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Abstract: The first aim was to compare differences between school vulnerability groups, fitness levels,
and their combination in adolescent cognitive performance. The second aim was to determine the
mediation role of fitness in the association between school vulnerability and cognitive performance. A
total of 912 Chilean adolescents aged 10–14 years participated in this study. The school vulnerability
index (SVI) assigned by the Chilean Government was categorized into high-, mid-, or low-SVI.
Adolescents were classified as fit or unfit according to their global fitness z-score computed from their
cardiorespiratory (CRF), muscular (MF), and speed/agility fitness (SAF) adjusted for age and sex. A
global cognitive score was estimated through eight tasks based on a neurocognitive battery. Covariance
and mediation analyses were performed, adjusted for sex, schools, body mass index, and peak high
velocity. Independent analyses showed that the higher SVI, the lower the cognitive performance
(F(6,905) = 18.5; p < 0.001). Conversely, fit adolescents presented a higher cognitive performance than
their unfit peers (F(5,906) = 8.93; p < 0.001). The combined analysis found cognitive differences between
fit and unfit adolescents in both the high- and mid-SVI levels (Cohen’s d = 0.32). No differences
were found between fit participants belonging to higher SVI groups and unfit participants belonging
to lower SVI groups. Mediation percentages of 9.0%, 5.6%, 7.1%, and 2.8% were observed for the
global fitness score, CRF, MF, and SAF, respectively. The mediation effect was significant between low-
with mid-high-SVI levels but not between mid- and high-SVI levels. These findings suggest that an
adequate physical fitness level should be deemed a protective social factor associated with bridging
the cognitive gap linked to school vulnerability in adolescents. This favourable influence seems to be
most significant in adolescents belonging to a more adverse social background.
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1. Introduction

The social environment in which children and adolescents grow up is determinant
in their present and future. Poverty, low socioeconomic status (SES), social vulnerability,
neighbourhood deprivation, among other adversity-related factors in childhood, are crucial
predictors of mental health, income, occupational prestige, and SES later in life [1,2].
Considering the current global demographic transition where the population has increased
its longevity drastically, nations have focused on reaching the full potential of children as a
valuable social and economic resource [3]. Hence, cognitive functioning is a decisive and
predictive success factor in life, even more than SES and intelligence quotient (IQ), being a
relevant target to study in developing populations [4].

In this sense, cognitive development in childhood is a positive predictor of a diversity
of socioeconomic, health, and behaviour indicators in adulthood, counteracting their social
environment’s adverse impact [5]. Longitudinal studies have demonstrated that cognitive
functioning at age 11 was a strong predictor of occupational prestige at age 50 [1]. Besides,
children who had low inhibitory control (an executive function component) presented
worse health, earned less money, were less happy, committed more crimes, and showed
higher ageing signs in their bodies and brains [6,7]. It is essential to highlight that these
findings were adjusted for important confounders such as IQ, personality factors, and
family social background, among others. Thus, ensuring adequate cognitive development
in childhood and mainly in children living in more disadvantaged social environments
could be a noble strategy to reduce social disadvantage and the spread of poverty across
generations [8,9].

Many strategies related to improvements in children and adolescent cognitive func-
tioning reducing future social and health concerns [4,10,11]. Physical fitness has seemed
to be a potent factor that enhances cognitive performance throughout the life cycle [12].
Increased physical fitness has been associated with better executive functions during school
age (i.e., inhibitory control, working memory, etc.) [13–15] and predicts cognitive perfor-
mance in adulthood [16]. A substantial advantage of physical fitness compared to other
protective factors is that it shows mitigation of the same indicators negatively related to
social disadvantages in an enjoyable, low-cost, and accessible way for all. Supporting this
idea, a review addressing this field of research concluded that the most successful approach
associated with cognitive performance would be one that also included emotional, social,
and physical needs [4]. However, a negative secular trend in physical fitness (i.e., cardiores-
piratory fitness [CRF] and muscular fitness [MF]) in children and adolescents has now been
observed [17], which could exacerbate the cognitive gap caused by social inequalities and
disadvantages in a sensitive age stage.

