.20 57.00 76.00 5.20 4.80–6.50 72.78 (42.10) 71.90 65.00 76.80 4.25 4.39–6.15 0.012 0.172

V 12.26 70.65 (45.69) 67.95 (46.57) 65.90 58.00 77.00 4.63 5.20–6.08 73.35 (44.81) 72.12 66.50 78.50 4.60 5.18–6.14 0.014 0.087

Mean from all sessions 70.46 (40.76) 68.83 (42.33) 72.10 (39.21) 0.001 0.241

Girls

I 10.27 67.08 (32.28) 68.27 (32.50) 68.70 65.60 73.00 5.90 4.07–10.80 65.89 (32.07) 64.00 64.50 70.50 4.20 3.80–5.17 0.092 0.508

II 10.90 68.96 (35.41) 68.91 (35.30) 67.20 62.70 73.70 4.30 2.74–8.40 69.01 (35.52) 67.00 64.00 72.00 3.60 3.60–4.70 0.801 0.858

III 11.27 68.58 (37.61) 67.97 (37.93) 66.00 62.00 72.80 6.20 6.72–12.20 69.20 (37.30) 68.00 65.50 71.00 4.10 4.02–6.18 0.098 0.528

IV 11.90 68.42 (40.27) 67.43 (39.54) 66.40 60.80 73.20 6.70 5.48–12.50 69.42 (41.00) 68.50 65.00 72.50 5.20 3.50–6.14 0.047 0.860

V 12.26 68.14 (42.09) 66.79 (41.17) 65.80 61.00 73.00 7.12 5.40–11.70 69.50 (43.01) 68.00 66.50 74.00 6.17 3.90–5.79 0.042 0.447

Mean from all sessions 68.23 (37.53) 67.87 (37.29) 68.60 (37.78) 0.035 0.320

Boys

I 10.27 72.52 (39.12) 70.99 (42.58) 69.70 60.50 74.00 6.40 3.90–5.70 74.05 (35.66) 73.00 66.50 76.00 3.80 4.20–5.74 0.022 0.116

II 10.90 72.43 (44.34) 70.16 (51.02) 68.50 59.00 75.50 4.72 4.20–6.05 74.70 (37.66) 72.50 65.80 76.50 4.20 3.75–5.34 0.036 0.172

III 11.27 72.72 (43.73) 69.49 (47.39) 67.90 60.20 74.00 5.14 4.80–6.20 75.95 (40.08) 74.30 65.90 76.00 3.42 3.20–6.14 0.011 0.277

IV 11.90 72.67 (46.30) 69.20 (49.93) 68.70 57.00 76.00 5.80 4.60–5.80 76.14 (43.21) 75.20 66.40 76.80 3.24 2.80–6.40 0.017 0.061

V 12.26 73.17 (49.29) 69.14 (51.98) 67.40 58.00 77.00 6.17 4.70–6.80 77.20 (46.61) 75.90 68.90 78.50 4.20 3.15–5.79 0.030 0.128

Mean from all sessions 72.70 (44.55) 69.79 (47.37) 75.60 (40.64) 0.020 0.351

EPA—elevated PA group; SPA—standard PA group; * all children, i.e., SPA and EPA. Measurement sessions: I—September 2017; II—March 2018; III—September 2018; IV—March 2019;
V—September 2019. Min.—minimum; Max.—maximum; SD—standard deviation; 95%; CI—confidence interval; ESs—effect sizes all children; ** Mann–Whitney U test; significant
differences p ≤ 0.05.
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Figure 2. Free-fat mass (FFM) at the beginning and end of the study, in %. EPA—elevated PA group;
SPA—standard PA group.
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Figure 3. Skeletal muscle mass (SMM) at the beginning and end of the study, in %. EPA—elevated PA
group; SPA—standard PA group.

3.6. Total Body Water

The total body water content changed significantly between the initial and final
measurements (Tables 3 and 4, Figure 4) In EPA, there was a slight average increase in
TBW from 53.26% to 53.59% (p = 0.042), and in SPA, it decreased from 50.70% to 49.93%
(p = 0.003). On average, boys had a slightly higher TBW than girls (53.74% vs. 50.03%,
respectively; p = 0.024).
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Figure 4. Total body water content (TBW) at the beginning and end of the study, in %. EPA—elevated
PA group; SPA—standard PA group.

