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Background: Physical fitness and fatness converge simultaneously modulating cognitive
skills, which in turn, are associated with children and adolescents’ socioeconomic
background. However, both fitness components and fat mass localization are crucial
for understanding its implication at the cognitive level.

Objective: This study aimed to determine the mediation role of a global physical fitness
score and its components on the association between different fatness indicators related
to fat distribution and adolescents’ cognitive performance, and simultaneously explore
the influence of school vulnerability.

Methods: In this study, 1,196 Chilean adolescents participated (aged 10–14; 50.7%
boys). Cardiorespiratory fitness (CRF), muscular fitness (MF), and speed-agility fitness
(SAF) were evaluated, and a global fitness score (GFS) was computed adjusted for
age and sex (CRF + MF + SAF z-scores). Body mass index z-score (BMIz), sum-
of-4-skinfolds (4SKF), and waist-to-height ratio (WHtR) were used as non-specific,
peripheral, and central adiposity indicators, respectively. A global cognitive score was
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computed based on eight tasks, and the school vulnerability index (SVI) was registered
as high, mid or low. A total of 24 mediation analyses were performed according to
two models, adjusted for sex and peak high velocity (Model 1), and adding the school
vulnerability index (SVI) in Model 2. The significance level was set at p < 0.05.

Results: The fitness mediation role was different concerning the fatness indicators
related to fat distribution analyzed. Even after controlling for SVI, CRF (22%), and SAF
(29%), but not MF, mediated the association between BMIz and cognitive performance.
Likewise, CRF, SAF and GFS, but not MF, mediated the association between WHtR and
cognitive performance (38.6%, 31.9%, and 54.8%, respectively). No mediations were
observed for 4SKF.

Conclusion: The negative association between fatness and cognitive performance
is mitigated by the level of adolescents’ physical fitness, mainly CRF and SAF. This
mediation role seems to be more consistent with a central fat indicator even in the
presence of school vulnerability. Strategies promoting physical fitness would reduce the
cognitive gap in children and adolescents related to obesity and school vulnerability.

Keywords: cognition, physical activity, children, school, obesity, fatness, fat distribution

INTRODUCTION

An excess of body fat has been associated with a diversity
of metabolic, cardiovascular, and mental health conditions
(Halfon et al., 2013; Sahoo et al., 2015). Children and
adolescents with overweight or obesity present lower cognitive
functioning (Esteban-Cornejo et al., 2020) in several cognitive
domains such as attention, executive functioning, memory,
and visuospatial performance (Liang et al., 2014). An adequate
cognitive development in childhood is crucial for both short
and long-term, due to its future impact on predictors related
to socioeconomic status, health, and behavior, which might
counteract the adverse effect of children’s social environment
(Feinstein and Bynner, 2004).

In this sense, social disadvantages and inequalities have been
related to worse cognitive developments and obesity in childhood
(Ruiz-Hermosa et al., 2019; Vazquez and Cubbin, 2020). For
instance, children and adolescents living in a vulnerable context
showed increased cortisol levels, reduced gray and white brain
matter, lower performance in working memory, inhibitory
control, and cognitive flexibility (Ursache and Noble, 2016b)
and thereby, a lower performance in their general cognitive
functioning (Hackman and Farah, 2009; Brito and Noble, 2014).
Thus, both obesity and social vulnerability converge, affecting
normal cognitive development in children and adolescents. This
complex scenario might be mitigated in early stages such as
adolescence when the brain defines its structure and functioning,
and still it is possible to evoke behavioral changes (Herting and
Chu, 2017; Stillman et al., 2020).

Many strategies have been suggested to improve children
and adolescents’ cognitive performance (Diamond and Ling,
2016; Schoentgen et al., 2020). For this purpose, physical
fitness seems to be an enjoyable and low-cost approach
associated with reducing body fat mass and the influence of

social vulnerability (Yang et al., 2007; Åberg et al., 2009).
For instance, a study in children aged 5–7 years showed
that physical fitness mediates the adverse relationship between
body mass index and cognitive performance, and this outcome
seems to be independent of socioeconomic vulnerability (Ruiz-
Hermosa et al., 2019). Furthermore, a study using a structural
equation model established that adolescents’ physical fitness
mediates the relationship between body mass index and
cognitive performance (Lemes et al., 2021). Nonetheless, school
vulnerability presented an inverse association with cognitive
performance, which was only partially mediated by physical
fitness (Lemes et al., 2021). Therefore, current evidence suggests
a positive influence of the physical fitness level in the association
between fatness and cognitive functioning, which could even be
maintained despite the detrimental impact of the children’s social
background.

