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Purpose: The aim of the present study was to examine the relationship between
perceived physical literacy and obesity-related outcomes among adolescents
from Spain.

Methods: This is a secondary cross-sectional analysis including a total sample
of 845 Spanish adolescents (55.3% girls) aged 12-17years from the Valle de
Ricote (Region of Murcia) from the Eating Healthy and Daily Life Activities
(EHDLA) project. Physical literacy was evaluated using the Spanish Perceived
Physical Literacy Instrument for adolescents (S-PPLI). Body mass index was
computed by taking the participants’ body weight in kilograms and dividing
it by the square of their height in meters, and body mass index (z score)
and overweight/obesity and obesity were computed by the World Health
Organization age- and sex-specific thresholds. Waist circumference was
measured using a constant tension tape. Moreover, the waist-to-height ratio
was calculated, and therefore, abdominal obesity was determined. Skinfold
measurements were taken at the triceps and medial calf using calibrated
steel calipers.

Results: In general, the overall trend was downward (i.e., the higher the
PPLI score the lower the obesity-related indicators), with the approximate
significance of smooth terms being statistically significant for all models
examined (p<0.001). Adolescents with lower perceived physical literacy
(PPL) showed the highest estimated marginal means of body mass index,
body mass index z score, waist circumference, waist-to-height ratio, and
skinfold (triceps and calf) and predictive probabilities of having excess
weight, obesity, and abdominal obesity, while their counterparts with high
PPL had the lowest. In addition, significant differences were observed for
all the obesity-related indications between adolescents with low PPL and
those with medium PPL (p-adjusted < 0.05 for all indicators), as well as
with those with high PPL (p-adjusted < 0.05 for all indicators). Moreover,
these significant differences were also shown for most indicators
between adolescents with medium PPL and those with high PPL (except for
obesity).

Conclusion: Physical literacy could play a crucial role in maintaining more
desirable obesity-related outcomes in adolescents. Adolescents with high
perceived physical literacy showed lower obesity-related indicators (i.e., body
mass index, body mass index z score, waist circumference, waist-to-height
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ratio, skinfolds), as well as a lower probability of having excess weight, obesity,
and abdominal obesity.
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physical education, physical fitness, adiposity, anthropometric indicators, body mass
index, waist circumference, overweight, youths

1 Introduction

Obesity during adolescence has been linked with adverse
health outcomes that include type 2 diabetes, dyslipidemia,
non-alcoholic fatty liver disease, mental health disorders and social
stigma (among others) (1). This fact has led to its conception as a
severe public health problem of the 21st century (2). In 2019, the
World Obesity Federation predicted that by 2025, there would
be approximately 206 million children and teenagers aged 5-19
with obesity, and this number would rise to approximately 254
million by 2030 (3). The most recent Physical Activity, Sedentarism,
Lifestyles, and Obesity in Spanish Youth (PASOS) study (4),
conducted in Spain, revealed that in 2022-2023, the rates of
overweight, obesity, and excess weight were 21.6, 11.6, and 33.2%,
respectively, based on the criteria set by the World Health
Organization (WHO) (5). In spite of these alarming statistics, the
WHO has recently cautioned that no European nation is making
adequate strides toward mitigating the growing problem of
overweight and obesity by the year 2025 (6).

Numerous studies indicate that promoting and sustaining healthy
lifestyle behaviors can serve as an effective approach to prevent obesity
among the young population (7-10). In recent times, there has been
a significant surge in the attention given to physical literacy, leading
to the emergence of various programs, curricula, and policies aimed
at enhancing it (11, 12). This seems to be logical considering the
beneficial associations observed between active lifestyles and various
health indicators (13, 14). Physical literacy involves developing the
desire, confidence, skills, knowledge, and understanding necessary for
lifelong physical activity (15, 16). It is cultivated through active
participation in physical pursuits (17) and represents a distinct form
of intelligence that extends beyond mere exertion, serving as a vital
foundation for sustained engagement in physical activities (18).

Initially, it was theorized that physical literacy should be related to
physical activity, physical fitness, motor competence, and weight status
(16). Motor illiteracy encompasses challenges in motor development,
including declines in competence and confidence, particularly
exacerbated by the existence of adverse conditions like obesity, which
serves as a tangible obstacle (19, 20). However, to date, only a few
studies have studied the association of physical literacy with obesity-
related outcomes (21, 22). For instance, one study among French
adolescents found an inverse association between physical literacy and
body fat percentage (22). This same inverse relationship was observed
in another study among Canadian children (21). Due to the limited
research on this specific association, a better understanding of how
physical literacy is linked with obesity-related outcomes might
be relevant in developing formulating future intervention initiatives
aimed at preventing or reducing obesity among adolescents. Thus, the
aim of the present study was to examine the relationship between
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perceived physical literacy (PPL) and obesity-related outcomes among
adolescents from Spain.

2 Materials and methods
2.1 Study design and population

The present cross-sectional study is a secondary analysis with data
from the Eating Healthy and Daily Life Activities (EHDLA) project.
The EHDLA study protocol has been published elsewhere (23). The
adolescents involved in this research were Spanish students (aged
12-17 years) attending the three secondary schools in the Valle de
Ricote in the Region of Murcia. Data were gathered during the 2021-
2022 academic year. Of the initial 1,378 adolescents (100.0%) from the
EDHLA study, 118 (8.6%) were eliminated from the study due to lack
of anthropometric information. Moreover, additional participants
were eliminated due to lack of data regarding PPL (n=239; 17.3%) and
energy intake (n=176; 12.8%). Thus, 845 adolescents (55.3% girls)
were included in this cross-sectional study. Written consent was
obtained from parents or guardians of the teenage participants in this
study. The participants were provided with detailed information about
the study’s objectives, as well as the assessments and surveys that
would be conducted. In addition, the adolescents themselves were
asked to give their consent to participate.

This study was approved by the Bioethics Committee at the
University of Murcia (Approval ID: 2218/2018), the Ethics Committee
of the Albacete University Hospital Complex, and the Albacete
Integrated Care Management (Approval ID: 2021-85). The research
was conducted in accordance with the principles outlined in the
Helsinki Declaration.

