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Abstract: The obesity epidemic and the decline of fitness among children highlights the need for
suitable interventions designed to promote Physical Activity (PA) and healthy habits. The purpose
of our pilot study was to assess the feasibility of a school-based program among overweight and
obese children, by examining changes in their body composition, PA, physical fitness, and some
psychosocial determinants of active behavior. An additional objective was to investigate the reciprocal
relationship over time between PA and body image. Self-reported PA and health-related fitness tests
were administered to 18 overweight and obese children (11.3 + 0.4 years), before and after a 6-month
intervention including nutritional education, skill-learning, playful physical activities, and exercise
training. Participants were assessed on body composition, perceived physical ability, body image,
and pleasant and unpleasant psychobiosocial states towards PA. After treatment, children showed
decreased body mass index, body fat percentage, arm and waist circumferences, and skinfold thickness.
Actual and perceived physical abilities, body image, and PA also improved over six months. Cross-
lagged correlations suggest body image to be an antecedent to being physically active. Results showed
that the multi-component school program may have sustainable benefits in reducing adiposity
indicators and improving exercise adherence, physical fitness, and psychological well-being.

Keywords: body composition; body image; overweight; physical activity; physical fitness

1. Introduction

Childhood overweight and obesity are increasing globally, with adverse physical and psychosocial
consequences on health and quality of life [1]. Body image—or the perception and thoughts about
one’s body—has been reported as one of the main factors related to psychological well-being that are
more seriously compromised in obesity [2,3]. Moreover, body dissatisfaction seems to increase with
overweight status [2,4]. Although weight loss and improved body appearance could represent primary
motivators for Physical Activity (PA) in obese children [5], it is still unclear whether weight loss might
induce changes in the body representation of obese children [3]. In particular, it is still unclear whether
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low levels of PA are determinants or consequences of body dissatisfaction [6]. Furthermore, despite
interactive effects seeming plausible [6], most of the studies addressing the relationship between PA
and body image have been conducted on adults, while the few studies among children have reported
mixed results [7,8].

Cross-sectional studies have demonstrated an inverse relationship between Body Mass Index
(BMI) and an individual’s perceptions of physical ability [9]—mainly due to movement difficulties,
including poor performance on weight-bearing tasks [10]. In particular, an excessive body weight
has adverse effects on actual motor skill competence [11] and, consequently, on perceived physical
competence [4]. Of note, perceived competence has been linked with increased motivation towards
and participation in PA [12]. In fact, perceived physical competence is deemed to mediate individual’s
emotional responses in PA [13] and therefore, to influence PA behaviors [14,15]. Steiner [16] argued
that every action stimulates emotion, which in turn regulates our behavior [17]. In fact, positive
emotional experiences associated with PA sustain commitment toward actual levels of PA [14,18].
Thus, enhancing children’s self-perception of physical ability and pleasant emotions could ensure
interest and adherence to PA [12,14]. Conversely, PA seems to increase body satisfaction through
improvements in physical fitness and changes in perceived physical competence [19,20].

Notwithstanding these findings, a better understanding of associations over time between PA
participation and the psychosocial determinants of active behavior in obese children is required [21].
Research is needed to identify effective and sustainable ways to motivate overweight and obese
children to increase their PA levels. As suggested by Stodden et al. [22] and based on different
theories of exercise motivation [23,24], a physically active lifestyle could be encouraged among obese
children by enhancing their actual and perceived physical abilities and enjoyment. School Physical
Education (PE) programs can greatly contribute to health promotion by providing a variety of enjoyable
activities in which participants can monitor their progress and increase their performance satisfaction
levels. A systematic review and two meta-analyses suggested that theory based, multi-component PA
interventions are the most promising approaches in the school setting [25,26]. Therefore, it is important
to ensure that school-based PA programs, especially around 11 years of age [27], provide children with
positive experiences to promote their adherence and improve motivation [18]. However, scant research
has been conducted on the relationship between psychosocial changes and weight loss, and the results
are conflicting [28,29].

To the best of our knowledge, no studies have examined the relationship among changes in body
composition, PA levels, motor performances, and psychosocial determinants of active behavior in obese
children. Therefore, based on theories of motivation and behavioral change [23,24], we conducted
a 6-month, multi-component pilot obesity program in school focused on nutritional education,
skill-learning, enjoyable PA, and exercise training. Our study was part of a larger project, named
“Healthy Lifestyles Intervention for Obese Schoolchildren (HeLIOS)”, which explored the impact of a
school-based program on health and well-being among inactive overweight and obese children over
time [30]. Health can be broadly defined to include physical, psychological, and social well-being [31].
Therefore, the current study was specifically designed to examine further aspects that were, for the
most part, not considered in previous research, to broaden our understanding of modifiable factors
that co-exist with pediatric obesity.

In particular, the aim of our study was to assess the feasibility of a school-based program, by examining
changes in body composition, physical fitness, and self-reported measures of PA, perceived physical
ability, body image, and pleasant/functional and unpleasant/dysfunctional psychobiosocial states in
overweight boys and girls. A secondary purpose of this study was to investigate directional influences
over time between PA and one of its key correlates (i.e., body image) by using a two-wave panel design
with a 6-month time lag. In particular, the objective was to estimate reciprocal relationships between
PA and body image across different time points (T = baseline and T; = post intervention). Drawing
on the causal priority approach [32], we tested the hypotheses that baseline body image satisfaction
would be positively associated with and predict higher levels of PA at T1 (Hypothesis 1) or that PA
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levels at Ty would be positively related to and precede changes in body image over a 6-month period
(Hypothesis 2). Support of both hypotheses would indicate a reciprocal relationship between PA and
body image.

