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Abstract

The aims of this study were a) to assess whether obesity acts as a mediator between i) cardiorespiratory fitness
(CRF) and mean blood pressure; and ii) between between physical activity (PA) and mean blodd pressure in chil-
dren and adolescents. A cross-sectional study was conducted with a 632 children and adolescents. It was measured
mean blood pressure, body mass index, fat mass and waist circumference. CRF and PA was assessing with Course
Navette test and ActiGraph. The analysis of the mediation was performed using Process macro for SPSS. The results
indicate that obesity acts as a partial mediation in the association between CRF and mean blood pressure in 10-12
years old children (z=from -5.81 to -5.40; all p<0.000). These results indicate that obesity acts as a complete me-
diator in the association between PA and mean blood pressure in 10-12 years old children (z=from -4.49 to -1.94;
all p<0.000). Our result reinforces the relevance of prevent weight increse and improve cardiorespiratory fitness
level since erly age in children and adolescents to prevent high mean blood pressure. Increasing the level of physical
activity can influence on obesity and cardiorespiratory fitness.
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Resumen

Los objetivos de este estudio fueron: a) evaluar si la obesidad actiia como mediador entre i) la aptitud cardiorres-
piratoria (CRF) y la presion arterial media; vy ii) entre la actividad fisica (AF) y la presion arterial media en nifios y
adolescentes. Se realizé un estudio transversal con 632 nifios y adolescentes. Se midié la presién arterial media, el
indice de masa corporal, la masa grasa y la circunferencia de la cintura. EI CRF y la AF se evaluaron con la prueba de
Course Navette y el dispositivo ActiGraph. El analisis de la mediacion se realizd utilizando Process macro for SPSS.
Los resultados indican que la obesidad actia como mediadora parcial en la asociacion entre el CRF y la presion
arterial media (z=de -5,81 a -5,40; todos p<0.000) y que la obesidad actia como mediador completo en la asocia-
cion entre la AF y la presion arterial media en nifios de 10 a 12 afios (z=de -4,49 a -1,94; todos p<0.000). Nuestro
resultado refuerza la relevancia de prevenir el aumento de peso y mejorar el nivel de aptitud cardiorrespiratoria
desde temprana edad para prevenir la presion arterial. El aumento del nivel de actividad fisica puede influir en la
obesidad y en la aptitud cardiorrespiratoria.
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Introduction

Cardiovascular diseases are the first cause of death worldwide. Detection and early treatment
will contribute to its prevention (World Health Organization (WHO), 2017). High blood
pressure and overweight or obesity are described as cardiovascular risk factors in children
and adolescents (Zimmet et al., 2007). It has been described a prevalence of 10.5% of
hypertension in children and adolescents from 3 to 17 years-old according to KiGGS
percentiles (Neuhauser, Adler & Sarganas, 2019). High level of blood pressure in children
and adolescent have been correlated with high level in the adulthood (Falkner, Lurbe &
Schaefer, 2010). The presence of overweight and obesity increased the probability of having
high blood pressure (Duncan et al., 2013; Neuhauser et al., 2019).

High blood pressure has been related with low level of cardiorespiratory fitness (CRF) and
physical activity (PA) (Anderssen et al., 2007; Kriemler & Zahner, 2008) in children and
adolescents. Likewise, it is well known that overweight and obesity showed an inverse
association with CRF (Fogelholm, Stigman, Huisman & Metsdmuuronen, 2007; Rizzo, Ruiz,
Hurting-Wennlof, Ortega & Sjostrom, 2007; Stodden, Goodway, Langendorfer, Roberton,
Rudisill, Garcia, et al. 2008; Stratton, Canoy, Boddy, Taylor, Hackett & Buchan, 2007) and
PA (Czyz, Toriola, Starosciak, Lewandowski, Paul & Oyeyemi, 2017; Metcalf, Hosking,
Jeffery, Voss, Henley & Wilkin, 2011; Monyek et al., 2017; Poitras et al., 2016; Raistenskis,
Sidlauskiene, Strukcinskiene & Baysal, 2016; Stodden, Goodway, Langendorfer, Roberton,
Rudisill, Garcia, et al. 2008; Tambalis, Panagiotakos, Psarra & Sidossis, 2019).

