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A Cluster Mediation Analysis Confirms the Validity of the “Fat but Fit”
Paradigm in Children’s Cognitive Function and Academic Achievement
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Objective To evaluate the fat but fit conceptual model, testing whether this paradigm for body mass index (BMI)
and maximum rate of oxygen consumption (VO2max) exists in schoolchildren and whether executive functions
mediate the relationship between fat but fit categories and academic achievement.
Study design Cluster cross-sectional analyses of data from 554 children aged 9-11 from Cuenca, Spain. BMI,
VO2max, core executive functions (inhibition, working memory, and cognitive flexibility) and academic achievement
(language and mathematics).
Results Cluster analysis of BMI and VO2max z-scores resulted in a 4-cluster solution that could be interpreted ac-
cording to fat unfit, unfat unfit, fat fit, and unfat fit categories. ANCOVA models confirmed an increasing trend by
cluster category in terms of VO2max levels and, conversely, a decreasing trend in terms of adiposity variables. These
models also confirmed that children in the fat fit and unfat fit categories scored higher than their peers in the fat unfit
and unfat unfit categories. Mediation analyses using fat but fit clusters as multicategory independent variable, ex-
ecutive functions as mediators, and academic achievement as outcome variable showed that the positive associ-
ation between the BMI-VO2max clusters and academic achievement was mediated by inhibition levels in fat fit and
unfat fit individuals, by working memory levels only in those classified as fat fit, and by cognitive flexibility only in
unfat fit individuals.
Conclusions This study confirms the validity of the 4-cluster conceptual model regarding BMI and VO2max and
reinforces the predictive validity, proving that fitness levels are able to counteract the detrimental effect of obesity
on academic achievement. (J Pediatr 2021;231:231-8).

P
hysical activity in children has benefits for obesity, brain development, and function.1,2 The time children spend in
sedentary activities continues to increase, and the prevalence of both obesity and low cardiorespiratory fitness levels
has been increasing.3 It has been consistently reported that better fitness levels positively impact executive functions

and academic achievement, which are both predictors of success later in life.1,4-7

A complex relationship has been described among children’s executive functions, academic achievement, adiposity, and
fitness.8,9 It has been proposed that the development of core executive functions (including inhibition, working memory,
and cognitive flexibility) is a predictor of academic achievement.10,11 Additionally, current evidence shows an inverse relation-
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ship between both cognition and academic achievement and adiposity.12-15

Moderate to high levels of cardiorespiratory fitness in children may counteract
the negative consequences of obesity on cardiometabolic risk, which is known
as the fat but fit paradigm.6,7,16 However, the joint role of adiposity and
fitness in the relationship between cognition and academic achievement remains
unexplored.17

Our aim was to assess the validity of the fat but fit paradigm testing the exis-
tence of 4 categories of this conceptual model when body mass index (BMI) and
cardiorespiratory fitness (maximum rate of oxygen consumption [VO2max]) var-
iables are analyzed and whether executive functions mediate the relationship be-
tween each fat but fit category and academic achievement using multicategorical
mediation models.
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Methods

This was a cross-sectional analysis of data from baseline mea-
surements of the cluster-randomized trial MOVI-daFit!. This
trial (NCT03236337) was designed as a high-intensity inter-
val training intervention aimed at decreasing fat mass and
cardiovascular risk and improving physical fitness, executive
functions, and academic achievement among children in the
fourth and fifth grades of primary school. Recruitment, data
collection, andmeasurement procedures have been described
elsewhere.18

The study was approved by the Clinical Research Ethics
Committee of the Cuenca Health Area (REG: 2016/PI021)
and by the school councils of each school. Parents were
invited to a meeting in which they were informed about
the objectives of the study and were asked to sign a consent
form allowing their children to participate.