2. Materials and Methods

2.1. Participants and Procedures

Eighteen obese and overweight children (nine boys and nine girls, aged 11.3 + 0.4 years) were
recruited through local pediatricians and participated in a 6-month, multi-component, school program
initiated in a Pediatric Obesity Center of a University located in southern Italy. The Center offered
to a middle school a pilot obesity program including nutritional education, health-related physical
activities, and exercise training. Interested children aged 10 to 12 years were considered eligible if they
were (a) with a BMI > 85th percentile for age and gender, according to the Centers for Disease Control
and Prevention (CDC) growth charts [33]; (b) free from conditions that would prevent PA; (c) not
currently engaged in any structured exercise programs out of school or had not been involved in the
6 months prior to participation. The study protocol was formally submitted to the school head teacher
and was approved by an ad hoc committee of parents and teaching staff at school. All participants
and their parents provided written informed consent prior to their enrolment in the study and the
admission to the hospital outpatient clinic of the Pediatric Obesity Center. The study was performed
according to the World Medical Association Declaration of Helsinki and approved by the University of
Foggia and the local School Council Institute (03-2015/1227/B32c).

This pilot study applied a pre-test post-test research design, with assessments at baseline (T()
in October and at the end (T;) of the program in May of the following year. The program started in
November and ended in April. Ty and T; assessments took place in four meetings a week before and a
week after intervention.

2.2. Treatment Program

Participants followed a 6-month school-initiated obesity program, incorporating nutritional counselling
and exercise training. The exercise program consisted of two 2 h sessions per week, and was conducted
after school time by a single specialist instructor at the school gymnasium. Based on different theoretical
approaches to exercise motivation [22-24], it included a wide variety of indoor and outdoor activities
(i.e., mini and sport games, circuits, individual tasks) aimed to improve motor skills, muscle strength,
power, speed, agility, and aerobic fitness, and to increase PA adherence and enjoyment. During the
exercise program, the attendance was systematically recorded and was scored as presence/absence
(1 or 0) for each child. Children were also encouraged to be active outside the program and invited to
keep an exercise diary.

In order to educate children on the importance of PA and fitness, 30-min interactive group
sessions were provided weekly. These included review of PA diaries, goal-setting, self-monitoring and
self-reinforcement activities, and basic notions of body functioning and healthy behavior.

According to the Italian nutritional guidelines and recommendations [34,35], participants were
also instructed to reduce fat intake and salt-rich foods, increase fruit and vegetable consumption,
and make healthy beverage and snack choices. To encourage healthy food habits, children and their
parents were asked to record a daily diet diary and received nutritional counselling at the baseline
medical examination, at the midpoint and at the end of the intervention by a dietitian of the Pediatric
Obesity Center.
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2.3. Measures

2.3.1. Body Composition

Anthropometric assessments were performed by an experienced pediatrician of the Centre
for Pediatric Obesity, according to the procedures of the International Society for the Advance of
Kinanthropometry [36]. Standing height to the nearest 0.1 cm and body weight to the nearest 0.1 kg
were measured using a calibrated stadiometer (Seca 220, Hamburg, Germany) and a balance scale
(Seca 761, Hamburg, Germany), respectively. BMI was calculated as weight divided by height squared
(kg/m?), and BMI centiles and z-scores were derived according to the CDC growth reference [33]. Waist,
hip and arm circumferences were determined to the nearest 0.1 cm with a flexible nylon tape measure,
while skinfold thickness was measured to the nearest 0.1 mm at the biceps, triceps, subscapular and
suprailiac sites using a skinfold caliper (Holtain Ltd., Crymych, UK). Triplicate readings were made
at each site, and the mean of the three measures was taken as the final value. Brook’s [37] equation
was used to assess total body density from skinfold thickness. Total body density was then converted
into a percentage of fat body mass via Siri’s [38] equation. For the specific purposes of the current
investigation, we used the body composition data published in the Morano et al.’s [30] study and
examined their relationship with data of different variables collected with other instruments.

2.3.2. Physical Activity Levels

General PA levels were assessed using the Physical Activity Questionnaire for Older Children
(PAQ-C) [39] which is a self-administered, 7-day recall instrument designed for use with children ages
8-14 years. The PAQ-C consists of nine items scored on a five-point scale, with higher values indicating
greater PA levels. Evidence was provided in support of the PAQ-C as a reliable and valid measure of
general PA levels in children grades 4-8 [39-41].

2.3.3. Physical Fitness

Health-related physical fitness was assessed using the following four tests to measure strength,
agility, speed, and coordination. These tests have been reported to be reliable and valid measures in
childhood and adolescence [42—44].

The vertical jump is aimed to asses lower-limb power. Standing on a flat surface, participants
were required to reach as high as they could against a flat wall. The difference between the standing
reach height and the jumping reach height were recorded. The best of two attempts was registered.

The medicine ball throw is intended to evaluate upper-limb power. Children were asked to
perform a two-hand overhead throw with a 2 kg medicine ball from a standing position with both feet
together. The highest value of two performance measures was reported.

The 10 X 5 m shuttle-run is designed to assess agility, speed of movement, and coordination.
Participants were instructed to run back and forth five times along a 10 m distance at the highest speed
possible. The test was performed twice, and the lowest sprint value was recorded.

The Harre test is meant to evaluate general motor coordination and speed, requiring children to
complete a specific circuit as quickly as possible. Participants were asked to perform a rolling and three
consecutive passages above and below three obstacles, turning around a central cone at maximum
speed (for a description, see [44]). Children were allowed two trials separated by a 5 min recovery
period. The best performance was used for statistical analyses.

2.3.4. Perceived Physical Ability

Participants” perceptions of strength, speed, and agility were evaluated using the Perceived
Physical Ability Scale [45] which consists of 10 items rated on a 5-point scale, ranging from 1 = very
much to 5 = not at all. Children were required to think about their performance when involved in
physical activities, and to choose for each item the response that best represented their personal feelings.
Items 1, 3, 5, 7, and 9 assess positive perceptions of physical ability (i.e., quick reaction and action,
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strength, and motor control), while the other five items assess the perception of movement difficulty
(i.e., lack of control, clumsiness, and muscle weakness) and are reverse-scored. Higher total scores
correspond to a better perceived physical ability. The scale has been widely used in previous studies,
and showed good validity and reliability in children [4,45].