It has been studied the influence of obesity as a mediatior of the correlation between CRF and
cardiometabolic risk (Diez-Fernandez, Sanchez-Lopez, Mora-Rodriguez, Notario-Pacheco,
Torrijos-Nifio & Martinez-Vizcaino, 2014) or between PA and cardiometabolic risk (Segura-
Jiménez et al., 2016) in children and adolescents. However, there are just one study (Pozuelo-
Carrascosa, Sanchez-Lopez, Cavero-Redondo, Torres-Costoso, Bermejo-Cantarero &
Martinez-Vizcaino, 2017) that assessed obesity as a mediatior of the relationship between
CRF and blood pressure; and there are no studies that assess obesity as mediation the
association between PA and blood pressure. Pozuelo-Carracosa et al. (2017) used body mass
index (BMI) as a marked of the obesity in their study. Nevertheless, it has been highlighted
the limitations of BMI in children and adolescent as an obesity mark. There are others
techniques considered reference standard methods for measurement of body adiposity, such
as bioelectrical impedance analysis, dual energy X-ray absorptiometry and skin-fold
thickness measurement (Javed, Jumean, Mura, Okorodudu, Kumar, Somers & Sochor, 2014).
In addition, the sample of this mentioned study (Pozuelo-Carrascosa et al., 2017) are 4-7
years old and studies with other ages in children and adolescents have not been carried out.
On the other hand, mean blood pressure (MBP) has demonstrated to be a predictor of
cardiovascular disease in adults (Franklin et al., 2015) but, although recent study use MBP
(Diez-Fernandez et al., 2014; Pozuelo-Carrascosa et al., 2017), the association of MBP with
obesity and CRF in children and adolescents is no clear.

The hypothesis of the present study was that the obesity acts as a mediator between CRF and
MBP; and between PA and MBP in children and adolescents. Therefore, the aims of this
study were assess whether obesity (BMI, FM and WC) acts as a mediator between CRF and
MBP in children and adolescents and to examine whether the association between PA and
MBP is mediated by obesity (BMI, FM and WC).
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Methods

Study Design

Date used in this cross-sectional study is derived from AFINA-te Project Study (PA and
Nutritional Information for Adolescents), a longitudinal study being developed in Porto area,
Portugal, with a research grant from the Foundation for Science and Technology [FCOMP-
01-0124-FEDER-028619 (PTDC/DTP-DES/1328/2012)].

Setting and location

This study was conducted in 6 of middle and high school in Porto district (Portugal). All
children, adolescents and parents/tutor were informed about the project and signed an
informed consent. The cross-sectional study design followed Strobe Statement.

Study population

The sample comprised 632 children and adolescents (female=56.01%; male=43.99%) aged
13.2842.47 years old. The sample consisted of 345 children (from 10 to 12 years old;
mean=11.27+0.67 years old) and 287 adolescents (from 12 to 18 years; mean=15.69+1.58
years old), 54.59 y 45.41%, respectively.

Calculations to establish the sample size were performed using Rstudio 3.15.0 software. The
significance level was set at 0=0.05. According to the standard deviation established for the
MBP and CREF in a previous studies (Pozuelo-Ccarrascosa et al., 2017; Wisnieski et al., 2019)
and an estimated error of 1 mm Hg/ml or min/kg a valid sample size for a confidence interval
of 95% was 270.41. A total of 632 students completed the trial will provide a power of 95%
if between and within a variance of 0.65 mm Hg/ml or min/kg.

The study was approved by the Ethical Committee of the Faculty of Sport of the University
of Porto (Process CEFADE 13/2013), the National Data Protection Commission (process
n.6766/2015), and Regional Section of the Ministry of Education (process 0053200004), and
was implemented according to the guidelines for human research of the Helsinki Declaration.