For the analysis of this study, we included 554 schoolchil-
dren in the fourth and fifth grades (aged 9-11 years), from
whom data on all the study variables were collected. All
schoolchildren met the following inclusion criteria: not hav-
ing any Spanish learning disability and not having any phys-
ical or mental disorder or any chronic disorder impeding his
or her participation in the activities of the program.
Conversely, we excluded those children presenting Spanish
learning difficulties reported by teachers or their pediatri-
cians or with a chronic disorder such as heart disease, dia-
betes, or asthma that could prevent participation in the
activities of the program.

Anthropometric variables were measured twice, and their
average was considered for the analyses. Weight and height
were measured using a scale and a wall stadiometer (Seca
861 and Seca 222, respectively), with the child in light
clothing and barefoot. BMI was calculated as weight (kg)/
height squared (m2).

Waist circumference was calculated as the mean of 3 mea-
surements performed at the midpoint between the last rib
and the iliac crest at the end of a normal expiration using a
flexible tape. The percentage of body fat and fat-free mass
were measured under controlled temperature and humidity
conditions, before breakfast and after urination, using an
8-electrode Tanita Segmental-418 bioimpedance analysis sys-
tem (Tanita Corp).19 Physical fitness was measured after a 4-
minute warm-up, and included the following components.20

- For cardiorespiratory fitness, children performed the
Course-Navette test (20-m shuttle run test) in which they
were encouraged to run back and forward between 2 lines
20 m apart. They should follow the sound signal of a pre-
recorded tape starting at 8.5 km/h and increase in
0.5 km/h each minute. When children failed 2 consecutive
times in reaching the lines before the signal sounded, they
failed the test. Maximal oxygen intake was calculated using
the Leger 20-m shuttle run formula.21

- Muscle strength was calculated as the sum of the z-score of
the dynamometry/weight and the standing long jump
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measurements. A digital dynamometer with adjustable
grip TKK 5401 Grip-DW (Takeya) was used to measure
upper body strength. The average of 4 measurements (2
with the right hand and 2 with the left hand) was reported
in kilograms. The standing long jump was used to measure
lower explosive body strength. Children stood behind a line
with their feet shoulder width apart and were to jump as
far as they could. The best of 3 trials was recorded in
centimeters.

- For speed agility, we recorded in seconds the best trial of the
speed-agility 4 � 10 shuttle run test. Children ran as fast as
they could 4 times between 2 lines 10 m apart and repeated
the test in a 5-minute interval. For the analyses, this vari-
able was multiplied by�1, because less time represents bet-
ter results.

The 3 core executive functions (ie, inhibition, working
memory, and cognitive flexibility) were measured using the
National Institutes of Health Toolbox. All measurements
were performed using the digital format test and were admin-
istered individually to the children and in a quiet room. Pre-
viously reported validation procedures were used to obtain
raw scores, and the measures were as follows.22

- Inhibition was measured using an adapted version of the
Eriksen Flanker Task, consisting of a 20-trial block pseudo-
random sequence of congruent and incongruent trials.23

- Working memory was measured using the list sorting
working memory test. A series of illustrated pictures in 2
lists were presented to the children: (1) animals and (2) an-
imals and food.24 Then, children were asked to verbally
repeat the animals in order of size, from smallest to largest,
and by category and size for the animals and food list.

- Cognitive flexibility was measured using the dimensional
change card sort test. This tool presented in a pseudo-
random order a 30-trial block of mixed stimuli by “color”
or “shape.” During the trials, children were asked to adapt
their responses according to the relevant dimension.

Academic achievement was assessed through school re-
cords on the academic subjects of language and mathematics.
Scores at the end of the 2016-2017 school year were used for
this analysis. Family socioeconomic status was estimated us-
ing the Spanish Epidemiology Society Scale.25 Mothers and
fathers reported their respective educational levels and
employment status, and an index was calculated considering
both. Sexual maturity was obtained by standardized proced-
ures in which parents identified their children’s pubertal sta-
tus using figures based on Tanner stages.26