In EPA girls, TBW went up from 51.95% to 52.20% (p = 0.004), and in SPA girls, it
went down from 50.15% to 49.62% (p = 0.007). In EPA boys, TBW increased from 54.56%
to 55.70% (p = 0.001), and in SPA boys, it decreased from 51.25% to 50.25% (p = 0.004).
The highest increase in TBW occurred in EPA boys, and the highest decrease occurred in
SPA boys. Overall, boys had a higher TBW content compared to girls (53.04% vs. 50.75%,
respectively; p = 0.002). The water content expressed in mass units increased by nearly
6.55 kg in SPA children and 7.21 kg in EPA children (p = 0.000).

4. Discussion

Overweight and obesity among school-aged children have become significant public
health concerns. The health effects of obesity in children may be much more serious than in
people who gain excess body weight in adulthood [6,7]. Unfortunately, in many countries,
there is a lack of epidemiological knowledge of and control over the phenomenon of
excess body weight that would allow for the monitoring of the trend and reacting quickly.
Increasing physical activity and limiting sedentary habits, as well as eating well, are
essential for battling excess weight and corpulence in children and adolescents. Obesity is
a significant factor influencing anthropometric measurements and body composition. This
study showed a favorable correlation between the duration of physical activity at school
for overweight children and their body composition.

An adequate level of PA is an important element in maintaining a good physical
condition and the health of school-aged children [34,35]. All strategies that increase PA are
necessary to reduce the risk of overweight and obesity in children. Unlike other works, we
showed that BMI was higher in overweight school-aged boys than in girls [35,36]. Changes
in BMI categories were associated with differences in body composition observed over
the course of the study. This observation is consistent with the findings of other authors
regarding the correlation between body weight and body composition and the relationship
between BMI, adipose tissue, and free-fat mass [35–40]. Among others, Tsolakis et al. (2022)
showed that lower BMI in obese children was positively correlated with higher physical
fitness, FFM, and SMM [32].

Body fat content changes with age and is also dependent on gender. Children who
are physically active typically have lower FM levels than children who are healthy and do
not exercise [35–37]. According to recommendations, body fat content should be below
30% for girls and below 22.5% for boys [17]. Higher FM in school-aged girls compared
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to boys is physiological, resulting from girls’ puberty at this age. Similar to previous
studies [36,39], we showed that girls had, on average, higher FM values than boys. After
2 years of observation, there was a systematic decrease in the FM content in children of
elevated PA from 28.65% to 26.41% and an increase in standard PA ones from 30.31% to
31.75%. Miguet et al. (2020), Mendez-Hernández (2022), and Soares et al. (2023) showed
a similar connection [35,41,42]. It was shown that obese adolescents achieved a visible
decrease in FM after PA intervention. In the study by Ubago-Guisado et al. (2017), a
lower level of FM among girls practicing sports was recorded compared to the one in our
study: 28% vs. 30.73%, respectively [43]. In the study by Wang et al. (2022), the mass of
adipose tissue in obese teenagers practicing sports was 15.55 kg in boys and 17.35 kg in
girls, and in our study, it was 13.03 kg and 19.67 kg, respectively [39]. Also, Abbott and
Davies [44] and Ball et al. [45] investigated the relationship between PA and obesity in
children and showed significant correlations between PA level, BMI, and fat mass. In the
study by Ara et al. (2004), children who did not engage in any PA had higher FM and
regional fat mass (torso, arms, and legs) compared to children who exercised, which is
consistent with the results obtained in our study [46]. Studies by Cvetkovi et al. (2017) and
Larsen et al. (2018) found that obese children with a BMI higher than 24 kg/m2 had bigger
differences in FM [47,48]. This may indicate that regular PA in children with a higher BMI
is more effective in reducing FM because of a significant increase in energy expenditure,
which directly leads to a reduction in body fat content. We found that in the standard PA
children, there was an increase in FM of 5.55 kg, and in the elevated PA children, there was
a decrease of nearly 2.5 kg. This is in agreement with other studies involving obese children,
which demonstrated a reduction of 2–3 kg in fat mass following PA intervention [39,47,48].
Our study did not consider possible changes in children’s diets and PA outside the study
protocols, which could have influenced the results.