Measurements

The same trained researchs measured the participants in a single session between 09:00 and
11:00 hours. The participants were instructed to were in light clothes. By bare feet and
random were collected antopometric varaibles and blood pressure. The laboratory
temperature was standardised at 24°. There was a 5-minute rest between measures. 20m
Shuttle test were performance without previous warm up.

Systolic blood pressure and diastolic blood pressure was measured with an automatic device
(Colin BP 880, Critikron, Inc., Tampa, FL). Measures were taken on the left arm twice at 5-
minutes interval, with the participant sitting. It was used mean blood pressure as a variable.
The MBP was calculated with the following form: 1/3 (systolic blood pressure [SBP] —
diastolic blood pressure [DBP]) + DBP. Mean blood pressure is used in clinical practica,
evaluation procols and in a previous study as a mediation variable; and allows blood
preassure to be used as a single variable (Ogunleye, Sandercock, Voss, Eisenmann & Reed,
2012; Pozuelo-Carrascosa et al., 2017).

Body mass was measure using a portable digital scale (TANITA BF-522 W, Tokyo, Japan)
and SECA 217 stadiometer (SECA, Germany) was used for measure the hight. BMI was
cacluated whit the formula: body mass (kg)/stretch stature (m)2 (Cole et al., 2000). Portable
digital scale (TANITA BF-522 W, Tokyo, Japan) was implemented to measure percentage of
body fat. WC was measured in ccordance with the international Sociaty for Advancement of
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Kineantrhopmetry guidelines. It was used a metal tape measure (Lufkin W606 PM®,
Parsippany, New Jersey, USA). It was measurement the circunference of the narroest point
bettween the lower costal border and the iliac crest. When this point was not evident, it was
measured at the midpoint between the last rib and the iliac crest. The data was noted in
centimetres (Esparza-Ros, Vaquero-Cristobal & Marfell-Jones, 2019).

CRF was assess with Course Navette test (20-meter Shuttle run test) as described elsewhere
(Léger, Mercier, Gadoury & Lambert, 1988). The maximum oxygen consumption (VO2max,
mL/kg/min) was stimated the number of laps performed by the participant in the test using
the equation reported by Leger et al (Léger et al., 1988).

PA was assessed through ActiGraph accelerometer (GT3X-plus; ActiGraph, Pensacola, FL)
and it was used the ActiLife software (version 6.11.4; ActiGraph). ActiGraph accelerometer
has been validated in youth (Freedson, Pober & Janz, 2005). Participant wore an
accelerometer for 7 consecutives days and and could only take it off for showering or water
activities. Participant were the accelerometer attached tightly on the hip by and elastic belt on
the right side. The register was considered valid for analysis if participant wore it for at least
4 days and at least 10 hours per day. Tri-axial vector magnitude was computed as VM3=\
(VT2 +AP2+ML2). MPA and VPA intensity was calculate in ccording with recommendade
PA vector magnitude cut point. The data derived was interpreted as MPA a VM3 value from
2690 to 6166; and VPA a VM3 value higher than 6167 (Sasaki, John & Freedson, 2011). The
sample period was set up for 5 seconds. It has been reported that this period is more suitable
for the spontaneous and intermittent activities in yonger children (Vale, Santos, Silva, Soares-
miranda & Mota, 2009).

Stadistical analysis

Kolmogorov-Smirnov was used to evaluate the normality of the data. In order to evaluated
differences of continuous variables between two groups, unpaired t-test was used for
parametric variables and U de Mann-Whitney stadistic was used for no parametric variables.
X2 analyses (categorical variables) was used to analyses differences between groups. A post
hoc comparison for 2xn tables was applied the statistic contingency coefficient; showing the
value of the statistic and the p value. The maximum expected value is 0.707; showing low
association r<0.3; moderate association r value between 0.3 and 0.5 and high association
r>0.5.