The normal distribution of continuous variables was
examined using both statistical (Kolmogorov-Smirnov test)
and graphical (normal probability plots) methods. After
that, partial correlation coefficients controlling for age and
Tanner stage among BMI, cardiorespiratory fitness, core ex-
ecutive functions (ie, inhibition, cognitive flexibility, and
working memory) and academic achievement mean score
(ie, language and mathematics) were calculated by sex.
Martinez-Vizcaino et al
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To identify homogenous groups according to children’s
body composition and fitness, based on the z-scores of the
BMI and cardiorespiratory fitness (VO2max estimates), a clus-
ter analysis was conducted using Ward’s method based on a
squared Euclidean distance.27 The number of clusters was es-
tablished by visual inspection of the dendrogram and accord-
ing to the conceptual model. Thus, we included a 4-cluster
solution defining the following categories: (1) fat unfit, (2)
unfat unfit, (3) fat but fit, and (4) unfat fit (Figure 1).

Subsequently, ANCOVA models were used to test mean
differences in body composition variables, cardiorespiratory
fitness, core executive functions, and academic achievement
(dependent variables) between fat but fit categories (fixed
factors), with adjustments made for age and Tanner stage,
by sex. Pairwise post hoc multiple comparisons were exam-
ined using the Bonferroni test.

Finally, to examine whether the association between fat but
fit categories and academic achievement was mediated by the
different core executive functions, multicategorical media-
tion models were conducted. For these analyses, we used
the PROCESS SPSS macro version 3.1, selecting model 4,
fat but fit categories as independent variables, and 5000
bias-corrected bootstrap samples.28

In mediation analysis models (Table I), path a represents
the regression coefficients of executive functions on the fat
Figure 1. Clustering individuals according to their BMI and cardio

A Cluster Mediation Analysis Confirms the Validity of the “Fat bu
Academic Achievement
but fit multicategorical variable; the c coefficient (total
effect) represents the regression of academic achievement
on the fat but fit categories, and the b coefficient represents
the regression of academic achievement on executive
functions. Path c0 (direct effect) represents the regression
coefficient of academic achievement on independent
variables after adjustments were made for the mediating
variable and with age used as a covariate.28 Multicategorical
mediation models were tested by simultaneously entering
the 4 categories of the cluster solution as independent
variables (using the fat unfit category as the reference),
each of the 3 core executive functions (ie, inhibition,
working memory, and cognitive flexibility) individually as
mediators, and academic achievement (language and
mathematics) as dependent variables.28 The significance
value for the indirect effect (a*b coefficient) was set at a P
value of less than .05.29 Statistical analyses were performed
using IBM SPSS Statistics v.24 0 (IBM Corp).

Results

Table II (available at www.jpeds.com) shows descriptive
characteristics (means � SD) of the study sample by sex.
There were statistically significant differences between
boys and girls in the percentage of body fat mass,
respiratory fitness (VO2max) z scores using the Ward method.
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Table I. Mediation role of executive functions for the association between BMI-cardiorespiratory fitness clusters with
academic achievement (language and mathematics), controlling for age

Mediators Outcomes Total effect (c) Direct effect (c0) Path a Path b Indirect effect (a*b) 95% CI

Inhibition Language
Fat unfit (Ref)
Unfat unfit 0.008 �0.035 0.103 0.044 �0.076 to 0.160
Fat fit 0.970* 0.819† 0.353† 0.428* 0.151† 0.021 to 0.297
Unfat fit 0.686* 0.529† 0.366† 0.157† 0.046 to 0.287

Mathematics
Fat unfit (Ref)
Unfat unfit �0.088 �0.139 0.103 0.059 �0.080 to 0.194
Fat fit 0.968* 0.794† 0.353† 0.490* 0.173† 0.022 to 0.333
Unfat fit 0.760* 0.580† 0.366† 0.179† 0.058 to 0.326

Working memory Language
Fat unfit (Ref)
Unfat unfit 0.036 �0.015 0.314 0.029 �0.045 to 0.111
Fat fit 0.974* 0.775* 1.194† 0.166* 0.198† 0.041 to 0.375
Unfat fit 0.688* 0.566† 0.730 0.067 �0.005 to 0.161