In general, there are three gaps in this field of research that are relevant to address.
First, the evidence has mainly assessed how factors related to social disadvantage and
physical fitness are independently associated with cognitive performance [15,18,19] or
academic performance [20]. Second, most studies evaluating physical fitness include
social factors (e.g., low-SES, low-income, etc.) as cofounders in their analyses [15], but the
combined association between both factors (SES and fitness) has not yet been studied in
depth. Finally, it is important to note that in Latin American countries, school characteristics
(i.e., economic, social, and cultural status) seem to be a stronger predictor of adolescent
cognitive and school performance than family SES [21].

Therefore, the primary aim of the study aim was to compare differences between
school vulnerability groups, fitness levels, and their combination in adolescent cognitive
performance. Whereas the secondary aim was to determine the mediation role of global
fitness and its components (CRF, MF, and speed/agility fitness [SAF]) in the association
between school vulnerability and adolescent cognitive performance. We hypothesise that
physical fitness might show a relevant protective social role, especially within the high
vulnerability group.
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2. Methods
2.1. Design and Participants

This study is part of the Cogni-Action Project, which seeks to establish the associations
of physical activity, sedentary behaviour, and physical fitness with brain structure and
function, cognitive performance, and academic achievement in a large sample of Chilean
adolescents. A detailed description of the design and methodology description was pub-
lished earlier [22]. The project was approved by the Bioethics Committee of the Pontificia
Universidad Católica de Valparaíso (BIOEPUCV-H103–2016) and was registered in the
Research Registry (ID: researchregistry5791). This research was conducted following the
Declaration of Helsinki. Written consent or assent forms were obtained before participation
from school principals, parents, and adolescents.

2.2. Study Population

Total sample size and power calculations were based on school enrolment in grades
5 to 8 during 2016 in the Valparaiso region, reported by the Chilean Ministry of Education.
A 5% maximum error, 99% confidence interval, 50% heterogeneity, and 20% drop-out
rate were considered. A total of 797 participants were needed to reach representativeness.
Finally, 1296 adolescents (aged 10 to 14) were involved in the Cogni-Action project due to
the elevated participation and minimal exclusion criteria to maximise diversity in social,
biological, and environmental influences. The present study included 912 adolescents
recruited from 19 public, subsidised, and private schools after applying exclusion criteria
such as being out of the stipulated age range, missing cognitive evaluation, or not having
data on critical variables (i.e., fitness evaluation, covariates).

2.3. School Vulnerability Index

The School Vulnerability Index (SVI) was developed by the Chilean Government to
measure the degree of socioeconomic vulnerability of students attending schools with par-
tial (subsidised) or total state funding (public) [23]. The SVI considers personal and family
indicators (SES, educational level of parents-guardians, students’ health status, physical
and emotional well-being, and the school’s geographic location), establishing a single value
for the entire establishment. SVI scores range from 0 to 100 and are updated every year.
Private schools are not considered in the SVI, as they do not receive contributions from the
state, so they were assigned a value of 0. Thus, the schools were classified as low (<10),
middle (≥10 to <60), and high (≥60) SVI [23]).

2.4. Measurements

The measurements were carried out in schools, with two visits of four hours each,
separated by eight days. In the first visit, cognitive performance and anthropometry tests
were taken, whereas, during the second visit, physical fitness was evaluated.

2.5. Global Fitness Score and Fitness Components

To compute a global fitness score, physical fitness was assessed through the ALPHA
fitness test battery, which evaluates three main fitness components, CRF, MF, and SAF [24].
A z-score of each component was computed, adjusted for age and sex, and all three were
added. Then, the continuous score was divided by the median, and thereby, adolescents
were classified as fit or unfit according to their global fitness level. The evaluations carried
out are detailed below.

2.6. Cardiorespiratory Fitness

CRF was evaluated with the 20-m shuttle run test and carried out at the end of the
evaluation session [24]. It was performed in groups of between eight and ten participants,
with a sound signal indicating the race pace, starting with 8.5 km, and increasing 0.5 km/h
per minute. After covering each 20 m route, they had to wait for the next sound signal
to run again. Each adolescent could withdraw when deemed necessary due to perceived
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fatigue or when unable to cover the distance on two occasions. Total time (in seconds) was
registered, and a z-score based on sex and age was created as a normalised CRF score [25].

