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ABSTRACT: To verify the role of the combination of fitness and fatness in the relationship between physical
activity (PA) and cardiometabolic risk in children and adolescents. This is a cross-sectional study performed with
2786 children and adolescents (6 to 17 years). Fitness was determined by the cardiorespiratory fitness (CRF)
six-minute walking and running test. Waist circumference (WC) was considered a fatness indicator. A self-
reported questionnaire was used to determine PA practice, whereas the clustered cardiometabolic risk score
(cMetS) was calculated by summing z-scores of triglycerides, total cholesterol/HDL-C ratio, systolic blood pressure,
glucose, and WC. Considering the combination of CRF (fitness) and WC (fatness), the following phenotypes
were created: Fit/Unfat, Fit/Fat, Unfit/Unfat and Unfit/Fat. Moderation analyses were tested using linear regression
models. Significant interactions were found between PA and Unfit/Fat category (B = -0.001; p = 0.001) only
for adolescents. The interaction observed in the Unfit/Fat phenotype indicated that adolescents who practise
PA for 330 minutes per week presented lower cMetS compared to those who do not practise or practise for
60 minutes respectively. The combination of fitness and fatness moderates the relationship between PA and
cardiometabolic risk, suggesting that adolescents, particularly those who are less fit and present high adiposity,
should be encouraged to engage in regular PA to improve their metabolic health.
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The onset of cardiometabolic risk factors used to be observed only
in adults; however, this scenario has changed, beginning to manifest
already during childhood, increasing the risk of developing the car-
diometabolic disease later in life [1]. In the context of lifestyle be-
haviour, the practice of physical activity (PA) brings significant ben-
efits for cardiometabolic health in youth, including decreased
low-density lipoprotein cholesterol, insulin resistance, and arterial
blood pressure, as well as increased high-density lipoprotein choles-
terol (HDL-C) [2, 3]. Similarly, cardiorespiratory fitness (CRF), which
is mainly determined by PA habits, is an important health indicator
and independent predictor of cardiometabolic risk [4, 5].

In an opposite direction, obesity is a chronic disease associat-
ed with the development of many cardiometabolic disorders [6].
The combination of both conditions, fitness and fatness, gives rise
to the “fat-but-fit” paradox, which suggests that appropriate lev-
els of CRF could attenuate the deleterious consequences for met-
abolic health related to an excess of fatness [7]. Therefore, the
general belief that being normal weight is equal to being healthy
could be wrong since studies have indicated that normal-weight/
unfit subjects could be at a higher risk of developing cardiovascu-
lar disease than obese/fit subjects [7, 8]. Some studies reinforce
the fat-but-fit paradigm, indicating that CRF could counteract the
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effect of obesity in cardiometabolic risk factors in children [9],
while others shows that both CRF and adiposity are important for
having a low cardiometabolic risk [10, 11]. In this context, con-
sidering the role of sexual maturation, it is essential due to its in-
fluence on physical activity, fitness and cardiometabolic risk fac-
tors, in which evidence indicates that early sexual maturation was
positively associated with obesity in both girls and boys and also
that pubertal stage has an interaction effect on the association of
cardiometabolic risk with body mass index [12-14].

Recent studies have suggested that adiposity mediates the asso-
ciation between CRF and cardiometabolic risk [15, 161, which could
be related to the correlation between body weight and the compu-
tation of CRF. Also, it has been suggested that CRF could play a mod-
erator role in the association between PA and cardiometabolic risk
factors [17]. Indeed, these indicators seem to influence the devel-
opment of cardiometabolic risk in children and adolescents, as well
as in the PA levels. However, it is not yet clear how CRF and adipos-
ity interact in this relationship. Based on these assumptions and the
strong link among PA, CRF and adiposity, we hypothesized that the
combination of fitness and fatness would moderate the association
between PA and cardiometabolic risk factors in Brazilian children
and adolescents.

Thus, the authors intend to address new evidence in the literature
from the perspective of exploring how the combination of fitness and
fatness is capable of changing the relationship between PA and car-
diometabolic risk factors. Consequently, the present study aimed to
verify the role of the combination of fitness and fatness in the relation-
ship between PA and cardiometabolic risk in children and adolescents.