2.2 Procedures

2.2.1 Perceived physical literacy (independent
variable)

The Spanish Perceived Physical Literacy Instrument for
Adolescents (S-PPLI) (24) was used to assess PPL in this study. The
S-PPLI has been previously validated for use with Spanish youth. The
original Perceived Physical Literacy Instrument (PPLI) was developed
for physical education teachers and consisted of 18 items (25).
However, the version used for adolescents in this study included 9
items. Participants rated these items on a 5-point Likert scale, ranging
from 1 (strongly disagree) to 5 (strongly agree). The 9 items of the
S-PPLI were evenly distributed across three categories: knowledge and
comprehension, self-expression and interaction with others, and self-
perception and self-confidence.
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2.2.2 Obesity-related indicators (dependent
variables)

The body weight of the adolescents was measured using an
electronic scale (with an accuracy of 0.1kg) (Tanita BC-545, Tokyo,
Japan), while height was determined by a portable height rod with an
accuracy of 0.1 cm (Leicester Tanita HR 001, Tokyo, Japan). Body
mass index (BMI) was computed by taking the participants’ body
weight in kilograms and dividing it by the square of their height in
meters. Furthermore, the BMI z score was computed by the World
Health Organization (WHO) age-specific and sex-specific thresholds
(26). Subsequently, the BMI z scores obtained were used to determine
excess weight (i.e., overweight and obesity). Waist circumference was
measured to the nearest 0.1 cm at the level of the umbilicus using a
constant tension tape. Moreover, the waist-to-height ratio (WHtR)
was calculated, and therefore, a value >0.5 was used as a cutoff point
to determine abdominal obesity (27). Skinfold measurements were
taken at the triceps and medial calf using calibrated steel calipers
(Holtain, Crosswell, Crymych, United Kingdom). The measurements
were taken to the nearest 0.2mm. Both triceps and medial calf
skinfolds have been shown to be effective in estimating body fat
percentage in children and adolescents (28).

2.2.3 Covariates

Adolescents provided self-reported information about their sex
and age. The Family Affluence Scale (FAS-III) (29) was used to assess
socioeconomic status. This involved summing up responses from six
items related to their family’s possessions and amenities, such as
bedrooms, vehicles, bathrooms, computers, travels, or dishwashers.
The resulting FAS-III score ranged from 0 to 13, with higher scores
indicating a higher socioeconomic status. Adherence to the
Mediterranean Diet was evaluated using the Mediterranean Diet
Quality Index in children and adolescents (KIDMED) (30). Energy
consumption was assessed using a self-administered food frequency
questionnaire that had been previously validated for use in the Spanish
population (31). The overall sleep duration was determined by asking
adolescents about their typical bedtime and wake-up time on both
weekdays and weekends. The average sleep duration during weekdays
and weekends was calculated using the formula [(average sleep
duration on weekdays x 5) + (average sleep duration on weekends x
2)] divided by 7. To assess physical activity and sedentary behavior,
the Youth Activity Profile Physical (YAP) questionnaire was used (32).
This self-administered questionnaire covered a 7-day period and
included 15 different items categorized into sections such as out-of-
school activities, school-related activities, and sedentary habits.

2.3 Statistical analysis

Methods like density and quantile-quantile plots were employed
to assess the normality of the variables, along with the utilization of
the Shapiro-Wilk test. Descriptive data for categorical variables are
presented as the number (1) and percentage (%) of observations in
each category. For continuous variables, descriptive data are presented
as the median and interquartile range of the values. The relationship
between PPL status and obesity-related outcomes was examined using
the chi-square test. As there was no interaction between sex and any
obesity-related indicator (p>0.05 for all), both boys and girls were
analyzed together. To examine the association between the PPL score
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and obesity-related indicators among adolescents, generalized additive
models (GAMs) were used. GAMs are flexible models that can capture
non-linear relationships in the data without requiring a predefined
mathematical structure. Restricted maximum likelihood (REML) was
used for smoothness selection (33), and a shrinkage approach was
employed with thin plate regression spline smoothers (34). The degree
of non-linearity was quantified using the effective degrees of freedom
(edf) of the GAM. Furthermore, generalized linear models (GLMs)
were conducted to examine the relationship between PPL status (low,
medium, high) and obesity-related indicators. For these analyses,
we utilized a non-parametric bias-corrected and accelerated bootstrap
method with 1,000 samples. Subsequently, a correction for multiple
comparisons was applied using the false discovery rate p-value
method proposed by Benjamini and Hochberg (35). For both GAMs
and GLMs, estimated marginal means of BMI, BMI z score, WC,
WHItR, and skinfold (triceps and calf) or predictive probabilities and
their 95% confidence intervals (Cls) of having excess weight, obesity,
and abdominal obesity were also estimated. All the models were
adjusted for several covariates, including sex, age, socioeconomic
status, adherence to the Mediterranean diet, energy intake, overall
sleep duration, physical activity, and sedentary behavior. The statistical
analyses were conducted using R statistical software (version 4.3.2)
developed by the R Core Team in Vienna, Austria, and RStudio
(2023.09.1 +494) from Posit in Boston, MA, United States. Significance
was determined at a threshold of p <0.05.

3 Results

Table 1 presents the main characteristics of the adolescents
examined. The highest proportion of adolescents with excess weight,
obesity, and abdominal obesity was found in adolescents with low PPL
(32.2,12.3, and 28.1%, respectively). Conversely, the lowest proportion
of these dichotomic obesity-related indicators was observed in
adolescents with high PPL (excess weight: 18.2%; obesity; 6.1%;
abdominal obesity: 12.8%).

Figure 1 displays the GAMs for the relationship between the
S-PPLI score and obesity-related indicators. In general, the overall
trend was downward (i.e., the higher the PPLI score the lower the
obesity-related indicators), with the approximate significance of
smooth terms being statistically significant for all models examined
(p<0.001). Different significant areas were found in these associations.
The first area indicated that the PPLI score was associated with BMI
(from 14 to 31 points), BMI z score (from 9 to 33 points), WC (from
9 to 33 points), WHtR (from 13 to 32), skinfold (triceps) (from 9 to 33
points), skinfold (calf) (from 9 to 33 points), excess weight (from 9 to
34 points), obesity (from 9 to 33 points), and abdominal obesity (from
18 to 32 points). Conversely, a second area showed that high PPLI was
inversely related to BMI (>34 points), BMI z score (>34 points), WC
(>33 points), WHIR (>34 points), skinfold (triceps) (>33 points),
skinfold (calf) (>33 points), excess weight (>35 points), obesity (>34
points), and abdominal obesity (>35 points). Lastly, estimated
marginal means and predictive probabilities and their 95% ClIs of each
obesity-related indicator according to the S-PPLI score derived from
GAMs are found in Supplementary Figure S1.