2.3.5. Body Image

Body image was examined using the Child Figure Drawings [46], which encompass seven
silhouette figures of boys and girls ranging from very thin to obese. Children were asked to select two
pictures representing their current and ideal body shapes. Body dissatisfaction was then calculated as
the self-ideal discrepancy, with positive or negative scores indicating a desire to be thinner or heavier,
respectively. Test-retest reliability coefficients and the validity data of the scale have been provided for
children [46].

2.3.6. Psychobiosocial States

Participants” psychobiosocial states were evaluated using a 14-item list including pleasant/
functional (7 items) and unpleasant/dysfunctional (7 items) descriptors [47]. Each item was composed
of two or three descriptors of an emotion-related experience. Participants were required to think about
how they usually feel when involved in PA, and to rate each item on a 4-point scale, ranging from
0 = not at all to 4 = very, very much. Research has provided support for the scale as a valid and reliable
measure to assess individuals’ experiences in the PE context [47,48].

2.4. Data Analysis

A 2 (gender) x 2 (time: Ty vs. Tp) repeated measures analysis of variance was performed to
assess the differences for each dependent variable. Effect size (npz) estimates were determined for
all significant findings. To investigate the relationships among body fatness, psychosocial variables,
and physical performances, Pearson’s correlation coefficients (r) were calculated for each time point.

Using a cross-lagged procedure [32], multiple linear regression analyses were performed (a) to
determine across-time relationships between PA levels and body image (i.e., each variable was regressed
onto each other at a different point in time), and (b) to examine their temporal ordering over a 6-month
period. Gender and age were used as covariates. To explore whether body image predicted changes in
PA levels (Hypothesis 1), PA at T; was first entered as the dependent variable, while the covariates
(gender and age) and PA at T served as independent variables. The baseline body image was then
added. To test the reverse hypothesis (Hypothesis 2), body image at T; was regressed on baseline PA
levels while controlling for gender, age, and the stability of the dependent variable at Ty. Direction is
inferred when one relationship is significantly higher than the other, while reciprocity is supported
if the cross-lagged relations are equal. Statistical significance was set at p < 0.05. Analyses were
conducted using SPSS version 26.0 (SPSS Inc., Chicago, IL, USA).

3. Results

All children completed the intervention and the mean attendance for the exercise program was
82% (range 71-88%). Descriptive statistics and repeated-measures analyses of variance results for each
variable by time of assessments (T vs. T;) are reported in Table 1. The differences across measurements
for body circumference and skinfold thickness mean values are represented in Figure 1. Significant
main effects by gender were found only for body fat percentage (Fj 16 = 6.00, p = 0.026, np2 = 0.27) and
hip circumference (F; 16 = 5.75, p = 0.029, np2 = 0.26), with females reporting higher values than males.
Gender X time interaction effects did not emerge, suggesting that changes over time were similar for
boys and girls.
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Table 1. Descriptive statistics and repeated-measures analysis of variance results by time of assessments (T vs. Tq).

6 of 13

Variable Boys (1 =9) Girls (n =9) Analysis of Variance

Pre-Treatment M + SD  Post-Treatment M + SD  Pre-Treatment M + SD  Post-Treatment M + SD  Fje(1,16)  p-Value npz

Height (cm) 149.10 + 7.51 150.24 + 6.64 151.89 + 4.44 154.32 + 4.87 5.16 0.037 0.24

Weight (kg) 57.27 +13.22 53.80 £ 9.70 61.46 = 8.19 59.88 + 7.17 2.11 0.166 0.12

BMI (kg/m?) 25.58 + 4.44 23.83 +4.09 26.59 +2.92 25.11 +2.35 10.28 0.006 0.39

BMI percentile 95.06 + 3.56 90.71 + 6.36 96.37 + 1.94 94.38 + 2.67 18.52 0.001 0.54

BMI z-score 1.84 £ 0.54 1.47 £ 0.51 1.87 + 0.31 1.64 +0.30 16.53 0.001 0.51

Body fat (%) 37.02 + 6.43 33.17 £ 7.57 42.89 +4.21 40.00 + 3.88 19.67 <0.001 0.55

Physical activity levels 1.66 + 0.39 2.48 + 0.64 1.84 +0.50 2.58 +0.79 38.12 <0.001 0.70

Physical fitness

Vertical jump (cm) 19.58 + 6.28 22.57 + 8.47 15.78 + 8.17 17.83 + 4.39 5.76 0.029 0.27

Medicine ball throw (m) 4.08 £ 0.65 4.50 +0.88 3.53 £0.65 4.07 £ 0.67 36.85 <0.001 0.70

10 x 5 m agility shuttle run (s) 23.77 £ 1.76 22.79 +2.13 25.20 + 1.86 24.27 +1.68 46.64 <0.001 0.75

Harre circuit test (s) 31.55 £ 6.05 28.28 +4.48 34.75 £ 8.00 30.73 £5.50 33.76 <0.001 0.68
Perceived physical ability

Positive perceptions 14.44 +2.19 17.89 +2.21 1522 +1.72 19.44 + 2.01 37.20 <0.001 0.70

Negative perceptions 15.78 +2.49 20.89 +3.22 17.67 +2.06 23.11 +2.21 60.27 <0.001 0.79

Body dissatisfaction 1.72 £ 0.62 0.92 + 0.50 1.50 = 0.50 1.17 £ 0.56 13.06 0.002 0.45

Psychobiosocial states
Pleasant/functional 2.25+0.81 2.56 +0.76 273+1.12 2.89 +0.53 0.96 0.342 0.57
Unpleasant/dysfunctional 1.08 £1.10 0.57 £ 0.43 0.84 +1.02 0.54 = 0.61 2.78 0.115 0.15

Notes: np? = partial eta squared; BMI = body mass index.
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Figure 1. Mean values of body circumferences and skinfold thickness. Notes: * Fine(1,16) = 12.10,
p = 0.003, 11p2= 0.43; ** Fiime(1,16) = 11.34, p = 0.004, np2= 0.42; 1 Fime(1,16) = 24.88, p< 0.001, np2= 0.61;
tt Fime(1,16) = 9.23, p = 0.008, npzz 0.37; § Fiime(1,16) = 17.18, p = 0.001, np2: 0.52.