MATERIALS AND METHOD'S 15—
Studly design and sample

This cross-sectional study was developed with 2786 children
(n = 1170) and adolescents, aged between six and 17 years (mean
age 12.17 =2.75), from public and private schools from a city lo-
cated in southern Brazil. Data from the present study belong to a co-
hort in which the initial sample was recruited in 2004. Students of
all regions of the city were considered to calculate the population
density of students to be included in the research. Twenty-five schools
were randomly selected from fifty schools with 20,380 schoolchildren,
considering schools of different regions of the municipality to form
a representative sample of this city. All students from the 25 schools
were invited to participate in the cohort, which were organized as
follows: Phase | (2004-2005), Phase Il (2007-2009), Phase I
(2011-2012), Phase IV (2014-2015), and Phase V (2016-2017).
Data from Phase IV and V were used for the present study. The age
range to classify children and adolescents was set according to the
Brazilian recommendations [18].

Procedures
The present study was conducted in accordance with Resolution
466/2012 of the National Council of Health in Brazil, and approved
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by the research ethics committee at the University of Santa Cruz do
Sul (no. 4.278.679). The schoolchildren’s parents or legal guardians
signed free and informed consent forms. Data were collected between
2014 and 2017 in the facilities of the University of Santa Cruz do
Sul by trained researchers, including physical activity professors,
a technical professional in nursing and a pharmacist.

Evaluations

CRF was assessed by the six-minute walking and running test fol-
lowing the procedures of Projeto Esporte Brasil [19]. Schoolchildren
should achieve the greatest number of turns, running or walking, in
a six-minute period. The test was performed on an outdoor athletic
track with demarcations every 10 m to indicate the exact distance
(in metres) that was covered. The number of laps completed and the
additional distance achieved for the ones unable to complete a full
lap at the end of the test were calculated. Thus, CRF was determined
by multiplying the number of laps by the metres covered. The six-
minute walking and running test is commonly used for the evaluation
of Brazilian youth due to ease of application, low cost of material,
and the opportunity to evaluate a large number of participants si-
multaneously [20, 21]. Children and adolescents were classified as
Fit and Unfit according to the cut-off points proposed by Projeto
Esporte Brasil for sex and age [19].

Waist circumference (WC) was evaluated using an inelastic tape
with a resolution of 1 mm (Cardiomed), placed at the mid-point be-
tween the lower ribs and the iliac crest [23]. WC was classified as
Fat or Unfat according to the cut-off points by age and sex proposed
by Taylor (2000) [22]. WC was considered the fatness indicator as
it is a well-accepted indicator of central adiposity [23]. In addition,
it has been suggested that WC presents a stronger association with
cardiometabolic risk compared to other anthropometric indicators,
such as waist-to-height ratio [24].

Considering the combination of CRF (fitness) and WC (fatness)
we created the following categories: Fit/Unfat, Fit/Fat, Unfit/ Unfat
and Unfit/Fat.

Weight and height were measured using an anthropometric scale
with a coupled stadiometer (Filizola). To determine body mass index
(BMI), weight (in kilograms) was divided by height (in square
meters).

Self-reported questions were used to determine skin colour and PA
practice. The parents of the children aged between 6 and 10 years
helped them to fill in the questionnaire. Concerning skin colour, par-
ticipants were required to indicate one of the following options: white,
black, brown/mulatto, indigenous and yellow, as indicated in Brazil-
ian population censuses [25]. PA was evaluated through the follow-
ing questions: “Do you usually practise any sport/physical activity?”
(yes, or no); “How many times a week and hours/minutes per day do
you practise this sport/physical activity?” Subsequently, the total min-
utes per day spent practising sports/physical activities were summed.

Blood samples were collected after 12 hours of fasting to deter-
mine triglycerides (TG), total cholesterol (TC), HDL-C, and glucose.




Fitness, fatness and cardiometabolic health

Serum samples and commercial kits were used (DiaSys Diagnostic
Systems, Germany), performed on Miura 200 automated equipment
(1.S.E., Rome, ltaly). Systolic blood pressure (SBP) was evaluated
by the auscultatory method, using a sphygmomanometer and a stetho-
scope according to standard procedures [26]. The children/adoles-
cents were supposed to be resting for five minutes prior to the mea-
surement, which was made early in the morning. Each device had
three different sized cuffs so that researchers could select the most
suitable for each arm circumference. Two measurements on the right
arm were made, and the lowest blood pressure was recorded.