Table 2 displays the estimated marginal means and predictive
probabilities (with their 95% Cls) of each obesity-related indicator
academic performance in relation to PPL status. Adolescents with
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TABLE 1 Main characteristics of the adolescents analyzed (N = 845).

10.3389/fpubh.2024.1321361

Variables Low PPL (9 to 31 points) Medium PPL (32 to 36 High PPL (37 to 45
points) points)
Participants (1, %) 292 (34.6) 240 (28.4) 313 (37.0)
Sex (girls, %) 186 (63.7) 124 (51.7) 157 (50.2)
Age (years) 14.0 (2.0) 14.0 (2.0) 13.9 (1.5)
FAS-III (score) 8.0 (3.0) 8.0(2.2) 9.0 (3.0)
KIDMED (score) 6.0 (4.0) 7.0 (3.0) 8.0 (3.0)
Energy intake (kcal) 2635.3 (1499.5) 2577.7 (1500.9) 2555.7 (1463.8)
Overall sleep duration global (minutes) 492.9 (81.4) 497.1 (69.6) 497.1 (60.0)
YAP-S physical activity (score) 2.4(0.9) 2.6(0.8) 2.9(0.9)
YAP-S sedentary behaviors (score) 2.6 (0.8) 2.6 (0.8) 2.4 (0.8)
BMI (kg/m?) 22.5(7.1) 21.8 (5.9) 20.9 (5.4)
BMI (z score) 0.35(2.10) 0.05 (1.99) —0.27 (1.97)
Excess weight status (yes, %) 94 (32.2) 65(27.1) 57 (18.2)
Obesity status (yes, %) 36 (12.3) 19(7.9) 19 (6.1)
WC (cm) 72.0 (16.4) 71.4 (13.3) 69.3 (10.9)
WHIR [WC (cm)/height (cm)] 0.448 (0.097) 0.447 (0.078) 0.430 (0.061)
Abdominal obesity (yes, %) 82(28.1) 49 (20.4) 40 (12.8)
Skinfold calf (mm) 17.0 (10.0) 15.0 (10.0) 14.0 (10.0)
Skinfold triceps (mm) 16.8 (10.0) 15.0 (10.0) 14.4 (9.0)

*Data reported as the median (interquartile range) or count (percentage).

BMI, body mass index; FAS-III, Family Affluence Scale-I1T; KIDMED, Mediterranean Diet Quality Index in children and adolescents; MedDiet, Mediterranean, diet; Spanish Perceived
Physical Literacy Instrument; YAP-S, Spanish Youth Active Profile; WC; waist circumference; WHER, waist-to-height ratio.

*According to the World Health Organization (26).
*Using a cut-off point of waist-to-height ratio > 0.5 (27).

lower PPL showed the highest estimated marginal means of BMI, BMI
z score, WC, WHIR, and skinfold (triceps and calf) and predictive
probabilities of having excess weight, obesity, and abdominal obesity,
while their counterparts with high PPL had the lowest. In addition,
significant differences were observed for all the obesity-related
indications between adolescents with low PPL and those with medium
PPL (p-adjusted <0.05 for all indicators), as well as with those with high
PPL (p-adjusted <0.05 for all indicators). Moreover, these significant
differences were also shown for most indicators between adolescents
with medium PPL and those with high PPL (except for obesity).

4 Discussion

Overall, our findings showed that higher PPL is related to lower
BMI, BMI z score, WC, WHIR, and skinfold (triceps and calf), as
well as with a lower probability of having excess weight, obesity, and
abdominal obesity. Although there is limited empirical evidence
linking PPL and health outcomes, the literature supports a
relationship between the greater physical domain of physical
literacy and more desirable health outcomes. A review by Cornish
etal. (36) pointed out that physical literacy is related to lower body
weight, BMI, waist circumference, physical activity, sedentary
behavior, and cardiorespiratory fitness. Likewise, a meta-analysis
by Carl et al. (37) revealed that physical literacy interventions
increase physical competence, physical activity behavior, knowledge
and understanding in relation to physical activity, overall physical
literacy, motivation and confidence

(despite meaningful
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heterogeneity). More specifically, among adolescents, these results
agree with those obtained by Caldwell et al. (21) and Nezondet et al.
(22). The usefulness of applying a physical literacy perspective to
promote the practice of physical activity among young people has
been highlighted, which may be particularly relevant for young
people with obesity (38). Furthermore, a study by Nezondet et al.
(22) found that a physical literacy-based intervention reduced BMI
z score and body fat percentage among adolescents with excess
weight. Although only a few studies have examined the relationship
between physical literacy and obesity-related indicators among
adolescents, there are some possible mechanisms that could justify
these findings.

On the one hand, one possible explanation could lie in the
association between physical literacy and physical fitness. Physical
literacy is a multifaceted concept that includes several domains
(e.g., physical competence) (36). In this sense, the Canadian
Assessment of Physical Literacy - 2nd edition (CAPL-2) includes
a test to measure physical fitness (i.e., cardiorespiratory fitness,
muscular strength, speed-agility) as a domain of physical
competence (39). Specifically, among youths, Pastor-Cisneros et al.
(40) observed that physical literacy was associated with higher self-
perceived physical fitness among Spanish youths aged 8 to 12 years.
Similarly, Gilic et al. (41) reported that physical literacy was related
to higher physical fitness in Croatian adolescents. It must be
considered that one of the most powerful markers of health is
physical fitness (42). In this sense, several studies have analyzed the
relationship between physical fitness and certain cardiometabolic
risk factors among youth (e.g., blood pressure, insulin resistance)
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FIGURE 1
Association between perceived physical literacy score and obesity-related outcomes among adolescents using generalized additive models. BMI,
body mass index; S-PPLI, Spanish Perceived Physical Literacy Instrument; WC, waist circumference; WHtR, waist-to-height ratio. Data expressed as
standardized beta coefficient (black line) and 95% confidence interval (gray shadow). Adjusted for sex, age, socioeconomic status, adherence to the
Mediterranean diet, energy intake, overall sleep duration, physical activity, and sedentary behavior. '"According to the World Health Organization
(26). *Using a cut-off point of waist-to-height ratio>0.5 (27).

TABLE 2 Estimated marginal means and predictive probabilities derived from generalized linear models of each obesity-related indicator among
adolescents according to perceived physical literacy status.