To test the associations of the variables, it was performed linear regression where each
veriable (BMI, FM, WC, MBP, CRF, moderate-vigorous PA [MVPA], moderate PA [MPA],
viogorus PA [VPA] was individually introducted as independent variable and as a dependent
variable. The analysis of the mediation variables was performed using Process macro for
SPSS (SPSS Inc, Chicago, Illinois). It was used resample procedure of 10.000 bootstrap
sample for nonparametric (Preacher & Hayes, 2008) and the classical Baron and Kenny
(1986) step regression method was used for parametric. Sobel test was used to test the
statistical significance of the mediation effect (Sobel, 2014). When the independent variable
was not associated with the dependent variable after mediator has been controlled was
considered as complete mediation; and when the association between independent and
dependent variable is reduced but is not disappear is consider partial mediator. All analysis
was performed for the total sample, with the aim of providing results that can be compared
with research that includes the whole age range, and separately by children and adolescents.
Statistical analysis was performed using IBM SPSS Statics (version 24.0). An error of p<0.05
was established.

207



Gonzalez-Galvez, N.; Ribeiro, J. C.; Mota, J. (2021). Cardiometabolic risk in children and adolescents:
mediation analysis of crosssectional study. RICYDE. Revista Internacional de Ciencias del Deporte. 65(17),
204-220. https://doi.org/10.5232/ricyde2021.06501

Results

Table 1 shows descriptive data of the variables measurement and the differences between age
groups.

Table 1. Characteristics of the study sample and differences between age groups (children vs adolescents).

Total (n=632) Children Adolescents p
(10-12 years; [(13-18 years; n=287)
n=345)

IAge (years) 13.28+2.49 11.27+.67 15.69+1.58 0.000
Weight (kg) 53.33+14.17 47.31+£12.03 60.57+13.13 0.000
Height (cm) 156.57+11.11 149.85+7.58 164.64+9.14 0.000
BMI (kg/m?) 21.49+4.02 20.88+4.12 22.22+3.77 0.000

Norma lweight (%(n)) 81.17(513) 81.16(280) 81.18(233) 0.485

Over weight (%(n)) 16.14(102) 16.81(58) 15.33(44)

Obese(%(n)) 2.69 (17) 2.03(7) 3.48(10)
FM (%) 22.55+8.69 23.92+8.62 20.91+8.50 0.000
WC (cm) 71.72+10.35 70.72+11.07 72.92+9.29 0.007
SBP (mm Hg) 116.64+13.80 115.07+13.55 118.52+13.88 0.002
DBP (mm Hg) 61.56+8.36 60.43+8.27 62.92+8.29 0.000
IMBP (mm Hg) 79.74+9.42 78.47+9.36 81.2749.28 0.000
CRF (mL/kg/min!) 33.00+19.50 26.64+14.26 40.64+22.06 0.000
IMVPA (min) 43.50+21.59 41.26+22.15 46.19+20.60 0.004
IMPA (min) 32.04+14.77 32.71+16.14 31.23+12.92 0.209
IVPA (min) 11.46+10.60 8.55+8.01 14.97+12.19 0.001

BMI: body mass index; kg: kilogrames; cm: centimetres; FM: fat mass; WC: waist circumference; SBP: systolic
blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; CRF: cardiorespiratory fitness;
MVPA: moderate-vigorous physical activity; MPA: moderate physical activity; VPA: vigorous physical
activity; min: minutes.

Preliminary linear regression shown that BMI, FM and WC was significantly associated with
CRF in all the sample, children and adolescents. In addition, in the preliminary linear
regression analysis, MBP was significantly associated with CRF in children (f=0.209+0.034;
p<0.000) but no in all the sample or adolescents (Tables 2, 3, and 4). For this reason, the
analysis of obesity (BMI/FM/WC) as mediator of the relation between MBP and CRF was
just performance for children.
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Table 2. Preliminary linear regression analysis for all the sample [B+ES;pvalor]

BMI FM wC MBP CRF MVPA MPA VPA

BMI 0.335+0.013%* 0.347+0.007* 0.157+0.016* -0.047+0.000* -0.008+0.007 -0.011+0.011 -0.015+0.015

FM 1.569+0.059* 0.527+0.026* 0.197+0.036* -0.274+.014* -0.109+0.015%* -0.100+0.023* -0.259+0.031*
wC 2.304+0.046* 0.747+0.037 * 0.430+0.040* -0.101+0.021* -0.023+0.019 -0.038+0.028 -0.022+0.039