2.7. Muscular Fitness

The strength of the upper and lower limbs was evaluated as a MF indicator [24]. Upper
limb strength was assessed by the maximum handgrip strength test with a dynamometer
(Jamar Plus+ Digital Hand Dynamometer, Sammons Preston, Rolyan, Bolingbrook, IL,
USA). The dynamometer was previously adjusted for hand size, allowing for 0 to 90 kg
measures, with 0.1 kg precision. The test was performed twice (alternating both hands),
standing with an extended elbow, and the best result between measurements was recorded.
Then, in order to create a relative gauge of upper limb strength, the score was divided by
body weight (handgrip-strength/weight).

Furthermore, lower extremity strength was evaluated by the standing long jump (SLJ)
test. Adolescents stood behind the line and, at the verbal signal, jumped as far as possible,
starting and landing with both feet simultaneously. This test was performed twice (with at
least 1-min rest between each try), and the longest jump was recorded in centimetres (cm).
Finally, the MF z-score was obtained based on the sum of the standardised values by sex
and age of handgrip-strength/weight and SLJ test.

2.8. Speed-Agility Fitness

The SAF was evaluated by the 4 × 10 m shuttle run test [24]. This test considers
movement speed, agility, and coordination. Two parallel lines were marked on the floor
(5 m long) and separated by 10 m (delimited with cones). Adolescents had to run as quickly
as possible, carrying a piece of cloth and dropping it on the next line (approx. 50 cm from
the line). They would then pick up another piece of cloth and would repeat this sequence
three times more. This test was performed twice, and the lowest time was recorded. Time
was multiplied by −1, so a higher score indicated better performance. Finally, a z-score
base on sex and age was created as a normalised SAF score.

2.9. Global Cognitive Performance

The NeuroCognitive performance test (NCPT) (Lumos Labs, Inc., San Francisco, CA,
USA) was used to assess diverse tasks in order to establish a global cognitive performance
score [26]. The NCPT is a brief, repeatable, web-based platform of cognitive tasks intended
to measure functioning across several cognitive domains. The NCPT was applied in school-
rooms, in groups of 25 participants, each one with a laptop. The entire session lasted
around one hour, which consisted of a brief explanation of the session’s objective, a demon-
stration and practice before each test, and finally, the execution. This study evaluated eight
cognitive tasks involving the following cognitive functions: Trail Making A and B assess
attention, cognitive flexibility, and processing speed; the “Forward Memory Span” and the
“Reverse Memory Span” evaluate short-term visual memory and working memory; the
“Go/No-Go” test, assessing inhibitory control and processing speed; the “Balance Scale,”
indicating quantitative and analogical reasoning; the “Digit Symbol Coding,” valuing
processing speed; and finally, the “Progressive Matrices,” assessing problem-solving and
reasoning/intelligence.

Each test was scaled following a normal inverse transformation of the percentile
rank [26]. These procedures benefit from having scaled scores derived of the same normal
distribution with a mean of 100 and a standard deviation of 15. Scores from the “Go/No-
Go” were multiplied by −1, so a higher score indicated better performance. Finally, all
eight task scores were added to compute the global cognitive score.

2.10. Covariates

Four covariates were used in all analyses, such as sex, school, body mass index
z-score (BMIz), and peak high velocity (PHV). Sex (1 = boys; 2 = girls) was included
due to differences in maturity stage at the same chronological age between boys and
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girls [27], while schools are strongly associated with the SES [21]. BMIz: weight was
measured with a digital scale (OMROM, HN-289-LA, Muko, Kyoto, Japan) and height with
a portable stadiometer (SECA, model 213, GmbH, Hamburg, Germany). Then, the BMIz
was calculated using the World Health Organization 2007 growth benchmark for school-age
children [28]. PHV is an indicator of the children/adolescents biological maturity and
was calculated using the equation by Moore and colleagues [27], subtracting the PHV
age from the chronological age. Thus, the difference in years was defined as a value of
maturity offset.