Despite this evidence, there are still gaps to cover in order
to improve global understanding in this research area. Some
authors point out that cardiorespiratory fitness (CRF) has been
the most studied fitness indicator on cognition (Esteban-Cornejo
et al., 2017; Kao et al., 2017), but scarce evidence has explored
how other fitness components such as muscular fitness (MF) and
speed-agility fitness (SAF) are related to cognitive functioning.
Similarly, fatness indicators have been limited mainly to the
use of the body mass index (Ruiz-Hermosa et al., 2019);
nevertheless, evidence indicates that the location of fat mass
is crucial. For instance, visceral fat seems to affect cognitive
functioning to a greater extent than other general (non-specific)
or peripheral indicators (Schwartz et al., 2013). Also, longitudinal
and bidirectional evidence in children and adolescents have
shown that fatness may play a more relevant role in the risk
of developing metabolic syndrome compared with CRF (Reuter
et al., 2021), and that fatness changes were associated with future
CRF levels, independently of baseline CRF (Perez-Bey et al.,
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2020). The aforementioned, support our theoretical approach
considering fatness as a predictor of cognitive performance.

Therefore, the present study aims to determine the mediator
role of CRF, MF, SAF, and a global fitness score (GFS)
on the association between fatness indicators related to fat
distribution such as body mass index z-score (BMIz), sum-of-4-
skinfolds (4SKF), and waist-to-height ratio (WHtR; non-specific,
peripheral, and central adiposity indicators, respectively) and a
global cognitive score in adolescents. Furthermore, this study
explored the influence of the school vulnerability index (SVI) as a
covariate. It is hypothesized that the GFS and all its components
mitigate the inverse relationship between fatness indicators and
cognitive performance and that mediation effects remain stable
even when SVI is included in the model. At the same time,
it is hypothesized that WHtR could be the most consistent fat
indicator compared to BMIz and 4SKF, in the mediation role of
fitness, due to its greater specificity.

MATERIALS AND METHODS

This study is part of the Cogni-Action Project, which determines
the associations of physical activity, sedentary behavior, and
physical fitness with brain structure and function, cognitive
performance, and academic achievement in a large sample of
Chilean adolescents (Solis-Urra et al., 2019). It was conducted
from March 2017 to October 2019 and involved adolescents
from the public, subsidized, and private schools in Valparaíso,
Chile. The project was approved by the Ethics Committee of
Pontificia Universidad Católica de Valparaíso (BIOEPUCV-
H103-2016) and was registered in the Research Registry (ID:
researchregistry5791). Written consents or assents were obtained
before participation from corresponding school principals,
parents, and adolescents. The present study was performed
according to STROBE guidelines (Strengthening the Reporting
of Observational Studies in Epidemiology) for cross-sectional
studies (von Elm et al., 2008).

Study Population
The sample size was calculated based on the total enrolment of
children and adolescents between grades 5–8, according to the
student universe (n = 951, 962) indicated by the Ministry of
Education. More information about sample size estimation can
be found elsewhere (Solis-Urra et al., 2019). Overall, a total of
797 participants were needed for representativeness, nonetheless,
1,296 adolescents (10–14 years old) from 19 schools participated
in the project. Important to note, this project and study use
the definition of adolescence which establishes it as the period
between 10–24 years of age (Sawyer et al., 2018). Inclusion
criteria for this project were girls and boys from grades 5–8,
while the exclusion criteria for this study were incomplete fitness,
fatness, cognitive and covariates data. Finally, 1,196 participants
were included in this study.

Measurements
Adolescents were evaluated at schools in two sessions of 4 h
separated by 8 days. Cognitive performance and anthropometric
measurements were assessed in the first session, whereas physical

fitness was evaluated in the second session. Trained staff
evaluated all variables; moreover, adolescents had familiarization
trials before each test.