The cardiometabolic risk was assessed using a clustered cardio-
metabolic risk score (cMetS), which was calculated by summing z-
scores of TG, TC/HDL-C ratio, SBP, and glucose, and dividing the
sum by five. Sex- and age-specific standardized z-scores were cal-
culated using international references for each risk factor with the
following equation: z-score = ([X — JI/SD), where X is the continu-
ous value observed for the risk factor, O is the predicted mean cal-
culated for the risk factor using regression equations, and standard
deviation (SD) is the standard deviation of the international refer-
ence [27]. Before analysis, skewed variables (TC/HDL-C ratio, TG,
and WC) were transformed by the natural logarithm.

Sexual maturation was determined according to Tanner’s crite-
ria [28]. The researcher explained the pictures with the different stag-
es of maturation and the schoolchildren were required to indicate
the image accordingly to their current stage, considering genital de-
velopment for boys, breast development for girls and pubic hair for
both. Thus, five stages of sexual maturation were considered and
subsequently categorized into four: pre-pubertal (stage 1), initial de-
velopment (stage I1), continuous maturation (stages Ill and 1V), and
matured (stage V). Socioeconomic status was evaluated according
to Brazilian Association of Research Companies [29], which consid-
ers the head of the household’s educational level and the number of
certain items they have (bathrooms, washing machines, car, among
others). Each answer was scored and the sum of these scores was
used as a measure of the family social class. Subsequently, individ-
uals were classified into three distinct economic classes: low (D-E),
medium (C) and high (A-B).

Statistical Analysis
Descriptive data were presented as mean and standard deviation
(continuous variables) and frequencies (categorical variables). All
variables were checked to test normality distribution through an ex-
ploratory analysis according to box-plot visual inspection and scatter-
dot graphs to verify the behaviour of variables concerning linearity.
Independent two-tailed t tests or chi-squared tests were used to
examine differences between children and adolescents

Moderation analyses were tested through multiple linear regres-
sion models using the PROCESS macro for SPSS version 23.0 (IBM
Corp). The models were tested as follows: a) Associations between
the combination of fitness and fatness categories with cMetS, ad-
justed for PA; b) Associations between PA and cMetS, adjusted for

the combination of fitness and fatness categories; and c¢) Interactions
between the combination of fitness and fatness categories and PA,
which consists of the result of the multiplication between the effect
of the independent variable (PA) and moderator variable (combina-
tion of fitness and fatness categories) in the dependent variable
(cMetS).

The PA minutes were categorized into tertiles, provided by the
moderation analysis. To test the differences in cardiometabolic risk
score according to the combination of fitness and fatness categories
in adolescents who practise > 330 minutes of PA a week the ANO-
VA was used.

All analyses were adjusted for sex, pubertal status, socioeconom-
ic level and skin colour. The probability value p < 0.05 was consid-
ered to be significant for all analyses.

Multiple linear regression was used as a statistical test for post-
hoc sample calculation in the G* Power 3.1 program (Heinrich-
-Heine-Universitat), considering the following parameters: a signifi-
cance level of a = 0.05, and effect size of 0.02. The number of pre-
dictors considered was seven, with a sample size of 2786 children,
and test power (1-B) = 0.99.

RIS U L TS 15
A total of 1,170 children (54.0% female) and 1,616 adolescents
(59.0% female) participated in the study. Adolescents presented
higher mean values of weight, height, BMI, WC, PA, systolic blood
pressure, total cholesterol, triglycerides and cMetS compared to chil-
dren. In addition, 73.6% and 16% of the adolescents were classified
in the unhealthy zone for CRF and presented overweight/obesity
respectively, while for children 45.6% were classified as unhealthy
and 26% were overweight/obese. Concerning the combination of
fitness and fatness, 17.8% of the children and 14.1% of the ado-
lescents were classified in the Unfit/Fat category (Table 1).

The combination of fitness and fatness in the relationship between
PA and cardiometabolic risk in children and adolescents is present-
ed in Table 2. In children, the Fit/Fat and Unfit/Fat categories were
positively associated with cMetS; however, no interactions were found.
In adolescents, the Fit/Fat, Unfit/Unfat and Unfit/Fat categories were
positively associated with cMetS. Also, significant interactions were
found between PA and the Unfit/Fat category, indicating that this
phenotype is a moderator in the relationship between PA and cMetS.