2.11. Statistical Analyses

Descriptive data were presented as means, standard deviation (SD), frequency, and
percentage. Differences between low-, middle- and high-SVI levels in continuous and
factor variables were tested using the Student’s t-test or the Chi-square test. Parametric
analyses were carried out according to the central limit theorem, which indicated that this
kind of test is safe with skewed data when the sample size is over 500 [29]. At the same
time, Q-Q visual residual inspection was performed. For the study’s primary aim (primary
outcome), three one-way analyses of covariance (ANCOVA) were performed (adjusted for
sex, PHV, BMIz, and schools) to assess mean differences in children’s cognitive performance
according to SVI levels, global fitness levels, and their combination. Tukey post-hoc pairwise
comparison was conducted to establish differences in the marginal estimated means in each
pair of levels (estimated mean marginal and standardised error [SE] are presented in results
and 95% confidence interval [CI] in plots). Additionally, two effect size estimations were
used, the first (n2p) for the global analysis and the second (Cohen’s d) for comparisons
between levels. The n2p was interpreted as small at 0.01, medium at 0.06, and large at
0.14; while the Cohen’s d was interpreted as no effect (<0.2), small (0.2 < 0.5), medium
(0.5 < 0.8), and large (≥0.8) [30]. Statistical analyses were performed with the free and open
statistical software JAMOVI (version 1.6.7.0), and statistical significance was set at p < 0.05.
A statistical trend was declared when one indicator was significant and the other one was
not (e.g., p > 0.05 and Cohen’s d ≥ 0.2).

For the study’s secondary aim (secondary outcome), first, zero-order correlations
among principal study variables were performed to establish their associations (Table 2).
Second, multicollinearity was checked before analyses (Variance Inflation Factor [VIF]).
Third, a total of 28 mediations were performed considering SVI (categorical and indepen-
dent variable) as a predictor of cognitive performance (outcome, dependent variable) and
adolescents’ global fitness score and its components (CRF, MF, and SAF) as mediators
between both predictor and outcome. Two covariate models were implemented, “Model 1”
(sex, school, BMIz, and PHV) was included when the global fitness score mediation was
analysed, while “Model 2” (Model 1 plus the other two fitness components) was included
when a particular fitness component was analysed (e.g., CRF as mediator adjusted for MF
and SAF). Sequential multicategory analysis was used to establish mediations between
SVI levels.

For each mediation, four regressions were performed, equation (a) predictor to the
mediator; (b) mediator to the outcome, (c) predictor to the outcome (total effect), and (c’)
predictor to the outcome, including the mediator (direct effect). A bootstrapped (5000 sam-
ples) linear regression analysis through PROCESS SPSS script [31] was performed in all
regressions. The indirect effect was computed (Equation a*b), and it was considered sig-
nificant when zero was outside of the 95% CI. Besides, the percentage of mediation was
estimated 1-(equation c’/equation c). Mediations were categorised as (a) “Full mediation:”
the indirect effect only exists through the mediator, which means the indirect effect ex-
ists, but has no direct effect, (b) “Partial mediation:” both indirect and direct effects are
significant, and (c) “No mediation:” no significant indirect effect is observed.
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3. Results

A total of 912 Chilean adolescents aged 10–14 years participated in this study, 460 boys
(50.4%) and 452 girls (49.6%). Table 1 shows the participants’ characteristics. Significant dif-
ferences among SVI levels were found in almost all variables except in sex. Simultaneously,
we observe differences by sex in all variables except in the global cognitive performance
(p = 0.462) and the global fitness score (p = 0.056).

Table 1. Participants’ characteristics (mean ± SD) according to their school vulnerability level.

Participants’ Characteristics All
(n = 912)

Low-SVI
(n = 246)

Mid-SVI
(n = 252)

