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ABSTRACT
Objective This study evaluated the relationship between 
physical literacy (PL) and muscular fitness (MF) as well as 
muscle- strengthening activities (MSA) in adolescents.
Methods A secondary cross- sectional study included 823 
adolescents (45.1% boys) from the Eating Healthy and 
Daily Life Activities Study. The Spanish Perceived Physical 
Literacy Instrument for Adolescents (S- PPLI) assessed the 
participants’ perceived PL. The evaluation of MF in the 
young population was conducted using the Assessing the 
Levels of Physical Activity and Fitness (ALPHA- FIT) test 
battery. MSA were assessed by the following question: 
‘In the past week, how many days did you exercise to 
strengthen or tone the muscle, such as through push- ups, 
sit- ups or lifting weights?’ To examine the associations 
between S- PPLI scores and handgrip strength, standing 
long jump and MSA days in adolescents, we employed 
generalised additive models.
Results Participants with high perceived physical literacty 
(PPL) had the highest handgrip strength (mean=25.1; 
PPL had the highest handgrip strength (mean=25.1; 
bias- corrected and accelerated (BCa) bootstrapped 95% 
CI 24.2 to 26.0) and standing long jump (mean=149.7; 
confidence interval (CI) 24.2 to 26.0) and standing long 
jump (mean=149.7; 24.2 to 26.0) and standing long jump 
(mean=149.7; BCa bootstrapped 95% CI 145.8 to 153.5). 
Conversely, those adolescents with low PPL had the lowest 
handgrip strength (mean=23.1; BCa bootstrapped 95% 
CI 22.3 to 23.8) and standing long jump (mean=137.3; 
BCa bootstrapped 95% CI 133.9 to 140.6). For MSA, 
adolescents with high PPL had the highest mean of MSA 
days (mean=3.0; BCa bootstrapped 95% CI 2.8 to 3.3), 
while the lowest mean was observed for those with low 
PPL (mean=2.0; BCa bootstrapped 95% CI 1.8 to 2.2).
Conclusion A high level of PL was associated with higher 
levels of MF and MSA among Spanish adolescents.

INTRODUCTION
Insufficient physical activity levels are widely 
recognised as a significant public health issue 
in the 21st century.1 2 A large proportion of 
children and adolescents do not engage in 
sufficient physical activity,3 4 and the stability 
of physical activity behaviours is moderate 
to high along the life course from youth to 

adulthood.5 This lack of physical activity is 
closely related to low physical fitness levels 
among adolescents, as physical activity directly 
influences physical fitness.6 Given the global 
prevalence of insufficient physical activity 
among youth, researchers have hypothesised 
that the existence of a determining factor 
or link contributes to this deficiency.7 8 One 
potential factor investigated is movement 
competence, which refers to developing 
skills required for efficient performance in 
various movements and activities.9 In support 
of this contention, previous studies have 
shown a positive association between move-
ment competence and physical activity.10–12 
Consequently, it has been suggested that a 
more complex construct, beyond movement 
competence alone, may be associated with 
physical activity engagement.10

Physical literacy (PL) is an important 
concept that has emerged as a potential 
determinant of lifelong physical activity 
participation.13 As a multidimensional 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Physical literacy is an important concept that has 
emerged as a potential determinant of lifelong phys-
ical activity participation.

 ⇒ No previous research has examined the relationship 
between PL and the different domains of physical 
fitness, including muscular fitness, in adolescents.

WHAT THIS STUDY ADDS
 ⇒ A high level of physical literacy was associated 
with higher levels of muscular fitness and muscle- 
strengthening activities among Spanish adolescents.

 ⇒ All physical literacy domains were positively asso-
ciated with greater muscular fitness and muscle- 
strengthening activities in both boys and girls.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ These findings could be used to integrate PL into in-
terventions to increase muscular fitness and muscle- 
strengthening activities frequency in adolescents.
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construct, PL has been gaining attention in the research 
community, and scholars are beginning to reach a 
consensus for some of its defining components.14 PL 
has been defined as ‘the motivation, confidence, phys-
ical competence, knowledge and understanding needed 
to value and take responsibility for engagement in phys-
ical activities for life’.13 Accordingly, movement skills, 
competence, motivational constructs and embodied 
experience are highlighted as the core attributes of the 
PL concept.9 15 PL is a holistic concept that includes phys-
ical, cognitive and affective domains. Thus, PL provides 
an innovative perspective for encouraging movement 
behaviours in terms of participating in physical activity 
and developing fundamental movement competence. 
Therefore, it is imperative to regard PL as a significant 
factor influencing physical activity, as PL pertains to the 
capacity of children to comprehend, interpret and apply 
information concerning physical activity and movement. 
Consequently, PL plays a vital role in enabling children 
to engage in physical activities in a safe and efficient 
manner, as well as in cultivating healthy habits longi-
tudinally. Children possessing an optimal level of PL 
are more predisposed to exhibit motivation and confi-
dence in participating in physical activities and sports, 
thus fostering an active and wholesome lifestyle. This is 
particularly critical due to the WHO recommendations 
for children and adolescents to engage in a minimum of 
60 min of moderate- to- vigorous intensity physical activity 
daily.16

In support of these findings, research has found that 
children with higher levels of PL are likelier to meet 
physical activity guidelines than those with lower levels 
of PL.17 Brown et al18 pointed out positive associations 
between PL levels and engagement in physical activity 
in children, as well as improvements in cardiorespi-
ratory fitness (CRF).19 Individuals with higher PL are 
more likely to meet the recommended levels of phys-
ical activity, according to Kanellopoulou et al.20 Recent 
research by Caldwell et al21 has further emphasised the 
importance of higher PL levels in determining an adoles-
cent’s health. Individuals with higher levels of PL have 
been found to have a lower body fat percentage, quicker 
recovery from progressive aerobic tests (as indicated by 
a lower post- exertional heart rate), lower resting systolic 
blood pressure and better overall quality of life. There-
fore, PL plays an important role in promoting an active 
lifestyle during childhood and adolescence and can also 
influence an individual’s health throughout the growing 
years.

