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Objective: This study aims to determine the mediating role of physical fitness

in the relationship between fatness indicators and academic achievement,

exploring the influence of school vulnerability.

Methods: A total of 1,296 Chilean adolescents (aged 10 to 14 years;

50% girls) participated in this study. The global fitness score (GFS) was

obtained by adding the three main components of the ALPHA fitness test:

cardiorespiratory fitness (CRF), muscular fitness (MF), and speed/agility fitness

(SAF). CRF was evaluated through the 20 m shuttle run test; MF by upper

and lower limb strength tests; and SAF by the 4 × 10 shuttle run test.

BMIz and WHtR were evaluated as general (unspecific) and central (specific)

fatness indicators. Academic achievement was established through grades in

math, language, and science and their average scores. Multiple mediation

analyses were performed according to two models, adjusted for sex, maturity,

and schools (model 1), and in model 2, the school vulnerability index (SVI)

was added. The SVI is an important proxy of socioeconomic status at the

school level, and it was categorized as high-, mid-, or low-SVI. Mediation

percentages were calculated, and confidence intervals (bootstrapping) were

used to establish significant findings.

Results: CRF, SAF, and GFS mediate the relationship between fatness

indicators and academic achievement, both partially and totally (ranging

from 12.7 to 59.2%). However, MF did not show any mediation effect. After

controlling for SVI, CRF, and GFS, mediation changed from partial to total
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in the associations between math and science with WHtR. Although SAF

contributed to GFS mediation, CRF seems to have the most significant

mediation role for all academic achievements, regardless of SVI and the fat

indicator studied.

Conclusion: A higher level of general physical fitness, especially CRF,

significantly mediates the detrimental influence of fatness on the academic

achievement of schoolchildren. This study suggests that physical fitness plays

a relevant role in academic and public health, considering the high prevalence

and detrimental influence of obesity and school vulnerability in children

and adolescents.
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mediating factor, exercise, abdominal obesity, poverty, socioeconomic factor

Introduction

The detrimental impact of obesity on a variety of metabolic
and brain health indicators in childhood is being widely
addressed (e.g., cardiometabolic disease, cognitive functioning,
brain health) (1, 2), and, simultaneously, it has been related
to other important collateral indicators, such as academic
achievement (3). For instance, some studies have shown
differences in gray and white matter brain regions according to
children’s weight status (4), which might affect their cognitive
and, in turn, academic achievement (5–7).

In general, evidence has established the inverse relationship
between fatness indicators and academic achievement (8–12).
Most studies in this research discipline have evaluated fatness
using body mass index (BMI), a valuable, easy, and fast method
to determine nutritional status (13). However, this is a non-
specific method related to fat distribution. The location of
adiposity in the body (i.e., peripheral or central) is essential due
to its impact on low-grade inflammation (14). In this sense, an
indicator of central adiposities, such as the waist-to-height ratio
(WHtR), is related to a higher level of inflammation markers,
which, in turn, are associated with neurodegeneration and
cognitive impairment (15, 16). Therefore, BMI and WHtR might
differ in the way they are related to academic achievement.
Indeed, a large-scale cross-sectional study of schoolchildren
showed that WHtR was more closely related to academic
achievement than BMI (14).

Promoting regular physical activity is essential to counteract
the impact of fatness on health. This is a low-cost strategy
that contributes to the control of childhood overweight
and obesity and can improve several parameters of physical
fitness, such as cardiorespiratory fitness (CRF), muscular fitness
(MF), and speed-agility fitness (SAF), related to brain health
and academic achievement (17–19). Regarding the latter, a
recent systematic review concluded that adolescents with

higher physical fitness levels (mainly CRF and MF) presented
better academic achievement (20); however, findings in this
field of study are heterogeneous, especially with MF (21)
and SAF (22).

Mediation analysis plays a relevant role in finding a suitable
statistical approach to study the relationship between fatness,
fitness, and academic achievement, particularly the influence
of fitness on this relationship. To date, some studies have
shown that CRF, MF, and SAF positively mediate the inverse
association between fatness and academic achievement (9, 23).
However, as the socioeconomic status (SES) background of
young people is a root problem linked to inequalities in health
(24), brain development (25), and academic achievements
(26), exploring the influence of SES background on future
mediation approaches seems to be necessary for at least two key
reasons. First, most studies adjust their analyses for confounding
by SES (i.e., parental education, income, occupational class,
and others); however, evidence shows that they are not
interchangeable in social epidemiology. Thus, it is strongly
recommended to use a more complex indicator of SES (27,
28), such as the school vulnerability index (SVI), a complex
indicator involving several social factors based on Chilean
school clusters. Second, by 2030, 63% of children worldwide
will live in lower-middle-income countries, which presents
growing economic difficulties, widening the educational gap
between SES groups and nations (29). This way, data and
evidence-based on regional contexts (a programmatic approach
from UNICEF) are necessary to deal with this global learning
crisis that prepares children and adolescents for life, work, and
active citizenship.

Therefore, the present study aimed to determine the
mediating role of several physical fitness variables in the
association between fatness indicators and several academic
achievements in adolescents, exploring the influence of
school vulnerability.

Frontiers in Nutrition 02 frontiersin.org

https://doi.org/10.3389/fnut.2022.904831
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-904831 October 20, 2022 Time: 17:18 # 3

Gajardo-Araya et al. 10.3389/fnut.2022.904831

Materials and methods

Study design

This study is part of the Cogni-Action Project (from
March 2017 to October 2019), which establishes associations
between physical fitness, physical activity, and sedentary
life with academic achievement, cognitive performance, and
brain structure and function in Chilean schoolchildren (30).
This project was retrospectively registered (8/July/2020) with
the Research Registry (ID: researchregistry5791) and was
approved by the Ethics Committee of the Pontificia Universidad
Católica de Valparaíso (BIOEPUCV-H103–2016). This study
was prepared according to the STROBE guidelines for cross-
sectional studies (31) and the AGReMA Statement for
Reporting mediation analyses (32). Before participation, written
consent was obtained from the school principal, parents,
and participants.

Study population

The Cogni-Action Project collected information on 1,296
girls and boys (1:1) between 5th and 8th grade (aged 10–
14 years) from public, subsidized, and private schools in
Valparaiso, Chile. A total of 19 schools participated in the
project. More information on the Cogni-Action Project is
provided in Solis-Urra et al. (30). It is important to note that this
project and study adhere to the definition of adolescence, which
is established as a period between 10 and 24 years of age (33).
The inclusion criteria for this project were schoolchildren from
5th to 8th grade, while exclusion criteria for this study were based
on a lack of data for the following variables: body mass index
Z-score (BMIz), WHtR, CRF, MF, SAF, GFS, math, language
(Lang), science (Sci), academic achievement average (AAA), and
SVI. Finally, a range of 920–951 school children was included
based on the mediation analysis.

The total sample size and power calculations were based
on the total enrolment of schoolchildren in the Valparaiso
region (5th to 8th grades) indicated by the Chilean Ministry
of Education in the year 2016 (universe N = 951,962). It was
considered an alpha error of 5%, a confidence interval of 99%,
heterogeneity of 50%, and a 20% dropout. Hence, a total of 797
participants was necessary to reach a representative sample size
from the second most populated region in Chile.

Measurements

School children were evaluated at the school in two
four-hour sessions, separated by eight days. Anthropometric
measurements (body weight, height, and waist circumference)
were evaluated in the first session, and physical fitness was

assessed in the second session. Trained instructors from
our research team evaluated all measurements. Academic
achievement variables were obtained from each student’s school.