Physical Fitness Assessment
The ALPHA-fitness test battery was used to evaluate three
physical fitness components (CRF, MF, and SAF) by four
different field-based tests. The validity and reliability of this
battery have been described in previous research (Ruiz et al.,
2011). It was suggested to wear suitable sportswear to perform
tests in sport or indoor fields during the morning (between 9:30
and 12:00). Instructions were verbally provided, and each test
was explained and demonstrated to ensure optimal performance.
Adolescents practised the tests and performed them when they
felt prepared to start.

Global Fitness Score
To compute the GFS, physical fitness was assessed through the
ALPHA fitness test battery, which evaluates three main fitness
components, CRF, MF, and SAF (Ruiz et al., 2011). A z-score of
each component was calculated adjusted for age and sex, and all
three were added. The evaluations carried out are detailed below.

Cardiorespiratory Fitness
The 20-m shuttle run test was used to evaluated CRF grouping
between eight to 10 participants, and they were guided to the
starting line. The run rhythm (pace) was indicated by a sound
signal and started at 8.5 km/h, increasing 0.5 km/h every minute.
They started the test from the starting line and had to run
20 meters to the second line and wait for the next signal to
run back to the starting line. A physical education teacher ran
beside the adolescents during the first 2 min to ensure the correct
progression and adaptation to the test. The trial ended when
participants could not keep the velocity of the test or failed to
reach the line twice. Total time in seconds was registered as
previously recommended (Tomkinson et al., 2019). Lastly, a z-
score according to age and sex was created as a normalized CRF
score.

Muscular Fitness
The MF indicator was calculated according to upper and lower
limb strength. The maximum handgrip strength was used to
evaluate upper limb strength using a dynamometer (Jamar
Plus+ Digital Hand Dynamometer, Sammons Preston, USA),
previously adjusted for participants’ hand size (measures of
0–90 kg and 0.1 kg precision). The test was performed on both
hands (twice) with a fully extended elbow in a standing position,
registering the maximum score. A relative measure of upper limb
strength was calculated, dividing the best score (both hands) by
body weight.

The standing long jump test was used to determine the lower
limb strength. Adolescents must stand with both feet in parallel
behind the starting line. They had to jump on the verbal signal
as far as possible with both feet simultaneously. They performed
twice this test, resting 1 min between attempts, and the longest
jump was recorded in centimetres. Lastly, sex- and age-specific z-
score from the upper and lower limb tests were added to calculate
the MF score.
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Speed-Agility Fitness
The 4 × 10 m shuttle run test was used to determine SAF,
which involves the speed of movement, agility, and coordination.
This test consists of running between two lines (5 m in width)
separated by 10 m in length, with both lines having a cone
placed as a point reference. Every participant had to run as fast
as possible, and on reaching the first line, they had to grab a
cloth located ∼50 cm and run back, carrying it to the start line
(this procedure was repeated three times). After that, they had to
repeat the sequence until the ending of the test. Every adolescent
had two opportunities, and the fastest time was recorded in
seconds. Furthermore, time was multiplied by−1; a higher score
means a better performance. Lastly, a z-score according to age
and sex was created as a normalized SAF score.

Cognitive Performance
Cognitive performance was evaluated using the NeuroCognitive
Performance Test (NCPT) from Lumos Labs, Inc., which
has demonstrated acceptable reliability and validity to assess
cognitive performance (Morrison et al., 2015). This test based
on a web-based platform allows measuring several cognitive
domains such as working memory, visuospatial memory,
psychomotor speed, fluid and logical reasoning, response
inhibition, numerical calculation, and selective and divided
attention.

The NCPT was taken in groups of 25 participants (each
one had a laptop provided by the research team) in school
classrooms, lasting roughly 1 h the entire session. First of
all, the session’s objective was provided through a brief
explanation, demonstration, practice, and execution before
each test. Furthermore, any adolescents’ questions about the
procedure were immediately answered by an instructor before
starting each cognitive test. A summary of all cognitive tests
is shown in Supplementary Figure 1, and more information
about them can be found in previous research (Morrison et al.,
2015; Solis-Urra et al., 2019). Finally, following the original
battery procedure, each test was scaled according to a normal
inverse transformation of the percentile rank (Morrison et al.,
2015). Hence, it calculated a score derived on the same normal
distribution with a mean and standard deviation of 100 and 15.