From T to Ty, height significantly increased, whereas BMI values and percent body fat declined.
Arm and waist circumferences, and skinfold thickness of the biceps, subscapular and suprailiac
regions also decreased over time. With regard to physical fitness, there were significant changes in
all motor tests, with children showing better performances at T; compared to T Significant time
effects were shown for behavioral and psychosocial outcomes, with participants presenting lower body
dissatisfaction and reporting higher PA and perceived physical ability scores after treatment.

For each time point, negative correlations were found between BMI and vertical jump (To:
r=—0.63; T1: ¥ = —0.56), and positive correlations between speed times in the shuttle-run (Ty: r = 0.59;
Tq: r = 0.57), and Harre circuit test (Tp: » = 0.63; T1: v = 0.52). Similarly, negative correlations were
found among percent body fat and vertical jump (T¢: » = —=0.60; T1: r = —0.58), shuttle-run (Ty: ¥ = 0.73;
Tq: r = 0.69), and Harre circuit test scores (Ty: ¥ = 0.55; T1: r = 0.48). It is interesting to note that BMI at
Tp was positively associated with body dissatisfaction (r = 0.61), while PA was positively correlated
with pleasant/functional psychobiosocial states (r = 0.58) and negatively with unpleasant/dysfunctional
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states (r = —0.49). At T, unpleasant/dysfunctional states correlated with the BMI (r = 0.55), shuttle-run
(r = 0.54), and Harre circuit test scores (r = 0.52). The magnitude of all these correlation coefficients
ranged from moderate to moderately high [49].

With regard to the cross-lagged analysis, PA levels and body image were not reciprocally related
across time (Figure 2). As shown in Table 2, baseline body image was associated with levels of PA
at Ty (B =-0.48, p = 0.02) beyond PA at Ty (3 = 0.66, p = 0.01), and after controlling for the effects of
covariates (i.e., gender and age). These findings suggest that the larger the body dissatisfaction of
children before the intervention, the larger the increase in levels of PA six months later. The second
hypothesis on the reverse relationship was not supported, given that PA at Ty and body image at T;
were not significantly related ($ = 0.42, p = 0.16).

Physical | ! 0.79" 5|  Physical
activity activity
-0.48*
T0 T1
0.42*
Body ... 020 ___,{  Body
image image

Figure 2. Across-time relationships between physical activity and body image (N= 18). Notes:
Standardized regression coefficients (f3) are reported. Dashed arrows reflect the correlation of each
variable with itself at two points in time (T, T1); solid arrows indicate the causal relationships over
time between variables. * p = 0.02, ** p = 0.001.

Table 2. Multiple linear regression analyses testing for reciprocal relationships between physical activity
and body image (n = 18).

Dependent Variables Entered Variables B F R?
Physical Activity (Ty)
Step 1 3.85*% 0.45
Gender 0.05
Age 0.06
PA (Ty) 0.66 **
Step 2 5.87 ** 0.64
Gender 0.16
Age 0.12
PA (Typ) 0.79 ***
Body image (To) -0.48 *
Body image (T1)
Step 1 0.76 0.37
Gender -0.27
Age -0.15
Body image (Tp) 0.30
Step 2 1.19 0.52
Gender -0.14
Age -0.29
Body image (Ty) 0.20
PA (Ty) 0.42

Notes: 3 = standardized regression coefficients; R2 = square correlations values; PA = physical activity; Ty = time 1;
Ty = time 2; * p < 0.05, ** p < 0.01, *** p < 0.001; unmarked values were non-significant.
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4. Discussion

This was an uncontrolled, pilot study to assess the feasibility of implementing a school-based
obesity program. Although limited by the small sample size and no control group, after the intervention
we observed changes in obese boys and girls in almost all targeted variables. All the children who
started the program completed it and showed improvements over six months in the measures of
adiposity, actual and perceived physical abilities, PA levels, and body image. We did not find significant
changes on the psychobiosocial state scores at T1 compared to Ty, which was most likely due to initially
high scores of pleasant/functional states and low scores of unpleasant/dysfunctional states reported by
both girls and boys in the whole sample. These results are consistent with those of several previous
studies conducted in the context of school PE [48,50-52], which suggest a general experience of a
pleasant educational atmosphere.

In the present study, significant gender differences were observed only in body fat percentage and
hip circumference, with girls having higher values than boys at both T and at T;. These values may
be an expression of maturational differences by gender. As was found in previous studies [30,53,54],
gender X time interaction effects did not emerge, suggesting that obese boys and girls may respond
comparably to a non-competitive PA program at school and show improvements in almost all study
variables after intervention. During treatment, all children performed a variety of non-competitive
activities and enjoyable forms of individualized tasks in a supportive learning environment that
enabled them to experience pleasant emotional states and improve. Although enjoyable skill-based
activities may not conform to classical exercise training guidelines, a recent systematic review suggests
that enjoyable interventions in overweight and obese children are needed to increase their actual and
perceived physical abilities, which in turn, may lead to long-term adherence to PA participation [55].
Children PA enjoyment depends, to a large extent, on their perceived physical ability [15], which is
thought to mediate the relationship between children’s motor competence and subsequent PA [56].
In a previous longitudinal study, the perception of physical ability was found to be an antecedent to
PA rather than an outcome [53]. Therefore, to encourage overweight and obese children to adhere to a
PA program, it is important to increase their perceived physical ability first [53].