For a better comprehension of the interaction observed in adoles-
cents, we present a graphic representation of the moderating role of
the combination of fitness and fatness in the relationship between
PA and cardiometabolic risk (Figure 1). The interaction observed for
Unfit/Fat indicated that for the adolescents who practise PA for
330 minutes per week, the cMetS was lower compared to O min-
utes and 60 minutes of practice. For the other phenotypes, no inter-
actions were found.

In addition, we sought to identify the differences in the cardio-
metabolic risk score according to the combination of fitness and fat-
ness categories in adolescents who practise > 330 minutes of
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TABLE 1. Characteristics of the sample
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All Children Adolescents
n = 2786 n=1170 n = 1616
Mean (SD)
Age (years) 12.17 (2.75) 9.46 (1.35) 14.13 (1.59)*
Weight (kg) 47.35 (15.11) 36.40 (10.14) 55.28 (13.01)*
Height (meters) 1.51 (0.15) 1.38 (0.10) 1.61 (0.10)*
Body mass index (kg/m?) 20.28 (3.98) 18.85 (3.60) 21.32 (3.93)*

PA (minutes/week)

Systolic blood pressure (mmHg)

Glucose (md/dL)

Total cholesterol (md/dL)
High-density lipoprotein cholesterol (md/dL)

130.14 (188.72)
105.84 (13.92)
88.66 (9.07)
161.05 (31.92)
59.20 (11.23)

105.24 (162.51)
99.39 (12.47)
87.22 (9.16)
164.61 (31.44)
61.04 (11.40)

148.18 (203.78)*
110.51 (13.03)*

89.70 (8.86)*

158.48 (32.02)*

57.88 (10.91)*

Total cholesterol/ High-density lipoprotein cholesterol 2.79 (0.66) 2.77 (0.65) 2.81 (0.67)
Triglycerides (md/dL) 74.49 (171.33) 66.98 (30.50) 79.93 (223.33)*
cMetS (z-score) -0.08 (0.68) -0.17 (0.70) -0.02 (-0.67)*
n (%) n (%) n (%)

Sex

Male 1200 (43.1) 538 (46.0) 662 (41.0)*

Female 1586 (56.9) 632 (54.0) 954 (59.0)
Cardiorespiratory fitness

Healthy 1064 (38.2) 637 (54.4) 427 (26.4)*

Unhealthy 1722 (61.8) 533 (45.6) 1189 (73.6)
Waist circumference

Normal weight 2223 (79.8) 866 (74.0) 1357 (84.0)*

Overweight/obese 563 (20.2) 304 (26.0) 259 (16.0)
Combination of fitness and fatness categories
Fit/Unfat 937 (33.6) 541 (46.20) 396 (24.5)
Fit/Fat 127 (4.6) 96 (8.2) 31 (1.9)
Unfit/Unfat 1286 (46.2) 325 (27.8) 961 (59.5)
Unfit/Fat 436 (15.6) 208 (17.8) 228 (14.1)*
Skin color

White 2211 (79.4) 970 (82.9) 1241 (76.8)*

Black 203 (7.3) 75 (6.4) 128 (7.9)

Brown/mulatto 335 (12.0) 105 (9.8) 220 (13.6)

Indigenous/yellow 37 (1.3) 10 (0.9) 27 (1.7)
Pubertal status

Pre-pubertal 583 (20.9) 526 (45.0) 57 (3.5)*

Initial development 639 (22.9) 399 (34.1) 240 (14.9)

Continuous maturation (stage Il and 1V) 1310 (47.0) 223 (19.1) 1087 (67.3)

Maturated 254 (9.1) 22 (1.9) 232 (14.4)
Socioeconomic status

Low 1199 (43.1) 488 (41.8) 711 (44)

Medium 1449 (52.0) 624 (53.3) 825 (51.1)
High 138 (5.0) 58 (5.0) 80 (5.0)

SD: Standard deviation; PA: Physical activity; cMetS: Cardiometabolic risk score*Independent t-test or chi-square for differences

between children and adolescents (p < 0.05).
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TABLE 2. Combination of fitness and fatness in the relationship between physical activity and cardiometabolic risk in children and

adolescents.