Fatness Indicators
General and non-specific indicator of adiposity (BMIz): The
height and weight were measured with a digital scale OMRON
(HN-289-LA, Kyoto, Japan) with a precision of 0.1 kg and
a portable stadiometer SECA (model 213, GmbH, Germany)
with a precision of 0.1 cm, respectively. The World Health
Organization, 2007 growth reference was used to determinate
BMIz for school-age children (de Onis et al., 2007).

Peripheral adiposity indicator (4SKF): Triceps, biceps,
subscapular, and suprailiac skinfolds were measured with a Slim
Guide calliper (Creative Health Products, Plymouth, Michigan,
United States) and added to calculate the 4SKF (Cristi-Montero
et al., 2019).

Central adiposity indicator (WHtR): The minimum waist
circumference was assessed with an inextensible tape (Lufkin,

Apex, NC, Unites States), and then it was divided by height in
centimetres to obtain WHtR (waist[cm]/height [cm]).

Covariates
Sex, peak high velocity (PHV), and SVI were used as covariates.
Sex has been considered a relevant moderator in this research
area because visceral fatness, for instance, may impact more
strongly in female subjects (Schwartz et al., 2013). Likewise,
there is a significant interindividual variance in biological
maturation timing among adolescents (Lloyd et al., 2014).
Thereby, differences between chronological and biological age
would be reflected in brain development or cognitive abilities
(Brown et al., 2012). Hence, PHV was calculated as a maturity
indicator (Moore et al., 2015), subtracting the PHV age from the
chronological age. Differences among years were established as a
maturity offset value.

Socioeconomic status is a potent predictor of diverse
domains such as language skills, executive function, memory,
and social-emotional processing (Ursache and Noble, 2016a).
However, in Latin-American countries, school characteristics
(i.e., economic, social, and cultural status) seem to be a stronger
predictor of adolescents’ cognitive and school performance
than socioeconomic status (Flores-Mendoza et al., 2015). SVI
is an index to measure students’ socioeconomic vulnerability
at public/subsidized funding schools. It involves the family’s
socioeconomic status, the educational level of parents-tutors,
student health condition, physical and emotional wellbeing, and
school location (López et al., 2017). Then, schools were classified
as low (<10), middle (≥10 to <60), and high (≥60) SVI. A value
of zero is assigned to private schools.

Statistical Analysis
Descriptive statistics are shown as mean and standard deviation.
Parametric tests (t-student, correlations, and mediations) were
used to conduct all analyses, as indicated by the central limit
theorem for sample sizes over 500 participants (Lumley et al.,
2002). Simultaneously, a Q-Q plot (quantile-quantile plot) was
used for checking normality visually. Neither interaction by sex
nor by age was observed, thereby all analyses are presented
together for boys and girls and adolescents between 10 and
14 years old. However, Table 1 (participants’ characteristics)
gives information about boys, girls, and all together to have a
global vision of the study participants.

The t-Student test was performed to compare boys’ and girls’
characteristics. Associations among fatness indicators, fitness
components, and cognitive performance were performed by
Pearson correlations (continuous variables) and Kendall’s tau-b
to SVI (categorical variable). Moreover, multicollinearity was
checked before performing the mediation analysis. Considering
the high rate of participation and representativeness, missing
data were not imputed.

The mediation model is presented in Figure 1. Overall,
24 mediation analyses were performed considering predictors
(BMIz, 4SKF or WHtR), mediators (global fitness, CRF, MF,
or SAF), outcome (cognitive performance), and two models
(covariates). The general mediation model was structured as
follows: equation (a) consisted of the predictor by the mediator;
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TABLE 1 | Participants’ characteristics.