High-SVI
(n = 414) p-Value

Age (years) 11.7 ± 1.1 11.8 ± 1.0 11.5 ± 1.1 11.7 ± 1.1 <0.001 *

Sex (n = boys/n = girls) 460/452 110/136 126/126 224/190 0.151

Schools (n) 19 (912) 5 (246) 4 (252) 10 (414) <0.001 *

Weight (kg) 50.0 ± 11.9 49.9 ± 11.2 47.9 ± 10.7 51.4 ± 12.7 0.006 *

Height (cm) 152.3 ± 9.4 154.1 ± 8.9 150.9 ± 8.8 152.1 ± 9.9 <0.001 *

BMI (z-score) 1.021 ± 1.1 0.826 ± 1.0 0.964 ± 1.0 1.172 ± 1.1 <0.001 *

PHV −0.554 ± 1.2 0.273 ± 1.3 0.759 ± 1.2 0.596 ± 1.2 <0.001 *

Global fitness score 0.00 ± 3.1 1.27 ± 2.9 0.41 ± 2.8 0.49 ± 3.2 <0.001 *

CRF (z-score) 0.019 ± 1.0 0.281 ± 1.0 0.013 ± 0.9 0.202 ± 0.9 <0.001 *

MF (z-score) 0.039 ± 1.7 0.678 ± 1.6 0.043 ±1.6 0.291 ± 1.7 <0.001 *

SAF (z-score) 0.012 ± 1.0 0.311 ± 0.8 0.357 ± 1.0 0.00 ± 1.1 <0.001 *

Global cognitive performance 100.5 ± 8.8 104.0 ± 9.1 101.9 ± 8.0 97.6 ± 8.2 <0.001 *

SVI: School vulnerability Index; BMI: body mass index; PHV: Peak height velocity. CRF: cardiorespiratory fitness; MF: Muscular fitness;
SAF: Speed/Agility fitness. Significant association: * p < 0.05.

3.1. Primary Outcome

Figure 1A shows independent differences (mean ± SE) between the adolescents’
cognitive performance according to SVI levels (low-SVI: 103.7 ± 0.6, mid-SVI: 102.1 ± 0.5,
and high-SVI: 97.7 ± 0.4; F(6,905) = 18.5; p < 0.001; n2p = 0.087). No difference was observed
between low- and mid-SVI levels (p = 0.098; Cohen’s d = 0.19), while significant differences
were found between mid- and high-SVI levels (p < 0.001; Cohen’s d = 0.52) and low- and
high-SVI levels (p < 0.001; Cohen’s d = 0.72). Figure 1B shows that fit adolescents had
higher cognitive performance than their unfit peers (unfit: 99.1 ± 0.4, fit: 102.0 ± 0.4;
F(5,906) = 8.93; p < 0.001; n2p = 0.024; Cohen’s d = 0.34).

Figure 1C shows combined differences between cognitive performance according to
SVI and fitness levels (F(11,900) = 12.0; p < 0.001). Intra-group analyses found a statistical
difference in the high-SVI group between fit and unfit adolescents (high-SVI/fit: 99.3 ± 0.7
vs. high-SVI/unfit: 96.6 ± 0.6; p = 0.034; Cohen’s d = 0.32) and a statistical trend between
fit and unfit adolescents in the mid-SVI group (mid-SVI/fit: 103.7 ± 0.8 vs. mid-SVI/unfit:
101.0 ± 0.7; p = 0.125; Cohen’s d = 0.32). No difference was observed in the low-SVI group
(low-SVI/fit: 104.5 ± 0.7 vs. low-SVI/unfit: 103.2 ± 1.0; p = 0.859; Cohen’s d = 0.16).

Inter-group comparisons found a trend between high-SVI/fit and mid-SVI/unfit
levels (p = 0.465; Cohen’s d = 0.21). No difference was observed between adolescents
from the mid-SVI/fit group and the low-SVI/unfit group (p = 0.999; Cohen’s d = 0.06)
(Figure 1C).
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included in the mediation analysis. All variables were associated significantly; nonethe-
less, the SVI was negatively related to fitness scores and cognitive performance. A positive 
association was observed between fitness scores and children’s cognitive performance. 
No multicollinearity was observed (VIF range between 1.021 to 1.473). 

Table 2. Zero-order correlations among principal study variables. 

 School Vulnerability Levels Global Cognitive Performance 
Global fitness score rho-0.206 * r 0.208 * 

CRF rho-0.193 * r 0.186 * 
MF rho-0.226 * r 0.182 * 
SAF rho-0.065 * r 0.151 * 

Global cognitive performance rho-0.321 * -- 
Zero-order correlations (Pearson's r or Spearman's rho); CRF: cardiorespiratory fitness; MF: Mus-
cular fitness; SAF: Speed/Agility fitness. Significant association: * p < 0.05. 