B Cl (95%) P
cMetS
Children

Fit/Unfat 1

Fit/Fat 0.473 0.292; 0.654 0.001
Unfit/Unfat 0.005 -0.101; 0.110 0.928
Unfit/Fat 0.700 0.577; 0.823 0.001
PA 0.001 -0.001; 0.001 0.630
PA x Fit/Unfat 1

PA X Fit/Fat -0.001 -0.001; 0.001 0.813
PA x Unfit/Unfat -0.001 -0.001; 0.001 0.835
PA x Unfit/Fat -0.001 -0.001; 0.001 0.113

Adolescents

Fit/Unfat 1

Fit/Fat 0.377 0.080; 0.674 0.013
Unfit/Unfat 0.190 0.091; 0.290 0.001
Unfit/Fat 0.764 0.636; 0.893 0.001
PA 0.001 -0.001; 0.001 0.154
PA X Fit/Unfat 1

PA X Fit/Fat 0.001 -0.001; 0.001 0.954
PA x Unfit/Unfat -0.001 -0.001; 0.001 0.370
PA x Unfit/Fat -0.001 -0.002; -0.001 0.001

PA. Physical activity; cMetS. Cardiometabolic risk score. All analyses were adjusted for sex, pubertal status, socioeconomic level, skin

color.
0.6
0.9 -= Fit/Unfat (B= 0.001; p=0.154)
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—_ T -
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FIG. 1. Moderating role of the combination of fitness and fatness
in the relationship between physical activity and cardiometabolic
rosk in adolescents.

Note: PA. Physical activity; cMetS. Cardiometabolic risk score.

physical activity a week (Figure 2). It was observed that the Fit/Un-
fat category presented the lowest cMetS compared to Fit/Fat
(p = 0.004) and Unfit/Fat (p < 0.001). Also, there was no signifi-
cant difference between the categories Fit/Unfat and Unfit/Unfat
(p = 0.607).

FIG. 2. Cardiometabolic risk score according to the combination
of fitness and fatness categories in adolescents who practice
> 330 minutes of physical activity a week. Note: * Indicates
significant compared to Fit/Fat and Unfit/Fat categories.

DISCU'S'S 1O /N 15
The main findings of the present study indicated that the combination
of fitness and fatness is a moderator in the relationship between PA
and cardiometabolic risk only in adolescents and not in children. It
was observed that for the adolescents with an unhealthy profile,
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represented by low levels of CRF and high adiposity, the practice of
PA for 330 minutes a week may attenuate the cardiometabolic risk
score. In addition, for these active adolescents who present a normal
weight, being fit does not exert an additional benefit for cardiometa-
bolic health.

There is extensive evidence in the literature concerning the
fit-but-fat paradox and its association with cardiometabolic health,
indicating controversial results. Some of the studies are in agreement
with the paradox [8, 30, 31], while others indicated that CRF is not
able to neutralize the negative influence of adiposity on cardiomet-
abolic risk factors [32, 331, showing that CRF is a partial mediator
in the association between fatness and cardiometabolic risk factors
in European adolescents, although it is not able to completely coun-
teract the negative influence of adiposity on cardiometabolic health.
In addition, CRF is considered a prognostic marker of cardiovascu-
lar disease, once engaging in regular PA practice is crucial for met-
abolic health because exercise serves as a powerful stimulator, ac-
tivating multiple functions at the molecular and cellular levels. This
activation can significantly enhance the overall functional capacity
of the general population [34]. In obese individuals, the CRF is im-
proved through the regular practice of exercise and demonstrates
benefits to metabolic health, independent of weight loss [35]. A re-
cent longitudinal study developed with Brazilian children and ado-
lescents indicated that healthy body composition may exert a stron-
ger protective effect on cardiometabolic health than high levels of
CRF [36]. On the other hand, it has been suggested that fitness is
a better predictor of cardiovascular disease risk than fatness in
adolescents [36, 37].

In this context of modifiable behavioural risk factors, the influ-
ence of PA practice must be taken into account. Therefore, the pres-
ent study sought to go further by determining how PA interacted with
the combination of fitness and fatness to exert an influence on a car-
diometabolic risk score. To the authors’ knowledge, previous stud-
ies have investigated the role of CRF in modifying the association
between PA and cardiometabolic risk [17, 38], but these did not in-
vestigate the influence of adiposity. The role of adiposity must be
taken into account, as healthy body fat seems to be as important as
high CRF for metabolic health [36, 371. In addition, high PA is as-
sociated with lower adiposity[40]. Thus, it seems that having low
physical fitness, even having a normal weight, may be related to
a lower metabolic risk, when the adolescents practised 330 min of
PA. Therefore, the ones who present an unhealthy profile but com-
ply with the recommendations of PA practice for Brazilian youth [40]
may achieve benefits in cardiometabolic health.