All Boys Girls
n Mean ± SD n Mean ± SD n Mean ± SD p-value

Age (years) 1,196 11.71 ± 1.06 606 11.68 ± 1.05 590 11.74 ± 1.08 0.312
Weight (kg) 1,183 50.28 ± 11.91 603 49.38 ± 11.99 580 51.21 ± 11.76 0.002
Height (cm) 1,183 152.41 ± 9.24 603 152.24 ± 10.19 580 152.57 ± 8.13 0.206
PHV 1,183 −0.55 ± 1.21 603 −1.28 ± 0.93 580 0.21 ± 0.98 <0.001
BMIz 1,183 1.04 ± 1.07 603 1.07 ± 1.10 580 1.01 ± 1.03 0.244
4SKF (mm) 1,150 64.56 ± 27.47 587 57.05 ± 23.77 563 72.40 ± 28.87 <0.001
WHtR 1154 0.46 ± 0.06 587 0.46 ± 0.06 567 0.45 ± 0.06 <0.001
SVI 1,196 56.08 ± 35.12 606 57.61 ± 34.16 590 54.51 ± 36.04 0.128
Cognitive performance 1,196 100.02 ± 4.85 606 99.70 ± 4.88 590 100.34 ± 4.80 0.021
Global fitness score 912 0.01 ± 3.10 460 −0.01 ± 3.21 452 0.03 ± 2.98 0.845
CRF (zscore) 967 0.00 ± 1.00 491 0.00 ± 1.00 476 0.00 ± 1.00 0.602
MF (zscore) 975 0.02 ± 1.68 489 0.03 ± 1.73 486 0.02 ± 1.62 0.960
SAF (zscore) 976 0.00 ± 1.00 492 0.00 ± 1.00 484 0.00 ± 1.00 0.689

SD, standard deviation; PHV, peak high velocity; BMIz, body mass index (zscore); 4SKF, sum-of-4-skinfolds; WHtR, waist-to-height ratio; SVI, school vulnerability index; CRF,
cardiorespiratory fitness; MF, muscular fitness; SAF, speed-agility fitness. Bold values indicate statistical significance.

FIGURE 1 | Theoretical approach and general mediation model. BMIz, body mass index (zscore); 4SKF, sum-of-4-skinfolds; WHtR, waist-to-height ratio; GFS,
global fitness score; CRF, cardiorespiratory fitness; MF, muscular fitness; SAF, speed-agility fitness; PHV, peak high velocity; SVI, school vulnerability index.

equation (b) was defined as a mediator by the outcome; equation
(c) consisted of the predictor by the outcome; and finally,
equation (c’) consisted of predictor andmediator by the outcome.
Bias was reduced, adjusting analyses to relevant covariates;
thus, two models were performed to test our objectives and
hypotheses. Model 1: adjusted for sex and PHV, and model
2: adjusted for sex, PHV, and SVI. Note that: (a) the models
were not adjusted for other fitness components to facilitate
comparison between the percentage of mediation with the GFS
(composed by the sum of the three fitness components); and
(b) sample size by analysis changes depending on if participants
have measures of all their variables (fatness, fitness, cognitive
and covariates). Detailed sample size by analysis is presented as
Supplementary Material (Supplementary Tables 1–3).

To evaluate the mediation effect, bootstrapping with
5,000 samples linear regression analysis was performed
(Preacher and Hayes, 2008) through PROCESS SPSS script
(Hayes, 2013). The indirect effect was considered significant

if zero was outside the 95% confidence interval (Field, 2013).
Percentage of mediation was estimated as 1– (equation c’ /
equation c). Finally, the mediation was classified according
to Nitzl et al. (Nitzl et al., 2016) as: (a) ‘‘Indirect-only’’ (Full
mediation): the indirect effect only exists through the mediator,
this means the indirect effect exists, but no direct effect; (b)
‘‘Complementary’’ (Partial mediation): a portion of the effect
of the predictor on the outcome variable is mediated through
the mediator, whereas predictor still explains a portion of
outcome variable that is independent of a mediator, that means
that the indirect and direct effect exists and point in the same
direction; (c) ‘‘Competitive’’ (Partial mediation): the same as the
complementary classification, both the indirect and direct effect
exists but point in different directions; (d) ‘‘Direct-only’’ (No
mediation): the direct effect exists, but no indirect effect; and (e)
‘‘No effect’’ (No mediation): neither direct and indirect effect
exists (Zhao et al., 2010). For all analyses, the significance level
was set at p <0.05.
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RESULTS

Table 1 displays participants characteristics and differences by
sex (boys 50.7% and girls 49.3%). Statistical differences in weight,
PHV, WHtR, 4SKF and cognitive performance were found.