Fatness indicators

The general and unspecific adiposity indicators (i.e., BMIz)
were calculated using the World Health Organization’s 2007
growth reference for school-aged children (34). Height was
measured using a SECA 213 portable stadiometer (Hamburg,
Germany), with the head in the Frankfort plane with a precision
of 0.1 cm, and weight was measured with an OMRON (HN-289-
LA, Kyoto, Japan) digital scale with a precision of 0.1 kg.

The central adiposity indicator (i.e., WHtR) was obtained
by measuring the waist circumference with an inextensible
tape (Lufkin, Apex, NC, USA) at the mid-axillary line, at the
midpoint between the costal margin and the iliac crest. The
result was divided by height to obtain the waist-to-height ratio
(waist[cm]/height [cm]).

Physical fitness assessment

Cardiorespiratory fitness
CRF was evaluated through the 20-m shuttle run test (35).

Briefly, children ran 20 m from one line to the next for an audio
signal, and the intervals between audio signals were reduced
each minute. The test ended when children were unable to
reach the line twice or felt fatigued. As recommended, the
number of completed stages and total time (in seconds) were
registered (36). The total time (seconds) was based on age and
sex to create a normalized Z-score CRF. Appropriate sportswear
was suggested to perform this test, and it was held during the
morning (between 9:30 and 12:00) in an indoor gym or sports
field. The instructors gave verbal instructions about how to
perform the test and a brief demonstration of the technique to
ensure correct test execution. Adolescents could practice the test
and begin when they felt confident.

Muscular fitness
MF was obtained after considering upper and lower limb

strength. The maximum result of the handgrip strength test was
used to determine upper limb strength using a dynamometer
(Jamar Plus + Digital Hand Dynamometer, Sammons Preston,
USA). The instrument allowed 0 to 90 kg measurements with a
0.1 kg precision and was adjusted to the schoolchildren’s hand
size. The procedure to evaluate it was to stand up with the
elbow completely extended; the instrument should be pressed
firmly with one hand and then with the opposite hand, two
attempts per hand, and the maximum score would be registered.
The score (kg) was divided by body weight to create a relative
measure of this indicator.
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A standing long jump test was used to assess lower limb
strength. The test consists of standing behind a previously
marked line. The instructors give a verbal signal, and the
schoolchildren must jump as far as possible and use both
feet. This test was performed twice, resting for at least one
minute between them. The maximum score was registered in
centimeters (cm). The MF score was calculated by adding the
standardized Z-scores of both tests (adjusted for age and sex).

Speed, agility, fitness
Speed, Agility Fitness was evaluated using the 4× 10 shuttle

run test. Movement, agility, and coordination were involved in
this test. The application of this test is obtained by demarcating
two lines (five meters long) separated by 10 m; additionally,
two cones were positioned on each line. Each participant was
asked to run as fast as possible from the first line, pick up a
piece of cloth located ∼50 cm after the first line, and carry it
to the following line. Then they had to leave the cloth, pick up
another one, and run to the opposite line. Each schoolchild had
two chances to perform the test; the best performance was used,
registered in seconds, and multiplied by −1. The SAF Z-score
was adjusted for age and sex.

Global fitness score
The global fitness score (GFS) was obtained by calculating

the three main components of the ALPHA fitness test (i.e.,
CRF, MF, and SAF) (35). Each component was standardized (Z-
score), and all scores were adjusted for sex and age, with all three
added. The procedure for each test is detailed as follows.

Academic achievement

According to the school records, academic achievement was
established through three school subjects (i.e., Math, Lang, and
Sci) at the end of the school year. In Chile, the grade scoring
range is between 1 and 7 points, and the three subjects are
the main subjects included in the Chilean education quality
agency evaluation system (SIMCE) and the Programme for
International Student Assessment (PISA) by the Organization
for Economic Cooperation and Development (OECD). Grades
are expressed on a national scale, ranging from 1 to 7. An average
of these three subjects was also computed.

Confounders

In this study, we sought to reduce bias by adjusting
the analyses to relevant confounders, such as sex, peak
height velocity (PHV), participants’ schools, and SVI. Sex
is considered an important moderator in this discipline
because visceral fat may affect girls more than boys (37).
PHV is a maturity status indicator calculated by subtracting

PHV age from chronological age (38). Thus, the maturity
offset value is determined by the years of difference between
them. Socioeconomic status is also a powerful predictor
of various domains, such as academic and neurocognitive
performance (39); however, in Latin American countries, a
scholar indicator seems to be a better predictor of school
achievement than a family SES factor (40). Therefore, we
used the SVI, an indicator that measures the socioeconomic
vulnerability of students in public/subsidized schools. It ranges
from 0 to 100%, with the higher value implying a higher
school’s vulnerability. Private schools have a value of 0.
SVI is calculated by the Chilean National Board of School
Aid and Scholarships (JUNAEB) annually, and it integrates
both personal and family indicators (educational level of
parents-guardians, SES, students’ health status, physical and
emotional well-being, and the school’s geographic location) (41).
Finally, the participants’ school was included as a confounder
because we assume that each school has certain differences in
grading its students.

Statistical analysis

Table 1 presents the participant characteristics as the mean
and standard deviations (SD). The following parametric tests
(independent t-student, correlations, and mediations) were
used in this study according to the central limit theorem for
sample sizes of over 500 participants (42). Simultaneously, a
Q-Q plot (quantile-quantile plot) was used to check normality
visually. A correlation matrix between fatness, fitness variables,
and academic achievements was performed using Pearson’s
correlation (Table 2). In addition, multicollinearity was checked
before performing mediation analyses (VIF ranged from 1.027
to 1.254), and due to the high rate of participation and
representativeness, missing data were not imputed.

The mediation effect of fitness indicators on the association
between BMIz and WHtR with academic achievements was
analyzed using the PROCESS SPSS script (43) through linear
regression analysis with bootstrapping (5,000 samples) (44). The
theoretical approach and general mediation model are presented
in Figure 1. The original four steps proposed originally by Baron
and Kenny (45) were considered, step (1) the predictor must
significantly predict the outcome variable; step (2) the predictor
must significantly predict the mediator; step (3) the mediator
must significantly predict the outcome variable, and step (4)
the predictor variable must predict the outcome variable less
strongly in equation c’ than in equation c. Overall, mediation
analysis was performed considering predictors (fatness: BMIz
and WHtR), mediators (fitness: CRF, MF, SAF, or GFS), outcome
(academic achievements: Math, Lang, Sci, and AAA), and
two models (confounding). The general mediation model was
structured as follows: equation (a) consisted of the predictor
by the mediator; equation (b) was defined as a mediator by
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TABLE 1 Participant characteristics by sex.