The findings of the present study are partially in agreement with
those reported by Brage et al. [38], who found that PA was inverse-
ly associated with metabolic risk and interactively associated with
physical fitness, indicating that the potential beneficial effect of PA
may be more pronounced in children with lower CRF. Similarly, CRF
moderated the association between PA with cardiometabolic out-
comes; that is, a lower cardiometabolic risk score was observed in
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children with low CRF, while no associations were observed for chil-
dren with high levels of CRF [17]. Another study also pointed out
that it is necessary to maintain adequate physical fitness and to be
physically active for the reduction of abdominal adiposity in over-
weight/obese children [41].

Regarding obesity and PA, it was observed that PA and adiposi-
ty are independently associated with cardiometabolic risk factors, in
which individuals with better PA levels and low body fat percentage
presented lower cardiometabolic risk. However, when analysing the
combination of PA/weight, individuals who are obese and physical-
ly active presented higher cardiometabolic risk compared to normal
weight and physically inactive individuals, suggesting that adiposi-
ty is more important than adequate PA levels for cardiometabolic
health [2]. In contrast, another study found that PA practice is es-
sential for health in children and adolescents, especially in over-
weight/obese individuals, in whom there is a higher risk of develop-
ing chronic diseases in adulthood [42]. In general, obese adolescents
tend to have lower physical fitness and a lower level of PA compared
to non-obese peers [43]. It was also observed that in children and
adolescents with low physical conditioning, PA seems to exert a fun-
damental role in abdominal adiposity [44]. These aspects are asso-
ciated with many lifestyle behaviours including inadequate sleep,
excessive time spent in sedentary behaviour, such as watching tele-
vision and using electronic devices, unhealthy eating, and less ac-
tive commuting [45, 46]. It is well known that PA is essential for
healthy development in youth, being one important strategy for the
prevention and treatment of obesity and its metabolic complica-
tions [47]. Moreover, a PA intervention programme is important to
improve physical fitness and cardiometabolic risk factors in individ-
uals with overweight and obesity [48]. Indeed, this evidence sup-
ports the present findings highlighting the importance of PA, which
may attenuate the cardiometabolic risk score in the presence of low
levels of CRF and high adiposity. Therefore, the favourable effects
on cardiometabolic risk observed in the present study might be ex-
plained by the practice of PA, rather than a high CRF per se, as ha-
bitual PA is weakly associated with CRF in youth [49].

This study has some important strengths, such as the large sam-
ple size composed of Brazilian children and adolescents. It presents
new findings regarding the influence of the fat/fit paradox in the as-
sociation between PA and cardiometabolic risk score, while litera-
ture evidence is still controversial about the role of this paradox in
cardiometabolic risk. Also, the present study reinforces the impor-
tance for unfit/fat adolescents to be physically active, to minimize
the risk of developing cardiometabolic disorders in adulthood. How-
ever, some limitations should be mentioned. The findings should be
cautiously interpreted due to the cross-sectional design which pre-
cludes confirmation of cause and effect. The evaluation of PA prac-
tice through self-reported questionnaires may lead to underestimat-
ing or overestimating data because at the moment it was not possible
to evaluate this sample using accelerometry due to the high cost. In
addition, we considered only leisure PA, but did not include PA time
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during physical education classes, and we did not estimate PA in-
tensity. Also, CRF and fatness were assessed using field measure-
ments. Finally, although important potential confounding factors were
considered, behavioural factors such as nutritional habits could fur-
ther confound the observed relationship.

CONCLU S| OIN S
In conclusion, this study indicates that the combination of fitness
and fatness moderates the relationship between PA and cardiomet-
abolic risk in adolescents. As practical application, the present study
suggests that adolescents, particularly those who are less fit and
present high adiposity, should be encouraged to engage in regular

PA to improve their metabolic health. Thus, it is recommended that
future research take into account the difference in ages, due to ad-
olescents being more exposed to the deleterious effects of obesity
and low CRF levels on metabolic health.
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