MBP 0.863+0.087* 0.231+0.042* 0.356+0.033* -0.014+0.019 -0.018+0.017 -0.043+0.025 -0.008+0.035

CRF -1.102+0.188* -1.378+0.071* -0.359+0.074* -0.058+0.082 0.328+0.033* 0.279+0.05 * 0.819+0.065*
MVPA -0.244+0.214 -0.674+0.095%* -0.101+0.083 -0.096+0.091 0.407+0.041* 1.310+0.026* 1.602+0.050*
MPA -0.143+0.146 -0.289+0.067* -0.078+0.057 -0.107+0.062 0.162+0.030* 0.613+0.012* 0.602+0.050*
VPA -0.102+0.105 -0.386+0.046* -0.023+0.041 0.010+0.045 0.245+0.020* 0.387+0.012* 0.310+0.026*

Legend: BMI: body mass index; FM: fat mass; WC: waist circumference; MBP: mean blood pressure; CRF: cardiorespiratory fitness; MVPA: moderate-vigorous physical

activity; MPA: moderate physical activity; VPA: vigorous physical activity; min: minutes.
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Table 3. Preliminary linear regression analysis for children [B+ES;pvalor]

BMI FM wC MBP CRF MVPA MPA VPA

BMI 0.42+0.01%* 0.35+0.01* 0.194+0.02* -0.13+0.01* -0.03+0.01* -0.03+0.01* -0.10+0.03*
FM 1.87+0.05%* 0.65+0.0* 0.384+0.05%* -0.34+0.03* -0.102+0.020* -0.11+0.03* -0.31+0.06 *
wC 2.504+0.053* 1.08+0.04* 0.53+0.06* -0.38+0.04* -0.08+0.03* -0.08+0.037* -0.26+0.07*
MBP 0.97+0.11%* 0.4440.05 * 0.38+0.04* -0.21£0.03* -0.06+0.02* -0.08+0.03* -0.13+0.06*
CRF -1.65+0.17* -0.92+0.07* -0.64+0.06* -0.48+0.08* 0.27+£0.03* 0.3340.04* 0.78+0.09*
MVPA -0.79+0.29* -0.68+0.13* -0.30+0.11* -0.33+0.13* 0.66+0.08* 1.3240.02 * 2.304+0.10%*
MPA -0.42+0.21%* -0.41+0.10* -0.17+0.08* -0.23+0.10* 0.424+0.06* 0.70+0.01* 1.30+0.08%*
VPA -0.37+0.10* -0.26+0.05* -0.14+0.04* -0.10+0.05* 0.244+0.03* 0.30+0.01* 0.3240.02*

Legend: *=p<0.05; BMI: body mass index; FM: fat mass; WC: waist circumference; MBP: mean blood pressure; CRF: cardiorespiratory fitness; MVPA: moderate-vigorous

physical activity; MPA: moderate physical activity; VPA: vigorous physical activity; min: minutes.
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Table 4. Preliminary linear regression analysis for adolescents [f+ES;pvalor]

BMI %FM wC MBP CRF MVPA MPA VPA
BMI 0.276+0.021* 0.342+0.013* 0.103£0.023* -0.033+0.010%* 0.009+0.001 0.028+0.017 -0.006+0.018
%FM 1.398+0.105* 0.368+0.050* 0.042+0.054 -0.255+0.017* -0.103+0.024* -0.082+0.039* -0.204+0.040*
wC 2.068+0.079* 0.440+0.059* 0.289+0.057* -0.017+0.025 0.036+0.027 0.050+0.043 0.046+0.045
MBP 0.624+0.141* 0.050+0.065 0.288+0.057* -0.037+0.025 -0.020+0.027 0.037+0.043 -0.016+0.045
CRF -1.115+0.340* -1.717+0.115%* -0.094+0.141 0.211+0.140 0.325+0.060* 0.259+0.099* 0.638+0.100*
MVPA 0.266+0.323 -0.607+0.139%* 0.175+0.131 0.099+0.131 0.288+0.053* 1.327+0.053* 1.367+0.059*
MPA 0.325+0.202 -0.188+0.089* 0.096+0.082 0.071£0.082 0.090+0.03* 0.521+0.021* 0.367+0.059*
VPA -0.059+0.191 -0.419+0.081%* 0.079+0.078 0.027+0.078 0.198+0.031* 0.479+0.021* 0.327+0.053*