The correlation matrix among fatness indicators (i.e., BMIz,
4SKF, WHtR), fitness indicators (i.e., GFS, CRF, MF and SAF),
SVI and cognitive performance are presented in Table 2. Overall,
all physical fitness variables were negatively correlated with
fatness indicators. In contrast, physical fitness variables were
positively associated with cognitive performance, and fatness
variables were negatively related to cognitive performance.
Moreover, all correlations were statistically significant.

Table 3 shows a summary of all study mediations. Overall, it
is possible to observe the variation in each meditation percentage
and classification according to model 1 and 2. For BMIz: both
CRF and SAF presented a ‘‘complementary’’ mediation (model
1) which changed to ‘‘Indirect only’’ mediation in model 2. The
final mediation percentages (model 2) were 22.0% (SAF) and
29.0% (CRF). GFS and MF did not have any mediation effect
after controlling for SVI (model 2). In 4SKF: the global fitness
and all its components did not mediate the association between
4SKF and cognitive performance after controlling the analysis
for SVI (model 2). For WHtR: GFS, CRF, and SAF presented
a full mediation effect (‘‘Indirect only’’) in both models. The
final mediation percentages (model 2) were 31.9% (SAF), 38.6%
(CRF), and 54.8% (GFS). MF did not have any mediation effect.
A complete description of all mediation analyses is presented as
Supplementary Material (Supplementary Tables 1–3).

DISCUSSION

This study aimed to determine the mediation role of a GFS
and its components on the association between different fatness
indicators related to fat distribution and a global cognitive score
in adolescents and exploring the influence of SVI. Concerning
the mediations, first, the influence of physical fitness as a
mediator was modified according to what kind of fatness
indicator related to fat distribution was analyzed; second, the
GFS, CRF, and SAF showed a significant mediation role, whereas
MF did not; and third, the SVI inclusion in the second model
tends to modify the percentage and mediation’s classification;
nonetheless, the favorable fitness role in the association between
WHtR and cognitive performance seems to not be affected.

Differences in Fitness Component
Mediations
To date, the positive association between physical fitness and
cognition is well-established in the literature (Donnelly et al.,
2016). However, it is crucial in this research area to expand the
exploratory approach to multiples fitness components due to the
personal preferences of type of exercise and physical activities
(which could improve a particular fitness component more than
others), and also due to the differential association between each
fitness component with cognitive skills. Regarding the latter, a
study in children with overweight and obesity showed a positive
association between MF and planning ability, between SAF and
cognitive flexibility and inhibition, and finally CRF and a GFS
with indicators of cognitive flexibility (Mora-Gonzalez et al.,

TABLE 2 | Correlation matrix among fatness, fitness, and cognition variables.

BMIz 4SKF WHtR GFS CRF MF SAF SVI

4SKF 0.730
WHtR 0.830 0.724
GFS −0.425 −0.475 −0.467
CRF −0.341 −0.399 −0.349 0.789
MF −0.458 −0.496 −0.511 0.906 0.558
SAF −0.208 −0.236 −0.235 0.785 0.496 0.547
SVI 0.089 0.054 0.126 −0.160 −0.139 −0.184 −0.054
Cognitive performance −0.102 −0.094 −0.102 0.133 0.124 0.094 0.109 −0.146

BMIz, body mass index standard deviation; 4SKF, sum 4 skinfolds; WHtR, waist-to-height ratio; GFS, global fitness score; CRF, cardiorespiratory fitness; MF, muscular fitness; SAF,
speed-agility fitness; SVI, school vulnerability index. Bold values indicate statistical significance.

TABLE 3 | Findings’ summary concerning the direct and indirect effect according to both models.