FFM depends on age and gender. Research confirms that regular PA leads to an
increase in FFM, including SMM [16]. Our study also found that elevated PA children had
higher FFM compared to standard PA ones (72.10% vs. 68.83%), and elevated PA children
recorded a higher increase in FFM during the study. The results were similar to the studies
of Ubago-Guisado et al. (2017) and Ferreira et al. (2007), which indicated that elevated
PA increased FFM [43,49]. McGuigan et al. (2007) showed that obese teenagers practicing
sports indicated that training longer than 14 weeks allows for a significant increase in FFM
compared to children who did not participate in additional PA classes [50]. Our study
reported an increase in FFM of approximately 11 kg in elevated PA children and a decrease
of 9 kg in standard PA ones. Furthermore, other studies show that introducing regular PA
to overweight children for a period of 5 to 10 months resulted in an increase in FFM ranging
from 2.7 to 3.8 kg [51,52]. Mattoo et al. (2020) evaluated changes in TBW by BIA in children
with excessive weight. In the age group 8–12, the average TBW in girls was 25.3 kg, and
in boys, it was 26.5 kg [53]. In our study, average TBW was lower in girls (24.03 kg) and
higher in boys (28.18 kg). From ages 10 to 12, TBW increased by nearly 6.55 kg in standard
PA children and 7.21 kg in elevated PA ones. However, in terms of percentages, although
TBW increased slightly in the elevated PA group from 53.26% to 53.59%, in the standard
PA group, it decreased from 50.70% to 49.93%. This indicated that children with excessive
weight were hypohydrated, which may increase their risk of dehydration, which is also
supported by other authors [54].

It is estimated that less than 30% of children and adolescents meet the global PA
recommendations of at least 60 min of moderate-to-vigorous PA per day. Schools are an
ideal setting for PA interventions, given that children spend a significant amount of time
at school under the supervision of teachers [55]. School-based PA intervention programs
may be effective at preventing and treating obesity [56]. They can impact many children
simultaneously, including hard-to-reach groups, since most children and adolescents go to
school daily. These programs have the potential to play a pivotal role not only in preventing
obesity but also in promoting growth, development, fitness, mental health, and cognitive
performance in children [55,56]. From a public health perspective, an increase in organized
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physical activity in the school curricula should be considered as a health policy option
for decision-makers to reduce the risk of obesity among school-aged children and, thus,
improve public health in the future.

This work, however, is not without limitations. One of them is the small sample
size. Furthermore, this study did not consider children’s diet and PA outside of the study
protocols, which could have influenced the results. Although DXA is considered the
standard method for measuring FM, this method requires stationary tests. Therefore, since
our tests are field-based, we decided to use the less precise BIA method. We did not assess
the obesity phenotype. The study excluded children with normal weight obesity (NWO)
with normal body weight and excessive FM. The body composition results obtained in this
study were indicative only because the instrument used did not provide the parameters
of resistance, reactance, impedance, and phase angle. Children’s nutritional education
and eating habits were not analyzed. The work was limited to a sample of children from
Siedlce; it is worth extending the study to other age groups and larger areas. We did
not assess extracurricular PA and did not check attendance at PA classes. Future studies
should include an analysis of eating behaviors and socio-economic status, but this was
not included in this work. Measurements of waist circumference, waist-to-height ratio,
and circumferences would also be important to assess the proper development of children.
Expanding the scope of this study to other age groups and larger geographical areas would
be very advisable.

5. Conclusions

Elevated PA at school has a positive effect on the BMI and body composition of children
who are overweight or obese. A significantly greater number of children with elevated
PA at school than standard PA ones changed their BMI category from initially obese to
overweight as well as from overweight to normal body mass. Throughout the study, only
3.33% of children in the standard PA group (one child) and 17.2% in the elevated PA
group (six children) changed their BMI and FM categories from overweight to normal body
mass. Mean BMI and FM were higher in standard PA children than in those with elevated
PA. Throughout the entire study period, there was a systematic decrease in estimated
FM and BMI in children with elevated PA at school and an increase in the standard PA
ones. Moreover, children with excessive body mass, especially standard PA girls, were
hypohydrated, which might increase their risk of dehydration. Increasing PA at school
has a positive effect on the BMI and body composition of overweight and obese children.
Increasing the mandatory number of physical education lessons in school curricula may be
an efficient strategy for reducing obesity in school-aged children.
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