Obesity-related indicator

Low PPL® (9 to 31 points)

Medium PPL® (32 to 36

High PPL’ (37 to 45 points)

(n =292; 34.6%)

points) (n =240; 28.4%)

(n =313; 37.0%)

BMI (kg/m?) 24.1 (23.4 t0 24.8) 23.0 (22.4 t0 23.7)* 22.2 (21.5 to 22.9)*
BMI (z score)’ 0.29 (0.09 to 0.50) 0.00 (—0.19 to 0.19)* —0.27 (—0.47 to —0.06)*"
WC (cm) 78.1 (76.7 t0 79.5) 75.9 (74.6 to 77.2)* 73.7 (72.3 to 75.2)*
WHIR ([WC (cm)/height (cm)]) 0.475 (0.466 to 0.483) 0.462 (0.454 to 0.470)" 0.446 (0.437 to 0.455)*

Skinfold triceps (mm)

16.5 (15.5 to 17.5)

15.2 (14.3 to 16.1)*

13.2 (12.2 to 14.2)*"

Skinfold calf (mm)

17.9 (16.7 to 19.0)

16.3 (15.3 to 17.4)°

14.4 (13.3 to 15.6)*"

Excess weight (%)

37.2(30.0to 45.1)

26.7 (21.0 to 33.2)°

19.2 (14.1 to 25.6)*"

Obesity (%)

16.5 (11.1 to 23.8)

9.2 (5.8 to 14.2)*

7.7 (4.5 t0 12.8)*

Abdominal obesity (%)*

38.6 (30.9 to 46.9)

24.6 (19.0 to 31.3)°

14.2 (9.8 to 20.3)*

The data are expressed as estimated marginal means or predictive probabilities and bias-corrected and accelerated bootstrapped 95% confidence intervals. Adjusted for sex, age, socioeconomic status,

adherence to the Mediterranean diet, energy intake, overall sleep duration, physical activity, and sedentary behavior. False discovery rate p-value method proposed by Benjamini and Hochberg applied (35)
BMI, body mass index; PPL, perceived physical literacy; WC, waist circumference; WHIR, waist-to-height ratio.
*According to the Spanish Perceived Physical Literacy Instrument (24).

fAccording to the World Health Organization (26).

Using a cut-off point of waist-to-height ratio > 0.5 (27).

“Statistically significant difference compared to adolescents with low PPL (p <0.05).
"Statistically significant difference compared to adolescents with medium PPL (p<0.05).

(43, 44) because all of them have been shown to track from
childhood into adulthood (45). Although the S-PPLI measures
physical literacy in a self-perceived manner, it is possible that
adolescents with higher scores on that tool also possess higher
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levels of physical fitness, which could explain the lower levels in
the obesity-related indicators examined.

On the other hand, higher physical literacy may lead to greater
participation in physical activities (46). Physically literate adolescents
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have a better understanding of how to engage in different physical
activities and sports (47), which could motivate them to participate in
a variety of physical activities. Although the etiology of obesity is
complex (48), this fact can help maintain a healthy weight. In this
sense, physical activity has also been associated with lower obesity-
related indicators among children and adolescents (49, 50). Physical
activity is an effective way to prevent weight gain and maintain a
healthy energy balance (51), as it increases people’s total energy
expenditure, which could help them stay in energy balance or even
lose weight, as long as they do not eat more to compensate for the
extra calories they burn (52). This increase in energy expenditure
could, at least partially, explain the results obtained.

Additionally, physical literacy is frequently the literacy that other
literatures must pass through (53). Through physical activity,
individuals can develop not only their own physical literacy but also a
global or holistic literacy that aids in navigating, connecting with, and
understanding themselves, others, and the environment in which they
live (53). Supporting this idea, health literacy synergistically
complements physical literacy to facilitate the adoption of healthy
lifestyles (54). Adolescents with health literacy could develop robust
personal health habits (e.g., adequate diet, recommended physical
activity) and refrain from unhealthy behaviors (e.g., drug abuse) (55).
Likewise, several studies have reported that health literacy is associated
with more desirable health outcomes among adolescents (56, 57).
Moreover, PPL also involves knowledge and understanding about
other healthy habits (e.g., the importance of balanced nutrition). Food
literacy indicates proficiency in food-related knowledge and skills (58)
and may play a role in shaping adolescents’ dietary intake (59).
Furthermore, some studies have indicated that food literacy is
inversely related to excess weight among adolescents (60, 61).
Adolescents with higher PPL may be better able to make informed
decisions about their health and well-being and be aware of the risks
associated with unhealthy lifestyles (e.g., inadequate diet) (62), which
could help prevent obesity.

Another possible reason could lie in the relationship between
physical education and PL. Physical literacy is the cornerstone of
physical education, which is most readily attained when students have
access to a variety of opportunities that are appropriate for their age
and stage (63). In this sense, physical education attendance has been
related to a healthier lifestyle (64-66). For instance, Lirola et al. (66)
showed that physical education classes can positively influence the
adoption of healthy eating habits. In addition, Garcia-Hermoso et al.
(64) observed that physical education attendance [which is closely
related to physical literacy (67)] was linked with meeting all three 24-h
movement recommendations (i.e., physical activity, screen time, and
sleep duration) in adolescents, and this association was maintained in
adulthood. Supporting this idea, a meta-analysis by Lopez-Gil et al.
(7) has revealed that meeting all these 24-h movement
recommendations has been related to lower obesity-related outcomes
(i.e., excess weight, obesity, BMI, BMI z score, waist circumference,
and body fat). Given the propensity of healthy behaviors to cluster
together (e.g., diet, physical activity) (68-71), it is possible that a
greater PPL led to a healthier lifestyle, which could favor an optimal
body weight and body composition in adolescents.