Figure 2 shows the total and specific mediation percentage and indirect effect signif-
icance among SVI levels by fitness components on adolescents’ cognitive performance. 
The four fitness variables mediated the association between SVI and cognitive perfor-
mance significantly (“overall mediation”), global fitness score by 9.0%, CRF by 5.6%, MF 
by 7.1%, and SAF by 2.8%. However, each fitness component (as mediator) lost significa-
tive mediation effect when the other two fitness components were included in model 2. 

Regarding the fitness mediation effect through a sequential multicategory analysis 
by SVI level (“mediation between SVI levels”), the main statistical differences were found 
between the low- and mid-SVI and low- and high-SVI. CRF and MF lost the significant 
mediation effect after controlling for model 2. SAF was the only one that remained signif-
icant after adjusting to the other two fitness components (between low- and mid-SVI, and 
mid- and high-SVI). A detailed mediation summary as supplementary material (Table S1). 

Figure 1. Cognitive performance according to school vulnerability and global fitness levels. (A) Cognitive performance
according to school vulnerability index levels; (B) Cognitive performance according to level of global fitness; (C) Cognitive
performance according to level of global fitness and school vulnerability index levels. Estimated mean marginal and 95% CI.
Normal distribution of the cognitive percentile score with a mean of 100. * indicate p < 0.05; t indicates a trend (Cohen’s
d > 0.2 and p > 0.05).

3.2. Secondary Outcome

Table 2 shows zero-order correlation coefficients among the study’s main variables
included in the mediation analysis. All variables were associated significantly; nonetheless,
the SVI was negatively related to fitness scores and cognitive performance. A positive
association was observed between fitness scores and children’s cognitive performance. No
multicollinearity was observed (VIF range between 1.021 to 1.473).

Table 2. Zero-order correlations among principal study variables.

School Vulnerability Levels Global Cognitive Performance

Global fitness score rho-0.206 * r 0.208 *

CRF rho-0.193 * r 0.186 *

MF rho-0.226 * r 0.182 *

SAF rho-0.065 * r 0.151 *

Global cognitive performance rho-0.321 * –
Zero-order correlations (Pearson’s r or Spearman’s rho); CRF: cardiorespiratory fitness; MF: Muscular fitness;
SAF: Speed/Agility fitness. Significant association: * p < 0.05.

Figure 2 shows the total and specific mediation percentage and indirect effect signifi-
cance among SVI levels by fitness components on adolescents’ cognitive performance. The
four fitness variables mediated the association between SVI and cognitive performance
significantly (“overall mediation”), global fitness score by 9.0%, CRF by 5.6%, MF by
7.1%, and SAF by 2.8%. However, each fitness component (as mediator) lost significative
mediation effect when the other two fitness components were included in model 2.

Regarding the fitness mediation effect through a sequential multicategory analysis
by SVI level (“mediation between SVI levels”), the main statistical differences were found
between the low- and mid-SVI and low- and high-SVI. CRF and MF lost the significant me-
diation effect after controlling for model 2. SAF was the only one that remained significant
after adjusting to the other two fitness components (between low- and mid-SVI, and mid-
and high-SVI). A detailed mediation summary as supplementary material (Table S1).
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4. Discussion

The primary aim of this study was to compare differences between school vulnera-
bility groups, fitness levels, and their combination in adolescent cognitive performance.
Overall, independent differences showed that higher SVI was attributed to lower cognitive
performance, whereas adolescents who were fit had a higher cognitive performance. The
combined difference (SVI and fitness levels) allowed us to determine two main findings.
First, fit adolescents belonging to the high- and mid-SVI levels had higher cognitive perfor-
mance than their unfit peers. Second, fit adolescents from higher-SVI levels showed no
cognitive differences with their unfit peers from lower SVI groups.

The secondary aim was to determine the role of global fitness mediation and its
components (CRF, MF, and SAF) in the association between school vulnerability levels and
adolescent cognitive performance. In general, mediation percentages of 9.0%, 5.6%, 7.1%,
and 2.8% were observed for the global fitness score, CRF, MF, and SAF, respectively. Besides,
the mediation effect was statistically significant between the low-SVI group and the other
two levels (mid- and high-SVI) but not between mid- and high-SVI levels. Finally, when
a fitness component was adjusted for the other two components, we did not observe any
mediation, demonstrating the high interdependence among the three fitness components.