All Boys Girls

N Mean ± SD N Mean ± SD n Mean ± SD P-value Effect size

Age (years) 1,296 11.89± 1.19 648 11.83± 1.17 648 11.94± 1.21 0.089 0.09

Body Weight (kg) 1,280 50.90± 12.04 644 50.03± 12.23 636 51.79± 11.79 0.009 0.15

Height (cm) 1,280 153.04± 9.35 644 152.99± 10.43 636 153.09± 8.13 0.845 0.01

BMI (Z-score) 1,280 1.02± 1.07 644 1.05± 1.11 636 0.99± 1.02 0.315 0.06

WHtR 1,250 0.46± 0.06 628 0.46± 0.05 622 0.45± 0.05 < 0.001 0.23

CRF (Z-score) 1,040 0.00± 1.00 526 0.00± 1.00 514 −0.00± 1.00 0.999 0.00

MF (Z-score) 1,049 0.03± 1.68 521 0.03± 1.73 528 0.02± 1.62 0.919 0.01

SA-F (Z-score) 1,052 0.00± 1.00 525 0.00± 1.00 527 0.00± 1.00 1.000 0.00

GFS 979 0.01± 3.10 490 0.01± 3.22 489 0.02± 2.99 0.951 0.00

Math (grade) 1,275 5.36± 0.96 641 5.31± 0.95 634 5.41± 0.96 0.067 0.10

Language (grade) 1,276 5.40± 0.79 641 5.27± 0.79 635 5.54± 0.77 < 0.001 0.35

Science (grade) 1,274 5.45± 0.84 640 5.32± 0.83 634 5.58± 0.82 < 0.001 0.31

AAA 1,276 5.40± 0.76 641 5.30± 0.75 635 5.51± 0.76 < 0.001 0.28

PHV 1,280 −0.42± 1.27 644 −1.17± 1.00 636 0.35± 1.04 < 0.001 1.49

SVI 1,296 55.11± 35.35 648 57.21± 34.17 648 53.02± 36.40 0.033 0.12

SD: standard deviation; BMI: body mass index; WHtR: waist-to-height ratio; CRF: cardiorespiratory fitness; MF: muscular fitness; SAF: speed-agility fitness; GFS: global fitness score;
AAA: academic achievement average; PHV: peak height velocity; SVI: school vulnerability index. Bold values indicate statistical significance. Effect size: Cohen’s d.

TABLE 2 Correlation matrix between fatness, fitness, and academic achievement variables.

BMIz WHtR CRF MF SAF GFS Maths Lang Sci AAA

WHtR 0.830***

CRF −0.344*** −0.357***

MF −0.458*** −0.517*** 0.565***

SAF −0.217*** −0.257*** 0.497*** 0.559***

GFS −0.430*** −0.477*** 0.790*** 0.909*** 0.787***

Maths −0.130*** −0.120*** 0.196*** 0.106*** 0.107*** 0.158***

Lang −0.102*** −0.122*** 0.146*** 0.059 0.022 0.085** 0.659***

Sci −0.093*** −0.109*** 0.181*** 0.105*** 0.100** 0.148*** 0.688** 0.656***

AAA −0.123*** −0.130*** 0.198*** 0.104*** 0.086** 0.148*** 0.900*** 0.864*** 0.883***

SVI 0.121*** 0.181*** −0.178*** −0.231*** −0.129*** −0.225*** −0.116*** −0.098*** −0.126*** −0.129***

BMIz: body mass index (Z-score); WHtR: waist-to-height ratio; CRF: cardiorespiratory fitness; MF: muscular fitness; SAF: speed-agility fitness; GFS: global fitness score; Maths; Lang:
language; Sci: science; AAA: academic achievement average; SVI: school vulnerability index.
**p < 0.01, ***p < 0.001 indicate statistical significance.

the outcome; equation (c) consisted of the predictor by the
outcome; and finally, equation (c’) consisted of the predictor and
mediator by the outcome. Two models were performed to test
our objectives: Model 1: adjusted for sex, PHV, and schools; and
Model 2: adjusted for sex, PHV, schools, and SVI. The latter was
established to explore the influence of SVI on the central model.

The indirect effects (equation a by equation b) and
confidence interval (CI) were established to define a mediation
effect (CI not including zero). The percentage of mediation
was estimated as 1- (equation c’/equation c). A detailed set
of findings (equation a, b, c, c’,% mediation, and category)
is presented as Supplementary material (Supplementary
Tables 1, 2). The mediation was classified, according to

Nitzl et al. (46), as (a) “indirect-only” (full mediation):
the indirect effect only exists through the mediator, which
means the indirect effect exists but has 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 the predictor still explains a
portion of the outcome variable that is independent of a
mediator, which means that the indirect and direct effects exist
and point in the same direction; (c) “Competitive” (Partial
mediation): the same as the complementary classification, both
the indirect and direct effects exist but point in different
directions; (d) “direct-only” (no mediation): the direct effect
exists, but there is no indirect effect, and (e) “no effect”
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FIGURE 1

Theoretical approach and general mediation model. BMIz, body mass index (Z-score); WHtR, waist-to-height ratio; CRF, cardiorespiratory
fitness; MF, muscular fitness; SAF: speed-agility fitness; GFS, global fitness score; sex; PHV, peak height velocity; school; SVI, school vulnerability
index.

(no mediation): neither the direct nor indirect effect exists
(47). For all analyses, the significance level was set at
p < 0.05.

Results

The characteristics of participating adolescents and
differences by sex are summarized in Table 1. Overall,
significant differences between boys and girls were observed in
body weight, PHV, WHtR, SVI, Lang, Sci, and AAA. However,
no interaction by sex was observed (sex∗fatness p = 0.603 and
sex∗fitness p = 0.138).

The correlation matrix between all study variables is
presented in Table 2. Overall, fatness indicators were negatively
correlated with fitness indicators. Academic achievement scores
were positively associated with fitness indicators and negatively
associated with fatness. Almost all correlations were statistically
significant (p < 0.05), except for Lang, with MF and SAF
(p = 0.058 and p = 0.472, respectively).

Table 3 shows a summary of all mediation analyses. Overall,
it is possible to observe variations in each meditation percentage
and some changes in the mediation classification according to
models 1 and 2 (without/with SVI as a confounding factor,
respectively).

Overall, a mediation role of CRF, SAF, and GFS is observed,
but not of MF. Additionally, the SVI inclusion in the model
(model 2) generates significant variations in the mediation
percentage and classification.

In particular, the association between BMIz and math,
CRF, SAF, and GFS presented “complementary” mediation
(models 1 and 2). For Lang, only CRF showed a complementary
mediation (models 1 and 2); no mediation was observed for MF,
SAF, and GFS. For Sci, only SAF presents a “complementary”
mediation (models 1 and 2). Finally, AAA, CRF, and GFS
showed “complementary” mediation (models 1 and 2), but SAF
lost its mediation role in model 2. In general, no mediation role
was observed for MF, and the percentage of mediations ranged
from 12.7 to 42.4%, where CRF was the strongest mediator
between BMIz and academic achievements.

For the association between WHtR and math, CRF, SAF,
and GFS presented “complementary” mediation in model 1;
only SAF maintained its mediation after adjusting for SVI
(model 2). For Lang, only CRF showed a complementary
mediation (models 1 and 2); no mediation was observed
for MF, SAF, and GFS (models 1 and 2). With Sci, both
CRF and GFS presented an “indirect only” mediation (full
mediation, even after adjusting to SVI), and SAF showed a
“complementary” mediation role (models 1 and 2). Finally,
AAA, CRF, and GFS showed “complementary” mediation
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TABLE 3 Findings summary concerning the direct and indirect effects according to both models. Percentage of mediation and classification.