Thus, involving children in enjoyable experiences has the potential to increase PA levels, ensure
continued interest and participation, and ultimately improve long-term health outcomes, hopefully
reducing the prevalence of obesity [14,18,55]. Conversely, fatigue, muscular strain, discomfort, or pain
derived from PA may be related to low levels of perceived competence and discourage children’s
participation [21]. It is important to consider that obese children can experience more rapid fatigue
on motor tasks requiring horizontal propulsion and vertical lifting of the body mass (e.g., walking,
running, jumping) compared to their normal-weight peers [4,10]. In the current study, the negative
associations found between BMI and body fat percentage with most health-related fitness tests (i.e.,
vertical jump, shuttle-run, and Harre) are in line with the contention that overweight and obesity can
have adverse effects on motor performances [4,10,11,30]. Our post-intervention results also suggest that
body-mass-dependent motor performances (i.e., shuttle-run and Harre circuit) were positively related
to unpleasant/dysfunctional states. Therefore, especially in the early phases of an obesity intervention,
weight-bearing tasks should be proposed gradually to enable successful performance, improve actual
and perceived physical abilities, and thereby promote positive attitudes towards PA [54].

Interestingly, findings in this study showed baseline BMI positively related to body dissatisfaction,
indicating that obese children are dissatisfied with their body appearance. There is also evidence
suggesting that body image may serve as a protective factor against BMI increase [57] and may motivate
exercise behavior [6]. It seems plausible that children who are dissatisfied with their body appearance
are less likely to engage in self-care behaviors that may enhance one’s ability to maintain a healthy
weight over time. For instance, previous study findings found a direct relationship between body
dissatisfaction and low PA levels [58,59]. As stated in our first hypothesis on the positive prediction of
PA levels by body image, cross-lagged analysis results suggested that body image at Ty was directly
related to and predicted changes in PA levels at T;, whereas the effect of PA to body image did not
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emerge. Therefore, in contrast to our second hypothesis, body image was found to be an antecedent to
PA rather than a consequence of PA.

Based on the observed relationship between body satisfaction and engagement in PA, improving
body image in obese children can be an important step to promote their participation in PA. A school-
based health curriculum should simultaneously strive to improve body satisfaction and increase PA [60]
through programs focused on behavioral change and not just on weight per se. However, programs
centered on body image changes should be implemented with caution, because raising awareness on
body weight may enhance body dissatisfaction among obese children. Educators should provide a
variety of enjoyable activities aimed at developing students” actual and perceived physical competence
and intrinsic motivation. Programs aimed at enhancing the perceptions of physical ability rather
than physical appearance are expected to reduce body dissatisfaction [19,20] and result in increased
PA levels.

Given the pilot nature of our study, there are some limitations that should be acknowledged. First,
the small sample size limits the generalizability of the results, despite the fact that they represent
valuable pilot data requiring confirmation in larger samples. Second, the study design involving only
an experimental group does not allow us to establish the specific effects of the intervention. These
limitations were also due to the public nature and complexity of the intervention that required the
cooperation of parents and professionals (i.e., pediatricians, dietitians, and teachers) in a school setting.
Beyond these limitations, a key strength of our intervention was the high attendance of the children,
which suggests that they enjoyed the program. Another strength of the study is the use of self-reported
measures of PA levels, perceived physical ability, body image, and psychobiosocial states together with
objective assessments of physical fitness. Furthermore, body composition was assessed using multiple
measures (i.e., waist circumference, skinfold thickness, and body fat) to provide a better indication of
changes in adiposity than BMI alone [61]. Finally, the pre-test post-test study design allowed us to
address the issue of directionality between PA and body image in children treated for obesity.

5. Conclusions

In conclusion, the results of this pilot study indicate that a multi-component, school-based obesity
program—focused on nutritional education, skill-learning, enjoyable PA, and exercise training—is feasible
and may have important benefits for participants. Furthermore, findings provide useful information for
tailoring interventions to the special needs of overweight and obese children, highlighting the importance
of a comprehensive healthy lifestyle program that includes physical, psychosocial, and behavioral factors.
Using a larger sample size and a comparison group, further research that considers strategies to improve
clinical-family interaction at school and interventions with a large follow-up (>12 months) is required to
determine whether changes in PA, physical fitness, and psychosocial co-morbidities of obesity can be
established and maintained for a sufficient length of time to have a significant and lasting impact on
children’s health.

Author Contributions: Conceptualization, M.M., C.R,, LR., L.B.,, M.C.R. and A.C.; Methodology, M.M., L.R. and
A.C,; Data curation and analysis, M.M., L.R. and A.C.; Writing—original draft, M.M., C.R,, LR., L.B.,, M.C.R. and
A.C.; Writing—review and editing, M.M., C.R,, LR, L.B.,, M.C.R. and A.C. All authors have read and approved the
final manuscript.

Funding: This research received no external funding.
Acknowledgments: The authors would like to thank the children and their families for making this study possible.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2020, 12, 1128 11 of 13

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Tsiros, M.D.; Olds, T.; Buckley, ].D.; Grimshaw, P.; Brennan, L.; Walkley, J.; Hills, A.P.; Howe, PR.; Coates, A.M.
Health-related quality of life in obese children and adolescents. Int. J. Obes. 2009, 33, 387—400. [CrossRef]
[PubMed]

Wardle, J.; Cooke, L. The impact of obesity on psychological well-being. Best Pract. Res. Clin. Endocrinol.
Metab. 2005, 19, 421-440. [CrossRef] [PubMed]

Molbert, S.C.; Sauer, H.; Dammann, D.; Zipfel, S.; Teufel, M.; Junne, F,; Enck, P; Giel, K.E.; Mack, I. Multimodal
body representation of obese children and adolescents before and after weight-loss treatment in comparison
to normal-weight children. PLoS ONE 2016, 11, e0166826. [CrossRef] [PubMed]

Morano, M.; Colella, D.; Robazza, C.; Bortoli, L.; Capranica, L. Physical self-perception and motor performance
in normal-weight, overweight and obese children. Scand. ]. Med. Sci. Sports 2011, 21, 465-473. [CrossRef]
Chen, L.J.; Fox, K.R.; Haase, A.M. Body image and physical activity among overweight and obese girls in
Taiwan. Women’s Stud. Int. Forum 2010, 33, 234-243. [CrossRef]

Finne, E.; Bucksch, J.; Lampert, T.; Kolip, P. Age, puberty, body dissatisfaction, and physical activity decline
in adolescents. Results of the German health interview and examination survey (KiGGS). Int. J. Behav. Nutr.
Phys. Act. 2011, 8, 119. [CrossRef]

Tanaka, C. Body image in children and motor ability. The relationship between human figure drawings and
motorability. In Body Image: New Research; Kindes, M.V., Ed.; Nova Science Publishers: Hauppauge, NY,
USA, 2006; pp. 243-362.