BMIz 4SKF WHtR

GFS 43.5%*→ 36.9% = ∆ −6.6
Indirect only→ No effect

40.8%→ 31.8% = ∆ −9.0
No effect→ No effect

51.8%*→ 54.8* = ∆ +3.0
Indirect only→ Indirect only

CRF 32.5%*→ 29.0%* = ∆ −3.5
Complementary→ Indirect only

34.8%→ 29.2% = ∆ −5.6
Direct only→ No effect

36.4%*→ 38.6%* = ∆ +2.2
Indirect only→ Indirect only

MF 26.3%→ 9.7% = ∆ −16.6
Direct only→ No effect

23.0%→ 3.0% = ∆ −20.0
Direct only→ Direct only

31.8%→ 19.1% ∆ −12.7
No effect→ No effect

SAF 19.7%*→ 22.0%* = ∆ +2.3
Complementary→ Indirect only

19.0%→ 19.7% = ∆ +0.7
Direct only→ Direct only

23.1%*→ 31.9%* = ∆ +8.8
Indirect only→ Indirect only

General scheme: Model 1 → Model 2 = Variation on mediation (∆ %); Model 1: Adjusted for sex and PHV; Model 2: Adjusted Model 1 + SVI. * indicates the indirect effect
is statistically significant. 4SKF, sum-of-4-skinfolds; BMIz, Body Mass Index z-score; WHtR, Waist-to-Height Ratio; GFS, global fitness score; CRF, Cardiorespiratory Fitness; MF,
Muscular Fitness; SAF, Speed-Agility Fitness. Mediation classifications: “Indirect-only” (Full mediation): the indirect effect only exists through the mediator, which means the indirect
effect exists, but no direct effect; “Complementary” (mediation): indirect and direct effect exists and point in the same direction; “Indirect-only” (mediation): indirect effect exists, but no
direct effect; “Direct-only” (non-mediation): direct effect exists, but no indirect effect; and “No effect” (non-mediation): neither direct and indirect effect exists. Percentage of mediation
and classification.
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2019). Another study based on the same sample of the present
study showed that CRF, MF and SAF differed in their significant
association according to the cognitive domain studied (cognitive
flexibility, working memory, inhibitory control, or intelligence;
Solis-Urra et al., 2021). In this sense, our findings showed that
the GFS, CRF, and SAF were positively associated with the global
cognitive score and mediated the relation between fatness and
cognition. However, MF did not mediate any association.

These fitness component differences could be explained to
a certain extent by the physiological influence of each one of
them on brain indicators and also mechanisms related to fat
oxidation. On the one hand, activities with a high CRF demand
seem to activate the prefrontal cortex and the hippocampus and
increase neurotrophins related to neurogenesis and angiogenesis
at the cerebral level (Best, 2010). Indeed, children having a
high CRF show greater total gray and white matter volume
(Cadenas-Sanchez et al., 2020). This positive association between
CRF and brain indicators also was observed in MF, SAF,
and GFS. MF has been less studied, being its influence on
brain functioning related to a direct neuromuscular mechanism
boosting the strength and power demand, which seems to
be dependent on the muscular contraction type (Yao et al.,
2016; Solis-Urra et al., 2021). However, the MF influence
in a whole-brain volumetric approach in children seems to
not be independent of CRF (Esteban-Cornejo et al., 2017,
2021). In contrast, SAF involved speed of movements, agility,
coordination, and a mix between power, strength and aerobic
capacity which elicit high cognitive demands (Best, 2010; van der
Fels et al., 2015). Hence, this study speculates that all differences
mentioned could affect the variation in the mediations found
in our study.

On the other hand, these fitness components in children
and adolescents are developed through a diversity of physical
activities (games, sports, physical education classes, active
commuting, etc.) being difficult to isolate the development of
a particular fitness component; however, there is a certain
specificity in some physical activities. Thus, in addition to
activating diverse brain zones to execute complex motor
movements (Best, 2010), physical activities with higher intensity
and duration can significantly increase the energy demand,
which, in turn, improves fat oxidation (Chang et al., 2021),
unlike strength exercises which have shown to be less effective
(Chang et al., 2021). Thereby, recommendations to increase
physical activity focusing on physical fitness improvement in
children and adolescents are crucial to enhance their cognitive
functioning through the direct influence of exercise and physical
activity and indirectly, reducing the detrimental impact of
fat on health.

Fatness Indicators Related to Fat
Distribution
Our findings reinforce the relevance of studying fatness
indicators related to its distribution, showing that the fitness
mediator role depends on the fatness indicator studied.
Overall, excess adiposity in children and adolescents has been
linked to higher inflammatory markers, which in turn, is a
risk factor for neurodegeneration and cognitive impairment

(Trollor et al., 2012; Caminiti et al., 2016). However, the
three fatness indicators used in this study, which involved
non-specific (BMIz), peripheral (4SKF), and central body fat
distribution markers (WHtR), differ in their level of association
with respect to the low-grade inflammation, becoming more
pronounced as age advances (Cabral et al., 2019a,b). Thus,
BMIz must be considered as a surrogate marker for obesity
which does not differentiate between peripheral and central
obesity, while between 4SKF and WHtR, the latter seems to
be more related to inflammation and cognitive functioning
(Caminiti et al., 2016).