Maths Language Science AAA

CRF BMIz 39.1%*→ 38.4%* = 1−0.7 37.9%*→ 37.2%* = 1−0.7 51.5%→ 52.7% = 1 + 1.2 42.4%*→ 42.1%* = 1−0.3

Complementary→
Complementary
(n = 1,022)

Complementary→
Complementary
(n = 1,022)

Direct Only→ Direct Only
(n = 1,021)

Complementary→
Complementary
(n = 1,022)

WHtR 46.7%*→ 48.6%* = 1 + 1.8 30.4%*→ 30.2%* = 1−0.2 49.7%*→ 53.5%* = 1 + 3.8 42.7%*→ 44.3%* = 1 + 1.6

Complementary→ Indirect Only
(n = 1,001)

Complementary→
Complementary
(n = 1,001)

Complementary→ Indirect Only
(n = 1,000)

Complementary→
Complementary
(n = 1,001)

MF BMIz 19.7%→ 14.6% = 1−5.2 8.8%→ 3.6% = 1−5.2 34.9%*→ 29.7 = 1−5.2 21.8%→ 16.4% = 1−5.5

Direct Only→ Direct Only
(n = 1,036)

Direct Only→ Direct Only
(n = 1,036)

Indirect Only→ No Effect
(n = 1,034)

No Effect→ Direct Only
(n = 1,036)

WHtR 20.8%→ 16.3% = 1−4.5 −0.8%→ –6.3% = 1 + 5.5 30.4%→ 26.8% = 1−3.6 17.8%→ 12.8% = 1−5.0

Direct Only→ Direct Only
(n = 1,015)

Direct Only→ Direct Only
(n = 1,015)

Direct Only→ No Effect
(n = 1,013)

Direct Only→ Direct Only
(n = 1,015)

SAF BMIz 13.7%*→ 12.7* = 1−1.1 1.6%→−0.3% = 1−1.9 18.7%*→ 17.9%* = 1−0.8 11.3%*→ 10.2% = 1−1.2

Complementary→
Complementary
(n = 1,032)

Direct Only→ Direct Only
(n = 1,032)

Complementary→
Complementary
(n = 1,030)

Complementary→ Direct Only
(n = 1,032)

WHtR 15.6%*→ 15.6%* = 1 0.0 −0.5%→ –2.1% = 1 –1.6 18.2%*→ 18.7%* = 1 + 0.6 10.8%→ 10.1% = 1−0.7

Complementary→
Complementary
(n = 1,011)

Direct Only→ Direct Only
(n = 1,011)

Complementary→
Complementary
(n = 1,009)

Direct Only→ Direct Only
(n = 1,011)

GFS BMIz 38.5%*→ 35.4%* = 1 –3.2 23.6%→ 19.4% = 1 –4.2 58.5%→ 57.1% = 1 –1.5 40.0%*→ 36.7%* = 1−3.3

Complementary→
Complementary
(n = 967)

Direct Only→ Direct Only
(n = 967)

Direct Only→ Direct Only
(n = 966)

Complementary→
Complementary
(n = 967)

WHtR 45.6%*→ 45.4%* = 1 –0.1 13.1%→ 9.1% = 1 –4.0 56.5%*→ 59.2%* = 1 + 2.7 38.1%*→ 36.9%* = 1−1.3

Complementary→ Indirect Only
(n = 947)

Direct Only→ Direct Only
(n = 947)

Indirect Only→ Indirect Only
(n = 946)

Complementary→
Complementary
(n = 947)

General scheme: Model 1→Model 2 = Variation on mediation (%); Model 1: Adjusted to sex, PHV and school; Model 2: Adjusted model 1 + SVI. BMIz: body mass index SD; WHtR:
waist-to-height ratio; CRF: cardiorespiratory fitness; MF: muscular fitness; SAF: speed-agility fitness; GFS: global fitness score; Math; Language; Science; AAA: academic achievement
average. Mediation and non-mediation type: (a) “Complementary” (mediation): indirect and direct effect exists and points in the same direction; (b) “Competitive” (mediation): indirect
and direct effect exists, but in opposite directions; (c) “Indirect-only” (mediation): indirect effect exists, but no direct effect; (e) “Direct-only” (non-mediation): direct effect exists, but no
indirect effect; and (f) “No effect” (non-mediation): neither direct nor indirect effect exists.

(models 1 and 2). In general, no mediation role was observed
for MF, and the percentage of mediations ranged from 15.6
to 59.2%, where CRF was the strongest mediator between
WHtR and academic achievements. A complete description
of all mediation indicators (equations a, b, c, and c’, and
others) is available as Supplementary material (Supplementary
Tables 1, 2).

Discussion

This study aimed to determine the mediating role of fitness
indicators (CRF, MF, SAF, and GFS) between two fatness
indicators related to fat distribution (BMIz and WHtR) and
main academic achievements at the national and international
levels (math, language, science, and average), as well as to
explore the influence of a strong SES factor, such as SVI.

The primary finding confirmed the significant mediating
role of fitness in the relationship between fatness and academic
achievement. The secondary results showed that (a) CRF,
SAF, and GFS had a significant mediation role in the inverse
association between fatness and academic achievement, but MF
did not; (b) CRF seems to be the most relevant mediator; (c)
differences between fatness indicators were observed, in which
WHtR obtained the highest percentage of mediation by fitness
indicators; and (d) SVI was able to significantly modify both
percentages and mediation classifications.

Differences in fitness component
mediations

Presently, the positive association between physical fitness
and academic achievement is well established in the literature
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(21, 48, 49). In this sense, the present findings confirm the
evidence indicating that all fitness components (MF, CRF, and
SAF) play a certain role in higher academic achievement (21,
48, 50) and that CRF seems to be associated more strongly with
educational outcomes than with the other fitness components
(49, 50). Indeed, our results align with mediation approaches
evidencing the mediation role of CRF in reducing the negative
association between fatness and academic achievement (9,
23). However, contrary to some evidence indicating that
MF would positively correlate with academic achievement
(50, 51), our findings did not display any MF mediation
influence on academic achievement according to BMIz and
WHtR predictors.

In particular, several studies have shown the short- and long-
term effects of aerobic exercise and its physiological marker
(CRF) on brain health indicators (i.e., cognitive performance,
structural and functional brain activity, the release of brain-
derived neurotrophic factor, mood, etc.) (52). However, there
are few experimental studies on MF in children’s brains, and
the evidence is inconclusive (18). Thus, based on the current
evidence, CRF may play a central role in this research area.
Supporting this idea and the high degree of interdependence
between fitness components, a study in overweight and obese
children found that the significant association of MF and
SAF with academic achievements weakened after controlling
for CRF (50).

Transferring these findings to the educational and
public health arenas, we have shown several interventions
that have shown the positive impact that physical activity
has on the academic achievement of schoolchildren (53,
54) and, likewise, on their cognitive performance (55).
Moreover, considering the time children spend in schools,
systematic and meta-analytic reviews showed that physical
activity at school and physical education classes is positively
associated with academic achievement, classroom behavior,
and skills related to math and reading, among others (56,
57). Therefore, the recurrent strategy of reducing physical
education class time to increase time for math and language
subjects could negatively affect adolescent health and
educational outcomes (58). Thus, it is recommended to
maintain or increase an active lifestyle and, in particular,
CRF in schoolchildren to improve factors contributing to
academic achievement.

Differences in fatness indicators
related to fat distribution

A key contribution of the present study is to have studied
a general adiposity indicator (BMIz) and a central adiposity
indicator (WHtR) to establish their differential association
with academic achievement when mediated by physical fitness.
Our findings showed that WHtR seems more sensitive than

BMIz and is affected significantly by physical fitness indicators,
mainly CRF. Thus, our results support the importance of
studying fatness indicators related to its distribution because the
mediation role of fitness would depend on them (14).

In this sense, our findings displayed a differential association
between the two fat indicators analyzed in this study. This
could be because BMIz is considered a surrogate and unspecific
obesity marker (it does not differentiate between peripheral and
central obesity), while WHtR seems more specific and more
substantially related to inflammation and cognitive functioning
(14, 16). The main rationale behind the above is that excess
adiposity in childhood has been linked to higher low-level
inflammation, which has been associated with the development
of neurodegeneration in adulthood (16, 59). Thus, children
and adolescents living with obesity have shown reduced gray
matter in the prefrontal cortex, lower cognitive performance,
and reduced academic achievement (2). Therefore, preventing
fat storage in more specific zones related to higher inflammation
markers throughout the body is crucial to promoting healthy
development in childhood.