Mathematics
Fat unfit (Ref)
Unfat unfit �0.055 �0.127 0.314 0.072 �0.107 to 0.259
Fat fit 0.972* 0.700† 1.194† 0.586* 0.272† 0.065 to 0.495
Unfat fit 0.726* 0.595† 0.730 0.166 �0.021 to 0.371

Cognitive flexibility Language
Fat unfit (Ref)
Unfat unfit 0.008 �0.062 0.136 0.071 �0.069 to 0.225
Fat fit 0.970* 0.832† 0.265 0.522* 0.138 �0.018 to 0.305
Unfat fit 0.686* 0.539† 0.280† 0.146† 0.008 to 0.292

Mathematics
Fat unfit (Ref)

0.586*
Unfat unfit �0.088 �0.168 0.136 0.083 �0.070 to 0.259
Fat fit 0.968* 0.812† 0.265 0.155 �0.021 to 0.341
Unfat fit 0.760* 0.596† 0.280† 0.164† 0.055 to 0.340

Coefficients for total, direct, and indirect effects, a and b pathways, according to the Figure 2 mediation scheme.
*P < .001.
†P < .05.
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cardiorespiratory fitness, velocity/agility, Tanner stages,
cognitive flexibility, and language. Table III (available at
www.jpeds.com) displays partial correlation coefficients
between BMI, cardiorespiratory fitness, core executive
functions, and academic achievement for the total sample
and by sex, with adjustments made for age and Tanner
stage. The cardiorespiratory fitness was negatively
correlated with BMI (P < .001) and positively correlated
with inhibition, language, and mathematics in both boys
and girls (P < .05). Additionally, cardiorespiratory fitness
was positively correlated with working memory among
boys and with cognitive flexibility among girls. All core
executive functions were positively correlated with
language and mathematics for both genders.

Figure 1 shows the 4-cluster solution that, according to
their BMI and VO2max mean z-scores, correspond with the
following categories: fat unfit, unfat unfit, fat fit, and unfat
fit. The ANCOVA models (Table IV) show that the
4 categories of the cluster solution in terms of
cardiorespiratory fitness (VO2max) and adiposity variables
empirically fit the premises of the fat but fit paradigm, such
that an increasing trend can be observed by cluster category
(fat unfit < unfat unfit < fat fit < unfat fit) in terms of
VO2max levels; conversely, a decreasing trend (fat unfit > fat
fit > unfat unfit > unfat fit) can be observed in terms of
234
adiposity variables, although not all post hoc pairwise
comparisons achieved statistical significance (P < .05).
Regarding the differences by cluster on scores of core
executive functions and academic achievement, it can be
observed that children belonging to clusters with higher
cardiorespiratory fitness levels (fat fit, unfat fit) scored
higher in core executive functions and academic
achievement, but statistical significance for mean differences
was achieved only in some cases.
The mediation model structure is displayed in Figure 2,

and the results of mediation analyses, using the fat unfit
category as reference, are shown in Table I. This table
shows that all coefficients relating executive function
dimensions with both language and mathematics were
statistically significant (P < .001). Moreover, in all
mediation models, the a1, c, and c0 coefficients
corresponding to the unfat unfit category did not achieve
statistical significance. However, the effect of belonging to
any of the good cardiorespiratory fitness level categories
(fat fit and unfat fit individuals) was associated with better
grades in academic achievement (c coefficients ranged from
0.69 to 0.97; P < .001). The positive association between
BMI-cardiorespiratory fitness clusters and academic
achievement was mediated (indirect effect statistically
significant) by inhibition levels in fat fit and unfat fit
Martinez-Vizcaino et al
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Table IV. Mean differences in body composition, physical fitness, cognition variables, and academic performance by
fat but fit categories and sex

Total samples

Cluster (BMI, cardiorespiratory fitness)