To our knowledge, no previous research has exam-
ined the relationship between PL and the different 
domains of physical fitness, including muscular fitness 
(MF), in adolescents. Moreover, no correlational study 
has been carried out on the link between PL and health 
in adolescents. Therefore, a higher level of PL among 
adolescents could be associated with higher levels of MF 
and muscle- strengthening activities (MSA), which are 
determinants of long- term health.16 22 Thus, this study 

evaluated the relationship between PL, MF and MSA in 
adolescents.

MATERIAL AND METHODS
Study design and population
In this cross- sectional study, we conducted a secondary 
analysis using data from the Eating Healthy and Daily 
Life Activities (EHDLA) project. The EHDLA Study 
protocol has been previously described.23 The sample for 
this study included adolescents (12–17 years) who were 
enrolled as students in three secondary schools located 
in Valle de Ricote, Region of Murcia, Spain. Data were 
collected during the 2021–2022 academic year. Regarding 
the exclusion criteria, adolescents were ineligible for 
enrolment if they: (1) were exempt from participating 
in physical education classes at school since the tests and 
questionnaires were completed during physical educa-
tion lessons, (2) had any medical condition that limited 
physical activity or required special attention, (3) were 
undergoing any form of pharmacological treatment, (4) 
had a lack authorisation from a parent or legal guardian 
to participate in the research project or (5) declined to 
participate in the research project.

The participants were provided with information 
regarding the study’s objectives and details about the 
assessments and questionnaires that would be adminis-
tered.

Of the original 1378 adolescents involved in the 
EHDLA Study, 321 (23.3%) were removed from the 
analysis because of missing information on the following 
outcomes: handgrip strength (n=88; 6.4%), standing 
long jump (n=14; 1.0%) and MSA days (n=219; 15.9%). 
Additionally, further exclusions were made for partici-
pants with incomplete data on perceived PL (PPL) (n=21; 
1.5%), body mass index (BMI) (n=43; 3.1%) or energy 
intake (n=170; 12.3%). Consequently, this secondary 
cross- sectional study included a sample of 823 adoles-
cents (45.1% boys).

Perceived physical literacy
The Spanish Perceived Physical Literacy Instrument 
for Adolescents (S- PPLI)24 was used to assess the partic-
ipants’ PPL. The S- PPLI has previously undergone 
validation for its applicability to Spanish youth. Initially 
designed for physical education teachers, the original 
Perceived Physical Literacy Instrument (PPLI) comprises 
18 items.25 However, the version adapted for use with 
adolescents in this study was condensed to nine items. 
Participants were instructed to rate these items on a 
5- point Likert scale ranging from 1 (strongly disagree) 
to 5 (strongly agree). The nine items of the S- PPLI were 
evenly distributed across three categories: self- perception 
and self- confidence, self- expression and interaction with 
others and knowledge and comprehension (online 
supplemental table S1).

Muscular fitness
The evaluation of MF in the young population was 
conducted using the Assessing the Levels of Physical 
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Activity and Fitness (ALPHA- FIT) test battery.26 To assess 
upper body muscular strength, the handgrip strength 
test was conducted using a hand dynamometer with an 
adjustable grip (TKK 5401 Grip D, Takei, Tokyo, Japan). 
Participants were provided with a brief tutorial and 
verbal instructions about the test. The dynamometer was 
adjusted according to the child’s hand size, and the test 
was performed while the child was standing with the elbow 
extended and the wrist in a neutral position. Participants 
were verbally encouraged to ‘squeeze as hard as possible’ 
and exert their maximal handgrip strength for at least 
2 s. The test was conducted twice for each hand, and the 
highest score for each hand was recorded. The average of 
the highest scores from both hands was used for further 
analysis. Additionally, normalised handgrip strength was 
calculated as the average left and right handgrip strength 
divided by body weight (kg).

For lower body muscular strength, the standing broad 
jump test was performed. Participants started behind 
a designated line with their feet together and jumped 
forward as far as possible. The distance was measured 
from the take- off line to the position where the back of 
the heel nearest to the take- off line lands on the floor. 
The test was performed twice, and the highest score (in 
cm) was selected for analysis.

Muscle-strengthening activities
MSA were assessed by the following question: ‘In the past 
week, how many days did you exercise to strengthen or 
tone the muscle, such as through push- ups, sit- ups, or 
lifting weights?’ The possible responses were as follows: 
(a) none, (b) 1 day, (c) 2 days, (d) 3 days, (d) 4 days, (d) 
5 days, (g) 6 days and (h) 7 days. This question has been 
used for health behaviour surveillance in different coun-
tries (eg, USA,27 Canada28 and China).29 Similarly, this 
question was proven to have acceptable reliability for 
the young population (α>0.55).14 Participants who self- 
reported an engagement in MSA≥3 days in the previous 
week were considered to meet the MSA WHO recom-
mendations.16

Covariates
The adolescents self- reported information regarding 
their sex and age. Socioeconomic status was evaluated 
using the Family Affluence Scale III (FAS- III),30 which 
consists of responses to six items related to family posses-
sion and amenities, including bedrooms, vehicles, 
bathrooms, computers, travels or dishwashers. The FAS- 
III score ranged from 0 to 13 points, with higher scores 
indicating a higher socioeconomic status.

Physical activity and sedentary behaviour were assessed 
using the Youth Activity Profile Physical Questionnaire.31 
This self- administered questionnaire covered 7 days and 
included 15 items categorised into sections such as out- 
of- school activities, school- related activities and sedentary 
habits. The version validated in the Spanish population 
was used.32

The adolescents’ body weight was measured using 
an electronic scale with an accuracy of 0.1 kg (Tanita 
BC- 545, Tokyo, Japan). At the same time, height was 
determined by a portable height rod with an accuracy of 
0.1 cm (Leicester Tanita HR 001, Tokyo, Japan). Subse-
quently, BMI was computed by taking the participants’ 
body weight in kg and dividing it by the square of their 
height in m.