The present study had some limitations that must be declared.
First, due to the cross-sectional design of this study, a direct causal link
based on the results cannot be established. Similarly, we are also
unable to verify the direction of the association. While further
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research employing diverse methodologies, such as experimental
approaches, is needed to examine whether a higher PPL is linked with
more desirable obesity-related outcomes among adolescents, as well
as to uncover the underlying mechanisms. It must be considered that
existing data suggest a reciprocal connection between obesity-related
outcomes and PPL [i.e., young people with higher levels of obesity-
related parameters have lower levels of physical literacy (72-74)].
Likewise, employing questionnaires for collecting data about PPL (and
other covariates) may introduce social desirability or recall bias, which
may influence the results obtained. Conversely, a strength of this study
is that it examines a little studied association in adolescents, which
increases the scientific knowledge in this field. Similarly, these analyses
include a wide range of objective obesity-related indicators (i.e., BMI,
BMI z score, waist circumference, WHIR, skinfolds, excess weight,
obesity, and abdominal obesity), providing a deeper understanding of
this association. Moreover, our analyses were adjusted for
sociodemographic (i.e., age, sex, socioeconomic status) and lifestyle
variables (i.e., energy intake, adherence to the Mediterranean diet,
sleep duration, physical activity, sedentary behavior), which confers
more robustness to these results.

5 Conclusion

Physical literacy could play a crucial role in maintaining more
desirable obesity-related outcomes in adolescents. Adolescents with
high PPL showed lower obesity-related indicators (i.e., BMI, BMI z
score, WC, WHIR, skinfolds), as well as a lower probability of having
excess weight, obesity, and abdominal obesity. These findings support
the idea of promoting physical literacy as a means of improving young
peoples health (36) and could be used in the development of
interventions aimed at preventing obesity in adolescents. These
interventions could include structured physical education programs
that not only focus on increasing physical activity levels but also aim
to improve physical literacy in a holistic manner, as a strategic
approach to addressing adolescent obesity.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Bioethics
Committee at the University of Murcia (Approval ID: 2218/2018), the
Ethics Committee of the Albacete University Hospital Complex, and
the Albacete Integrated Care Management (Approval ID: 2021-85).
The research was conducted in accordance with the principles
outlined in the Helsinki Declaration. The studies were conducted in
accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants' legal guardians/next of kin. Written informed
consent was obtained from the individual(s), and minor(s)’ legal
guardian/next of kin, for the publication of any potentially identifiable
images or data included in this article.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1321361
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Dominguez-Martin et al.

Author contributions

GD-M: Writing - original draft. PT-L: Writing - review & editing.
Data
Investigation, Methodology, Software, Supervision, Writing — review
& editing.

JL-G:  Conceptualization, curation, Formal analysis,

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The author would like to express their gratitude to Ayuntamiento
de Archena, as well as the participation of all the adolescents, parents/
legal guardians, physical education teachers, schools, and
staff implicated, and wishes to thank them for the information
provided.

References

1. Hannon TS, Arslanian SA. Obesity in adolescents. N Engl ] Med. (2023) 389:251-61.
doi: 10.1056/NEJMcp2102062

2. Abarca-Gémez L, Abdeen ZA, Hamid ZA, Abu-Rmeileh NM, Acosta-Cazares B,
Acuin C, et al. Worldwide trends in body-mass index, underweight, overweight, and
obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement
studies in 128-9 million children, adolescents, and adults. Lancet. (2017) 390:2627-42.
doi: 10.1016/S0140-6736(17)32129-3

3. Lobstein T, Brinsden H. Atlas of childhood obesity. London, England: World Obesity
Federation (2019). Available at: https://s3-eu-west-1.amazonaws.com/wof-files/11996_
Childhood_Obesity_Atlas_Report_ART_V2.pdf

4. Gasol Foundation. Estudio PASOS 2022-2023. Barcelona, Spain: Gasol Foundation
(2023). Available at: https://gasolfoundation.org/wp-content/uploads/2023/07/GF-
PASOS-2023-v7.pdf

5. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for
thinness, overweight and obesity: extended international BMI cut-offs. Pediatr Obes.
(2012) 7:284-94. doi: 10.1111/§.2047-6310.2012.00064.x

6. Mahase E. Obesity: no European country is on track to halt rising levels by 2025,
WHO warns. BMJ. (2022) 377:01107. doi: 10.1136/bmj.01107

7. Lopez-Gil JE, Tapia-Serrano MA, Sevil-Serrano J, Sdnchez-Miguel PA, Garcia-
Hermoso A. Are 24-hour movement recommendations associated with obesity-related
indicators in the young population? A meta-analysis. Obesity. (2023) 31:2727-39. doi:
10.1002/0by.23848

8. Lépez-Gil JE, Garcia-Hermoso A, Sotos-Prieto M, Cavero-Redondo I, Martinez-
Vizcaino V, Kales SN. Mediterranean diet-based interventions to improve
anthropometric and obesity indicators in children and adolescents: a systematic review
with Meta-analysis of randomized controlled trials. Adv Nutr. (2023) 14:858-69. doi:
10.1016/j.advnut.2023.04.011

9. Franga C, Martinho DV, Gouveia ER, Martins F, Marques A, Ribeiro T, et al.
Changes in estimated body composition and physical fitness of adolescent boys after one
year of soccer training. Children. (2023) 10:391. doi: 10.3390/children10020391

10. Martinho DV, Gouveia ER, Franga C, Lopes H, Thle A, Marques A, et al. Body
composition and physical fitness in Madeira youth. Children. (2022) 9:1833. doi:
10.3390/children9121833

11. Longmuir PE, Tremblay MS. Top 10 research questions related to physical literacy.
Res Q Exerc Sport. (2016) 87:28-35. doi: 10.1080/02701367.2016.1124671

12. Tremblay MS, Costas-Bradstreet C, Barnes JD, Bartlett B, Dampier D, Lalonde C,
et al. Canada’s physical literacy consensus statement: process and outcome. BMC Public
Health. (2018) 18:1034. doi: 10.1186/s12889-018-5903-x

13. de Lannoy L, Barbeau K, Vanderloo LM, Goldfield G, Lang JJ, MacLeod O, et al.
Evidence supporting a combined movement behavior approach for children and youth’s
mental health - a scoping review and environmental scan. Ment Health Phys Act. (2023)
24:100511. doi: 10.1016/j.mhpa.2023.100511

14. Rollo S, Antsygina O, Tremblay MS. The whole day matters: understanding 24-
hour movement guideline adherence and relationships with health indicators across

Frontiers in Public Health

10.3389/fpubh.2024.1321361

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1321361/
full#supplementary-material

the lifespan. J Sport Health Sci. (2020) 9:493-510. doi: 10.1016/j.jshs.2020.07.
004

15. Whitehead M. ed. Physical literacy across the world. 1st ed. London, England:
Routledge (2019).

16. Whitehead M. Physical literacy: throughout the life course. 1st ed. New York, United
States: Routledge (2010).

17. Chen A. Operationalizing physical literacy for learners: embodying the motivation
to move. J Sport Health Sci. (2015) 4:125-31. doi: 10.1016/j.jshs.2015.03.005