P value

Pairwise comparisons

Fat unfit (1) Unfat unfit (2) Fat fit (3) Unfat fit (4) 1-2 1-3 1-4 2-3 2-4 3-4

n 113 175 77 189
Body composition
Waist circumference (cm) 80.03 � 7.53 60.54 � 4.80 71.50 � 5.37 59.66 � 4.01 <.001 > > > < n.s. >
% Fat mass 33.50 � 5.40 21.16 � 3.72 27.89 � 3.24 19.21 � 3.36 <.001 > > > < > >
BMI (kg/m2) 23.88 � 3.07 16.03 � 1.58 20.36 � 1.22 15.89 � 1.50 <.001 > > > < n.s. >

Physical fitness
Cardiorespiratory fitness (estimated VO2 max, mL/kg/min) 41.53 � 2.03 43.38 � 2.29 46.08 � 2.14 51.18 � 2.71 <.001 < < < < <

Executive functions
Inhibition 7.43 � 1.06 7.50 � 1.17 7.77 � 0.97 7.80 � 0.99 .011 n.s. n.s. < n.s. n.s. n.s.
Working memory 13.75 � 3.33 13.99 � 3.20 14.97 � 2.75 14.46 � 3.23 .049 n.s. < n.s. n.s. n.s. n.s.
Cognitive flexibility 6.89 � 1.11 7.00 � 1.10 7.13 � 0.987 7.17 � 1.17 .050 n.s. n.s. < n.s. n.s. n.s.

Academic performance (from 0 to 10)
Language 6.93 � 1.74 6.80 � 1.76 7.85 � 1.36 7.53 � 1.64 <.001 n.s. < < < < n.s.
Mathematics 6.52 � 1.93 6.49 � 1.91 7.60 � 1.68 7.31 � 1.68 <.001 n.s. < < < < n.s.

Boys
n 48 60 41 115
Body composition

Waist circumference (cm) 81.86 � 7.69 61.71 � 4.90 74.09 � 5.46 60.32 � 4.01 <.001 > > > < n.s. >
% Fat mass 32.60 � 5.32 19.02 � 4.10 27.86 � 3.72 18.04 � 3.12 <.001 > > > < n.s. >
BMI (kg/m2) 24.34 � 3.41 16.22 � 1.61 20.75 � 1.19 15.91 � 1.46 <.001 > > > < n.s. >

Physical fitness
Cardiorespiratory fitness (VO2max estimate, ml/kg/min) 41.93 � 2.14 43.64 � 2.34 46.81 � 2.29 52.08 � 2.77 <.001 < < < < < <

Executive functions
Inhibition 7.39 � 1.17 7.53 � 1.30 7.70 � 1.06 7.66 � 1.10 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Working memory 13.72 � 4.04 14.54 � 3.15 15.29 � 2.83 14.45 � 3.26 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Cognitive flexibility 6.76 � 0.785 6.78 � 1.23 7.14 � 1.10 7.02 � 1.26 n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Academic performance (from 0 to 10)
Language 6.58 � 1.67b 6.67 � 1.87d 7.79 � 1.40 7.26 � 1.76 <.001 n.s. < n.s. < n.s. n.s.
Mathematics 6.48 � 1.82b 6.76 � 1.88d 7.63 � 1.72 7.19 � 1.74 <.001 n.s. < n.s. n.s. n.s. n.s.

Girls
n 65 115 36 74
Body composition

Waist circumference (cm) 78.82 � 7.21 59.91 � 4.66 68.51 � 3.86 59.18 � 3.94 <.001 > > > < n.s. >
% Fat mass 34.09 � 5.41 22.33 � 3.02 27.93 � 2.62 21.08 � 2.85 <.001 > > > < n.s. >
BMI (kg/m2) 23.59 � 2.80 15.94 � 1.57 19.91 � 1.12 15.87 � 1.57 <.001 > > > < n.s. >

Physical fitness
Cardiorespiratory fitness (VO2max estimate, ml/kg/min) 41.28 � 1.93 43.24 � 2.26 45.23 � 1.65 49.78 � 1.96 <.001 < < < < < <