Energy consumption estimates were derived from a self- 
administered food frequency questionnaire, previously 
validated for the Spanish population,33 which incorpo-
rated measuring portions consumed in the last month. 
Adherence to the Mediterranean diet was assessed using 
the Mediterranean Diet Quality Index for Children and 
Adolescents.34

Adolescents were queried about their usual bedtime 
and wake- up times on both weekdays and weekends to 
calculate overall sleep duration. The average sleep dura-
tion during the week and on weekends was computed 
using the formula [(average sleep duration on week-
days×5)+(average sleep duration on weekends×2)]÷7.

Statistical analysis
Visual techniques such as density and quantile–quantile 
plots were used to evaluate the normality of the variables, 
as was the Shapiro- Wilk test. In relation to categorical 
variables, the descriptive statistics encompass the count 
(n) and the percentage (%) of occurrences within each 
category of PPL status. For continuous variables, the 
descriptive statistics included the median and the IQR 
(given the non- normal distribution of the variables). As 
preliminary analyses indicated no significant interac-
tion effects between sex and variables such as handgrip 
strength (p=0.302), standing long jump (p=0.302) or 
MSA days (p=0.563), the main analyses were conducted 
without stratification by sex. However, secondary analyses 
were performed stratified by sex.

To examine the associations between S- PPLI scores and 
handgrip strength, standing long jump and MSA days in 
adolescents without assuming a specific nature of the 
relationship, we employed generalised additive models 
(GAMs). GAMs are flexible models capable of capturing 
non- linear relationships in the data without a predefined 
mathematical structure. In this analysis, we used the 
restricted maximum likelihood method for selecting 
smoothness,35 and a shrinkage approach was imple-
mented using thin plate regression spline smoothers.36 
As a sensitivity analysis, the associations between the 
individual domains of the S- PPLI (ie, self- perception 
and self- confidence, self- expression and interaction 
with others and knowledge and comprehension) and 
handgrip strength, standing long jump and MSA days in 
adolescents were also tested (globally and by sex). The 
effective degrees of freedom of the GAM was used to 
quantify the degree of non- linearity in the relationship.

Regarding PPL status (low PPL, medium PPL, high 
PPL), covariance was analysed to assess its association with 
handgrip strength, standing long jump and MSA days 
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while adjusting for several covariates. A non- parametric 
bias- corrected and accelerated (BCa) bootstrap method 
with 1000 samples was employed for this analysis. After 
the analysis, multiple comparisons were corrected using 
the false discovery rate p value method developed by 
Benjamini and Hochberg.37 The models were adjusted 
for several covariates, including age, sex, socioeconomic 
status, physical activity, sedentary behaviour, overall sleep 
duration, BMI, energy intake and adherence to the Medi-
terranean diet.

All the statistical analyses were performed using R 
statistical software (V.4.3.2) from the R Core Team in 
Vienna, Austria, and RStudio (V.2023.09.1+494) from 
Posit in Boston, Massachusetts, USA. The threshold for 
statistical significance was set at a p value of less than 0.05.

RESULTS
The descriptive data of the sample of adolescents 
according to their PPL status are shown in table 1. The 
highest performance in terms of handgrip strength 
(kg), standing long jump (cm) and number of MSA 
days was found in those with high PPL (handgrip 
strength: median=23.2; IQR=9.8; standing long jump: 
median=152.0; IQR=49.0; MSA: median=3.0; IQR=3.0). 
Conversely, the lowest performance and MSA frequency 
were observed in adolescents with low PPL (handgrip 
strength: median=21.6; IQR=5.7; standing long jump: 
median=131.0; IQR=36.9; MSA: median=2.0; IQR=3.0).

Figure 1 displays the estimated marginal means and 
95% CIs of handgrip strength, standing long jump, 
and MSA days in relation to the S- PPLI score through 
smoothed functions derived from GAMs. While the 

approximate significance of the smoothing terms was 
statistically significant for all three outcomes (p<0.001), 
upon examining the figure and edf, we observed only a 
nonlinear relationship between the S- PPLI score and 
handgrip strength (F=2.28; edf=2.24; p<0.001) and MSA 
frequency (F=4.45; edf=2.12; p<0.001). After closely exam-
ining the figure and the edf for the standing long jump, 
we noticed that the edf value was close to 1, indicating 
that the association was linear (F=3.63; edf=1.02; p=0.001). 
Secondary analyses stratified by sex are shown in online 
supplemental figure S1. Similarly, sensitivity analyses 
for the different S- PPLI domains (globally and by sex) 
are shown in online supplemental figure S2 and online 
supplemental figure S3, respectively.

Figure 2 shows the estimated marginal means of hand-
grip strength, standing long jump, muscle- strengthening 
activities, and their BCa bootstrapped 95% CIs according 
to PPL status. Participants with high PPL had the highest 
handgrip strength (mean=25.1; BCa bootstrapped 95% 
CI 24.2 to 26.0) and standing long jump (mean=149.7; 
BCa bootstrapped 95% CI 145.8 to 153.5). Conversely, 
those adolescents with low PPL had the lowest hand-
grip strength (mean=23.1; BCa bootstrapped 95% CI 
22.3 to 23.8) and standing long jump (mean=137.3; 
BCa bootstrapped 95% CI 133.9 to 140.6). For MSA, 
adolescents with high PPL had the highest mean of MSA 
days (mean=3.0; BCa bootstrapped 95% CI 2.8 to 3.3), 
while the lowest mean was observed for those with low 
PPL (mean=2.0; BCa bootstrapped 95% CI 1.8 to 2.2). 
Significant differences were found between high PPL 
and medium PPL for handgrip strength, standing long 
jump, and MSA days. Additionally, significant differences 

Table 1 Descriptive data of the study participants according to perceived physical literacy (PPL) status (N=823)
PPL status*†

Variables
Low (9–31 points)
n=283 (34.4%)

Medium (32–36 points)
n=295 (35.8%)

High (37–45 points)
n=245 (29.8%)