To achieve this goal, physical activity and improved
physical fitness are fundamental. For instance, in children and
adolescents with obesity, exercise is more effective than diet
alone or in combination with diet and exercise to reduce
visceral fat (60, 61). In turn, a cross-sectional and longitudinal
analysis showed that children with or improving their CRF
showed lower inflammation levels (high-sensitivity C-reactive
protein), regardless of their body composition (62). In addition,
a network meta-analysis showed that high-intensity interval
training and aerobic exercise were the most effective strategies
to reduce visceral fat compared to strength exercise (63). In
this way, the mediation role of CRF, SAF, and GFS in this
study could be related mainly to the influence or shared
participation of CRF on these fitness components and the
global indicator. The main reason for speculating this is that
CRF has been deemed the primary predictor of maximal fat
oxidation (64).

Exploring the influence of an school
vulnerability index

A novel approach in this study was to explore a complex
SES indicator related to adolescents’ vulnerability in school and
establish its implications in the relationship between fatness,
fitness, and academic achievement. It is pertinent to carry
out this type of methodology because most of the academic
differences among schoolchildren can be explained by their
social background (27, 65). Thus, including this SES variable in a
second statistical model gives us an overview of a) the influence
of SES on this set of mediation analyses and b) the relevance of
fitness as a mediator if it keeps its statistical significance, even
after controlling for SVI.
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Overall, we found that SVI showed a differential influence
according to the model analyzed, generating greater variation
(percentages and classification mediations) in WHtR than BMIz.
This scenario supports our study aim due to this statistical
approach’s higher specificity of WHtR than BMIz. In addition, it
reinforces that both CRF and GFS play a relevant role regardless
of adolescents’ school vulnerability influence.

These findings become significant if we consider two main
points. First is the high dependence of fatness, fitness, and
academic achievement on SES (65–67). Second, the worldwide
prevalence of fatness; the secular trend indicating a reduction
in physical fitness in children and adolescents; the global
concern for educational achievement in low- and middle-
income countries; and the health, economic, and educational
effects of the COVID-19 pandemic (68–70). In this sense,
and addressing a close area linked to academic achievement,
a recent study has shown that adolescents from schools with
a high vulnerability index and a high fitness level present
better cognitive performance than their unfit peers (41). In
addition, this fit group had no statistical differences compared
to their unfit peers from schools with a lower vulnerability
index (41). Therefore, the present study supports the current
literature in this field (14, 41), suggesting that having better
physical fitness could act as a social protective factor related
to bridging the gap at the academic level derived from school
vulnerability. Experimental and longitudinal studies are needed
to corroborate this assumption.

Limitations and strengths

The main limitation of the present study is its cross-sectional
design, which reduces the possibility of determining causality
among variables. In addition, fitness and fatness indicators were
evaluated by field-based and indirect tests, respectively, which
could increase methodological biases; nonetheless, it is feasible
to implement these measurements in school settings. Finally, the
academic evaluation depends on the school’s increasing biases.

The main strengths are the large sample size of adolescents
from a Latin American country and the inclusion of several
fatness and fitness indicators, improving understanding in
this research area. Moreover, we analyzed the three main
subjects evaluated internationally (PISA). Finally, we explored
the influence of a powerful SES indicator, such as the SVI,
which allowed us to determine a novel finding concerning the
mediator role of fitness, regardless of the adolescents’ social
background profile.

Conclusion

In conclusion, a higher level of global physical fitness,
but mainly CRF, mediates the detrimental influence

of fatness on adolescent academic achievement. This
favorable influence was shown to be constant, even for
a central fatness indicator such as WHtR and a critical
socioeconomic factor. Indeed, our findings reinforce the
relevant role of CRF and GFS, regardless of adolescents’
school vulnerability influence. This is crucial at a public
health level, considering the strong relationship between
obesity and adolescent socioeconomic background. Thus,
these findings become essential if we consider the current
high rate of obesity, low educational and fitness performance
in childhood, and the increasing poverty rate globally in
low- to middle-income countries. Therefore, governments
should create public policies that encourage physical
activity, focusing on enhancing adolescents’ physical fitness.
Experimental and longitudinal studies in this research area are
warranted.

Data availability statement

The datasets presented in this article are not
readily available because of ethical restrictions.
Requests to access the datasets should be directed to
carlos.cristi.montero@gmail.com.

Ethics statement

The studies involving human participants were
reviewed and approved by Ethics Committee of the
Pontificia Universidad Católica de Valparaíso (BIOEPUCV-
H103–2016). Written informed consent to participate
in this study was provided by the participants’ legal
guardian/next of kin.

Author contributions

CC-M contributed to the design of the project.
CC-M and GG-A conceptualized the design of the study,
analyzed the data, and wrote the concept version of the
manuscript. SH-J, JO-A, GF, and PD-F critically reviewed
the manuscript and edited the article. All authors have
given final approval of the manuscript and agreed to be
accountable for the accuracy and integrity of any part of
the work.

Funding

This “Cogni-Action Project” was supported by the
National Commission for Scientific and Technological

Frontiers in Nutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2022.904831
mailto:carlos.cristi.montero@gmail.com
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-904831 October 20, 2022 Time: 17:18 # 10

Gajardo-Araya et al. 10.3389/fnut.2022.904831

Research CONICYT/FONDECYT INICIACION 2016
grant no. 11160703.

Acknowledgments

We thank the schools, parents, schoolchildren, and
collaborators who selflessly participated in our project.

Conflict of interest

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

Publisher’s note

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

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnut.2022.904831/full#supplementary-material

References

1. Weihrauch-Blüher S, Schwarz P, Klusmann J-H. Childhood obesity: increased
risk for cardiometabolic disease and cancer in adulthood. Metabolism. (2019)
92:147–52. doi: 10.1016/j.metabol.2018.12.001

2. Esteban-Cornejo I, Reilly J, Ortega FB, Matusik P, Mazur A, Erhardt E, et al.
Paediatric obesity and brain functioning: the role of physical activity—A novel and
important expert opinion of the European Childhood Obesity Group. Pediatr Obes.
(2020) 15:e12649. doi: 10.1111/ijpo.12649

3. Martin A, Booth JN, McGeown S, Niven A, Sproule J, Saunders DH, et al.
Longitudinal associations between childhood obesity and academic achievement:
systematic review with focus group data. Curr Obes Rep. (2017) 6:297–313. doi:
10.1007/s13679-017-0272-9

4. Ou X, Andres A, Pivik RT, Cleves MA, Badger TM. Brain gray and white matter
differences in normal healthy weight and obese children. J Magn Reson Imaging.
(2015) 42:1205–13. doi: 10.1002/jmri.24912

5. Peña-Jorquera H, Campos-Núñez V, Sadarangani KP, Ferrari G, Jorquera-
Aguilera C, Cristi-Montero C. Breakfast: a crucial meal for adolescents’ cognitive
performance according to their nutritional status. the cogni-action project.
Nutrients. (2021) 13:1320. doi: 10.3390/nu13041320

6. Esteban-Cornejo I, Stillman CM, Rodriguez-Ayllon M, Kramer AF, Hillman
CH, Catena A, et al. Physical fitness, hippocampal functional connectivity and
academic performance in children with overweight/obesity: the activebrains
project. Brain Behav Immun. (2021) 91:284–95. doi: 10.1016/j.bbi.2020.1
0.006

7. Lemes V, Gaya AR, Sadarangani KP, Aguilar-Farias N, Rodriguez-Rodriguez
F, Martins CML, et al. Physical fitness plays a crucial mediator role in
relationships among personal, social, and lifestyle factors with adolescents’
cognitive performance in a structural equation model. the cogni-action project.
Front Pediatr. (2021) 9:656916. doi: 10.3389/fped.2021.656916

8. Davis CL, Cooper S. Fitness, fatness, cognition, behavior, and academic
achievement among overweight children: do cross-sectional associations
correspond to exercise trial outcomes? Prev Med. (2011) 52:S65–9.
doi: 10.1016/j.ypmed.2011.01.020