Executive functions
Inhibition 7.46 � 0.98 7.48 � 1.10 7.83 � 0.87 8.01 � 0.74 <.001 n.s. n.s. < n.s. < n.s.
Working memory 13.96 � 2.76 13.73 � 3.20 14.57 � 2.64 14.46 � 3.21 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Cognitive flexibility 7.02 � 1.28 7.12 � 1.02 7.09 � 1.10 7.39 � 0.964 n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Academic performance (from 0 to 10)
Language 7.15 � 1.75 6.86 � 1.71 7.93 � 1.33 7.96 � 1.67 <.001 n.s. n.s. < < < n.s.
Mathematics 6.54 � 2.02 6.34 � 1.92 7.57 � 1.67 7.49 � 1.59 <.001 n.s. n.s. < < < n.s.

n.s., not significant.
Values are means � SD. Bold values indicate cluster statistical significance (P £ .05), using ANCOVA adjusting by age and Tanner stage; Symbols: >, < indicate statistical significance (P < .05) in
pairwise mean comparisons using a Bonferroni post hoc test.

April 2021 ORIGINAL ARTICLES
individuals, by workingmemory levels only in those classified
as fat fit, and by cognitive flexibility only in unfat fit
individuals.
Discussion

This study provides 2 novel findings in relation to the fat but
fit paradigm. First, it is an empirical verification of this con-
ceptual model by taking the variables on their original mea-
surement scale, without categorizing them according to more
or less universally accepted cut-off points. Second, in light of
the fat but fit hypothesis and through multicategory media-
tion analysis, we examined whether fitness levels are able to
A Cluster Mediation Analysis Confirms the Validity of the “Fat bu
Academic Achievement
counteract the detrimental effect of obesity on academic
achievement.
Although there is controversy regarding the assumptions

of the fat but fit paradigm, evidence supports cardiorespira-
tory fitness levels as a key predictor of mortality risk,
because it can counteract some detrimental effects of
obesity on cardiometabolic risk factors and mortality in
some people.30-32 However, the evidence supporting the
validity of this paradoxical phenomenon in children is not
as abundant.17 Our cluster analysis solution, as well as
our ANCOVA models, confirm the validity of the 4-
cluster model, because this analysis differentiated clusters
of children in terms of BMI and cardiorespiratory fitness.
Moreover, this clustering solution is supported by
t Fit” Paradigm in Children’s Cognitive Function and 235
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Figure 2. General scheme for all mediation models: the effect of the fat but fit paradox multicategory variable (independent) on
academic performance (dependent variable) through executive functions (mediator variable). Regression coefficients are: path a,
mediators on independent variable categories; path b, mediators on dependent variables; path c (total effect), dependent var-
iable on independent variable categories; and c0 (direct effect), dependent variable on independent variable categories con-
trolling for mediators and covariate. In all mediation models the fat unfit cluster was taken the reference category.
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differences in other fatness indicators, such as body fat
percentage or waist circumference.

Children’s obesity has a negative influence not only on
physical and mental health, but also on academic achieve-
ment. Moreover, obesity has a negative effect on cognitive
function, which has been associated with the ability of obesity
to trigger low-grade inflammation processes and to diminish
endothelial function.33 Our study demonstrates that the fat
but fit paradigm is supported in terms of both cognition
and academic achievement, because the detrimental effect
of obesity in cognition and academic achievement is counter-
acted by acceptable to good levels of cardiorespiratory fitness.
However, when examining data regarding cognition, it is sur-
prising that, in clusters with good fitness levels, the mean
scores in the dimensions of cognition and academic perfor-
mance were lower in those with lower levels of adiposity.
These results might indicate that these could be a minimal
body fat level below which the functioning of brain and other
organs could be compromised.