Age (years) Median (IQR) 14.0 (2.0) 14.0 (2.0) 14.0 (2.0)

Sex Boys (%) 104 (36.7) 145 (49.2) 122 (49.8)

Girls (%) 179 (63.3) 150 (50.8) 123 (50.2)

FAS- III (score) Median (IQR) 8.0 (3.0) 8.0 (2.5) 9.0 (3.0)

YAP- S physical activity (score) Median (IQR) 2.4 (0.8) 2.6 (0.8) 2.9 (0.8)

YAP- S sedentary behaviour (score) Median (IQR) 2.6 (0.8) 2.6 (0.8) 2.4 (0.8)

Overall sleep duration (min) Median (IQR) 492.9 (79.3) 497.1 (72.9) 497.1 (64.3)

Body mass index (kg/m2) Median (IQR) 22.5 (6.9) 21.8 (6.0) 20.9 (5.4)

Energy intake (kcal) Median (IQR) 2631.9 (1531.8) 2589.0 (1511.2) 2575.1 (1473.8)

KIDMED (score) Median (IQR) 6.0 (4.0) 7.0 (3.0) 8.0 (3.0)

Handgrip strength mean (kg) Median (IQR) 21.6 (9.2) 22.0 (8.8) 23.2 (9.8)

Standing long jump (cm) Median (IQR) 131.0 (36.9) 142.0 (39.8) 152.0 (49.0)

MSA (days) Median (IQR) 2.0 (3.0) 2.0 (3.0) 3.0 (3.0)

MSA recommendations status‡ Non- meeting (%) 195 (68.9) 154 (52.2) 81 (33.1)

Meeting (%) 88 (31.1) 141 (47.8) 164 (66.9)

*According to the Spanish- Perceived Physical Literacy Scale (S- PPLI).
†S- PPLI ranges from 9 to 45 points.
‡According to the World Health Organization guidelines.16

FAS- III, Family Affluence Scale III; IQR, interquartile range; KIDMED, Mediterranean Diet Quality Index for Children and Adolescents; MSA, muscular- strengthening activities; PPL, 
perceived physical literacy; YAP- S, Spanish Youth Active Profile.
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were found between high PPL and low PPL for hand-
grip strength (p- adjusted=0.007), standing long jump 
(p- adjusted<0.001), and MSA days (p- adjusted<0.001). 
Similarly, significant differences were detected between 
high PPL and medium PPL for standing long jump 
(p- adjusted=0.009) and MSA days (p- adjusted=0.001). 
Moreover, significant differences were observed between 
medium PPL and low PPL for handgrip strength (p- 
adjusted=0.001), standing long jump (p- adjusted<0.001), 
and MSA days (p- adjusted=0.017). Finally, the highest 

predicted probability of meeting the MSA recommenda-
tions was observed for adolescents with high PPL (63.7%, 
95% CI 62.1% to 65.4%), followed by those with medium 
PPL (51.3%, 95% CI 49.8% to 52.8%), and those with low 
PPL (40.4%, 95% CI 38.7% to 42.0%) (data not shown 
in figure 2). Moreover, statistically significant differ-
ences were identified among adolescents with high PPL 
compared to those with low PPL, high PPL compared to 
medium PPL, and medium PPL compared to those with 
low PPL (p- adjusted<0.001 for all comparisons).
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Figure 1 Relationships of perceived physical literacy with handgrip strength, standing long jump times and muscle- 
strengthening activities (MSA) in adolescents according to generalised additive models. The data are expressed as estimated 
marginal means (lines) and 95% CIs (shaded), adjusted for sex, age, socioeconomic status, adherence to the Mediterranean 
diet, energy intake, physical activity, sedentary behaviour, overall sleep duration and body mass index. S- PPLI, Spanish 
Perceived Physical Literacy Instrument.
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Figure 2 Predicted mean values of handgrip strength, standing long jump and muscle- strengthening activities (MSA) among 
adolescents according to their physical literacy status. The data are expressed as estimated marginal means (bars) and bias- 
corrected and accelerated bootstrapped 95% CIs (lines), adjusted for sex, age, socioeconomic status, adherence to the 
Mediterranean diet, energy intake, physical activity, sedentary behaviour, overall sleep duration and body mass index. P values 
were adjusted using the correction for multiple comparisons proposed by Benjamini and Hochberg.38 PPL, perceived physical 
literacy.
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DISCUSSION
This study examined the relationship between PL, MF and 
MSA in Spanish adolescents. As initially hypothesised, a 
high level of PL among Spanish adolescents was associ-
ated with higher levels of MF and MSA in both sexes. In 
recent years, the concept of the PL has gained attention 
due to its potential influence on daily physical activity in 
youth.38 Initially introduced in education, particularly 
physical and sports education, PL has been recognised 
as a fundamental concept linking physical activity and 
health.21 Cairney et al39 proposed a conceptual model 
that outlined the inter- relationship between PL, physical 
activity and health. Early empirical evidence has indi-
cated that PL can serve as a pathway for developing and 
enhancing physical activity levels in adolescents.39

Since physical activity early in life is a predominant 
contributor to maintaining physical activity later in life, 
fostering the development of PL during childhood and 
adolescence can help to build a strong foundation for 
ongoing participation in physical activity and conse-
quence maintenance of physical fitness throughout the 
life course.5 It is essential to accurately understand the 
associations between physical fitness and physical activity 
and between physical fitness and the PL, as theoretically 
hypothesised by Cairney et al.39 In our study, the highest 
measures of handgrip strength (kg) and standing long 
jump (cm) performance were found in adolescents with 
higher levels of PL as well as the highest number of MSA 
days. These data are consistent with a previous study of 
85 French adolescents in which PL was associated with 
physical fitness (ie, CRF).39 In a study by Nezondet et al40 
which included adolescents, a significant positive associ-
ation between the PPL Score and CRF was found with 
aerobic capacity as an indicator (r=0.40; B=0.33 95% CI: 
0.13 to 0.53; p<0.05), whereby for each additional point 
on the PPL Score aerobic capacity increased by 0.33 mL/
kg/min−1. The authors noted that PL’s influence on 
secondary school students’ CRF was partly explained by 
the effect of weekly moderate- to- vigorous physical activity 
(MVPA).