18. Giblin S, Collins D, Button C. Physical literacy: importance, assessment and future
directions. Sports Med. (2014) 44:1177-84. doi: 10.1007/540279-014-0205-7

19. Trecroci A, Invernizzi PL, Monacis D, Colella D. Physical illiteracy and obesity
barrier: how physical education Can overpass potential adverse effects? A narrative
review. Sustain For. (2021) 14:419. doi: 10.3390/su14010419

20. Trecroci A, Invernizzi PL, Monacis D, Colella D. Actual and perceived motor
competence in relation to body mass index in primary school-aged children: a
systematic review. Sustain For. (2021) 13:9994. doi: 10.3390/su13179994

21. Caldwell HAT, Di Cristofaro NA, Cairney J, Bray SR, MacDonald MJ, Timmons
BW. Physical literacy, physical activity, and health indicators in school-age children. Int
] Environ Res Public Health. (2020) 17:5367. doi: 10.3390/ijerph17155367

22.Nezondet C, Gandrieau J, Nguyen P, Zunquin G. Perceived physical literacy is
associated with cardiorespiratory fitness, body composition and physical activity levels
in secondary school students. Children. (2023) 10:712. doi: 10.3390/children10040712

23. Lopez-Gil JE The eating healthy and daily life activities (EHDLA) study. Children.
(2022) 9:370. doi: 10.3390/children9030370

24. Lopez-Gil JE Martinez-Vizcaino V, Tarraga-Lopez PJ, Garcia-Hermoso A. Cross-
cultural adaptation, reliability, and validation of the Spanish perceived physical literacy
instrument for adolescents (S-PPLI). J Exerc Sci Fit. (2023) 21:246-52. doi: 10.1016/j.
jesf.2023.03.002

25. Sum RKW, Ha ASC, Cheng CF, Chung PK, KTC Y, Kuo CC, et al. Construction
and validation of a perceived physical literacy instrument for physical education
teachers. PLoS One. (2016) 11:€0155610. doi: 10.1371/journal.pone.0155610

26. de Onis M. Development of a WHO growth reference for school-aged children
and adolescents. Bull World Health Organ. (2007) 85:660-7. doi: 10.2471/BLT.07.043497

27. Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height ratio
as a screening tool for the prediction of cardiovascular disease and diabetes: 0-5 could
be a suitable global boundary value. Nutr Res Rev. (2010) 23:247-69. doi: 10.1017/
50954422410000144

28. Lohman TG. The use of skinfold to estimate body fatness on children and youth.
J Phys Educ Recreat Dance. (1987) 58:98-103. doi: 10.1080/07303084.1987.10604383

29. Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M. Researching
health inequalities in adolescents: the development of the health behaviour in school-
aged children (HBSC) family affluence scale. Soc Sci Med. (2008) 66:1429-36. doi:
10.1016/j.socscimed.2007.11.024

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1321361
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1321361/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1321361/full#supplementary-material
https://doi.org/10.1056/NEJMcp2102062
https://doi.org/10.1016/S0140-6736(17)32129-3
https://s3-eu-west-1.amazonaws.com/wof-files/11996_Childhood_Obesity_Atlas_Report_ART_V2.pdf
https://s3-eu-west-1.amazonaws.com/wof-files/11996_Childhood_Obesity_Atlas_Report_ART_V2.pdf
https://gasolfoundation.org/wp-content/uploads/2023/07/GF-PASOS-2023-v7.pdf
https://gasolfoundation.org/wp-content/uploads/2023/07/GF-PASOS-2023-v7.pdf
https://doi.org/10.1111/j.2047-6310.2012.00064.x
https://doi.org/10.1136/bmj.o1107
https://doi.org/10.1002/oby.23848
https://doi.org/10.1016/j.advnut.2023.04.011
https://doi.org/10.3390/children10020391
https://doi.org/10.3390/children9121833
https://doi.org/10.1080/02701367.2016.1124671
https://doi.org/10.1186/s12889-018-5903-x
https://doi.org/10.1016/j.mhpa.2023.100511
https://doi.org/10.1016/j.jshs.2020.07.004
https://doi.org/10.1016/j.jshs.2020.07.004
https://doi.org/10.1016/j.jshs.2015.03.005
https://doi.org/10.1007/s40279-014-0205-7
https://doi.org/10.3390/su14010419
https://doi.org/10.3390/su13179994
https://doi.org/10.3390/ijerph17155367
https://doi.org/10.3390/children10040712
https://doi.org/10.3390/children9030370
https://doi.org/10.1016/j.jesf.2023.03.002
https://doi.org/10.1016/j.jesf.2023.03.002
https://doi.org/10.1371/journal.pone.0155610
https://doi.org/10.2471/BLT.07.043497
https://doi.org/10.1017/S0954422410000144
https://doi.org/10.1017/S0954422410000144
https://doi.org/10.1080/07303084.1987.10604383
https://doi.org/10.1016/j.socscimed.2007.11.024

Dominguez-Martin et al.

30. Serra-Majem L, Ribas L, Ngo J, Ortega RM, Garcia A, Pérez-Rodrigo C, et al. Food,
youth and the Mediterranean diet in Spain. Development of KIDMED, Mediterranean
diet quality index in children and adolescents. Public Health Nutr. (2004) 7:931-5. doi:
10.1079/PHN2004556

31. Rodriguez IT, Ballart JE Pastor GC, Jorda EB, Val VA. Validation of a short
questionnaire on frequency of dietary intake: reproducibility and validity. Nutr Hosp.
(2008) 23:242-52.