In accordance with these findings and considering that the
mediating role of adiposity in the relationship between fitness
and cognitive functions and academic achievement has been
previously studied, it was worthwhile to examine the medi-
ating role of executive functions in the relationship between
BMI-cardiorespiratory fitness categories and academic
achievement.34-40 Again, the mediation models confirm the
mediating role of cognitive functions on the relationship be-
tween clusters of individuals based on the fat but fit paradigm
and therefore support that cardiorespiratory fitness levels are
able to counteract the consistently reported negative effect of
236
adiposity on both cognition and academic achievement,
because children’s unfat unfit category showed coefficients
that did not differ from those of the reference category.
Meanwhile, most coefficients belonging to categories with
good cardiorespiratory fitness levels (fat unfit and unfat fit)
indicated positive associations with cognition, especially
with academic achievement. The small differences in the
mediation effect (a*b coefficients) of the different executive
functions between fat fit and unfat fit clusters are similar to
those reported by studies that have examined the mediating
role of executive functions in the relationship between
cardiorespiratory fitness and academic achievement.37 Like-
wise, the special role of obesity in academic achievement
has been noted through its influence on working memory.38

Therefore, the fat but fit paradigm is confirmed, because in-
dividuals in clusters with higher fitness levels scored better on
executive functions and academic achievement, regardless of
their BMI levels.
There are some limitations of this study. First, its cross-

sectional design results in temporal ambiguity. Second,
cardiorespiratory fitness was indirectly estimated from the
20-m shuttle run test, which is not recognized as the gold
standard, although it has been proven to have good validity
and reliability. Third, the assessment of core executive func-
tions using the National Institutes of Health Toolbox, which
uses an algorithm, provides a unique score that combines ac-
curacy and reaction; although it could be considered a limi-
tation, National Institutes of Health procedures have been
extensively validated. Fourth, we explored the effect of
cardiorespiratory fitness in the fat but fit paradigm, but other
Martinez-Vizcaino et al
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fitness components could also have an impact on children’s
cognitive function. Fifth, Figure 1 shows that the sample
was more homogeneous in relation to the cardiorespiratory
fitness than to the BMI, such that in the upper right
quadrant there was no individuals above 2 scores of
cardiorespiratory fitness; it is not possible to know whether
these differences in BMI and cardiorespiratory fitness
variability that make the fat but fit paradigm model fit the
data, but not perfectly, can be applied to other populations.
Sixth, the relationship between adiposity, fitness, and
cognitive function could be potentially confounded by
other sociodemographic variables that we have not
included in the statistical models.

Our study support that interventions aimed to increase
cardiorespiratory fitness should be a priority in both schools
and clinical setting, because our data prove that good finess
levels are associated with better brain function and, in the
end, better academic performance. n
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50 Years Ago in THE JOURNAL OF PEDIATRICS
Opioid Use Disorder Treatment in Adolescents: Then and Now

Litt IF, Colli AS, Cohen MI. Diazepam in the management of heroin withdrawal in adolescents: preliminary report. J Pediatr
1971;78:692-6.

Opioid use disorder remains a source of morbidity and mortality; it is estimated that 14 000 youth used heroin in
2017, with more than one-quarter of those meeting the criteria for a use disorder.1 Litt et al, in their article on

management of heroin withdrawal in adolescents, describe the use of diazepam for this purpose. The article summa-
rizes 2 studies, one in mice and one in youth, exploring the use of diazepam as a viable option for avoidance of the
major consequences of withdrawal. Diazepam was described as an “ideal agent” because of its nonaddictive nature
and idyllic safety profile. At the time, the standard of care was symptom management through withdrawal and com-
plete abstinence after withdrawal completion. Methadone is mentioned but is downplayed citing prolonged inpatient
treatment with its use, leading to high wait times for initiation.

The thoughts and language surrounding addiction have changed over the years. The current standard of care in-
volves medication-assisted therapy (MAT) with methadone, buprenorphine, or naltrexone. Methadone and bupre-
norphine decrease the overdose and death rate among adolescents and increase retention in treatment. With early
initiation of treatment, consequences such as HIV or hepatitis C infection from intravenous drug use may be avoided.
Although most studies are limited to adult treatment, buprenorphine is approved by the US Food and Drug
Administration for use over the age of 16.