In our study, the influence of PL on MF in adolescents 
could also be explained, at least in part, by the effect 
of weekly MVPA (measured in min per week). Adoles-
cents with high PL status displayed greater Youth Activity 
Profile Physical Questionnaire (composite score) levels 
than those with low PPL status. Of note, in the study by 
Nezondet et al,40 significant differences were observed 
in the PPL Score between male and female participants, 
which differ from our findings that demonstrated no 
interaction between sex and study variables. The differ-
ences could be due to the fitness performance of the 
boys in our study, who exhibited greater performance 
than the girls in the maximal aerobic speed test, maximal 
oxygen uptake and weekly MVPA.

Foundational movement competence development 
is hypothesised to vary according to culture and/or 
geographical location, and skill development may be 
hindered or enhanced by physical (ie, fitness, weight 

status) and psychological (ie, perceived competence, 
self- efficacy) attributes.41 Psychological elements, specif-
ically self- efficacy (the belief in one’s ability to achieve 
success) and perceived competence (the perception of 
actual capability), play a significant role in the formation 
of the broader construct known as ‘self- concept’ and are 
crucial factors influencing engagement in physical activ-
ities.42 43 Notably, perceived competence has the greatest 
influence within the self- concept domain and is strongly 
associated with physical activity during childhood and 
adolescence.42 Additionally, it has been observed that 
perceived competence acts as a mediator in the rela-
tionship between motor competence and physical 
activity among adolescents.44 45 Thus, the development 
of PL allows for engagement in lifelong physical activity 
through improvements in motor skills and cognitive–
emotional competencies,46 integrating MF as a construct 
of ‘motor skills’ found in the definition and assessment 
of PL.47 48

In addition, previous research has indicated that 
self- concept and self- perception are related to an indi-
vidual’s level of engagement in physical activity.49–53 
Notably, youth who possess relatively low levels of 
self- concept at the start of an exercise programme 
may be more likely to show significant improvements 
compared with those who begin training with relatively 
high self- concept.54 Notably, it has been reported that 
adolescent girls’ physical self- perceptions improved 
following an 8- week resistance training programme.54 
Similarly, various self- concept measures have improved 
in adolescent boys and girls after 12 weeks of resistance 
training.55

Although the importance of PL is accepted, there is 
no global consensus about the most proper method of 
PL evaluation. As a result, authorities around the globe 
have developed unique PL concepts and, consequently, 
specific PL assessment tools.56–58 For example, the Cana-
dian Assessment of Physical Literacy and the Physical 
Literacy Assessment of Youth assessment tools are the 
most popular and commonly used in research. In the 
present study, the S- PPLI, which was previously validated 
for its applicability in Spanish youth, was used. The orig-
inal PPLI comprises 18 items25; however, the version 
adapted for adolescents in this study was condensed into 
nine items, including self- perception and self- confidence, 
self- expression and interaction with others and knowl-
edge and comprehension.

The PL domains (ie, motivation, confidence, physical 
competence, knowledge and understanding) are inter-
correlated and essential for supporting participation in 
physical activity during adolescence and adulthood.59 
The attributes of physical competence in the multidimen-
sional construct of PL have close connections with the 
domains of physical fitness. As such, the two constructs 
are connected through common underpinning compo-
nents. Consistent with these findings, in our study, all 
categories were positively associated with greater MF and 
MSA in adolescents (boys and girls).
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While the results obtained from this study are valu-
able, it is important to interpret them with caution due 
to certain limitations. Using a cross- sectional approach 
in this study means that establishing a direct cause- and- 
effect relationship based on the findings is not feasible. 
Further research employing different methodologies, 
such as interventions, is necessary to explore whether 
higher levels of PL are linked to increased MF or MSA 
days in youth. Additionally, relying on questionnaires 
to collect data on PL and other variables may introduce 
bias, as differences in willingness to disclose information 
or inaccuracies in recall details could impact the results. 
Also, based on our knowledge, since late childhood and 
early adolescence cannot be defined by fixed chronolog-
ical boundaries, childhood can be defined as the first 
birthday to the onset of adolescence (which requires the 
identification of the onset of sexual maturation). Adoles-
cence is a difficult period to define, and some suggest a 
range of 10–22 years in boys. WHO states adolescence 
begins with the onset of normal puberty and ends with 
adult identity, roughly 10–19 years of age.16 However, 
significant interindividual variance exists for the level 
(magnitude of change), timing (onset of change) and 
tempo (rate of change) of biological maturation. The 
relative mismatch and wide variation in biological matu-
ration between children of the same chronological age 
emphasises the limitations in using chronological age as 
a determinant.

However, a strength of this study lies in the objective 
assessment of MF through assessments that are widely 
accepted and validated in youth,26 as well as the evalu-
ation of PL using a previously validated tool in Spanish 
adolescents.24 Furthermore, we used GAMs to capture 
non- linear and complex relationships between vari-
ables. This flexible approach improves the accuracy of 
exploring significant associations, providing a complete 
understanding of the association between PL and MF 
levels and MSA frequency. Finally, our analyses consid-
ered several sociodemographic and anthropometric 
variables, contributing to the reliability of our findings.

In conclusion, a high level of PL was associated with 
higher levels of MF and MSA among Spanish adolescents. 
These findings could be used to consider PL in interven-
tions to increase MF and MSA frequency in adolescents. 
Further research in this area is warranted to fully under-
stand how PL influences PA participation and health 
outcomes such as physical fitness in children and adoles-
cents.

Twitter Emilio Villa- González @EmilioVillaGon, Avery D Faigenbaum @
AFaigenbaum and José Francisco López- Gil @JFLopezGil

Acknowledgements The authors would like to thank Ayuntamiento de Archena, 
along with all the teenagers, parents or legal guardians, physical education 
instructors, schools and staff members who participated.