32. Saint-Maurice PE, Welk GJ. Validity and calibration of the youth activity profile.
PLoS One. (2015) 10:¢0143949. doi: 10.1371/journal.pone.0143949

33. Wood SN. Fast stable restricted maximum likelihood and marginal likelihood
estimation of semiparametric generalized linear models. ] R Stat Soc Ser B Stat Methodol.
(2011) 73:3-36. doi: 10.1111/j.1467-9868.2010.00749.x

34. Marra G, Wood SN. Practical variable selection for generalized additive models.
Comput Stat Data Anal. (2011) 55:2372-87. doi: 10.1016/j.csda.2011.02.004

35. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J R Stat Soc Ser B Methodol. (1995) 57:289-300.
doi: 10.1111/§.2517-6161.1995.tb02031.x

36. Cornish K, Fox G, Fyfe T, Koopmans E, Pousette A, Pelletier CA. Understanding
physical literacy in the context of health: a rapid scoping review. BMC Public Health.
(2020) 20:1569. doi: 10.1186/s12889-020-09583-8

37. Carl J, Barratt J, Wanner P, Topfer C, Cairney J, Pfeifer K. The effectiveness of
physical literacy interventions: a systematic review with Meta-analysis. Sports Med.
(2022) 52:2965-99. doi: 10.1007/s40279-022-01738-4

38. Paponetti MK, Zwolski C, Porter R, Paterno MV. Leveraging the construct of
physical literacy to promote physical activity for youth with obesity - a qualitative
analysis of physical therapists’ perceptions. Obes Pillars. (2023) 5:100054. doi: 10.1016/j.
obpill.2022.100054

39. Longmuir PE, Gunnell KE, Barnes JD, Belanger K, Leduc G, Woodruff §J, et al.
Canadian assessment of physical literacy second edition: a streamlined assessment of
the capacity for physical activity among children 8 to 12 years of age. BMC Public Health.
(2018) 18:1047. doi: 10.1186/512889-018-5902-y

40. Pastor-Cisneros R, Carlos-Vivas ], Munoz-Bermejo L, Adsuar-Sala JC, Merellano-
Navarro E, Mendoza-Mufioz M. Association between physical literacy and self-
perceived fitness level in children and adolescents. Biology. (2021) 10:1358. doi: 10.3390/
biology10121358

41. Gilic B, Malovic P, Sunda M, Maras N, Zenic N. Adolescents with higher cognitive
and affective domains of physical literacy possess better physical fitness: the importance
of developing the concept of physical literacy in high schools. Children. (2022) 9:796.
doi: 10.3390/children9060796

42. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in childhood and
adolescence: a powerful marker of health. Int ] Obes. (2008) 32:1-11. doi: 10.1038/sj.
ijo.0803774

43. Garcia-Hermoso A, Ramirez-Vélez R, Garcia-Alonso Y, Alonso-Martinez AM,
Izquierdo M. Association of Cardiorespiratory Fitness Levels during Youth with Health
Risk Later in life: a systematic review and Meta-analysis. JAMA Pediatr. (2020)
174:952-60. doi: 10.1001/jamapediatrics.2020.2400

44. Garcia-Hermoso A, Ramirez-Campillo R, Izquierdo M. Is muscular fitness
associated with future health benefits in children and adolescents? A systematic review
and meta-analysis of longitudinal studies. Sports Med. (2019) 49:1079-94. doi: 10.1007/
540279-019-01098-6

45. Garcfa-Hermoso A, Izquierdo M, Ramirez-Vélez R. Tracking of physical fitness
levels from childhood and adolescence to adulthood: a systematic review and meta-
analysis. Transl Pediatr. (2022) 11:474-86. doi: 10.21037/tp-21-507

46. Oztirk O, Aydogdu O, Kutlutiirk Yikilmaz S, Feyzioglu O, Pisirici P. Physical
literacy as a determinant of physical activity level among late adolescents. PLoS One.
(2023) 18:€0285032. doi: 10.1371/journal.pone.0285032

47.Hastie PA, Wallhead TL. Operationalizing physical literacy through sport
education. ] Sport Health Sci. (2015) 4:132-8. doi: 10.1016/j.jshs.2015.04.001

48. Gonzalez-Muniesa P, Martinez-Gonzalez MA, Hu FB, Després JP, Matsuzawa Y,
Loos RJE, et al. Obesity. Nat Rev Dis Prim. (2017) 3:17034. doi: 10.1038/nrdp.2017.34

49. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al.
Systematic review of the relationships between objectively measured physical activity
and health indicators in school-aged children and youth. Appl Physiol Nutr Metab.
(2016) 41:5197-239. doi: 10.1139/apnm-2015-0663

50. Bull FC, al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World
Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. (2020) 54:1451-62. doi: 10.1136/bjsports-2020-102955

51. Lee IM, Djoussé L, Sesso HD, Wang L, Buring JE. Physical activity and weight gain
prevention. JAMA. (2010) 303:1173-9. doi: 10.1001/jama.2010.312

Frontiers in Public Health

08

10.3389/fpubh.2024.1321361

52. Hu FB. Physical activity, sedentary behaviors, and obesity In: FB Hu, editor. Obesity
epidemiology. Oxford (New York), United States: Oxford University Press (2008). p. 301-19.

53. Durden-Myers EJ, Bartle G, Whitehead ME, Dhillon KK. Exploring the notion of
literacy within physical literacy: a discussion paper. Front Sports Act Living. (2022)
4:853247. doi: 10.3389/fspor.2022.853247

54. Corbin CB, Castelli DM, Sibley BA, Le Masurier GC. Fitness for life. Seventh
edition. Champaign (Illnois), United States: Human Kinetics (2021).

55. SHAPE America - Society of Health and Physical Educators. Appropiate practices
in school-based health education (2015).

56. Koch P, Schillméller Z, Nienhaus A. How does health literacy modify indicators
of health behaviour and of health? A longitudinal study with trainees in North Germany.
Healthcare. (2021) 10:2. doi: 10.3390/healthcare10010002

57.Guo S, Yu X, Davis E, Armstrong R, Naccarella L. Health literacy: an interactive
outcome among secondary students in Beijing. HLRP Health Lit Res Pract. (2021) 5:el1-
el4. doi: 10.3928/24748307-20201117-01

58. Truman E, Lane D, Elliott C. Defining food literacy: a scoping review. Appetite.
(2017) 116:365-71. doi: 10.1016/j.appet.2017.05.007

59. Vaitkeviciute R, Ball LE, Harris N. The relationship between food literacy and
dietary intake in adolescents: a systematic review. Public Health Nutr. (2015) 18:649-58.
doi: 10.1017/51368980014000962

60.Li S, Zhu Y, Zeng M, Li Z, Zeng H, Shi Z, et al. Association between nutrition
literacy and overweight/obesity of adolescents: a cross-sectional study in Chonggqing,
China. Front Nutr. (2022) 9:893267. doi: 10.3389/fnut.2022.893267

61. Kedir S, Hassen K, Melaku Y, Jemal M. Determinants of overweight and/or obesity
among school adolescents in Butajira town, southern Ethiopia. A case-control study.
PLoS One. (2022) 17:¢0270628. doi: 10.1371/journal.pone.0270628

62. Koca B, Arkan G. The relationship between adolescents’ nutrition literacy and food
habits, and affecting factors. Public Health Nutr. (2021) 24:717-28. doi: 10.1017/
$1368980020001494

63. United Nations Educational, Scientific and Cultural Organization. Quality physical
education (QPE). UNESCO Publishing: Guidelines for Policymakers (2015).