9. Muntaner-Mas A, Palou P, Vidal-Conti J, Esteban-Cornejo I. A mediation
analysis on the relationship of physical fitness components, obesity, and academic
performance in children. J Pediatr. (2018) 198:90–7.e4. doi: 10.1016/j.jpeds.2018.
02.068

10. Krukowski RA, Smith West D, Philyaw Perez A, Bursac Z, Phillips
MM, Raczynski JM. Overweight children, weight-based teasing and
academic performance. Int J Pediatr Obes. (2009) 4:274–80. doi: 10.3109/
17477160902846203

11. Datar A, Sturm R, Magnabosco JL. Childhood overweight and academic
performance: national study of kindergartners and first-graders. Obes Res. (2004)
12:58–68. doi: 10.1038/oby.2004.9

12. Judge S, Jahns L. Association of overweight with academic performance and
social and behavioral problems: an update from the early childhood longitudinal

study: research article. J Sch Health. (2007) 77:672–8. doi: 10.1111/j.1746-1561.
2007.00250.x

13. Martin-Calvo N, Moreno-Galarraga L, Martinez-Gonzalez M. Association
between body mass index, waist-to-height ratio and adiposity in children:
a systematic review and meta-analysis. Nutrients. (2016) 8:512. doi: 10.3390/
nu8080512

14. Hernández-Jaña S, Sanchez-Martinez J, Solis-Urra P, Esteban-Cornejo I,
Castro-Piñero J, Sadarangani KP, et al. Mediation role of physical fitness and its
components on the association between distribution-related fat indicators and
adolescents’ cognitive performance: exploring the influence of school vulnerability.
the cogni-action project. Front Behav Neurosci. (2021) 15:746197. doi: 10.3389/
fnbeh.2021.746197

15. Trollor JN, Smith E, Agars E, Kuan SA, Baune BT, Campbell L, et al. The
association between systemic inflammation and cognitive performance in the
elderly: the Sydney Memory and Ageing Study. Age. (2012) 34:1295–308. doi:
10.1007/s11357-011-9301-x

16. Caminiti C, Armeno M, Mazza CS. Waist-to-height ratio as a marker of low-
grade inflammation in obese children and adolescents. J Pediatr Endocrinol Metab.
(2016) 29:543–51. doi: 10.1515/jpem-2014-0526

17. Esteban-Cornejo I, Cadenas-Sanchez C, Contreras-Rodriguez O, Verdejo-
Roman J, Mora-Gonzalez J, Migueles JH, et al. A whole brain volumetric
approach in overweight/obese children: examining the association with different
physical fitness components and academic performance. The activebrains project.
NeuroImage. (2017) 159:346–54. doi: 10.1016/j.neuroimage.2017.08.011

18. Solis-Urra P, Sanchez-Martinez J, Olivares-Arancibia J, Castro Piñero J,
Sadarangani KP, Ferrari G, et al. Physical fitness and its association with cognitive
performance in Chilean schoolchildren: the cogni-action project. Scand J Med Sci
Sports. (2021) 31:1352–62. doi: 10.1111/sms.13945

19. Belcher BR, Zink J, Azad A, Campbell CE, Chakravartti SP, Herting MM.
The roles of physical activity, exercise, and fitness in promoting resilience during
adolescence: effects on mental well-being and brain development. Biol Psychiatry
Cogn Neurosci Neuroimaging. (2021) 6:225–37. doi: 10.1016/j.bpsc.2020.08.005

20. Rodriguez CC, de Camargo EM, Rodriguez-Añez CR, Reis RS. Physical
activity, physical fitness and academic achievement in adolescents: a systematic
review. Rev Bras Med Esporte. (2020) 26:441–8. doi: 10.1590/1517-8692202026
052019_0048

21. Santana CCA, Azevedo LB, Cattuzzo MT, Hill JO, Andrade LP, Prado WL.
Physical fitness and academic performance in youth: a systematic review. Scand J
Med Sci Sports. (2017) 27:579–603. doi: 10.1111/sms.12773

22. Martinez-Zamora MD, Valenzuela PL, Pinto-Escalona T, Martinez-de-Quel
Ó. The “Fat but Fit” paradox in the academic context is the relationship between
physical fitness and weight status, and adolescents’ academic achievement. Int J
Obes. (2021) 45:95–8. doi: 10.1038/s41366-020-00666-5

23. García-Hermoso A, Esteban-Cornejo I, Olloquequi J, Ramírez-Vélez R.
Cardiorespiratory fitness and muscular strength as mediators of the influence of

Frontiers in Nutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2022.904831
https://www.frontiersin.org/articles/10.3389/fnut.2022.904831/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.904831/full#supplementary-material
https://doi.org/10.1016/j.metabol.2018.12.001
https://doi.org/10.1111/ijpo.12649
https://doi.org/10.1007/s13679-017-0272-9
https://doi.org/10.1007/s13679-017-0272-9
https://doi.org/10.1002/jmri.24912
https://doi.org/10.3390/nu13041320
https://doi.org/10.1016/j.bbi.2020.10.006
https://doi.org/10.1016/j.bbi.2020.10.006
https://doi.org/10.3389/fped.2021.656916
https://doi.org/10.1016/j.ypmed.2011.01.020
https://doi.org/10.1016/j.jpeds.2018.02.068
https://doi.org/10.1016/j.jpeds.2018.02.068
https://doi.org/10.3109/17477160902846203
https://doi.org/10.3109/17477160902846203
https://doi.org/10.1038/oby.2004.9
https://doi.org/10.1111/j.1746-1561.2007.00250.x
https://doi.org/10.1111/j.1746-1561.2007.00250.x
https://doi.org/10.3390/nu8080512
https://doi.org/10.3390/nu8080512
https://doi.org/10.3389/fnbeh.2021.746197
https://doi.org/10.3389/fnbeh.2021.746197
https://doi.org/10.1007/s11357-011-9301-x
https://doi.org/10.1007/s11357-011-9301-x
https://doi.org/10.1515/jpem-2014-0526
https://doi.org/10.1016/j.neuroimage.2017.08.011
https://doi.org/10.1111/sms.13945
https://doi.org/10.1016/j.bpsc.2020.08.005
https://doi.org/10.1590/1517-8692202026052019_0048
https://doi.org/10.1590/1517-8692202026052019_0048
https://doi.org/10.1111/sms.12773
https://doi.org/10.1038/s41366-020-00666-5
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-904831 October 20, 2022 Time: 17:18 # 11

Gajardo-Araya et al. 10.3389/fnut.2022.904831

fatness on academic achievement. J Pediatr. (2017) 187:127–33.e3. doi: 10.1016/j.
jpeds.2017.04.037

24. Vineis P, Avendano-Pabon M, Barros H, Bartley M, Carmeli C, Carra L, et al.
Special report: the biology of inequalities in health: the lifepath consortium. Front
Public Health. (2020) 8:118. doi: 10.3389/fpubh.2020.00118

25. Brito NH, Noble KG. Socioeconomic status and structural brain
development. Front Neurosci. (2014) 8:276. doi: 10.3389/fnins.2014.00276

26. Hair NL, Hanson JL, Wolfe BL, Pollak SD. Association of child poverty,
brain development, and academic achievement. JAMA Pediatr. (2015) 169:822.
doi: 10.1001/jamapediatrics.2015.1475

27. Farah MJ. The neuroscience of socioeconomic status: correlates, causes,
and consequences. Neuron. (2017) 96:56–71. doi: 10.1016/j.neuron.2017.0
8.034