Contributors EV- G and JFL- G: conceptualisation; JFL- G: methodology, software, 
validation, formal analysis, investigation, resources, data curation, visualisation, 
supervision and project administration; EV- G: writing—original draft preparation; 
and ADF and JFL- G: writing—review and editing. JFL- G: responsible for the overall 
content. All authors have read and agreed to the published version of the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained from parent(s)/guardian(s).

Ethics approval This study involves human participants and 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 strictly adhered 
to the ethical principles outlined in the Declaration of Helsinki. Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Emilio Villa- González http://orcid.org/0000-0002-2815-2060
Avery D Faigenbaum http://orcid.org/0000-0003-1364-8503
José Francisco López- Gil http://orcid.org/0000-0002-7412-7624

REFERENCES
 1 Haseler T, Haseler C. Lack of physical activity is a global problem. 

BMJ 2022;376:o348. 
 2 Moxley E, Webber- Ritchey KJ, Hayman LL. Global impact of 

physical inactivity and implications for public health nursing. Public 
Health Nurs 2022;39:180–8. 

 3 Guthold R, Stevens GA, Riley LM, et al. Global trends in insufficient 
physical activity among adolescents: a pooled analysis of 298 
population- based surveys with 1·6 million participants. The Lancet 
Child & Adolescent Health 2020;4:23–35. 

 4 Aubert S, Barnes JD, Demchenko I, et al. Global matrix 4.0 physical 
activity report card grades for children and adolescents: results and 
analyses from 57 countries. J Phys Act Health 2022;19:700–28. 

 5 Telama R, Yang X, Leskinen E, et al. Tracking of physical activity 
from early childhood through youth into adulthood. Medicine & 
Science in Sports & Exercise 2014;46:955–62. 

 6 Zwinkels M, Verschuren O, Balemans A, et al. Effects of a school- 
based sports program on physical fitness, physical activity, and 
Cardiometabolic health in youth with physical disabilities: data from 
the Sport- 2- stay- fit study. Front Pediatr 2018;6:75. 

 7 Young L, O’Connor J, Alfrey L. Physical literacy: a concept analysis. 
Sport, Education and Society 2020;25:946–59. 

 8 O’Sullivan M, Davids K, Woods CT, et al. Conceptualizing 
physical literacy within an ecological Dynamics framework. Quest 
2020;72:448–62. 

 9 Grauduszus M, Wessely S, Klaudius M, et al. Definitions and 
assessments of physical literacy among children and youth: a 
Scoping review. BMC Public Health 2023;23:1746. 

 10 Carl J, Barratt J, Wanner P, et al. The effectiveness of physical 
literacy interventions: A systematic review with meta- analysis. 
Sports Med 2022;52:2965–99. 

 11 Kolunsarka I, Gråstèn A, Stodden D, et al. Impact of motor 
competence profiles on adolescents’ physical activity and 
cardiorespiratory fitness across four years. Medicine & Science in 
Sports & Exercise 2023;55:1610–9. 

 12 Cattuzzo MT, Dos Santos Henrique R, Ré AHN, et al. Motor 
competence and health related physical fitness in youth: A 
systematic review. J Sci Med Sport 2016;19:123–9. 

https://twitter.com/EmilioVillaGon
https://twitter.com/AFaigenbaum
https://twitter.com/AFaigenbaum
https://twitter.com/JFLopezGil
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2815-2060
http://orcid.org/0000-0003-1364-8503
http://orcid.org/0000-0002-7412-7624
http://dx.doi.org/10.1136/bmj.o348
http://dx.doi.org/10.1111/phn.12958
http://dx.doi.org/10.1111/phn.12958
http://dx.doi.org/10.1016/S2352-4642(19)30323-2
http://dx.doi.org/10.1016/S2352-4642(19)30323-2
http://dx.doi.org/10.1123/jpah.2022-0456
http://dx.doi.org/10.1249/MSS.0000000000000181
http://dx.doi.org/10.1249/MSS.0000000000000181
http://dx.doi.org/10.3389/fped.2018.00075
http://dx.doi.org/10.1080/13573322.2019.1677586
http://dx.doi.org/10.1080/00336297.2020.1799828
http://dx.doi.org/10.1186/s12889-023-16680-x
http://dx.doi.org/10.1007/s40279-022-01738-4
http://dx.doi.org/10.1249/MSS.0000000000003196
http://dx.doi.org/10.1249/MSS.0000000000003196
http://dx.doi.org/10.1016/j.jsams.2014.12.004


9Villa- González E, et al. BMJ Open Sp Ex Med 2024;10:e001919. doi:10.1136/bmjsem-2024-001919

Open access

 13 Whitehead M. Definition of physical literacy and clarification of 
related issues. ICSSPE Bulletin, 65: 2013. Available: https://www. 
icsspe.org/sites/default/files/bulletin65_0.pdf

 14 Morrow JR Jr, Tucker JS, Jackson AW, et al. Meeting physical 
activity guidelines and health- related fitness in youth. American 
Journal of Preventive Medicine 2013;44:439–44. 

 15 Edwards LC, Bryant AS, Keegan RJ, et al. Measuring’ physical 
literacy and related Constructs: A systematic review of empirical 
findings. Sports Med 2018;48:659–82. 

 16 Bull FC, Al- Ansari SS, Biddle S, et al. World health organization 2020 
guidelines on physical activity and sedentary behaviour. Br J Sports 
Med 2020;54:1451–62. 

 17 Belanger K, Barnes JD, Longmuir PE, et al. The relationship between 
physical literacy scores and adherence to Canadian physical 
activity and sedentary behaviour guidelines. BMC Public Health 
2018;18(Suppl 2):1042. 

 18 Brown DMY, Dudley DA, Cairney J. Physical literacy profiles 
are associated with differences in children’s physical activity 
participation: A latent profile analysis approach. J Sci Med Sport 
2020;23:1062–7. 

 19 Lang JJ, Chaput J- P, Longmuir PE, et al. Cardiorespiratory 
fitness is associated with physical literacy in a large sample 
of Canadian children aged 8 to 12 years. BMC Public Health 
2018;18(Suppl 2):1041. 