Legend: *=p<0.05; BMI: body mass index; FM: fat mass; WC: waist circumference; MBP: mean blood pressure; CRF: cardiorespiratory fitness; MVPA: moderate-vigorous

physical activity; MPA: moderate physical activity; VPA: vigorous physical activity; min: minutes.
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To test if BMI/FM/WC acted as a mediator variable between MBP (dependent variable) and
CRF (independent variable) the effect of the mediation was analysed (figure 1). After
including obesity variable (BMI/FM/WC) the relationship between CRF and MBP decrease
but still significance being the data similar regardless the variable used; BMI, FM and WC
(BMI: f=-0.097+0.036, %=19,93; p=0.007; FM: p=-0.086+0.038, %=17,81; p=0.027; WC:
=-0.083+0.036, %=21.35; p=0.0211). The mediation analysis showed significantly direct
and indirect effect with a significantly value for Sobel test in all the obesity variables (BMI:
7z=-5.407+0.020, p<0.000; FM: z=-5.163+0.023, p<0.000; WC: z=5.810+0.021, p<0.000).
These results indicate that obesity (BMI/FM/WC) acts as a partial mediation in the
association between CRF and MBP in 10-12 years old children.

CRF Equation 2 J MBP CRF Equation 2 J MBP CRF Equation 2 J MBP

B=-0.209** B=-0.209** B=-0.209**
SE=0.034 SE=0.034 SE=0.034

Equation 1 BMI Equation 3 Equation 1 Equation 3 Stion’] Equation 3

B=-0.383** B=0.326**

S SoTaicEs B=-0.337°* -0.363%*
8=-0.137 8=0.810 8-0:363 SE=0.036 SE=0.046

SE=0.014 SE=0.125 SE=0.027 SE=0.064

Equation 3

CRF Equation 3 M BP C RF o i “ M BP CRF B=-0.083* S M B P

B=-0.097* B=-0.0861* SE =0.362
SE =0.0361 SE =0.3633

Direct effect =- 0.097* Direct effect = - 0.086* Direct effect= - 0.083*
Indirect effect =-0.111* Indirect effect = -0.122* Indirect effect = -0.124*
Sobel test: Z= -5.407** Sobel test: Z= -4.741** Sobel test: Z= -5.810**

CRF and MBP by BMI CRF and MBP by FM CRF and MBP by WC

Figure 1. Moderation of CRF and MBP by BMI, FM or WC for children.
Legend figure 3: ** p<0.001; *<0.05; CRF=cardiorrepiratory fitness; MBP=median blood pressure; BMI=body
mass index; FM=fat mass; WC=waist circunference.

In the preeliminary linel regression MBP did not show association with MVPA/MPA/VPA in
the all sample or adolescents. For this reseaon the analysis of the mediation is just performed
for children (figure 2). To test if BMI/FM/WC acted as a mediatior variable between MBP
(dependent variable) and MVPA/MPA/VPA (independent variable) the effect of the
mediation was analysis. After including obesity variable (BMI/FM/WC) in the ecuations of
the association between MVPA/MPA/VPA and MBP, the conection between
MVPA/MPA/VPA and MBP is no longer significative in any of the variables. The mediation
analysis shown no significantly direct effect and significative indirect effect with a
significantly value for Sobel test in all the obesity variables and classification of PA
(MVPA/MPA/VPA). These result indicate that obesity (BMI/FM/WC) acts as a complete
mediator in the association between MVPA/MPA/VPA and MBP in 10-12 years old children.
Likewise, the highest association between PA and obesity was for VPA versus MPA in all
the obesity measures.
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Figure 2. Moderation of MVPA/MPA/VPA and MBP by BMI/FM/WC for children.
Legend figure 4: ** p<0.001; *<0.05; CRF=cardiorrepiratory fitness; MBP=median blood pressure; BMI=body
mass index; FM=fat mass; WC=waist circunference
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Discusion