28. Geyer S. Education, income, and occupational class cannot be used
interchangeably in social epidemiology. Empirical evidence against a common
practice. J Epidemiol Community Health. (2006) 60:804–10. doi: 10.1136/jech.2005.
041319

29. UNICEF. Every Child Learns UNICEF Education Strategy 2019-2030. NY:
UNICEF (2019). p. 23–36.

30. Solis-Urra P, Olivares-Arancibia J, Suarez-Cadenas E, Sanchez-Martinez J,
Rodríguez-Rodríguez F, Ortega FB, et al. Study protocol and rationale of the “cogni-
action project” a cross-sectional and randomized controlled trial about physical
activity, brain health, cognition, and educational achievement in schoolchildren.
BMC Pediatr. (2019) 19:260. doi: 10.1186/s12887-019-1639-8

31. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke
JP. The strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. J Clin
Epidemiol. (2008) 61:344–9. doi: 10.1016/j.jclinepi.2007.11.008

32. Lee H, Cashin AG, Lamb SE, Hopewell S, Vansteelandt S, VanderWeele
TJ, et al. A guideline for reporting mediation analyses of randomized trials and
observational studies: the AGReMA statement. JAMA. (2021) 326:1045. doi: 10.
1001/jama.2021.14075

33. Sawyer SM, Azzopardi PS, Wickremarathne D, Patton GC. The age of
adolescence. Lancet Child Adolesc Health. (2018) 2:223–8. doi: 10.1016/S2352-
4642(18)30022-1

34. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann
J. Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ. (2007) 85:660–7. doi: 10.2471/blt.07.04
3497

35. Ruiz JR, Castro-Pinero J, Espana-Romero V, Artero EG, Ortega FB, Cuenca
MM, et al. Field-based fitness assessment in young people: the ALPHA health-
related fitness test battery for children and adolescents. Br J Sports Med. (2011)
45:518–24. doi: 10.1136/bjsm.2010.075341

36. Tomkinson GR, Lang JJ, Léger LA, Olds TS, Ortega FB, Ruiz JR, et al.
Response to criticisms of the 20 m shuttle run test: deflections, distortions, and
distractions. Br J Sports Med. (2019) 53:1200–1. doi: 10.1136/bjsports-2018-100348

37. Schwartz DH, Leonard G, Perron M, Richer L, Syme C, Veillette S, et al.
Visceral fat is associated with lower executive functioning in adolescents. Int J Obes.
(2013) 37:1336–43. doi: 10.1038/ijo.2013.104

38. Moore SA, McKay HA, Macdonald H, Nettlefold L, Baxter-Jones ADG,
Cameron N, et al. Enhancing a somatic maturity prediction model. Med Sci Sports
Exerc. (2015) 47:1755–64. doi: 10.1249/MSS.0000000000000588

39. Ursache A, Noble KG. Neurocognitive development in socioeconomic
context: multiple mechanisms and implications for measuring socioeconomic
status. Psychophysiology. (2016) 53:71–82. doi: 10.1111/psyp.12547

40. Flores-Mendoza C, Mansur-Alves M, Ardila R, Rosas RD, Guerrero-Leiva
MK, Maqueo MELG, et al. Fluid intelligence and school performance and its
relationship with social variables in Latin American samples. Intelligence. (2015)
49:66–83. doi: 10.1016/j.intell.2014.12.005

41. Cristi-Montero C, Ibarra-Mora J, Gaya A, Castro-Piñero J, Solis-Urra P,
Aguilar-Farias N, et al. Could physical fitness be considered a protective social
factor associated with bridging the cognitive gap related to school vulnerability
in adolescents? The cogni-action project. Int J Environ Res Public Health. (2021)
18:10073. doi: 10.3390/ijerph181910073

42. Lumley T, Diehr P, Emerson S, Chen L. The importance of the normality
assumption in large public health data sets. Annu Rev Public Health. (2002)
23:151–69. doi: 10.1146/annurev.publhealth.23.100901.140546

43. Bolin JH. Hayes, Andrew F. (2013). Introduction to mediation, moderation,
and conditional process analysis: a regression-based approach. New York,
NY: The Guilford Press. J Educ Meas. (2014) 51:335–7. doi: 10.1111/jedm.1
2050

44. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing
and comparing indirect effects in multiple mediator models. Behav Res Methods.
(2008) 40:879–91. doi: 10.3758/BRM.40.3.879

45. Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers
Soc Psychol. (1986) 51:1173–82. doi: 10.1037/0022-3514.51.6.1173

46. Nitzl C, Roldan JL, Cepeda G. Mediation analysis in partial least squares path
modeling: helping researchers discuss more sophisticated models. Ind Manag Data
Syst. (2016) 116:1849–64. doi: 10.1108/IMDS-07-2015-0302

47. Zhao X, Lynch JG, Chen Q. Reconsidering Baron and Kenny: myths and
truths about mediation analysis. J Consum Res. (2010) 37:197–206. doi: 10.1086/
651257

48. Álvarez-Bueno C, Hillman CH, Cavero-Redondo I, Sánchez-López M,
Pozuelo-Carrascosa DP, Martínez-Vizcaíno V. Aerobic fitness and academic
achievement: a systematic review and meta-analysis. J Sports Sci. (2020) 38:582–9.
doi: 10.1080/02640414.2020.1720496

49. Ruiz-Ariza A, Grao-Cruces A, Marques De Loureiro NE, Martínez-López EJ.
Influence of physical fitness on cognitive and academic performance in adolescents:
a systematic review from 2005–2015. Int Rev Sport Exerc Psychol. (2017) 10:108–33.
doi: 10.1080/1750984X.2016.1184699

50. Cadenas-Sanchez C, Migueles JH, Esteban-Cornejo I, Mora-Gonzalez J,
Henriksson P, Rodriguez-Ayllon M, et al. Fitness, physical activity and academic
achievement in overweight/obese children. J Sports Sci. (2020) 38:731–40. doi:
10.1080/02640414.2020.1729516

51. Kao SC, Westfall DR, Parks AC, Pontifex MB, Hillman CH. Muscular and
aerobic fitness, working memory, and academic achievement in children.
Med Sci Sports Exerc. (2017) 49:500–8. doi: 10.1249/MSS.000000000000
1132

52. Stillman CM, Esteban-Cornejo I, Brown B, Bender CM, Erickson KI. Effects
of exercise on brain and cognition across age groups and health states. Trends
Neurosci. (2020) 43:533–43. doi: 10.1016/j.tins.2020.04.010

53. Käll LB, Nilsson M, Lindén T. The impact of a physical activity intervention
program on academic achievement in a swedish elementary school setting. J Sch
Health. (2014) 84:473–80. doi: 10.1111/josh.12179

54. Mullender-Wijnsma MJ, Hartman E, de Greeff JW, Bosker RJ, Doolaard S,
Visscher C. Improving academic performance of school-age children by physical
activity in the classroom: 1-year program evaluation. J Sch Health. (2015) 85:365–
71. doi: 10.1111/josh.12259

55. Keeley TJH, Fox KR. The impact of physical activity and fitness on academic
achievement and cognitive performance in children. Int Rev Sport Exerc Psychol.
(2009) 2:198–214. doi: 10.1080/17509840903233822

56. Marques, A, Corrales FRG, Martins J, Catunda R, Sarmento H. Association
between physical education, school-based physical activity, and academic
performance: a systematic review. Retos (2017) 31:316–20. doi: 10.47197/retos.
v0i31.53509

57. Álvarez-Bueno C, Pesce C, Cavero-Redondo I, Sánchez-López M, Garrido-
Miguel M, Martínez-Vizcaíno V. Academic achievement and physical activity: a
meta-analysis. Pediatrics. (2017) 140:e20171498. doi: 10.1542/peds.2017-1498