 20 Kanellopoulou A, Notara V, Antonogeorgos G, et al. Inverse 
association between health literacy and obesity among children in 
Greece: A school- based, cross- sectional Epidemiological study. 
Health Educ Behav 2022;49:54–65. 

 21 Caldwell HAT, Di Cristofaro NA, Cairney J, et al. Physical literacy, 
physical activity, and health indicators in school- age children. 
IJERPH 2020;17:5367. 

 22 Ortega FB, Ruiz JR, Castillo MJ, et al. Physical fitness in childhood 
and adolescence: a powerful marker of health. Int J Obes 
2008;32:1–11. 

 23 López- Gil JF. The eating healthy and daily life activities (EHDLA) 
study. Children (Basel) 2022;9:370. 

 24 López- Gil JF, Martínez- Vizcaíno V, Tárraga- López PJ, et al. 
Cross- cultural adaptation, reliability, and validation of the Spanish 
perceived physical literacy instrument for adolescents (S- PPLI). 
Journal of Exercise Science & Fitness 2023;21:246–52. 

 25 Sum RKW, Ha ASC, Cheng CF, et al. Construction and validation 
of a perceived physical literacy instrument for physical education 
teachers. PLOS ONE 2016;11:e0155610. 

 26 Ruiz JR, Castro- Pinero J, Espana- Romero V, et al. Field- based 
fitness assessment in young people: the ALPHA health- related 
fitness test battery for children and adolescents. British Journal of 
Sports Medicine 2011;45:518–24. 

 27 Merlo CL, Jones SE, Michael SL, et al. Dietary and physical activity 
behaviors among high school students — youth risk behavior survey, 
United States, 2019. MMWR Suppl 2020;69:64–76. 

 28 Harvey A, Faulkner G, Giangregorio L, et al. An examination 
of School- and student- level characteristics associated with 
the likelihood of students’ meeting the Canadian physical 
activity guidelines in the COMPASS study. Can J Public Health 
2017;108:e348–54. 

 29 Xin F, Zhu Z, Chen S, et al. Prevalence and correlates of meeting 
the muscle- strengthening exercise recommendations among 
Chinese children and adolescents: results from 2019 physical 
activity and fitness in China—the youth study. J Sport Health Sci 
2022;11:358–66. 

 30 Currie C, Molcho M, Boyce W, et al. Researching health inequalities 
in adolescents: the development of the health behaviour in school- 
aged children (HBSC) family affluence scale. Social Science & 
Medicine 2008;66:1429–36. 

 31 Saint- Maurice PF, Welk GJ. Validity and calibration of the youth 
activity profile. PLOS ONE 2015;10:e0143949. 

 32 Segura- Díaz JM, Barranco- Ruiz Y, Saucedo- Araujo RG, et al. 
Feasibility and reliability of the Spanish version of the youth activity 
profile questionnaire (YAP- Spain) in children and adolescents. J 
Sports Sci 2021;39:801–7. 

 33 Rodríguez IT, Ballart JF, Pastor GC, et al. Validation of a short 
questionnaire on frequency of dietary intake: reproducibility and 
validity. Nutr Hosp 2008;23:242–52.

 34 Serra- Majem L, Ribas L, Ngo J, 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. 

 35 Wood SN. Fast stable restricted maximum likelihood and marginal 
likelihood estimation of Semiparametric generalized linear models. J 
R Stat Soc Series B Stat Methodol 2011;73:3–36. 

 36 Marra G, Wood SN. Practical variable selection for generalized 
additive models. Computational Statistics & Data Analysis 
2011;55:2372–87. 

 37 Benjamini Y, Hochberg Y. Controlling the false discovery rate: A 
practical and powerful approach to multiple testing. Journal of the 
Royal Statistical Society: Series B (Methodological) 1995;57:289–300. 

 38 Jurbala P. What is physical literacy, really Quest 2015;67:367–83. 
 39 Cairney J, Dudley D, Kwan M, et al. Physical literacy, physical 

activity and health: toward an evidence- informed conceptual model. 
Sports Med 2019;49:371–83. 

 40 Nezondet C, Gandrieau J, Nguyen P, et al. Perceived physical 
literacy is associated with cardiorespiratory fitness, body 
composition and physical activity levels in secondary school 
students. Children (Basel) 2023;10:712. 

 41 Hulteen RM, Morgan PJ, Barnett LM, et al. Development of 
Foundational movement skills: A conceptual model for physical 
activity across the LifeSpan. Sports Med 2018;48:1533–40. 

 42 Babic MJ, Morgan PJ, Plotnikoff RC, et al. Physical activity and 
physical self- concept in youth. Systematic Review and Meta- 
Analysis Sports Med 2014;44:1589–601. 

 43 Bauman AE, Reis RS, Sallis JF, et al. Correlates of physical activity: 
Why are some people physically active and others not The Lancet 
2012;380:258–71. 

 44 Barnett LM, Morgan PJ, Van Beurden E, et al. A reverse pathway? 
actual and perceived skill proficiency and physical activity. Medicine 
& Science in Sports & Exercise 2011;43:898–904. 

 45 Barnett LM, Morgan PJ, van Beurden E, et al. 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. 

 46 Liu Y, Chen S. Physical literacy in children and adolescents: 
definitions, assessments, and interventions. European Physical 
Education Review 2021;27:96–112. 

 47 Edwards LC, Bryant AS, Keegan RJ, et al. Definitions, foundations 
and associations of physical literacy: A systematic review. Sports 
Med 2017;47:113–26. 

 48 Carl J, Barratt J, Arbour- Nicitopoulos KP, et al. Development, 
explanation, and presentation of the physical literacy interventions 
reporting template (PLIRT). Int J Behav Nutr Phys Act 2023;20:21. 

 49 Altintaş A, Aşçi FH. Physical self- esteem of adolescents with 
regard to physical activity and pubertal status. Pediatr Exerc Sci 
2008;20:142–56. 