The present study shows that obesity status (BMI, FM and WC) is inversely associated with
CRF and directly associated with MBP, while MBP was significantly and inversely
associated with CRF in children. In addition, obesity (BMI, FM and WC) acted as a partial
mediator between this association (CRF and MBP) in children. This result show that the
association between CRF and MBP is partially attenuating by the obesity. In this respect, a
less level of obesity would not fully mediator the independent action of CRF on MBP in
children; being CRF an important factor on cardiovascular health.

The relationship between obesity with CRF (Eisenmann, 2007; Stratton et al., 2007) and
MBP is reported extensively (Cadenas-Sanchez et al., 2017; Pozuelo-Carrascosa et al., 2017)
and high blood pressure in children and adolescents has been related with low level of CRF
(Anderssen et al., 2007; Kriemler & Zahner, 2008). Pozuelo-Carrascosa et al. (2017) shown a
same association between BMI and MBP and between BMI and CRF in a sample of 4-7
years old children. Besides, as the same as the present, this study shows that obesity act as a
partial mediator between the conection of MBP and CRF in girls. In this sense, Liu et al.
(2014), after their longitudinal study, explain that higher CRF prevented the increasing MBP.
In concordance with our results, previous studies have concluded that the associatin between
CRF and metabolic variables depends on body composition (Cristi-Montero et al., 2019;
Diez-Fernandez et al., 2014; Pozuelo-Carrascosa et al., 2017) but CRF act as a protector of
cardiometabolic risk factor and might act as an attenuate elevation MBP in children with
overweight or obesity (Cristi-Montero et al., 2019; Nystrom et al., 2017; Ogunleye et al.,
2012). In acordance with cardiometabolic risk, Cristi-Montero et al. (2019) indicated that
CRF acts as a partical mediator in the association between obesity and cardiometabolic risk
factor, in a sample of 525 adolescents between 12,5 and 17,5 years old. In addition, Lee et al.
(2015) in their study with 14345 children of 11,4 years, foung that reductions of CRF and
increses of BMI predicted a higher mortality over time, however after adjusting for changes
in CRF, BMI was no longer significative as mortality predictor.

In this sense, Fat and Fit Paradox showing that moderate to high level of CRF might attenuate
the impact of total and central adipositvy on cardiometabolic risk in children and adolescents
(Ortega, Ruiz, Labayen et al. 2017). As a consecuence, it is necessary reduce the obesity to
reach a healthy MBP and decrease cardiometabolic risk, but this could be no sufficient and
not fully protect the independent action of CRF on MBP or cardiometabolic risk. In this
sense, increasing CRF it would indicate a decrease MBP; and CRF should be taking into
account in the metabolically healthy phynotype (Ortega, Cadenas-s, Sui, Steven & Lavie,
2015). Therefore, the evidence of the relevance of CRF on its independent effect on
cardiovascular disease supports the need to develop public health programmes and strategies
involving schools to reduce overweight and obesity, and in turn improve CRF in children and
adolescents, with the aim of reducing cardiovascular risk (Musa, Toriola, Goon and Jonatahn
2020).

The mediation role is around 20% for the 3 fatness variables studied (BMI, FM and WC). In
this sense, it could be said that the differents analysis with the 3 obesity variable are similar.
In addition, the obesity variable that show higher association was WC, followed of BMI and
FM, respectively. These same results were found in the study of Cristi-Montero et al. (2019)
and being in conrcondance with these authors (Cristi-Montero et al., 2019), this is an
important found for public health strategic and clinical purpose.
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In the present study, the association between MBP and CRF was just shown in children but
no in adolescents. In this respect, Segura et al. (2016) shown high association between global
physical fitness and cardiometabolic risk in children than adolescent concluding that healthy
physical fitness could be more relevant over cardiometabolic risk in early ages, children
versus adolescents. However, more studies are necessary.