Shriver, L.H.; Harrist, A.W.; Page, M.; Hubbs-Tait, L.; Moulton, M.; Topham, G. Differences in body esteem
by weight status, gender, and physical activity among young elementary school-aged children. Body Image
2013, 10, 78-84. [CrossRef]

Pinhas-Hamiel, O.; Singer, S.; Pilpel, N.; Fradkin, A.; Modan, D.; Reichman, B. Health related quality of life
among children and adolescents: Associations with obesity. Int. J. Obes. 2006, 30, 267-272. [CrossRef]
D’Hondt, E.; Deforche, B.; De Bourdeaudhuij, I.; Lenoir, M. Relationship between motor skill and body mass
index in 5-to10-year-old children. Adapt. Phys. Act. Q. 2009, 26, 21-37. [CrossRef]

Lopes, V.P; Stodden, D.F.; Bianchi, M.M.; Maia, J.A.; Rodrigues, L.P. Correlation between BMI and motor
coordination in children. J. Sci. Med. Sport 2012, 15, 38-43. [CrossRef]

Bauman, A.E; Reis, R.S.; Sallis, ].F.; Wells, ].C.; Loos, R.]J.; Martin, B.W. Correlates of physical activity: Why
are some people physically active and others not? Lancet 2012, 380, 258-271. [CrossRef] [PubMed]

Bortoli, L.; Bertollo, M.; Robazza, C. Dispositional goal orientations, motivational climate, and psychobiosocial
states in youth sport. Personal. Individ. Differ. 2009, 47, 18-24. [CrossRef]

Weiss, M.R. Motivating kids in physical activity. Pres. Counc. Phys. Fit. Sports Res. Dig. 2000, 3, 1-8.
Cairney, J.; Kwan, M.Y,; Velduizen, S.; Hay, J.; Bray, S.R.; Faught, B.E. Gender, perceived competence and the
enjoyment of physical education in children: A longitudinal examination. Int. J. Behav. Nutr. Phys. Act.
2012, 9, 26. [CrossRef] [PubMed]

Steiner, C.M. Educacion Emocional; Jeder: Sevilla, Spain, 2011.

Sanchez-Calleja, L.; Garcia-Jiménez, E.; Rodriguez-Gémez, G. Evaluation of the design of the AEdEm
Programme for Emotional Education in Secondary Education. RELIEVE 2016, 2, 5. [CrossRef]

Grastén, A.; Yli-Piipari, S. The patterns of moderate to vigorous physical activity and physical education
enjoyment through a 2-year school-based program. . Sch. Health 2019, 89, 88-98. [CrossRef]

Martin, K.A.; Lichtenberger, C.M. Fitness enhancement and changes in body image. In Body Image: A Handbook
of Theory, Research, and Clinical Practice; Cash, T.E.,, Pruzinsky, T., Eds.; The Guilford Press: New York, NY,
USA, 2002; pp. 414-421.

Kerner, C.; Haerens, L.; Kirk, D. Body dissatisfaction, perceptions of competence, and lesson content in
Physical Education. J. Sch. Health 2018, 88, 576-582. [CrossRef]

Deforche, B.; De Bourdeaudhuij, I.; Tanghe, A.; Hills, A.P,; De Bode, P. Changes in physical activity and
psychosocial determinants of physical activity in children and adolescents treated for obesity. Patient Educ.
Couns. 2004, 55, 407-415. [CrossRef]

Stodden, D.F,; Goodway, ].D.; Langendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C.; Garcia, L.E.
A developmental perspective on the role of motor skill competence in physical activity: An emergent
relationship. Quest 2008, 60, 290-306. [CrossRef]


http://dx.doi.org/10.1038/ijo.2009.42
http://www.ncbi.nlm.nih.gov/pubmed/19255583
http://dx.doi.org/10.1016/j.beem.2005.04.006
http://www.ncbi.nlm.nih.gov/pubmed/16150384
http://dx.doi.org/10.1371/journal.pone.0166826
http://www.ncbi.nlm.nih.gov/pubmed/27875563
http://dx.doi.org/10.1111/j.1600-0838.2009.01068.x
http://dx.doi.org/10.1016/j.wsif.2010.01.003
http://dx.doi.org/10.1186/1479-5868-8-119
http://dx.doi.org/10.1016/j.bodyim.2012.10.005
http://dx.doi.org/10.1038/sj.ijo.0803107
http://dx.doi.org/10.1123/apaq.26.1.21
http://dx.doi.org/10.1016/j.jsams.2011.07.005
http://dx.doi.org/10.1016/S0140-6736(12)60735-1
http://www.ncbi.nlm.nih.gov/pubmed/22818938
http://dx.doi.org/10.1016/j.paid.2009.01.042
http://dx.doi.org/10.1186/1479-5868-9-26
http://www.ncbi.nlm.nih.gov/pubmed/22394618
http://dx.doi.org/10.7203/relieve.22.2.9422
http://dx.doi.org/10.1111/josh.12717
http://dx.doi.org/10.1111/josh.12644
http://dx.doi.org/10.1016/j.pec.2003.07.012
http://dx.doi.org/10.1080/00336297.2008.10483582

Sustainability 2020, 12, 1128 12 of 13

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Harter, S. Manual for the Self-Perception Profile for Children; University of Denver: Denver, CO, USA, 1985.
Bandura, A. Self-Efficacy: The Exercise of Control; Freeman: New York, NY, USA, 1997.