 50 Strauss RS. Childhood obesity and self- esteem. Pediatrics 
2000;105:e15. 

 51 Schneider M, Dunton GF, Cooper DM. Physical activity and physical 
self- concept among sedentary adolescent females: an intervention 
study. Psychol Sport Exerc 2008;9:1–14. 

 52 Dunton GF, Jamner MS, Cooper DM. Physical self- concept in 
adolescent girls: behavioral and physiological correlates. Res Q 
Exerc Sport 2003;74:360–5. 

 53 Knowles A- M, Niven AG, Fawkner SG, et al. A longitudinal 
examination of the influence of maturation on physical Self‐
Perceptions and the relationship with physical activity in early 
adolescent girls. J Adolesc 2009;32:555–66. 

 54 Faigenbaum A, Zaichkowsky LD, Westcott WL, et al. Psychological 
effects of strength training on children. J Sport Behav 
1997;20:164–75.

 55 Velez A, Golem DL, Arent SM. The impact of a 12- week resistance 
training program on strength, body composition, and self- concept of 
Hispanic adolescents. J Strength Cond Res 2010;24:1065–73. 

 56 Jean de Dieu H, Zhou K. Physical literacy assessment tools: A 
systematic literature review for why, what, who, and how. Int J 
Environ Res Public Health 2021;18:7954:15.:. 

 57 Robinson DB, Randall L. Marking physical literacy or missing 
the mark on physical Literacy?A conceptual critique of Canada’s 
physical literacy assessment instruments. Measurement in Physical 
Education and Exercise Science 2017;21:40–55. 

 58 Longmuir PE, Tremblay MS. Top 10 research questions related to 
physical literacy. Res Q Exerc Sport 2016;87:28–35. 

 59 Peckham CS, Stark O, Simonite V, et al. Prevalence of obesity in 
British children born in 1946 and 1958. Br Med J (Clin Res Ed) 
1983;286:1237–42. 

https://www.icsspe.org/sites/default/files/bulletin65_0.pdf
https://www.icsspe.org/sites/default/files/bulletin65_0.pdf
http://dx.doi.org/10.1016/j.amepre.2013.01.008
http://dx.doi.org/10.1016/j.amepre.2013.01.008
http://dx.doi.org/10.1007/s40279-017-0817-9
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1186/s12889-018-5897-4
http://dx.doi.org/10.1016/j.jsams.2020.05.007
http://dx.doi.org/10.1186/s12889-018-5896-5
http://dx.doi.org/10.1177/1090198120982944
http://dx.doi.org/10.3390/ijerph17155367
http://dx.doi.org/10.1038/sj.ijo.0803774
http://dx.doi.org/10.3390/children9030370
http://dx.doi.org/10.1016/j.jesf.2023.03.002
http://dx.doi.org/10.1371/journal.pone.0155610
http://dx.doi.org/10.1136/bjsm.2010.075341
http://dx.doi.org/10.1136/bjsm.2010.075341
http://dx.doi.org/10.15585/mmwr.su6901a8
http://dx.doi.org/10.17269/cjph.108.5925
http://dx.doi.org/10.1016/j.jshs.2021.09.010
http://dx.doi.org/10.1016/j.socscimed.2007.11.024
http://dx.doi.org/10.1016/j.socscimed.2007.11.024
http://dx.doi.org/10.1371/journal.pone.0143949
http://dx.doi.org/10.1080/02640414.2020.1847488
http://dx.doi.org/10.1080/02640414.2020.1847488
https://pubmed.ncbi.nlm.nih.gov/18560701
http://dx.doi.org/10.1079/phn2004556
http://dx.doi.org/10.1079/phn2004556
http://dx.doi.org/10.1111/j.1467-9868.2010.00749.x
http://dx.doi.org/10.1111/j.1467-9868.2010.00749.x
http://dx.doi.org/10.1016/j.csda.2011.02.004
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://dx.doi.org/10.1080/00336297.2015.1084341
http://dx.doi.org/10.1007/s40279-019-01063-3
http://dx.doi.org/10.3390/children10040712
http://dx.doi.org/10.1007/s40279-018-0892-6
http://dx.doi.org/10.1007/s40279-014-0229-z
http://dx.doi.org/10.1007/s40279-014-0229-z
http://dx.doi.org/10.1016/S0140-6736(12)60735-1
http://dx.doi.org/10.1249/MSS.0b013e3181fdfadd
http://dx.doi.org/10.1249/MSS.0b013e3181fdfadd
http://dx.doi.org/10.1186/1479-5868-5-40
http://dx.doi.org/10.1177/1356336X20925502
http://dx.doi.org/10.1177/1356336X20925502
http://dx.doi.org/10.1007/s40279-016-0560-7
http://dx.doi.org/10.1007/s40279-016-0560-7
http://dx.doi.org/10.1186/s12966-023-01423-3
http://dx.doi.org/10.1123/pes.20.2.142
http://dx.doi.org/10.1542/peds.105.1.e15
http://dx.doi.org/10.1016/j.psychsport.2007.01.003
http://dx.doi.org/10.1080/02701367.2003.10609104
http://dx.doi.org/10.1080/02701367.2003.10609104
http://dx.doi.org/10.1016/j.adolescence.2008.06.001
http://dx.doi.org/10.1519/JSC.0b013e3181cc230a
http://dx.doi.org/10.3390/ijerph18157954
http://dx.doi.org/10.3390/ijerph18157954
http://dx.doi.org/10.1080/1091367X.2016.1249793
http://dx.doi.org/10.1080/1091367X.2016.1249793
http://dx.doi.org/10.1080/02701367.2016.1124671
http://dx.doi.org/10.1136/bmj.286.6373.1237

	Unveiling the relationship of physical literacy with muscular fitness and muscle-strengthening activities in adolescents: the EHDLA study
	Abstract
	Introduction
	Material and methods
	Study design and population
	Perceived physical literacy
	Muscular fitness
	Muscle-strengthening activities
	Covariates
	Statistical analysis

	Results
	Discussion
	References