Access to MAT, however, is severely limited for adolescents. This underuse is owing primarily to a paucity of phy-
sicians trained to provideMAT for adolescents, with only 2.4% of adolescent heroin users in treatment receivingMAT.
Other challenges to adolescent MAT access include the need for parental involvement in overdose prevention training,
federal requirements for parental permission for methadone initiation, and transportation issues. Much work is
needed to expand the workforce of pediatric MAT providers, and to build youth friendly programs to treat adolescent
opioid use disorder.1
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Table II. Characteristics of the study sample

Characteristics Boys (n = 264) Girls (n = 290) P value*

Age (years) 10.07 � 0.71 10.04 � 0.70 n.s.
Weight (kg) 36.62 � 9.71 36.48 � 9.84 n.s.
Height (CM) 140.98 � 7.07 140.84 � 7.56 n.s.
Waist circumference (cm) 66.68 � 10.14 65.19 � 9.49 n.s.
% Fat mass 22.40 � 6.99 25.34 � 6.27 <.001
BMI (kg/m2) 18.25 � 3.86 18.19 � 3.71 n.s.
Underweight (%) 12.3 15.4 n.s.
Normal weight (%) 57.6 56.5
Overweight (%) 21.9 20.2
Obesity (%) 8.2 7.9

Cardiorespiratory fitness (stages) 4.32 � 2.03 3.27 � 1.51 <.001
Cardiorespiratory fitness (VO2 max estimate, mL/kg/min) 47.41 � 4.98 44.66 � 3.81 <.001
Velocity/agility (s) 13.55 � 1.39 13.85 � 1.31 .012
Muscular strength (cm/kg)† 0.019 � 1.71 �0.009 � 1.67 n.s.
Socioeconomic level (%)
Low-low/middle 22.4 20.4 n.s.
Middle 53.1 50.6
Middle/high-high 24.6 29.0

Tanner stage (%)
1 51.4 61.6 <.001
2 46.6 26.7
³3 2.1 11.6

Cognition
Inhibition (FT) 0.849 � 0.294 0.823 � 0.217 n.s.
Cognitive flexibility (DCST) 6.95 � 1.12 7.16 � 1.08 .029
Working memory (LSWM) 14.45 � 3.31 14.06 � 3.03 n.s.

Academic performance (from 0 to 10)
Language 7.03 � 1.76 7.32 � 1.67 .049
Mathematics 6.98 � 1.82 6.82 � 1.91 n.s.

DCST, dimensional change card sort test; FT, Flanker Task; LSWM, list shorting working memory; n.s., not significant.
Values are means � SD. Bold values indicate statistical significance P £ .05.
*Student t-test (continuous variables), or c2 tests (categorical variables).
†Sum of the standardized z score of dynamometry/weight and standing long jump.

Table III. Partial correlation coefficients among BMI, cardiorespiratory fitness (VO2 max), executive function
variables, and academic performance controlling for age and Tanner stage, by sex

Variables Cardiorespiratory fitness Inhibition Working memory Cognitive flexibility Language Mathematics

Total sample
BMI �0.450* �0.080 �0.011 �0.133† �0.047 �0.058
Cardiorespiratory fitness – 0.149* 0.103† 0.106† 0.222* 0.227*

Inhibition – 0.296* 0.480* 0.343* 0.357*
Working memory – 0.30* 0.318* 0.390*
Cognitive flexibility – 0.371* 0.348*
Language – 0.852*

Boys
BMI �0.590* �0.136 �0.030 �0.105 �0.111 �0.106
Cardiorespiratory fitness – 0.138† 0.130† 0.116 0.202* 0.167†

Inhibition – 0.282* 0.528* 0.394* 0.426*
Working memory – 0.232* 0.233* 0.293*
Cognitive flexibility – 0.326* 0.324*
Language – 0.864**

Girls
BMI �0.465* �0.199† 0.015 �0.165† �0.073 �0.032
Cardiorespiratory fitness – 0.159* 0.046 0.130† 0.282* 0.269*
Inhibition – 0.317* 0.438* 0.287* 0.298*
Working memory – 0.308* 0.365* 0.328*
Cognitive flexibility – 0.405* 0.374*
Language – 0.856*

*P < .001.
†P < .05.
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