4.1. Independent and Combined Differences between Fitness, SVI, and Cognitive Performance

Our findings from the independent differences are in line and supported by various
studies in this research field [15,32–35]. On the one hand, increased physical fitness has
shown a positive influence over several cognitive skills which have been evaluated in
the present study and conformed the global cognitive performance indicator, such as
short-term visual memory and working memory [32], reasoning [33], processing speed [34],
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intelligence [35], and global cognitive performance [15]. On the other hand, children and
adolescents immersed in social contexts with low household income [1,36], low parental
education [36], and poverty [37] evidence lower cognitive performance. Both physical fit-
ness and social vulnerability seem to influence cognitive skills in children and adolescents
through a broad diversity of brain health markers such as depressive symptoms, cortisol lev-
els, neuroelectric activity, brain function, and brain macro- and microstructure [12,38–40].
Thereby, it is plausible to speculate based on the literature and our findings concerning a
possible competitive process between these two environmental factors that would be more
accentuated during sensitive development stages, like adolescence [12,39].

To our knowledge, to date, there is no study exploring the combination of socioeco-
nomic factors, physical fitness, and cognitive functioning in adolescents, focusing on the
protective social role of physical fitness. Important to note is that the limited evidence on
this area has been performed mainly in developed countries [41,42], using socioeconomic
variables as covariates [43,44] and focusing on academic achievements as the primary
outcome [41,42]. Only one study involving the present adolescent population showed a
positive association between SVI and physical activity, and between physical activity and
physical fitness (CRF, MF, and SAF) [45]. These findings point out that adolescents from
schools with high vulnerability could accumulate more physical activity than their peers
from a better social background; nonetheless, this favourable link could be lessened due to
the inverse relationship between SVI and physical fitness [45].

Our results indirectly showed that when a fitness cut-point is established (in our
case, the median on the global fitness score), it was possible to detect cognitive differences
between fit and unfit adolescents belonging to the two highest SVI levels (high- and
mid-SVI). Thus, a minimum level of fitness seems to be necessary to observe benefits at
the cognitive level. Hence, although increasing physical activity level is encouraged in
childhood to counteract the high rates of physical inactivity and sedentary behaviour [17]
and, in turn, improve their cognitive profile [12], the primary outcome and strategy must
be focused on increasing adolescent physical fitness [45]. Supporting this statement, many
studies have shown that physical fitness is strongly associated with cognitive and academic
achievements rather than physical activity alone [46,47].

Considering the time adolescents spend in schools, the low student performance on
standardised tests [48,49], and the negative global trend on physical fitness [17], the scholar
community plays a crucial role, which must be accompanied by a robust policy within
the school setting [50]. In this way, the school’s social environment is shown to be more
determinant than other social variables such as SES and the family per se [21,51]. This
is because children’s lower cognitive profile from a low SES seems to be affected by the
lack of experiences (i.e., enriched environment) rather than permanent deficits in executive
function development mechanisms [52]. Thereby, schools can apply diverse activities and
experiences increasing physical fitness and cognitive skills, even simultaneously [53,54],
which would reduce the detrimental impact of social inequalities and disadvantages on
children and adolescents.

4.2. The Mediation Role of Fitness between SVI and Cognitive Performance

Our study contributed to three relevant findings related to the mediation role of fitness.
The first, the global fitness score and all its components seemed to mediate the relationship
between SVI and cognitive performance. Second, the three fitness components showed
high interdependence; thereby, all of them and not only one contribute to the mediation
role of the global fitness score. And third, the mediation role of fitness was significant only
when high- and mid-SVI levels were compared to the low-SVI group but not between the
highest two SVI levels (high vs. mid-SVI).

There are only a few studies in this research area, which makes possible comparisons
difficult. In this sense, a structural equation model by Lemes et al. [45] involving this ado-
lescent sample showed that SVI (same indicator used in the present study) was negatively
and directly associated with the global cognitive performance and presented an indirect
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relationship with cognition mediated by the adolescent global fitness level [45]. Whereas
the study by Andersen et al. [42], similar to our approach, states that physical fitness could
mediate around 18% and 30% the association between SES (education or family income,
respectively) and academic achievement in a Danish school cohort.