58. Trudeau F, Shephard RJ. Physical education, school physical activity, school
sports, and academic performance. Int J Behav Nutr Phys Act. (2008) 5:10. doi:
10.1186/1479-5868-5-10

59. Tang X, Zhao W, Lu M, Zhang X, Zhang P, Xin Z, et al. Relationship between
central obesity and the incidence of cognitive impairment and dementia from
cohort studies involving 5,060,687 participants. Neurosci Biobehav Rev. (2021)
130:301–13. doi: 10.1016/j.neubiorev.2021.08.028

60. Vissers D, Hens W, Hansen D, Taeymans J. The effect of diet or exercise
on visceral adipose tissue in overweight youth. Med Sci Sports Exerc. (2016)
48:1415–24. doi: 10.1249/MSS.0000000000000888

61. Verheggen RJHM, Maessen MFH, Green DJ, Hermus ARMM, Hopman
MTE, Thijssen DHT. A systematic review and meta-analysis on the effects of
exercise training versus hypocaloric diet: distinct effects on body weight and
visceral adipose tissue: effects of exercise versus diet on visceral fat. Obes Rev. (2016)
17:664–90. doi: 10.1111/obr.12406

62. González-Gil EM, Santaliestra-Pasías AM, Buck C, Gracia-Marco L, Lauria
F, Pala V, et al. Improving cardiorespiratory fitness protects against inflammation
in children: the IDEFICS Study. Pediatr Res. (2021) 91:681–9. doi: 10.1038/s41390-
021-01471-0

63. Chang Y-H, Yang H-Y, Shun S-C. Effect of exercise intervention dosage on
reducing visceral adipose tissue: a systematic review and network meta-analysis of
randomized controlled trials. Int J Obes. (2021) 45:982–97. doi: 10.1038/s41366-
021-00767-9

Frontiers in Nutrition 11 frontiersin.org

https://doi.org/10.3389/fnut.2022.904831
https://doi.org/10.1016/j.jpeds.2017.04.037
https://doi.org/10.1016/j.jpeds.2017.04.037
https://doi.org/10.3389/fpubh.2020.00118
https://doi.org/10.3389/fnins.2014.00276
https://doi.org/10.1001/jamapediatrics.2015.1475
https://doi.org/10.1016/j.neuron.2017.08.034
https://doi.org/10.1016/j.neuron.2017.08.034
https://doi.org/10.1136/jech.2005.041319
https://doi.org/10.1136/jech.2005.041319
https://doi.org/10.1186/s12887-019-1639-8
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1001/jama.2021.14075
https://doi.org/10.1001/jama.2021.14075
https://doi.org/10.1016/S2352-4642(18)30022-1
https://doi.org/10.1016/S2352-4642(18)30022-1
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.1136/bjsm.2010.075341
https://doi.org/10.1136/bjsports-2018-100348
https://doi.org/10.1038/ijo.2013.104
https://doi.org/10.1249/MSS.0000000000000588
https://doi.org/10.1111/psyp.12547
https://doi.org/10.1016/j.intell.2014.12.005
https://doi.org/10.3390/ijerph181910073
https://doi.org/10.1146/annurev.publhealth.23.100901.140546
https://doi.org/10.1111/jedm.12050
https://doi.org/10.1111/jedm.12050
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1108/IMDS-07-2015-0302
https://doi.org/10.1086/651257
https://doi.org/10.1086/651257
https://doi.org/10.1080/02640414.2020.1720496
https://doi.org/10.1080/1750984X.2016.1184699
https://doi.org/10.1080/02640414.2020.1729516
https://doi.org/10.1080/02640414.2020.1729516
https://doi.org/10.1249/MSS.0000000000001132
https://doi.org/10.1249/MSS.0000000000001132
https://doi.org/10.1016/j.tins.2020.04.010
https://doi.org/10.1111/josh.12179
https://doi.org/10.1111/josh.12259
https://doi.org/10.1080/17509840903233822
https://doi.org/10.47197/retos.v0i31.53509
https://doi.org/10.47197/retos.v0i31.53509
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1186/1479-5868-5-10
https://doi.org/10.1186/1479-5868-5-10
https://doi.org/10.1016/j.neubiorev.2021.08.028
https://doi.org/10.1249/MSS.0000000000000888
https://doi.org/10.1111/obr.12406
https://doi.org/10.1038/s41390-021-01471-0
https://doi.org/10.1038/s41390-021-01471-0
https://doi.org/10.1038/s41366-021-00767-9
https://doi.org/10.1038/s41366-021-00767-9
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-904831 October 20, 2022 Time: 17:18 # 12

Gajardo-Araya et al. 10.3389/fnut.2022.904831

64. Venables MC, Achten J, Jeukendrup AE. Determinants of fat oxidation
during exercise in healthy men and women: a cross-sectional study. J Appl Physiol.
(2005) 98:160–7. doi: 10.1152/japplphysiol.00662.2003

65. Sirin SR. Socioeconomic status and academic achievement: a meta-
analytic review of research. Rev Educ Res. (2005) 75:417–53. doi: 10.3102/
00346543075003417

66. Laverty AA, Hone T, Goodman A, Kelly Y, Millett C. Associations of
active travel with adiposity among children and socioeconomic differentials: a
longitudinal study. BMJ Open. (2021) 11:e036041. doi: 10.1136/bmjopen-2019-
036041

67. Wolfe AM, Lee JA, Laurson KR. Socioeconomic status and physical
fitness in youth: findings from the NHANES national youth fitness

survey. J Sports Sci. (2020) 38:534–41. doi: 10.1080/02640414.2020.171
3688

68. Douglas M, Katikireddi SV, Taulbut M, McKee M, McCartney G. Mitigating
the wider health effects of covid-19 pandemic response. BMJ. (2020) 369:m1557.
doi: 10.1136/bmj.m1557

69. Nicola M, Alsafi Z, Sohrabi C, Kerwan A, Al-Jabir A, Iosifidis C, et al.
The socio-economic implications of the coronavirus pandemic (COVID-
19): a review. Int J Surg. (2020) 78:185–93. doi: 10.1016/j.ijsu.2020.0
4.018

70. Kuhfeld M, Soland J, Tarasawa B, Johnson A, Ruzek E, Liu J. Projecting the
potential impact of COVID-19 school closures on academic achievement. Educ Res.
(2020) 49:549–65. doi: 10.3102/0013189X20965918

Frontiers in Nutrition 12 frontiersin.org

https://doi.org/10.3389/fnut.2022.904831
https://doi.org/10.1152/japplphysiol.00662.2003
https://doi.org/10.3102/00346543075003417
https://doi.org/10.3102/00346543075003417
https://doi.org/10.1136/bmjopen-2019-036041
https://doi.org/10.1136/bmjopen-2019-036041
https://doi.org/10.1080/02640414.2020.1713688
https://doi.org/10.1080/02640414.2020.1713688
https://doi.org/10.1136/bmj.m1557
https://doi.org/10.1016/j.ijsu.2020.04.018
https://doi.org/10.1016/j.ijsu.2020.04.018
https://doi.org/10.3102/0013189X20965918
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Physical fitness mediates the inverse association between fatness indicators and academic achievement, despite the school vulnerability of adolescents—The Cogni-Action Project
	Introduction
	Materials and methods
	Study design
	Study population
	Measurements
	Fatness indicators
	Physical fitness assessment
	Cardiorespiratory fitness
	Muscular fitness
	Speed, agility, fitness
	Global fitness score

	Academic achievement
	Confounders
	Statistical analysis

	Results
	Discussion
	Differences in fitness component mediations
	Differences in fatness indicators related to fat distribution
	Exploring the influence of an school vulnerability index
	Limitations and strengths

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