On the other hand, the present study shows an association between PA (MVPA/MPA/VPA)
and obesity in children (BMI, FM and WC) and adolescents (FM), and an association
between MBP and PA (MVPA/MPA/VPA) in children. This find concurs with previous
studies that connected PA with obesity (Czyz et al., 2017; Kriemler & Zahner, 2008; Monyek
et al., 2017; Poitras et al., 2016; Raistenskis et al., 2016; Tambalis et al., 2019) and MBP with
PA (Anderssen et al., 2007; Kriemler & Zahner, 2008). Conversely, the present study shown
that obesity (BMI/FM/WC) act as a complete mediator in the association between MBP and
MVPA/MPA/VPA in 10-12 years old children.

This is the first study that assess whether the obesity act as a mediator between the conection
of MVPA/MPA/VPA and MBP. The find reported are in conection with previous studies in
others cardiometabolic risk variables. Pahkala et al. (2012) studied a sample of 13 years old
adolescents. This study reported a significative connection between systolic blood pressure
and PA but this is disappearing when BMI is included in the model. Other study finds similar
result between PA and cardiometabolic risk. Williams, Sisson, Ardern, Dubose & Johnson
(2018) studied a samle of 12-17 years old. Adolescents were categorished as normalweight
active, normalweight non active, overweight active and overweight non active. Authors
found that there is no difference between be or not be active inside the normal or overweight
groups. These findings in combination with those in the present study show that the
association between PA and MBP is attenuating by the obesity (BMI, FM and WC). In this
respect, a less level of obesity would fully protect by higher MBP independent of the PA.

In addition, VPA was the intensity of PA that shown the high association with obesity in
children (BMI, FM and WC) and with adolescents (FM) and with MBP in children and
adolescents. This concurs with previous studies, being VPA the only level of PA that is
significantly association with WC, (Lucas-de la Cruz et al., 2018) metabolic syndrome
(Lucas-de la Cruz et al., 2018) or cardiometabolic disease risk factor (Segura-Jiménez et al.,
2016). Segura et al. (2016) shown a similar result with respect of children and adolescent.
This autors report that VPA was the PA level that high association show with
cardiometabolic risk in children but MVPA was the PA level more relevant for adolescnts.
This is consistent with anticipated research that indicates that VPA is more relevant in early
age (childhood) in relation to cardiometabolic risk. However, with growth and developement,
both relevant intensities are shown for adolescents (Rendo-Urteaga et al., 2015).

Our study is not without limitations. Cross-sectional design is a limitation of the present
study that prevent us form making cause-effect inferences. Future longitudinal studies are
needed. The results cannot be generalized, since there are many factors that can influence
blood pressure: genetic, demographic, and environmental or family history.

Strengths of this study include it is the first study that assess the effect of obesity between the
conection between MBP and CRF using mediation anlysis in children and adolescents. Other
strengths from the preset study are the objetivetly PA assesstment that it is more sutitable
than self-reported (Vale et al., 2009), CRF was measured with valid a reliabre test widely
used in children and adolescents in conecction with cardiometabolic risk variables (Diez-
Fernandez et al., 2014; Léger et al., 1988; Nystrom et al., 2017; Ortega et al., 2015; Pozuelo-
Carrascosa et al., 2017); and it was assessed and compare several measures of adiposity
(BMI, FM and WC).
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Conclusion

Independient association indicate that obesity (BMI, FM and WC) is associated with CRF
and with MBP in children and in adolescents, MBP is associated with CRF and PA in
children; and PA (MVPA/MPA/VPA) show association with obesity in children (BMI, FM
and WC) and adolescents (FM). Obesity acted as a partial mediation between the association
of CRF with MBP and act as a complete mediator in the association between MBP and
MVPA/MPA/VPA in children. Agreeing with Lavie, Parto & Archer (2016), our result
reinforces the relevance of prevent weight increse and improve CRF level since erly age in
children and adolescents to prevent high MBP. Increasing the level of PA can influence on
obesity and CRF, making special mention of the VPA in children, being in line with the
WHO recommendation (2020), which recommends that children and adolescents perform at
least 3 times a week vigorous-intensity aerobic activities.
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