We speculate that the mediation effect observed in our study (ranged 2.8% to 9.0%)
was lower than that obtained by Andersen et al. [42] due to differences (a) at the social
and economic level between countries (Denmark vs. Chile), (b) in predictors (education
or family income vs school vulnerability), (c) on the outcome (academic achievements vs
cognitive performance), and (d) on the mediator included (CRF vs a global fitness score).
Overall, the study by Lemes et al. [45], Andersen et al., [42] and the present one highlight
the crucial role of physical fitness in order to mitigate the influence of school vulnerability
and social disadvantages over cognitive functioning and academic achievement, two crucial
predictors of adulthood SES, mental health, and problem behaviour [5].

Regarding differences among SVI levels related to the mediation role of fitness, our
findings align with the study by De Greeff et al. [41] in the academic field. This research
showed a positive association between CRF with mathematics and spelling, moderated by
children’s socioeconomic level. Similar findings were established by Pate et al. [20] in a
large sample size of schoolchildren from the USA, showing that poverty moderates the
association between CRF and academic achievement.

Supporting both findings, a study involving 1091 children and adolescents, which
analysed brain cortical thickness through high-resolution magnetic resonance imaging
technic, found that associations between cortical thickness and cognitive performance
varied by SES for both language and executive function abilities [55]. Adding to this, it has
been established that children and adolescents’ participation in sports and physical activity
also depends on their SES [56]. However, it is also true that providing opportunities for
exercising (improving the types and quality of resources) is an effective strategy to increase
physical activity and reduce socioeconomic disparities [57].

Thus, early interventions reducing social gaps, especially in disadvantaged popu-
lations and involving schools could mitigate schoolchildren’s adverse cognitive perfor-
mance [58,59]. Nowadays, implementing programs that promote physical fitness and
cognitive development becomes even more relevant due to the potential impact of COVID-
19 at social, economic, academic, and health levels [60–62], which could exacerbate the
cognitive gap caused by social inequalities in children and adolescents.

4.3. Strengths and Limitations

This study contributes to the geographical gap in this research area, being to the best
of our knowledge, the first in Latin America and worldwide evaluating the association
combined and mediation role of physical fitness between a school vulnerability-related
factor and cognitive performance in a large sample of adolescents. Thus, this study seems
to be the first in showing a “narrowing” in the adolescent’s cognitive gap related to
school vulnerability through a modifiable, low-cost, and practical factor, such as physical
fitness. Moreover, our analyses include several covariates, but one of them, the BMIz,
has been widely related to low cognitive and academic performance in children and
adolescents [36,63]. In this way, this methodological approach adds more confidence to
our findings, and it is crucial to mention because Chilean children and adolescents present
one of the highest rates of overweight and obesity worldwide (54%) [64].

Another relevant point to highlight is that we have used two global scores related to
fitness and cognition. This might be considered a strength due to the complexity of these
measures that might be evaluated, ideally, considering the diversity of its components [52].
Hence, we conformed two robust and realistic measures because people generally have
improved certain components over others (e.g., cardiorespiratory more than muscular
strength, or working memory more than inhibitory control). Finally, the main limitation of
the study was its cross-sectional approach, excluding causal inferences. Similarly, emotional
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variables such as motivation and self-esteem and the lack of a personal socioeconomic
indicator must be considered to rule out residual confounding.

5. Conclusions

In conclusion, both SVI and physical fitness are powerful and decisive factors associ-
ated with adolescent cognitive performance. Additionally, the negative SVI relationship
on cognitive performance seems to be ameliorated in adolescents with an adequate phys-
ical fitness level. This beneficial association is shown to be more evident in adolescents
belonging to more unfavourable social backgrounds. In this sense, the present study shows
that physical fitness and all its components (CRF, MF, and SAF) should be deemed as a
protective social factor associated with narrowing the cognitive gap in adolescents linked
to social vulnerability. This study calls public policymakers to encourage the government,
school establishments, and parents to double efforts promoting physical activity, focusing
on enhanced physical fitness as a primary outcome. This relatively low-cost and accessible
measure could help in reducing social disadvantages and inequalities from the early stages;
however, this assumption must be confirmed through future experimental studies.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph181910073/s1. Table S1. Fitness mediation analyses on adolescents’ cognitive perfor-
mance by SVI levels according the two models.
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