Pearson, N.; Braithwaite, R.; Biddle, S.J.H. The effectiveness of interventions to increase physical activity
among adolescent girls: A Meta-analysis. Acad. Pediatr. 2015, 15, 9-18. [CrossRef]

Owen, M.B.; Curry, W.B.; Kerner, C.; Newson, L.; Fairclough, S.J. The effectiveness of school-based physical
activity interventions for adolescent girls: A systematic review and meta-analysis. Prev. Med. 2017, 105,
237-249. [CrossRef] [PubMed]

Schwarzfischer, P.; Gruszfeld, D.; Stolarczyk, A.; Ferre, N.; Escribano, J.; Rousseaux, D.; Moretti, M.;
Mariani, B.; Verduci, E.; Koletzko, B.; et al. Physical activity and sedentary behavior from 6 to 11 years.
Pediatrics 2019, 143, €20180994. [CrossRef] [PubMed]

Stratton, G.; Fairclough, S5.J.; Ridgers, N.D. Physical activity levels during the school day. In Youth Physical
Activity and Sedentary Behavior. Challenges and Solutions; Smith, A.L., Biddle, ]. H., Eds.; Human Kinetics:
Champaign, IL, USA, 2008; pp. 321-350.

Griffiths, L.J.; Parsons, T.J.; Hill, A.J. Self-esteem and quality of life in obese children and adolescents:
A systematic review. Int. ]. Pediatr. Obes. 2010, 5, 282-304. [CrossRef]

Morano, M.; Rutigliano, I.; Rago, A.; Pettoello-Mantovani, M.; Campanozzi, A. A multicomponent,
school-initiated obesity intervention to promote healthy lifestyles in children. Nutrition 2016, 32, 1075-1080.
[CrossRef]

Bircher, J.; Kuruvilla, S. Defining health by addressing individual, social, and environmental determinants:
New opportunities for health care and public health. J. Public Health Policy 2014, 35, 363-386. [CrossRef]
Kessler, R.C.; Greenberg, D.F. Linear Panel Analysis. Models of Quantitative Change; Academic Press: London,
UK, 1981.

Kuczmarski, RJ.; Ogden, C.L.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, KM.; Mei, Z.; Wei, R,; Curtin, L.R,;
Roche, A F; Johnson, C.L. 2000 CDC growth charts for the United States: Methods and development. Vital
Health Stat. 2002, 11, 1-190.

Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione (INRAN). Linee Guida per una Sana Alimentazione
Italiana Guidelines for Healthy Italian Food Habits. 2003. Available online: http://nut.entecra.it/648/Linee_
Guida.html (accessed on 17 May 2019).

Campanozzi, A.; Avallone, S.; Barbato, A.; Icone, R.; Russo, O.; De Filippo, G.; D’Angelo, G.; Pensabene, L.;
Malamisura, B.; Cecere, G.; et al. High sodium and low potassium intake among Italian children: Relationship
with age, body mass and blood pressure. PLoS ONE 2015, 10, e0121183. [CrossRef]

Norton, K.; Whittingham, N.; Carter, L.; Kerr, D.; Gore, C.; Marfell-Jones, M. Measurement techniques in
anthropometry. In Anthropométrica; Norton, K., Olds, T.S., Eds.; University of New South Wales: Sydney,
Australia, 1996; pp. 25-75.

Brook, C.G. Determination of body composition of children from skinfold measurements. Arch. Dis. Child.
1971, 46, 182-184. [CrossRef]

Siri, W.E. Body composition from fluid spaces and density: Analysis of methods. In Techniques for Measuring
Body Composition; Brozek, ]., Hanschel, A., Eds.; National Academy of Sciences: Washington, DC, USA, 1961;
pp. 223-244.

Crocker, P.R.; Bailey, D.A.; Faulkner, R.A.; Kowalski, K.C.; McGrath, R. Measuring general levels of physical
activity: Preliminary evidence for the physical activity questionnaire for older children. Med. Sci. Sports
Exerc. 1997, 29, 1344-1349. [CrossRef]

Kowalski, K.C.; Crocker, PR.E.; Faulkner, R.A. Validation of the physical activity questionnaire for older
children. Pediatr. Exerc. Sci. 1997, 9, 174-186. [CrossRef]

Labbrozzi, D.; Bortoli, L.; Bertollo, M.; Bucci, I.; Doria, C.; Robazza, C. Age-related differences in actual and
perceived levels of physical activity in adolescent girls. Percept. Mot. Ski. 2012, 114, 723-734. [CrossRef]
Harre, D. The Principles of Sports Training: Introduction to the Theory and Methods of Training, 2nd ed.; Sportverlag:
Berlin, Germany, 1982.

Committee of Experts on Sports Research. EUROFIT: Handbook for the EUROFIT Tests of Physical Fitness,
2nd ed.; Sports Division Strasbourg, Council of Europe Publishing and Documentation Service: Strasbourg,
France, 1993.

Trecroci, A.; Cavaggioni, L.; Caccia, R.; Alberti, G. Jump rope training: Balance and motor coordination in
preadolescent soccer players. . Sports Sci. Med. 2015, 14, 792-798.


http://dx.doi.org/10.1016/j.acap.2014.08.009
http://dx.doi.org/10.1016/j.ypmed.2017.09.018
http://www.ncbi.nlm.nih.gov/pubmed/28964852
http://dx.doi.org/10.1542/peds.2018-0994
http://www.ncbi.nlm.nih.gov/pubmed/30509928
http://dx.doi.org/10.3109/17477160903473697
http://dx.doi.org/10.1016/j.nut.2016.03.007
http://dx.doi.org/10.1057/jphp.2014.19
http://nut.entecra.it/648/Linee_Guida.html
http://nut.entecra.it/648/Linee_Guida.html
http://dx.doi.org/10.1371/journal.pone.0121183
http://dx.doi.org/10.1136/adc.46.246.182
http://dx.doi.org/10.1097/00005768-199710000-00011
http://dx.doi.org/10.1123/pes.9.2.174
http://dx.doi.org/10.2466/06.10.13.PMS.114.3.723-734

Sustainability 2020, 12, 1128 13 of 13

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Bortoli, L.; Robazza, C. Italian version of the perceived physical ability scale. Percept. Mot. Ski. 1997, 85,
187-192. [CrossRef]

Collins, MLE. Body figure perceptions and preferences among preadolescent children. Int. ]. Eat. Disord.
1991, 10, 199-208. [CrossRef]

Bortoli, L.; Robazza, C. Dispositional goal orientations, motivational climate, and psychobiosocial states in
physical education. In Motivation of Exercise and Physical Activity; Chiang, L.A., Ed.; Nova Science: New York,
NY, USA, 2007; pp. 119-133.