In this sense, our results support the notion that physical
fitness’ mediation role, mainly CRF and SAF, was more sensitive
to WHtR followed by BMIz (no mediation with 4SKF). On
one hand, metanalytic studies have concluded that interventions
including exercise showed to be more effective in reducing
visceral adiposity, regardless of the total body weight loss
(Verheggen et al., 2016); and in children and adolescents with
obesity, it was also observed that exercise is more effective than
diet alone or than the combination between diet and exercise
to reduce visceral fat (Verheggen et al., 2016; Vissers et al.,
2016). On the other hand, a network meta-analysis showed that
high-intensity interval training and aerobic exercise (between
30–60 min duration/session) were the most effective strategies to
reduce visceral fat compared to strength exercise (Chang et al.,
2021). Hence, this study speculates that, first, the mediation
effect found in BMIz could be a consequence of the central fat
included in this marker; and second, children and adolescents
who accumulated more physical activities show increased CRF,
SAF, and the GFS, which would consequently enhance the
efficacy to oxidase and reduce visceral fat (Perez-Bey et al., 2020)
and, in turn, influence cognition.

Exploring SVI
A novel approach of the present study was to explore an indicator
of vulnerability due to their implication in fatness, fitness and
cognitive outcomes in children and adolescents (Jiménez-Pavón
et al., 2010; Ursache and Noble, 2016a). Our findings show
that SVI has a differentiated influence according to the model
analyzed. For BMIz, SVI reduced all mediation effects except
for SAF. However, CRF and SAF mediator role kept their
statistical significance (29% and 22%, respectively). In the case of
WHtR, a different scenario was present because the SVI inclusion
increased the mediation role of the GFS, CRF, and SAF (∆
3.0%, ∆ 2.2%, and ∆ 8.8%, respectively). All of them kept their
statistical significance. Thus, on the one hand, these findings
support our hypothesis showing the higher WHtR’s specificity
compared to 4SKF and BMIz; and on the other hand, they
support CRF and SAF’s relevant role regardless of adolescents’
school vulnerability influence.

The aforementioned is valuable to public health policy
and educative communities, allowing to reduce the cognitive
gap associated with children’s social background and obesity.
Therefore, physical activity and physical fitness programs
could be an efficient and low-cost strategy to improve
cognition performance in children and adolescents, reducing the
detrimental impact of fatness indicators and school vulnerability.
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Strengths and Limitations
A strength of this study is its large sample size of adolescents
from a Latin-American country. This study has also included
a full assessment of several fatness and fitness indicators that
increase understanding in this research area. This study has
used a robust cognitive score calculated by eight different
tasks. Finally, exploring the influence of a vulnerability score
allows this study to establish a novel finding with respect
to the mediator role of fitness regardless of the adolescents’
social background profile. Nonetheless, this study has some
limitations; first, its cross-sectional design implies that the
cause-effect relationships among variables cannot be determined.
Second, physical fitness was evaluated by field-based tests
due to the high costs of gold-standard methods. Lastly,
fatness was evaluated by a double indirect method, which
could increase methodological biases. However, both fitness
and fatness measures are feasible to implement in school
settings.

Conclusion
It is concluded that a higher level of physical fitness, mainly
CRF and SAF, would mediate the detrimental influence of
fatness on adolescents’ cognitive performance. The fatness
indicator related to central fat distribution seemed to be
more consistent, both theoretically and statistically. Finally,
the mediator role of physical fitness in adolescents’ cognitive
performance remains constant even in the presence of an
important school vulnerability indicator, highlighting that it
might play a relevant protective social role. Thereby, public
health and educational strategies promoting physical fitness
improvement through a wide diversity of physical activities
are a determining factor in the reduction of the cognitive
gap caused by obesity and social vulnerability in children and
adolescents.
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