64. Garcia-Hermoso A, Ezzatvar Y, Lopez-Gil JE. Association between daily physical
education attendance and meeting 24-hour movement guidelines in adolescence and
adulthood. J Adolesc Health. (2023) 73:896-902. doi: 10.1016/j.jadohealth.2023.06.014

65. Lopez-Gil JE, Cavero-Redondo I, Térraga-Lopez PJ, de Camargo EM, Sequi-
Dominguez I, Yuste Lucas JL, et al. Intensity of physical activity in physical education
classes and school recesses and its associations with body mass index and global fitness
score in Spanish schoolchildren. Appl Sci. (2021) 11:11337. doi: 10.3390/app112311337

66. Lirola MJ, Trigueros R, Aguilar-Parra JM, Mercader I, Fernandez Campoy JM, Del
Pilar D-LM. Physical education and the adoption of habits related to the Mediterranean
diet. Nutrients. (2021) 13:567. doi: 10.3390/nu13020567

67. Lundvall S. Physical literacy in the field of physical education - a challenge and a
possibility. ] Sport Health Sci. (2015) 4:113-8. doi: 10.1016/j.jshs.2015.02.001

68. Rivera-Ochoa M, Lopez-Gil JE, Brazo-Sayavera J, Pantoja-Arévalo L, Gonzalez-
Gross M, Vizmanos-Lamotte B, et al. Clustering health behaviors in Mexican
adolescents: the HELENA-MEX study. Res Q Exerc Sport. (2023) 95:281-8. doi:
10.1080/02701367.2023.2195458

69. Lopez-Gil JE, Brazo-Sayavera J, Garcia-Hermoso A, Camargo de EM, Yuste Lucas
JL. Clustering patterns of physical fitness, physical activity, sedentary, and dietary
behavior among school children. Child Obes. (2020) 16:564-70. doi: 10.1089/
chi.2020.0185

70. Tapia-Serrano MA, Sanchez-Miguel PA, Sevil-Serrano J, Garcia-Hermoso A,
Lopez-Gil JE Is adherence to the 24-hour movement guidelines associated with
Mediterranean dietary patterns in adolescents? Appetite. (2022) 179:106292. doi:
10.1016/j.appet.2022.106292

71. Garcia-Hermoso A, Ezzatvar Y, Lopez-Gil JE, Ramirez-Vélez R, Olloquequi J,
Izquierdo M. Is adherence to the Mediterranean diet associated with healthy habits and
physical fitness? A systematic review and meta-analysis including 565,421 youths. Br |
Nutr. (2020) 128:1433-44. doi: 10.1017/S0007114520004894

72.Liu Y, Hadier SG, Liu L, Hamdani SMZH, Hamdani SD, Danish SS, et al.
Assessment of the relationship between body weight status and physical literacy in 8 to
12 year old Pakistani school children: the PAK-IPPL cross-sectional study. Children.
(2023) 10:363. doi: 10.3390/children10020363

73. Mendoza-Munoz M, Barrios-Fernandez S, Adsuar JC, Pastor-Cisneros R, Risco-
Gil M, Garcia-Gordillo MA, et al. Influence of body composition on physical literacy in
Spanish children. Biology. (2021) 10:482. doi: 10.3390/biology10060482

74. Delisle Nystrém C, Traversy G, Barnes JD, Chaput JP, Longmuir PE, Tremblay MS.
Associations between domains of physical literacy by weight status in 8- to 12-year-old
Canadian children. BMC Public Health. (2018) 18:1043. doi: 10.1186/s12889-018-5898-3

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1321361
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1079/PHN2004556
https://doi.org/10.1371/journal.pone.0143949
https://doi.org/10.1111/j.1467-9868.2010.00749.x
https://doi.org/10.1016/j.csda.2011.02.004
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1186/s12889-020-09583-8
https://doi.org/10.1007/s40279-022-01738-4
https://doi.org/10.1016/j.obpill.2022.100054
https://doi.org/10.1016/j.obpill.2022.100054
https://doi.org/10.1186/s12889-018-5902-y
https://doi.org/10.3390/biology10121358
https://doi.org/10.3390/biology10121358
https://doi.org/10.3390/children9060796
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1001/jamapediatrics.2020.2400
https://doi.org/10.1007/s40279-019-01098-6
https://doi.org/10.1007/s40279-019-01098-6
https://doi.org/10.21037/tp-21-507
https://doi.org/10.1371/journal.pone.0285032
https://doi.org/10.1016/j.jshs.2015.04.001
https://doi.org/10.1038/nrdp.2017.34
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1001/jama.2010.312
https://doi.org/10.3389/fspor.2022.853247
https://doi.org/10.3390/healthcare10010002
https://doi.org/10.3928/24748307-20201117-01
https://doi.org/10.1016/j.appet.2017.05.007
https://doi.org/10.1017/S1368980014000962
https://doi.org/10.3389/fnut.2022.893267
https://doi.org/10.1371/journal.pone.0270628
https://doi.org/10.1017/S1368980020001494
https://doi.org/10.1017/S1368980020001494
https://doi.org/10.1016/j.jadohealth.2023.06.014
https://doi.org/10.3390/app112311337
https://doi.org/10.3390/nu13020567
https://doi.org/10.1016/j.jshs.2015.02.001
https://doi.org/10.1080/02701367.2023.2195458
https://doi.org/10.1089/chi.2020.0185
https://doi.org/10.1089/chi.2020.0185
https://doi.org/10.1016/j.appet.2022.106292
https://doi.org/10.1017/S0007114520004894
https://doi.org/10.3390/children10020363
https://doi.org/10.3390/biology10060482
https://doi.org/10.1186/s12889-018-5898-3

	Relationship between perceived physical literacy and obesity-related outcomes in adolescents: the EHDLA study
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Procedures
	2.2.1 Perceived physical literacy (independent variable)
	2.2.2 Obesity-related indicators (dependent variables)
	2.2.3 Covariates
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