Bortoli, L.; Bertollo, M.; Filho, E.; di Fronso, S.; Robazza, C. Implementing the TARGET model in physical
education: Effects on perceived psychobiosocial and motivational states in girls. Front. Psychol. 2017, 8, 1517.
[CrossRef]

Zhu, W. Sadly, the earth is still round (p < 0.05). J. Sport Health Sci. 2012, 1, 9-11. [CrossRef]

Bortoli, L.; Bertollo, M.; Vitali, F,; Filho, E.; Robazza, C. The effects of motivational climate interventions on
psychobiosocial states in high school physical education. Res. Q. Exerc. Sport 2015, 86, 196-204. [CrossRef]
Bortoli, L.; Vitali, F.; Di Battista, R.; Ruiz, M.C.; Robazza, C. Initial validation of the Psychobiosocial States in
Physical Education (PBS-SPE) scale. Front. Psychol. 2018, 9, 2446. [CrossRef]

Di Battista, R.; Robazza, C.; Ruiz, M.C.; Bertollo, M.; Vitali, F; Bortoli, L. Student intention to engage in
leisure-time physical activity: The inter play of task-involving climate, competence need satisfaction and
psychobiosocial states in physical education. Eur. Phys. Educ. Rev. 2019, 25, 761-777. [CrossRef]

Morano, M.; Colella, D.; Rutigliano, L; Fiore, P; Pettoello-Mantovani, M.; Campanozzi, A. Changes in actual
and perceived physical abilities in clinically obese children: A 9-month multi-component intervention study.
PLoS ONE 2012, 7, €50782. [CrossRef]

Morano, M.; Colella, D.; Rutigliano, I.; Fiore, P.; Pettoello-Mantovani, M.; Campanozzi, A. A multi-modal
training programme to improve physical activity, physical fitness and perceived physical ability in obese
children. J. Sports Sci. 2014, 32, 345-353. [CrossRef] [PubMed]

Han, A.; Fu, A.; Cobley, S.; Sanders, R.H. Effectiveness of exercise intervention on improving fundamental
movement skills and motor coordination in overweight/obese children and adolescents: A systematic review.
J. Sci. Med. Sport 2018, 21, 89-102. [CrossRef]

Barnett, L.M.; Morgan, PJ.; van Beurden, E.; Beard, ].R. Perceived sports competence mediates the relationship
between childhood motor skill proficiency and adolescent physical activity and fitness: A longitudinal
assessment. Int. J. Behav. Nutr. Phys. Act. 2008, 5, 40. [CrossRef] [PubMed]

Van den Berg, P.; Neumark-Sztainer, D. Fat'n happy 5 years later: Is it bad for overweight girls to like their
bodies? J. Adolesc. Health 2007, 41, 415-417. [CrossRef] [PubMed]

Neumark-Sztainer, D.; Goeden, C.; Story, M.; Wall, M. Associations between body satisfaction and physical
activity in adolescents: Implications for programs aimed at preventing abroad spectrum of weight-related
disorders. Eat. Disord. 2004, 12, 125-137. [CrossRef]

Neumark-Sztainer, D.; Paxton, S.].; Hannan, PJ.; Haines, J.; Story, M. Does body satisfaction matter? Five-year
longitudinal associations between body satisfaction and health behaviors in adolescent females and males.
J. Adolesc. Health 2006, 39, 244-251. [CrossRef]

Sanchez Castillo, S.; Lopez Sanchez, G.E.; Sgroi, M.; Diaz Sudrez, A. Body image and obesity by Stunkard’s
silhouettes in 14- to 21-year-old Italian adolescents. J. Sport Health Res. 2019, 2, 199-210.

Gorely, T.; Nevill, M.E.; Morris, J.G.; Stensel, D.J.; Nevill, A. Effect of a school-based intervention to promote
healthy lifestyles in 7-11year old children. Int. J. Behav. Nutr. Phys. Act. 2009, 6, 5. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.2466/pms.1997.85.1.187
http://dx.doi.org/10.1002/1098-108X(199103)10:2&lt;199::AID-EAT2260100209&gt;3.0.CO;2-D
http://dx.doi.org/10.3389/fpsyg.2017.01517
http://dx.doi.org/10.1016/j.jshs.2012.02.002
http://dx.doi.org/10.1080/02701367.2014.999189
http://dx.doi.org/10.3389/fpsyg.2018.02446
http://dx.doi.org/10.1177/1356336X18770665
http://dx.doi.org/10.1371/journal.pone.0050782
http://dx.doi.org/10.1080/02640414.2013.824602
http://www.ncbi.nlm.nih.gov/pubmed/23968284
http://dx.doi.org/10.1016/j.jsams.2017.07.001
http://dx.doi.org/10.1186/1479-5868-5-40
http://www.ncbi.nlm.nih.gov/pubmed/18687148
http://dx.doi.org/10.1016/j.jadohealth.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17875468
http://dx.doi.org/10.1080/10640260490444989
http://dx.doi.org/10.1016/j.jadohealth.2005.12.001
http://dx.doi.org/10.1186/1479-5868-6-5
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants and Procedures 
	Treatment Program 
	Measures 
	Body Composition 
	Physical Activity Levels 
	Physical Fitness 
	Perceived Physical Ability 
	Body Image 
	Psychobiosocial States 

	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

